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Primary research on changes of ASPP family
in the process of neural differentiation
from Rhesus embryonic stem cells
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Abstract: To research whether there is any change of ASPP ( Apoptosis-stimulating protein of
p53) family, including ASPP1, ASPP2 and iASPP, during the process of early development of
the Rhesus neural system, and to research the tendency of the change primarily, the process of
early development of Rhesus neural system was simulated through induced neural differentiation
from rESC (Rhesus embryonic stem cells) in vitro; meanwhile, the changes of ASPP family in
cells were detected by Immunohistochemical Staining and western blotting. The results show that
changes of ASPP family in cells have been detected in the process of induced neural differentiation
from rESC (Rhesus embryonic stem cells) in vitro, especially amounts and modifications, and
some tendencies of these changes can be indicated from these results. The results suggest that
there is some certain connection between ASPP family and early development of Rhesus neural
system, It might be helpful for diagnosis and treatment of neuronal degenerative diseases and
tumours with neuronal origin in the future.
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0 Introduction

The ASPP (Apoptosis-stimulating protein of
p53) proteins comprise an evolutionarily conserved
family that consists of three members: ASPPI,
ASPP2 which are pro-apoptotic and iASPP which
The c-terminus of all ASPP

family members contain the signature sequences

is anti-apoptotic.

Ankyrin repeats, SH3 domain and Proline rich
In the

human genome, only three genes contain such

region, hence their name, ASPP again.

signature sequences, which are located on three
different chromosomes: chromosome 1 for ASPP2,
chromosome 14 for ASPP1 and chromosome 19 for
iASPP-,
ASPP family is their ability to regulate apoptosis

The most well studied function of the

through regulation of p53, and the p53 family
members p63 and p73**. The most conserved
member of the ASPP family is iASPP and it plays
an important role in protecting germ cells from
DNA damage induced apoptosis in C.
This function of iASPP is conserved from C.
. Only one ASPP member has
All three

identified in

elegans.

elegans to humans-®
been identified in invertebrates so far.

ASPP members have been

vertebrates, a pattern that is also seen with p53

[1]

family'"’. Recently, p63 has also been reported to

play a key role in controlling apoptosis in

t6J,

oocytes™, female germ cells In addition, an

isoform of p63, delta N p63, is specifically
expressed in stem cells and it plays a key role in
the maintenance of epithelium stem cells in
epidermis and thymus'™. This is achieved through
its ability to inhibit apoptosis, a biological process
that is crucial during embryonic development and
cell differentiation™®,

Since the ASPP family of proteins are common
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regulators of the p53 family, we wanted to
examine the roles the ASPP family of proteins
might play during differentiation, specifically,
neural differentiation. This was based on the
following observations: first, p63 and p73 are two
key inducers of apoptosis in sympathetic
neurons-”'; secondly, the ASPP family is also
known to bind many other proteins in addition to
p53, such as bel-2, p65relA, YAP, IRS1, PP1
( protein phosphatase 1), APCL, and APP-
BP119% . And both APCL and APP-BP1 are
known to be involved in signalling pathways that
control neural differentiation. APCL is a member
of the tumour suppressor APC family and it was
originally identified in the brain"'*'. Tt is also a
component of the Wnt signalling pathway, a
pathway that plays a pivotal role in neural
differentiation”'™. APP-BP1 is a binding protein of
the amyloid precursor protein (APP), which plays
an important role in regulating neuronal deatht'*,
ASPP2 deficient mice
developmental defects in CNSH,

these findings suggested that the ASPP family

Finally, suffer from

Collectively,
controlling  neural

may play a role in

differentiation. To test this hypothesis, we
analysed the ability of embryonic stem cells to
differentiate to a defined cell linage in vitro. The
amounts and patterns of the ASPP family of
proteins in cells were then examined within this

experimental system.

1 Materials and methods

1.1 Culture media

R366. 4 Rhesus embryonic stem cells (rESC)
(a gift from James Thomson) were cultured in
Dulbecco’s modified Eagle’s medium ( DMEM )
(Gibco, Invitrogen Corporation, Carlsbad, CA)
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supplemented with 15% fetal bovine serum (FBS)
(HyClone, Logan, UT), 2 mmol/L glutamine,
0.1 mmol/LL  B-mercaptoethanol and 1 X

nonessential amino acids™*.

MEFs (Mouse Embryonic Fibroblasts), the
feeder cells, were cultured in Dulbecco’s modified
Eagle’s medium, supplemented with 10%
Newborn Calf Serum (NCS) (Gibco)'™, Culture
medium for neural progenitor cells (NPs) contains
neural differentiation culture media ( NDCM )
(DMEM/F12 [ Gibco ], 1 X Insulin, Transferrin
and Selenium supplement [ ITS] [ Gibco |, 1.0g/L
bovine serum albumin [ BSA] [ Sigma-Aldrich, St.
Louis |, 1. 0g/L glucose [ Sigma-Aldrich], 1.0g/L
lactose [ Sigma-Aldrich], 0.03g/L proline [ Sigma-
Aldrich], 5 mmol/L glutamine [ Sigma-Aldrich ],
and 2 mmol/L nicotinamide [ Sigma-Aldrich |)?",
10 pg/L bFGF (basic fibroblast growth factor)
(Chemicon International, Temecula, CA) and 10
1g/L HGF (hepatocyte growth factor) (Chemicon
International).

1.2 Culture of rESCs

R366. 4 rESC were cultured on a feeder layer
of MEFs which had been treated with 5 mg/L
Mitomycin C (Sigma-Aldrich, St. Louis) for 1.5
~ 2 h prior to rESC culture. MEFs were then
washed with room-temperature PBS 5 x to remove
the Mitomycin C, before rESCs were seeded onto
the MEF feeder cells in rESC medium. rESCs
colonies were grown for 4~5 d to allow growth to
the maximal size without visible differentiation,
after which cells were digested by 10 g/L dispase
(Gibco).
colonies, rESCs were seeded onto newly prepared
feeder layers of MEFs™?",

1.3 Culture of NPs from rESCs

Prior to differentiation, rESCs colonies were

After gently dispersing into smaller

cultured on feeder cells to maximal size at 37 C
and then digested with 1 g/L. dispase, washed to
remove dispase and then suspended in DMEM/F12
media. Colonies that contained nearly 500 ~ 800
cells were transferred to new four-well plates

coated with 20 mg/L laminin (Sigma-Aldrich) and

seeded to a density of 25~30 cells per ecm?. After
12 h and colony attachment, the medium was
replaced with a fresh NPs culture medium. During
the proliferation and differentiation of cells, half of
the medium was changed every day. After 4~5 d
in culture, the proliferating cells covered most of
the bottom of plates and were then separated
manually by selecting the compact sections or
rosette-type sections with a glass needle under the
microscope. After washing with NPs culture
medium to remove dead cells, the massed sections
were seeded onto new plates coated with laminin
for continued culturing at 37 °C.

1.4 Immunohistochemical staining and antibodies

Prior to staining, cells were attached on small
circular coverslips in 4-well plates. Coverslips were
then submerged in 75% alcohol for 0. 5 h, followed
by washing 3 times with PBS in the wells of new
plates, before coating them with 20 mg/L laminin
for 2 h. The wells for rESCs were seeded with
MEFs before passaging rESCs in them, to prevent
the onset of random differentiation.

The cells on the coverslips were washed with
DMEM and fixed with 4% paraformaldehyde
(Sangon, Shanghai, CN) in PBS for 20 min at
room temperature. After washing with PBS, the
cells were penetrated with 0.5% Triton-100
(Sigma-Aldrich) for 20 min and washed with PBS
again. Blocking was carried out in a blocking
buffer (2% BSA in PBS) for 1h at room
temperature. Primary antibodies were applied in
the blocking buffer for 1 h at room temperature or
overnight at 4 “C and washed three times with PBS
before application of the appropriate secondary
antibody. Secondary antibodies were diluted in
PBS and applied to cells for 1h at

temperature. After three washes in PBS, hoechest

room

33 342 was applied for 20 min for nuclear
counterstaining and cells observed under the
fluorescence microscope. For negative controls,
primary antibodies were omitted and the same
staining procedure was followed.

For double staining, cells were incubated with
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two primary antibodies from different species and
visualised with FITC and TRIC labelled secondary
antibodies accordingly.

Mouse monoclonal antibodies against ASPP1,
ASPP2 and iASPP were LX54.2, LX089 and
1.X49. 3, respectively, and their specificities were
characterised as described previously™®*?%!. The
other primary antibodies for immunohistochemical
staining were anti-nestin rabbit polyclonal antibody
and mouse monoclonal antibody, ( Chemicon
International), anti-§ [[[-tubulin rabbit polyclonal
antibody (Abcam plc, Cambridge, UK) and anti-
Oct4 rabbit polyclonal antibody ( Santa Cruz
CAD.
antibodies for immunohistochemical staining were

IgG-FITC ( SouthernBiotech,
Birmingham ), goat anti-rabbit IgG-Texas Red

Biotechnology, Santa Cruz, Secondary

goat anti-rabbit

(Santa Cruz Biotechnology) and goat anti-mouse
IgG-FITC (Biolegend, San Diego, CA).
1.5 Western blotting and antibodies

Cells were lysed in Urea buffer (8 mol/L Urea
[BBI, Ontario, CA7J, 1 mol/L Thiourea [ BBI],
0.5% CHAPS [BBI], 50 mmol/L DTT [BBI] and
24 mmol/L Spermine [ Sigma-Aldrich ]). The
protein concentration of the extract was detected
by Bradford protein assay. Between 15 and 30 pg
of extract was mixed with 5 X sample buffer,
boiled for 10 min and loaded onto 8% SDS-PAGE
gels. Protein was then transferred from the gel
onto PVDF membrane. The resulting membranes
were blocked with 5% non-fat milk or 5% BSA
and incubated with primary antibodies, before
incubating with the appropriate secondary HRP-
After

membrane was exposed to medical X-ray films

conjugated  antibody. washing,  the
(Lucky Corporation, CN) immediately following
the use of SuperSignal West Pico Chemiluminescent
Substrate (Pierce).

LX54.2, LX089 and LX49.3
monoclonal antibodies were used to detect ASPP1,
ASPP2 and iASPP respectively. Mouse monoclonal

anti-Bactin antibody (Abcam) was used to detect

mouse

Bactin. Horseradish peroxidise conjugated goat

anti-mouse IgG was used as a secondary antibody

(Pierce Biotechnology, Rockford).

2 Results

2.1 Characterisation of Rhesus embryonic stem cell
(rESC) differentiation to neural linage

Rhesus embryonic stem cells (rESC) were

cultured on a feeder layer under the conditions as

191 The pluripotency of the

described previously
cultured rESC is confirmed by their morphological
appearance (Fig.1 (a)) and the homogeneous
expression of an embryonic stem cell marker, Oct4
(Fig. 1(b)). Under the same conditions, they do
not express Nestin, a neural intermediate filament
protein that labels neuronal epithelial cells or
neural progenitors ( Fig.1 (b)) demonstrating
that they are not yet differentiated into neural
linage.

The Rhesus

isolated and kept in defined adherent culture

embryonic stem cells were

conditions as described?!, which are known to
induce neural differentiation. HGF and bFGF were
also added to adherent cultures to induce the rESC
serum free medium, as
Phase
microscopy examination revealed that the majority
of Rhesus exhibited
rosette-neural structure after 8 d differentiation
(Fig. 1(o)).

Induced cells were then fixed at 8, 16 and 24
days after the addition of HGF and bFGF. The

fixed cells were stained for the expression of

to differentiate in
previously  described. contrast  light

embryonic stem cells

proteins which mark different stages of neural
differentiation. Consistent with the result seen in
Fig. 1(c), Nestin positive cells were detected in the
majority of Rhesus embryonic stem cells grown in
HGF and bFGF
condition for 8 days, indicating that the cultured
Rhesus
differentiated into neural progenitors (Fig. 1(d)).

containing adherent culture

embryonic stem cells have already
Nearly all Rhesus embryonic stem cells remained
positive for Nestin 16 days after culturing in media
containing HGF and bFGF (Fig.1(d)). By 24
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(a) Phase contrast image of rESCs (cell colonies) grown on MEFs which are fibroblast-like cells around the cell colonies at 100 X
magnification. Cells were imaged following 4 d growth after passaging. White bar represents 50 pm. (b) rESCs were fixed and
immunostained for Oct4 and Nestin as described. Oct4, as an embryonic cell marker; Nestin, as a neural progenitors marker. Nuclei
were labelled by hoechest 33 342. Cells were imaged at 200 X magnification and white bars represent 100 pm. (¢) Phase contrast
image of rESCs following incubation in media containing HGF and bFGF for 8, 16 and 24 days. Typical rosette-neural progenitors
appear on the eighth day with HGF and bFGF treatment. Cells were imaged at 200 X magnification and white bars represent 50 pm.
(d) Immunostaining of rESCs for Nestin expression following growth in media containing HGF and bFGF for 8, 16 and 24 days.
Neural progenitors appear and remain with HGF and bFGF treatment. Cells were counter-stained with hoechest 33342, labelling
nuclei. Cells were imaged at 400X magnification and white bars represent 50 pm. (e) Immunostaining of rESCs after 24 days growth in
HGF and bFGF containing media, for B]l[-tubulin and counter-stained with hoechest 33 342. Some parts of neural progenitors begin
to differentiate into postmitotic neurons. Bll-tubulin, as a postmitotic neuronal marker. Cells were imaged at 400 X magnification
and white bars represent 50 pm. Abbreviation: rESC, Rhesus embryonic stem cells; MEF, mouse embryonic fibroblast; HGF,
hepatocyte growth factor; bFGF, basic fibroblast growth factor.

Fig. 1 Characterisation of Rhesus embryonic stem cell (rESC) differentiation to neural linage

% 40 &

days, however, a small number of cells started to
express the post mitotic neuronal marker b-[l|
tubulin, indicating that some of the Nestin positive
neural progenitors have started to differentiate into
postmitotic neurons (Fig. 1(e)). Thus, these time
points allowed us to address the question of
whether the amounts and patterns of the ASPP
family of proteins are changed during the process
of neural differentiation.
2.2 Changes of ASPP1 and ASPP2 in the process
of neural differentiation from rESC

The patterns and amounts of pro-apoptotic

ASPP family members, ASPP1 and ASPP2 were

first examined in Rhesus embryonic stem cells

grown in HGF and bFGF containing adherent
cultures conditions for 0, 8, 16 and 24 days. When

Rhesus embryonic stem cells were in their
pluripotent state, as supported by Octd
expression, very little ASPP1 and ASPP2 protein
expression was detected by both

immunofluorescent staining (Fig. 2 (a) and Fig. 3
(a)) as well as immunoblotting (Fig. 2 (b) and
Fig. 3(b)). Interestingly, the ASPP1 and ASPP2
amounts increased when Rhesus embryonic stem
cells started to express Nestin, a neuronal
epithelial cell or neural progenitor marker (Fig. 2
(a) and Fig.3(a)). Nuclear ASPP1 and ASPP2

remained detectable in rESCs for 24 days after
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(a) rESCs and rESCs grown in media containing HGF and bFGF for the indicated times, were immunostained for ASPP1 and Oct4.

Nestin or Bll[-tubulin using antibodies as described in the material and methods. Cells were counter-stained using hoechest 33 342,

labelling nuclei. Oct4, as an embryonic cell marker; Nestin, as an neural progenitors marker; §[ll-tubulin, as a postmitotic

neuronal marker. Cells were imaged at 400 X magnification and white bars represent 50 pym. (b) Immunoblot analysis of ASPP1

expression levels from extracts obtained from rESCs and rESCs grown in media containing HGF and bFGF for the indicated times.

Equal loading is demonstrated by f-actin expression levels. Abbreviation: rESC, Rhesus embryonic stem cells; ASPP1, apoptosis-

stimulating protein of p53 1; HGF, hepatocyte growth factor; bFGF, basic fibroblast growth factor
Fig. 2 Change of ASPP1 in neural differentiation

induction of neural differentiation. This increased
of ASPP1 and ASPP2 in

differentiation was further examined by a more

amounts neural

quantitative  immunoblotting  assay. Mouse
monoclonal anti-ASPP1 and anti-ASPP2 antibodies
detected four fragments in rESC cells, which
approximately migrate as 170 KD, 130 KD, 100
KD and 70 KD fragments (Fig.2 (b) and Fig. 3
(b)). The specificities of the anti-ASPP1 and
ASPP2 antibodies were published previously and
they were also confirmed using ASPP1 and ASPP2
deficient cells®. Based on the mobility of human
and mouse ASPP1 and ASPP2 proteins, the full
length monkey ASPP1 and ASPP2 should migrate
as a 170 KD protein. The nature of the smaller

fragments of ASPP1 and ASPP2 detected in this

study remains unclear. Interestingly, however,

the 70 KD fragment of ASPP1 and ASPP2 was
only detected in rESCs and the 130 KD fragment of
ASPP1 and ASPP2 was the most prominent
rESCs.  In the
differentiation, the disappearance of the 70 KD
ASPP1 and ASPP2 was accompanied by an increase
in the levels of all three remaining fragments, that
is, 170 KD, 130 KD and 100 KD. This agrees with
the increase in the number of nuclear ASPP1 and
ASPP2 detected by
immunoflouresence staining (Fig. 2 (a) and Fig. 3
(a)). A further increase in ASPP1 and ASPP2
amounts was seen in Rhesus embryonic stem cells
cultured in HGF and bFGF containing adherent

conditions for 16 days, a time point where almost

fragment detected in neural

expressing cells
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(a) rESCs and rESCs grown in media containing HGF and bFGF for the indicated times, were immunostained for ASPP2 and Oct4,

Nestin or Blll-tubulin using antibodies as described in Material and Methods. Cells were counter-stained using hoechest 33342,

labelling nuclei. Oct4, as an embryonic cell marker; Nestin, as a neural progenitors marker; Blll-tubulin, as a postmitotic neuronal

marker. Cells were imaged at 400X magnification and white bars represent 50 ym. (b) Immunoblot analysis of ASPP2 expression

levels from extracts obtained from rESCs and rESCs grown in media containing HGF and bFGF for the indicated times. Equal loading

is demonstrated by B-actin expression levels. Abbreviation: rESC, Rhesus embryonic stem cells; ASPP2, apoptosis-stimulating protein of

p53 23 HGF, hepatocyte growth factor; bFGF, basic fibroblast growth factor
Fig. 3 Change of ASPP2 in neural differentiation

all cells expressed Nestin (Fig. 1(d)). A small but
consistent reduction of ASPP1 and ASPP2 amounts
were detected in Rhesus embryonic stem cells
cultured in HGF and bFGF containing medium
for 24 days, a time point when some of the
cultured Rhesus embryonic stem cells started to
express b-]l[ tubulin (Fig.1 (e)). These data
demonstrate for the first time that the amount
levels of the pro-apoptotic ASPP family members,
ASPP1 and ASPP2

differentiation.

increase in the neural
2.3 Changes of post-translational modification of
iASPP in neural differentiation
Unlike ASPP1 and ASPP2, nuclear iASPP
Rhesus

embryonic stem cells, as demonstrated by positive

was clearly detected in pluripotent

Oct4 staining. No significant changes in iASPP
amount or cellular distribution were detected in

Rhesus

differentiation

embryonic stem cells during neural
( Fig.4 Ca)d).
however, a dramatic change in iASPP mobility was
In Rhesus
embryonic stem cells, iASPP was predominantly
expressed as a 100 KD fragment (Fig.4 (b)).

When Rhesus embryonic stem cells start to

Interestingly,

detected by immunoblotting assay.

differentiate into neuronal epithelial cells, as
demonstrated by Nestin expression (8 days in HGF
and bFGF
fragments of 1ASPP appear, indicative of post-
1ASPP.
Furthermore, a significant reduction in the level of
the 100 KD iASPP fragment was also detected

cultures ), two slower migrating

translational modifications of
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(a) rESCs and rESCs grown in media containing HGF and bFGF for the indicated times, were immunostained for iASPP and Oct4 .

Nestin or B[l -tubulin using antibodies as described in the material and methods. Cells were counter-stained using hoechest 33342,

labelling nuclei. Oct4, as an embryonic cells marker; Nestin, as a neural progenitors marker; Blll-tubulin, as a postmitotic neuronal

marker. Cells were imaged at 400X magnification and white bars represent 50 ym. (b) Immunoblot analysis of iASPP expression

levels from extracts obtained from rESCs and rESCs grown in media containing HGF and bFGF for the indicated times. Equal loading

is demonstrated by B-actin expression levels. Abbreviation: rESC, Rhesus embryonic stem cells; iASPP, inhibitory apoptosis-

stimulating protein of p53; HGF. hepatocyte growth factor; bFGF, basic fibroblast growth factor

Fig. 4 iASPP is post-translationally modified in neural differentiation

after 8 days of culturing in HGF and bFGF
containing media (Fig. 4(b)). The intensity of the
slowest migrating fragment of iASPP increased
further after 16 days incubation, which was
retained in cells up to 24 days (Fig. 4(b)). These
results suggest that iASPP activity is likely to be
changed by post-translational modifications and
that these modifications of iASPP change in neural

differentiation.

3 Discussion

Using a defined in vitro neural differentiation
system from Rhesus monkey embryonic stem cells,
we reported for the very first time that the

expression of the evolutionarily conserved ASPP

family of proteins is tightly changed during neural
differentiation. Existing studies showed that the
ASPP family members have opposing functions and
they act as Yin and Yang regulators of the tumour
suppressor p53. ASPP1 and ASPP2 have similar
functions and they are activators of p53 and p53
family members whereas iASPP is an inhibitor of
p53 (reviewed in Ref. [1]). Importantly, iASPP is
one of the most conserved inhibitors of p53
identified so far. It was therefore very interesting
to note that although the amount of all three ASPP
members changed in neural differentiation, the
changing pattern for the pro-apoptotic ASPP1
and ASPP2 is completely different from that of
iASPP.
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It was assuring to observe that the change of future diagnosis and treatment of neuronal

ASPP1 and ASPP2 is very
predominantly at the levels of the
proteins. Both ASPP1 and ASPP2 were detected at

low levels in Rhesus embryonic stem cells but their

similar and

amount

amount levels increased in neural differentiation
(Fig.2 and Fig. 3).
patterns of both ASPP1 and ASPP2 are similar,

supporting their functional similarities. And it is

Interestingly, changes in

likely that there are some functions of ASPP1 and
ASPP2 in neural differentiation from rESC, or
neural differentiation would affect ASPP1 and
ASPP2 expression during this process. All these
need further study.

In contrast, the change of iASPP is not at the
total protein level. In agreement with the notion
that iASPP is a potent inhibitor of apoptosis in C,
elegans germ cells, iASPP expression is clearly
detectable in Rhesus embryonic stem cells.
Instead, post-translational modifications of iASPP
are predominantly changed in neural differentiation
(Fig. 4). Future studies are needed to determine
the precise modifications of iASPP. The biological
functions of these modified iASPP isoforms are
also of great importance in our future
understanding of iASPP biology.

Together, the studies suggest that the ASPP
family of proteins may play a critical role in neural
cell growth through their abilities to influence
neural differentiation and/or apoptosis. Future
identification of the fast migrating ASPP1 and
ASPP2 isoforms and the slower migrating isoforms
of iASPP, which are differentially expressed in
embryonic stem cells and different neural cell
linages, may provide us with novel biomarkers for
stem cell and neural differentiated cells.
Understanding the biological importance of these
isoforms will extend our knowledge of the
physiological functions of the ASPP family of
proteins in the development of neuronal
degenerative disease and neuronal tumours. The
ASPP family of proteins could serve as new

biomarkers and novel molecular targets in our

degenerative diseases and tumours with neuronal

origin.
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