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Cytoskeleton Neuroblastoma

1. INTRODUCTION

One of the major goals of developmental neu-
robiology is to understand the mechanisms con-
trolling the acquisition of the morphological and
biochemical properties of a competent neuronal
cell. The properties include modulation of the
cytoskeletal and membrane structures. The growth
of axons depends on the assembly of microtubules
and their elongation on the actin microfilaments
[1]. Moreover, the shape and motility of cells [2]
depend on the redistribution of cytoskeletal and
contractile structures.

Brain maluration involves the integration of
mechanisms that are much more complex than
those involved in the modulation of the cell shape
and motility. For instance, immature neurons mi-
grate, then settle in their ultimate site and finally
establish an extraordinary network of interconnec-
tions. These successive steps cannot be explained
without the concept of ‘cell recognition” which con-
sists, simply speaking, in the integration and trans-
mission of external signals through the membrane
and cytoskeletal structures. Thus, several studies
have shown that brain maturation is accompanied
by modulations in the rate of synthesis of iso-

Abbreviations. CCA, |-methyl-cyclohexane carboxylic
acid; DMSO, dimethyl sulfoxide; CM CLA SU, suspen-
sion cells in a complete medium containing CCA; WS
SU, suspension cells in a medium without serum; CM
CCA ML, monolayer cells in a complete medium con-
taining CCA
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tubulins, actins neurofilaments and cytoskeleton
associated proteins [3—10j.

Neuroblastoma clones are routinely considered
as a convenient model for studying the genetic ex-
pression during terminal differentiation of neuron
[11—14]. Despite some abnormalities, due to their
neoplastic character, they have proved very useful
in the study of formation of neurites, the ap-
pearance of enzymes that synthesize neurotrans-
mitters and the acquisition of membrane excit-
ability [15—17). However, if studies on brain
maturation have shown large modulations in the
various cytoskeletal components, comparable stud-
ies concerning the neuroblastoma are generally
limited to the isotubulins and report moderate
changes in their microheterogeneity concomitant
with cell differentiation. Considering neuroblas-
toma as a model of neuronal differentiation, we
thought it would be interesting to further examine
the changes in the cytoskeletal proteins of several
neuroblastoma clones treated with 1-methyl-cyclo-
hexane carboxylic acid (CCA), a new inducer of
neurcblastoma differentiation [18), or under other
inducing conditions. Comparisons of the effects
observed in differenl clones cultured in various
conditions allowed us lo suggest a sequence of
events occurring during the morphological dif-
ferentiation of neuroblastoma.

2. MATERIALS AND METHODS

2.1. Cell culture
We used the NIE115, N18 and N1A103 clones
from mouse neuroblastoma C1300. The conditions
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of cultures have been described in {19]. The cells
were grown in suspension in the medium or at-
tached to a culture dish. In this second situation,
clones N1EI15 and N18 extend neurites when the
serum is withdrawn from the medium or when
CCA or dimethyl sulfoxide (DMSO) is added to
the serum containing medium. Suspension cells
were grown in the serum containing medium or
they were blocked in the stationary phase when
kept in a medium without serum or in a medium
containing CCA.

2.2, Drug treatment

2.2.1. CCA-treated cultures

The CCA concentration was 0.1%. The cells
were maintained for 3 days in these conditions
prior to labeling, then kept 1 more day with label-
ing, in the presence of CCA. Cultures werc
changed with fresh medium every 24 h.

2.2.2. DMSO-treated cultures

Cultures were kept for 7 days in 2% DMSO-con-
taining medium prior to labeling in the same me-
dium. The medium was changed every 24 h.

2.3. Protein labeling and cell extracts preparation
The cells were labeled for 24 h with B5S]meth-
ionine (25 pCi/ml medium) prior to harvesting.
The 15cm diam. dishes were inoculated so that
they contained —35 X 106 cells at the time of har-
vesting. Cells were collected in the following buff-
er: 2-(N-morpholino)ethanol sulfonic acid (MES)
0.1 M (pH64); EGTA | mM; EDTA 0.l mM; /-
mercaptoethanol 1 mM: MgCl; 0.5 mM; GTP
1 mM, then lysed by addition of 0.1--0.2% Nonidet
P40; the lysate was recovered while the peliet was
suspended in a small volume of the same buffer.
Acid-precipitable radioactivity was measured in
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cach case by hot trichloroacetic acid precipitation.
Both supernatant and pellet were immediately
treated for isoelectric focusing according to [20]
and stored at —30°C.

24. Pelyacrylamide gel analysis of cell extracts

The experimental protocol was described in [21]
and the technical conditions were used as in [22] to
obtain a good separation of proteins allowing the
measurement of the radioactivity contained in the
spots.

3. RESULTS

The proteins mentioned in this study are visu-
alized on a two-dimensional electrophoretogram
(fig.1). Data on methionine incorporation inlo
these proteins are plotied in fig.2.

3.1. Modulations in isotubulins and actin

There is a reduction in the incorporation of
methionine into a- and B-isotubulins and into ac-
tin in every condition where the cells have stopped
dividing.

These modulations were equally promoted by
CCA, DMSO and serum deprivation. These reduc-
tions can occur in the absence of cell adhesion as
shown by cells cultured in suspension, either in the
presence of CCA (CM CCA SU) or in the absence
of serum (WS SU). These reductions are also seen
in the absence of cell differentiation when the cells
adhere to the substratum, as shown in N1AI103
cells (CM CCA ML) which stop dividing in the
presence of CCA but are genelically unable to ex-
tend neurites.

The decrease in the methionine incorporation
into isotubulins is generally more pronounced in
the f-isoform than in the two a-isoforms. a; de-
creases significantly more than ay.

—

Fig.1. Electrophoretogram showing the proteins discussed. The proteins are shown on a two-dimensional gel loaded
with a pellet from NIE115 neuroblastoma extract. Cells were labeled for 24 h with L-[¥S]methionine and lysed with
Nonidet P40. The crude extract thus obtained was separated into pellet and supernatant, which were treated for iso-
electric focusing according to [20]. Except for isotubulins, actin and neurofilament, equally distributed in both pellet
and supernatant, the proteins studied here are insoluble and thus exclusively recovered in the pellet. About 106 cpm
corresponding to *3S-labeled proteins are loaded on each gel. The cpm corresponding to each spot are counted and the
percentages of each protein are calculated vs 1otal cpm loaded on the first-dimensional gel. The data are expressed
relative 1o the values found in a control culture (cells grown in a complete medium and maintained in monolayer condi-
tions). Graphic representation of the data is shown in fig. 2. aj, aj-isotubulin; a3, @;-isotubulin; f, A-isotubulin; Vi,
vimentin; act., actin; 130K, vinculin; nF, 70 000 M, neurofilament.
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Fig.2. Graphic representation of the methionine incorporation into some proteins in various culture conditions. The
effects of various culture conditions are shown on the methionine incorporation into isotubulins, actin and some other
proteins. The data are expressed relative to the values found in control cuitures which can then be considered = 1 (--),
Control cultures are cells grown in complete medium and maintained in monolayer conditions. The experiments were
made with clone N1EI15 except when mentioned N1A103: (A) monolayer culture in a complele medium containing
CCA; (B} monolayer culture in a complete medium containing DMSQO; (C) monolayer culture in a medium without
serum; (D) monolayer culture of N1A103 cells in a complete medium containing CCA {cells are blocked in 2 stationary
phase without expressing any morphological differentiation); (E) suspension cells in a complete medium coniaining
CCA,; (F) suspension cells in a medium without serum; (G) suspension cells in a complete medium; a;, ) -isotubuling
@, ep-isotubuling @, f-isotubulin; act, actinin; Vi, vimentin; 130 k, vinculin; nf, 70 000 M, neurofilament.

1.2, Modulations in other cytoskeletal components

CCA promotes a specific stimulation of meth-
ionine incorporation into vimentin, the insoluble
proteins Y and Z, and presumably into vinculin
and the 70 000 M; neurofilament. These effects re-
quire the capacity of the cells to adhere to the sur-
face of the dish but not necessarily to differentiate
(as shown in the N1A 103 monolayer cultures (CM
CCA ML)).

We have identified the intermediate filament vi-
mentin by peptide analysis according to [24]. The
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insoluble proteins ¥ and Z, exclusively recovered
in the pellet from cell extracts, are not yet identi-
fied. Their M,-values are 57 000 and 50000, re-
spectively. Antibodies to Y and Z are in prepara-
tion. We have found Y in neurcblastoma and in
primary cultures of neurons from neonatal rat cer-
vical ganglion but not in non-nervous cells. The
most significant simulation of methionine incor-
poration into Y occurs in the presence of CCA, in
particular when the cells adhere to the substratum
{5.2 x stimulation). Identification of the two other
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proteins showing an increased methionine incor-
poration is in progress. Nevertheless, their migra-
tion properties on a two-dimensional gel, as well as
their comigration with the corresponding purified
protein, make it very probable that they are vin-
culin (or 130 000 M;} and the 70 000 A, triplet of
neurofilaments. Vinculin is an anchorage protein
linking the actin microfilaments to the inner sur-
face of the membrane.

3.3. Neurite extension

Using clone N1A103, a mutant which is unable
to extend neurites, we have shown that the changes
in the incorporation of methionine intoe iso-
tubulins, actin and the other proteins can occur in
the absence of morphological differentiation, as
shown in N1A103 monolayer cultures (CM CCA
ML) (fig.2).

The results presented here for clones N1E115
and N1A103 and confirmed using clone N18 (not
shown) can be summarized as follows:

(i) Modulations in isotubulins and actin depend
on cell division;

(ii) Modulations in other cytoskeletal components
depend on cell adhesion;

(iii) Neurite extension is the final step occurring
(or not) after the previous molecular events.

Thus we can postulate the following sequence of

events:

NIAI03*

Cell division —Post mitosis —Adhesion —Morphogenesis
modulation of  modulation :

tubulins and of Z, Y, vi-

actins mentin and :
presumably -
130k, 70k
NF

4. DISCUSSION

We have shown that CCA allows an immature
round neuroblast to develop into a larger cell that
spreads on the substratum and extends long pro-
cesses [18]. The surface of interaction between cell
membrane and the substratum was significantly
more increased with CCA than with any other in-
ducing conditions. Accompanying these mor-

* Clone N1A103 cannot extend neurites: The sequence
of events is thus blocked before morphogenesis
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phological changes, modulations in some cytoskel-
etal and membrane components were observed
[20].

Here, using CCA, other inducing conditions and
various clones, we describe the successive steps in
the modulations of the cytoskeletal components
and 2 insoluble proteins (Y,Z) which are presum-
ably associated with the membrane. These modu-
lations are closely related to the changes in cell
morphology which occurs during the course of
neuroblastoma differentiation.

(1) We have shown that the decrease of meth-
ionine incorperation into actin and isotubulins,
more precisely the relative decreases in the dif-
ferent a and £ isoforms, strictly depends on an ar-
rest of cell division. These changes correspond to
those which are generally presented as ‘variations
in the tubulin microheterogeneity during neuro-
blastoma differentiation’. However, our results
show that they can occur in the absence of cell ad-
hesion and/or differentiation. The question
whether neurite formation involves the de novo
synthesis of isotubulins or the assembly of pre-
existing subunits has long remained open. Recent
studies favour the idea that the assembly of neuro-
blastoma microtubules that are necessary for neu-
rite outgrowth would proceed from a pre-existing
pool of tubulins. These experiments, although not
designed to answer this question, do not support
the hypothesis of de novo synthesis.

(2) CCA promotes a much greater stimulation of
methionine incorporation into Y, Z and 130 000
M, than do any other inducing conditions; CCA is
the only agent which stimulated incorporation into
vimentin and 70 000 M,. These modulations are
strictly dependent on an interaction between cell
membrane and substrate. This dependence leads
us to postulate that CCA causes come important
modifications in the neural surface. This is sup-
ported by our morphological observations showing
better adhesion to the substratum of cells differen-
tiated by CCA than of cells differentiated by
DMSO or serum deprivation [18]. Concomitant
with these membrane modulations which probably
include variations in the synthesis of other mem-
brane bound proteins, neurite extension can pro-
ceed more efficiently: the neurites are more stable
than those formed after induction by other sub-
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stances. It must be noted that the general effect of
CCA on surface structures seems specific for neu-
ral differentiation since we did not observe any
similar effect in non-neural cells such as glial cells
and myoblasts deriving from the mouse teratocar-
cinoma PCC3. The sequence of events presented
here, which occur during neuroblastoma differen-
tiation and in close relationship with membrane/
substratum interactions, seems particularly inter-
esting considering that development and activity of
a neural cell implies an extraordinary capacity of
integrating signals through membrane, synaptic
and cyloskeletal structures.
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