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Crown of Microfilaments in the
Extending Cytoplasmic Processes of
Medulloblastoma Glial Progenitors

Bernard L. Maria, Robert Cumming and Loretta Sukhu

ABSTRACT: Microfilaments and microtubules play a part in the extension of neuronal processes but their roles in the
formation of glial processes have not yet been determined. The objectives of this study were to determine the organiza-
tion of microfilaments in differentiating glial progenitors (RB2 cells) and to study the effects of microfilament or
microtubule disruption on process extension. Intense F-actin staining (crown of microfilaments) was observed at the
leading edge of a small extending conical tip in differentiating RB2 cells, but was absent in process-bearing TE671
rhabdomyosarcoma cells. No significant difference was noted in the mean number of TE671 cells with processes treat-
ed with a microfilament disrupter from that of similarly treated controls. In contrast, a significant difference was noted
in the mean number of RB2 cells with processes after microfilament disruption treatment from that of similarly treated
controls. Microtubule disruption arrested extension and caused process retraction in both cell types. The results of this
study demonstrate that microtubules play an equally important part in the extension and stabilization of the RB2 and
TE671 processes. Moreover, the crown of microfilaments concentrated in the glial RB2 process (and not in the TE671
process) may be critical to its extension during differentiation.

RESUME: Couronne de microfilaments dans les prolongements cytoplasmiques en extension des cellules
progénitrices gliales du médulloblastome. Les microfilaments et les microtubules jouent un role dans I’extension
des prolongements neuronaux, mais leur rdle dans la formation des prolongements gliaux n’a pas encore été déterminé.
Les objectifs de cette étude étaient de déterminer 1’organisation des microfilaments dans les cellules progénitrices
gliales pendant la différenciation (RB2) et d’étudier les effets de la perturbation des microfilaments ou des micro-
tubules sur I’extension des prolongements. Une fluorescence intense apres coloration a I’actine F (couronne de micro-
filaments) a été observée a I’extrémité cOnique en extension de cellules RB2 pendant la différenciation, mais non dans
les prolongements de cellules de rhabdomyosarcome TE671. Aucune différence significative n’a été notée dans le
nombre moyen de cellules TE671 avec des prolongements traités avec un agent perturbant les microfilaments, par rap-
port 2 des contrdles ayant subi le méme traitement. Par contre, une différence significative a été notée dans le nombre
moyen de cellules RB2 avec prolongements aprés perturbation des microfilaments, par rapport & des contrfles ayant
subi le méme traitement. La perturbation des microtubules arréte I’extension et cause la rétraction des prolongements
.dans ces deux types de cellules. Les résultats de cette étude montrent que les microtubules jouent un rdle tout aussi
important dans I’extension et la stabilisation des prolongements des cellules RB2 et TE671. De plus, la couronne de
microfilaments concentrée dans le prolongement glial RB2 (et non dans le prolongement TE671) peut étre critique &
son extension pendant la différenciation.

Can. J. Neurol. Sci. 1992, 19: 23-33

Neural cells are derived from neuroectodermal progenitors
located in the ventricular and subventricular regions of the
developing brain.! The progenitor cells will differentiate into
mature neurons and glia and will form cytoplasmic processes.
The cytoplasmic processes of cultured neurons (neurites) form
by active extension.? The cytoplasmic processes of cultured glia

form by cavitation of a fan-like expanse of cytoplasm or, in the
case of cerebellar Bergmann glia, by active extension.3#

The cytoskeleton of neural cells, consisting of microfila-
ments, microtubules, and intermediate filaments, is involved in
cell migration, changes in cellular shape, and a number of
important intracellular processes. In neurons, microfilaments (4-

From the Division of Neurology (Department of Pediatrics), University of Florida College of Medicine, Gainesville, Florida

Received May 6, 1991. Accepted in final form August 9, 1991

Reprint requests to: Dr. B.L. Maria, Division of Pediatric Neurology, University of Florida College of Medicine, Gainesville, Florida, U.S.A. 32610-

0296

https://doi.org/10.1017/50317167100042499 Published online by Cambridge University Press

23


https://doi.org/10.1017/S0317167100042499

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

5 nm actin-containing filaments) form a cortical shell in the neu-
ritic axoplasm and tight bundles in the surface protrusions and
body of the extending neuronal growth cone.’ The selective
chemical disruption of microfilaments or microtubules can
inhibit further extension of the neurite.® However, it is not
known what role(s) the microfilaments and microtubules may
have in glial cell migration or in the formation and stabilization
of glial processes.

Glial progenitor cells cultured from mouse neopallium and
treated with dibutyryl cyclic adenosine monophosphate
(dBcAMP) form cytoplasmic processes by cavitation of a fan-
like expanse of cytoplasm.” The maturation of these glial pro-
genitors is accompanied by a reorganization of microfilaments
in cells at various stages during the transformation of astroblasts
into reactive astrocytes.® Moreover, prominent bundles of
microfilaments radiate from the cell body into the process and
may be important to its development.

Cerebellar Bergmann-like glia which are co-cultured with
granular neurons form processes by active extension rather than
by cavitation of their cytoplasm.* Glial-process extension may
occur independently of neurons in maturing cerebellar medul-
loblastoma cells (RB2 cells) treated with dBcAMP.>10 The great
majority of untreated RB2 cells (93%) are small and polygonal
in shape, whereas a few are either large and flat (3%) or polygo-
nal with processes (4%). RB2 cells form cytoplasmic processes
in 3 ways as demonstrated by time-lapse video microscopy
(unpublished data, 1990). First, the motile polygonal RB2 cells
have processes that trail behind as the cells migrate in the oppo-
site direction. As the cells continue to migrate, they periodically
retract their stretched trailing process. Second, the dBcAMP-
treated polygonal RB2 cells are stationary and form processes
by active extension. Third, the flat dBcAMP-treated RB2 cells
form processes initially by cavitation of a fan-like expanse of
cytoplasm followed by process extension. Since motile glial
progenitors become stationary, develop their processes, and dif-
ferentiate, the RB2 model represents a unique tool for the study
of the role(s) of microfilaments and microtubules.

DBcAMP has been shown to induce the differentiation of a
number of cultured neoplasms and to accelerate process forma-
tion in normal and malignant cells.!’:'2 The cell line TE671 has
been widely used as a model to study the biology of medul-
loblastoma cells with neuronal features.!3-1> The addition of
dBcAMP to cultured TE671 cells induces process formation
similar to that of neuritic extension.'® However, recent studies
have demonstrated that the properties of the TE671 cell line
should be ascribed to rhabdomyosarcoma rather than medul-
loblastoma.!” Nevertheless, in addition to the RB2 cells, the
TE671 cells are useful in the determination of whether the syn-
thesis and accumulation of cytoskeletal actin filaments and
microtubules are required for the cellular shape change and pro-
cess extension induced by dBcAMP.

In this paper, we examine the organization of microfilaments
in RB2 cells and TE671 cells as they form their cytoplasmic
processes. We focus on the effects of a microfilament-disrupting
agent (cytochalasin B) and a microtubule-disrupting agent
(colchicine) on the formation of processes. The results of this
study demonstrate that microtubules play an equally important
part in the extension and stabilization of the RB2 and TE671
processes. Moreover, the crown of microfilaments concentrated
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in the glial RB2 process (and not in the TE671 process) may be
critical to its extension during differentiation.

MATERIALS AND METHODS

Cell Cultures

Tissue was obtained from an 8-month-old boy who was diag-
nosed with a posterior fossa cerebellar medulloblastoma after he
developed symptoms and signs of increased intracranial pres-
sure. A gross total resection was performed. Postoperatively, he
was treated with nitrogen mustard, vincristine, prednisone, and
procarbazine, but 2 months later the tumor recurred locally and
a tumor-debulking operation was performed.

Tissue from the recurrent tumor was transferred to culture
medium containing 20% fetal bovine serum (FBS). The speci-
men was finely minced and passed through a 20-gauge needle 3
to 5 times to make a single-cell suspension. The cell suspension
was placed in 100-mm Petri dishes with Dulbecco modified
Eagles/Ham’s F12 medium (DMEM/F12) in a 1:1 ratio, without
antibiotics but enriched with 20% FBS. The cells were incubat-
ed at 37°C in 5% CO, and grown until they formed a semicon-
fluent monolayer culture, at which time they were subcultured
(RB2 cells). In addition, TE671 (American Type Culture
Collection Rockville, MD) and N2Ab-1 cell lines (a gift of Dr.
M. Notter, Rochester, NY) were obtained for comparative stud-
ies. The N2Ab-1 cell line was selected since culture on Cell Tak
substratum (see below) spontaneously induces process out-
growth of these cells. RB2 cells from the first 20 cultured pas-
sages, TE671 cells, and N2Ab-1 cells were stored at -150°C.
Frozen cells were quickly thawed and cultured in DMEM/F12
medium enriched with 10% FBS.

Cell Attachment

To enhance cell attachment during treatment of cells with the
microfilament or microtubule disrupter, the culture surfaces
were adsorbed with Cell Tak (muscle adhesion protein from
Mytilus edulis, 50 pg/m (Collaborative Research Inc., Bedford,
MA). Approximately 100 pl of Cell Tak was adsorbed for 30
min to each 35-mm tissue-culture well. To induce process for-
mation in RB2 and TE671 cells, we treated the cultures with
dBcAMP (2mM, Sigma, St. Louis, MO) for a period of up to 48
hr. Because Cell Tak can spontaneously induce process forma-
tion in N2Ab-1 cells, we determined if Cell Tak spontaneously
induced process formation in plated RB2 and TE671 cells
before treating them with dBcAMP, as previously described.!®

Organization of Microfilaments

For visualization of microfilaments, untreated and dBcAMP-
treated (for 4 hr, 7 h, and 24 h) cells were fixed for 10 min with
3.7% formaldehyde in phosphate-buffered saline (PBS) and then
extracted for 5 min with a solution containing 5 mM EGTA, 25
mM KCl, 10 mM piperazine-N,N’-bis (2-ethane sulfonic acid),
10% glycerol, 4% polyethylene glycol 6000, and 0.1% Triton
X-100. After being washed with PBS, the cells were treated
with 0.3 mM NBD-phallacidin (Molecular Probes Inc., Plano,
Texas) for 30 min at 21°C.8 Afier a brief wash with PBS, cells
were mounted in 50% glycerol in PBS, pH 7.8. A Leitz
Photomicroscope II equipped with epifluorescence optics and a
standard fluorescein isothiocyanate filter set was used to
observe and photograph the cells. Photomicrographs were
recorded on Kodak film.
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Disruption of Microfilaments and Microtubules

Preparation of cytochalasin b and colchicine. RB2 cells and
TEG671 cells were cultured on the Cell Tak substratum and treat-
ed with a microfilament disrupter (cytochalasin B, Sigma, St.
Louis, MO) or a microtubule disrupter (colchicine, Sigma, St.
Louis, MO) in concentrations comparable to those used in stud-
ies of neurite extension.>!'? Cytochalasin B was made up as a
stock solution of 50 pg/ml diluted in PBS, stored at 4°C for less
than 3 months and used at concentrations ranging from 0.1
pg/ml to 10 ug/ml. The final concentration of 2 pg/ml was
selected since higher concentrations caused cell detachment
with the highly adhesive substratum Cell Tak. Colchicine was
made up as a stock solution of 50 pg/ml in DMEM/F12, stored
at 4°C for less than 3 months, further diluted to 10 pg/ml, and
used at concentrations ranging from 0.01 pg/ml to 10 pg/ml.
The final concentration of 0.01 ug/ml was selected, again since
higher concentrations caused cell detachment with the highly
adhesive substratum Cell Tak.

Process Extension

RB2 cells and TE671 cells were treated for 2 hr with either
cytochalasin B or colchicine before induction of process forma-
tion with dBcAMP (at 2 mM for 24 hr). We quantified the pro-
cess formation in triplicate experiments of both cell types (and
appropriate control cultures) by counting at random the number
of cells out of 200 that had cytoplasmic processes measuring
more than twice the cell body’s greatest diameter in length.
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Process Stabilization

RB2 cells and TE671 cells were treated with dBcAMP for 48
hr. Cytochalasin B or colchicine was added for a period of 24 hr
to the cultures that had already formed processes with dBcAMP
treatment. Quantification of processes and of the number of
cells in which processes had retracted was determined as
described for process extensions.

Cell Migration

Since RB2 cells that have not been treated with dBcCAMP
form cytoplasmic processes that trail behind as the cells migrate
in the opposite direction, we examined the effects of cytocha-
lasin B or colchicine on cell migration by treating plated RB2
cells with these agents for a period of 24 hr. The quantification
of cytoplasmic processes was determined as described for pro-
cess extensions.

Statistical Analysis

We determined the significance of the differences between
multiple independent means by using a one-factor analysis of
variance and Fisher’s protective least significant different test.

RESULTS

Organization of Microfilaments in RB2 and TE671 Cells
The microfilaments in the motile polygonal RB2 cell (93%

of cell population) formed a cortical shell and were more con-

densed in some parts than others (Figure 1). Stress fibers that

A

Figure 1 — Microfilament organization in polygonal RB2 cell. (A) Note the cortical shell of microfilaments that delineates the cell body (large
arrows). Abundant microfilaments form a crown at the leading edge of the migrating RB2 cell (open arrows). Trailing processes of migrating RB2
cells are rich in microfilaments (small arrows). Magnification x 256. (B) Curved arrows indicate stress fibers that contain microfilaments.

Magnification x 161.
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contained microfilaments ran parallel to the longitudinal axis of
the migrating cells and were detected in the trailing processes.
Abundant microfilaments formed a crown at the leading edge of
the migrating RB2 cell. The microfilaments in the large adhe-
sive flat RB2 cell (3% of cell population) were organized in
complex patterns (Figure 2). The microfilaments formed a corti-
cal shell around the edge of the flat cell and an underlying finer
concentric array (Figure 2A). Microfilaments were found in
stress fibers that extended to the surface of the cell and in fine
processes that touched neighboring cells. In addition, microfila-
ments were found in lattice-like structures in the cytoplasm
(Figure 2B).

The microfilaments in the TE671 cells formed a cortical shell
around the edge of the cell (Figure 3A) but lacked the crown of
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microfilaments observed at the leading edge of the migrating
polygonal RB2 cell. Moreover, many more microfilament-con-
taining filopodia and fewer stress fibers were detected in TE671
cells than in RB2 cells. As in RB2 cells, microfilaments were
abundant in the fine processes that bridged neighboring TE671
cells (Figure 3B).

Organization of Microfilaments in RB2 and TE671 Cells
Forming Processes

Intense F-actin staining was observed within 4 hr of
dBcAMP treatment at the leading edge of a small (5-pm)
extending conical tip in stationary polygonal RB2 cells (Figure
4A). After 7 hr of dBcAMP treatment, the process contained a
crown of microfilaments at its tip (Figure 4B). A prominent cor-

Figure 2 — Microfilament organization in
large adherent flat RB2 cells. (A) Note
the cortical shell of microfilaments that
surrounds the cell body (large arrow)
and the underlying finer concentric
array (small open arrows). Microfila-
ments found in stress fibers extend to
the surface of the cell (curved arrow)
and in fine processes that bridge neigh-
boring cells (asterisks). Magnification
x 161. (B) Microfilaments are arranged
in lattice-like structures in the cyto-
plasm. Magnification x 256.
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tical shell of actin filaments was present at the different time
points, including at 24 hr when the process had extended further
(Figure 4C). Microfilament-containing stress fibers and filopo-
dia that protruded from the surface of the cell were observed at
24 hr. In the few large RB2 cells treated with dBcAMP and the
microfilament disrupter cytochalasin B (Figure 2C), the cell
body was no longer well-delineated by a ring of microfilaments.
In addition, the finer bundles of microfilaments in the fan-like
expanse of cytoplasm were no longer present and the cell pro-
cesses had lost their linear configuration and their prominently
stained microfilament bundles.

TEG671 cells treated with dBcAMP for 4 hr contained a
microfilament-containing cortical shell (Figure 5A), stress
fibers, cytoplasmic peppering of polymerized actin, and numer-
ous filopodia. In contrast to the process of the RB2 cell, the
extending process of the TE671 cell did not contain a crown of
microfilaments at its tip. In addition, the process of the TE671
cell contained bead-like dilatations (Figure 5B) not seen in the
glial RB2 cells.

Process Extension in RB2 and TE671 Cells Treated with
Cytochalasin B or Colchicine

Of the 200 RB2 cells treated with dBcAMP for 24 hr and
counted at random in each of 3 experiments, a mean of 187 + 14
had cytoplasmic processes (Table 1, Figure 6). When RB2 cells
were treated with dBcAMP and cytochalasin B (Figure 4D), 23
+ 20 had processes (p < 0.01). No RB2 cells had processes when
treated with dBcCAMP and colchicine. When TE671 cells were
treated with dBcAMP for 24 hr, 181 £ 9 had cytoplasmic pro-
cesses. When TE671 cells were treated with dBcAMP and
cytochalasin B, 183 + 6 had processes (not significant). No
TEG671 cells treated with dBcAMP and colchicine had processes.

Process Retraction in Process-Bearing RB2 and TE671
Cells Treated with Cytochalasin B or Colchicine

Of the 200 RB2 cells treated with dBcAMP for 48 hr and
counted at random in each of 3 experiments, a mean of 183 £ 6
had cytoplasmic processes (Table 1, Figure 7). When RB2 cells
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were first treated with dBcCAMP and then with cytochalasin B,
22 + 12 had processes (p < 0.01). Process retraction occurred in
a mean of 95% of RB2 cells treated with colchicine. When
TE671 cells were treated with dBcAMP for 48 hr, 187 + 5 had
processes. When TE671 cells were first treated with dBcAMP
and then with cytochalasin B, 187 * 6 had processes (not signifi-
cant). Process retraction occurred in a mean of 97% of TE671
cells treated with colchicine.

Cell Migration in Cultured RB2 Cells Treated with
Cytochalasin B or Colchicine

Of the 200 untreated RB2 cells counted in each of 3 separate
experiments, a mean of 46 * 8 had trailing cytoplasmic process-
es that extended a distance of at least twice the cell body’s great-
est diameter. When RB2 cells were treated with cytochalasin B
at the time of plating, 4 + 4 had trailing processes (Table 2,
Figure 8, p < 0.01). When RB2 cells were treated with
colchicine at the time of plating, 2 £ 3 had trailing processes (p
<0.01).

D1SCUSSION

The motile tip of the neurite is commonly referred to as the
growth cone. Its form in tissue culture ranges from a simple bul-
bous club to an array of surface protrusions (such as filopodia
and lamelliopodia). Just before the initiation of axogenesis in
neurons, actin filaments accumulate at the proximal cell pole.?
Moreover, the growth cone and its surface protrusions contain
abundant microfilaments that presumably participate in estab-
lishing the motile leading edge of the neurite. The organization
of growth-cone actin has been studied by light and electron
microscopy, and has been correlated with growth-cone morphol-
ogy.2! The actin filaments in the leading edge are important to
growth-cone elongation whereas microfilament-containing
filopodia have a role in correctly steering the growth cone in
vitro and in vivo.??

A characteristic organization of actin filaments occurs in
glial progenitor cells that transform into reactive astrocytes after

C

Figure 2 — (C) Large flat RB2 cell treated
with dBcAMP and cytochalasin B. The
cell body is no longer encompassed by
a ring of microfilaments. Finer bundles
of microfilaments have disintegrated
and cell processes have lost their linear
configuration and their prominently
stained microfilament bundles. Magni-
fication x 161.
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the addition of dBcAMP.2} Astroblasts contain a thick, promi-
nent, strongly stained ring of microfilaments that delineates the
cell body. Electron microscopy has revealed that this ring is
composed of many finer bundles of microfilaments arranged
around the circumference. In addition, bundles of filaments radi-
ate from the cell body into the processes. Based on these obser-
vations, Fedoroff et al.® suggested that the contractile properties
of the prominent microfilament ring and the bundles of microfil-
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aments located more towards the periphery play an important
role in the development of cell processes.

In our study, the organization of actin filaments in the few
large adhesive flat RB2 cells before treatment with dBcAMP
was similar to that which has been described for astroblasts
treated with dBcAMP during the early stages of transformation
into reactive astrocytes. When these large RB2 cells were
treated with dBcAMP and the microfilament disrupter cytocha-

Figure 3 — Organization of microfilaments
in TE671 cell. (A) Large arrows indicate
the cortical shell around the edge of the
cell. Note the numerous microfilament-
containing filopodia (small arrows) and
few stress fibers (open arrow).
Magnification x 256. (B) Many fine pro-
cesses abundant in microfilaments bridge
neighboring TE671 cells (asterisks).
Magnification x 256.
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lasin B, the cell body was no longer well-delineated by a ring of
microfilaments. In addition, the finer bundles of microfilaments
in the fan-like expanse of cytoplasm were no longer present and
the cell processes had lost their linear configuration and their
prominently stained microfilament bundles. Based on these
observations, we believe that the microfilaments play an impor-
tant role in the development of normal-appearing glial processes
in dBcAMP-treated astroblasts.

The distribution of microfilaments in the great majority of
motile polygonal RB2 cells and in stationary polygonal RB2
cells forming cytoplasmic processes revealed a unique crown
formation of microfilaments at the leading edge of migration
and process extension respectively. The most striking difference
between the patterns of microfilaments in RB2 cells and TE671
cells was the complete absence of a crown in TE671 cells before
dBcAMP treatment and at all time points after treatment. This

C
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observation led us to postulate that the crown of microfilaments
in polygonal RB2 cells may play an important part in cell
migration and in the extension of cell processes. Exposure of
RB2 cells to the actin microfilament-disrupting agent cytocha-
lasin B inhibited cell migration. Moreover, cytochalasin B pre-
vented the extension of the RB2 glial process. TE671 cells treat-
ed with dBcAMP demonstrated a microfilament-containing
cortical shell, stress fibers, cytoplasmic peppering of polymer-
ized actin, and numerous surface protrusions. Nevertheless,
cytochalasin B did not inhibit the extension of the TE671 pro-
cesses in response to dBcAMP. Taken together, these results
suggest that the crown of microfilaments in the polygonal RB2
process may be critical to its extension during differentiation.
We examined what role(s) microfilaments may have in the
stabilization of extended processes in RB2 cells and TE671 cells
by treating process-bearing cells with cytochalasin B.

D

Figure 4 — Organization of microfilaments in dBcAMP-treated polygonal RB2 cells (A) Four hr after dBcAMP treatment. Note the intense F-actin
staining observed at the leading edge of a small (5 um) extending conical tip (arrow). Magnification x 256. (B) Seven hr after dBcAMP treatment.
RB2 cell process contains a crown of microfilaments (open arrow). Magnification x 256. (C) Twenty-four hr after dBcCAMP treatment. RB2 cell
process has extended further. A prominent cortical shell of actin filaments delineates the cell (large arrow). Microfilament-containing filopodia
protrude from the cell surface (small arrows). Stress fibers are abundant (curved arrow). Bar denotes 10 wm. Magnification x 256. (D) RB2 cells
treated with dBcAMP and cytochalasin B. Note that cytoplasmic processes are absent and prominently stained aggregates of actin filaments are

apparent (open arrows). Magnification x 161.
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Table 1: Effects of Cytochalasin B (CB) or Colchicine (COL) on
Process Extension or Stabilization of RB2 Cells and TE671 Cells

Number of cells with processes
(Mean + standard deviation)

Cells Process extension Process stabilization
RB2

+ dBcAMP 187 £ 14 1836

+ dBcAMP + CB 23+20 22+12
+dBcAMP + COL 0 16*6

TE671

+ dBcCAMP 1819 1875

+ dBcAMP + CB 183+6 18716

+ dBcAMP + COL 0 66
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Figure 5 — Organization of microfilaments
in dBcAMP-treated TE671 cells. (A) Four
hr after dBCAMP treatment. Note a micro-
filament-containing cortical shell (large
arrow), stress fibers (open arrow), cyto-
plasmic peppering of polymerized actin
(thin arrow), and abundant filopodia
(small arrows). Magnification x 256. (B)
Arrows indicate bead-like dilatations
observed in the process of the TE671 cell.
Magnification x 256.

Interestingly, although the organization of actin filaments is sim-
ilar in both cell types, with the exception of the crown, cytocha-
lasin B produced process retraction in RB2 cells and not in
TE671 cells. The microfilaments in RB2 cells may be more sen-
sitive to the cytochalasin B than are the actin filaments in
TE671 cells. However, we believe it is more likely that the
crown of microfilaments is important to the stabilization of the
extended RB2 process.

Neuronal growth cones can still elongate, although relatively
slowly and in a disoriented fashion, under conditions in which
most of the actin has been depolymerized by cytochalasin B.2*
Evidence has accumulated that microtubules are important in
the generation and maintenance of neuronal processes.?52
When colchicine is applied to depolymerize the microtubules in
either neuroblastoma cells or primary neurons in culture, the
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Figure 6 — Process extension in RB2 and TE671 cells. (A) Note that cytochalasin B treatment causes a significant decrease in the number of pro-
cess-bearing RB2 cells (P < 0.01, one-way ANOVA, Fisher’s PLSD). (B) No significant difference is seen between treated and untreated TE67]
cells. Colchicine completely inhibits process extension in both cell types. Error bars denote standard deviation.
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Figure 7 — Process stabilization in RB2 and TE671 cells. (A) Note the significant decrease in the average number cells with processes when
cytochalasin B is added to process-bearing RB2 cells (P < 0.01), one way ANOVA, Fisher’s PLSD). (B) In contrast, no significant difference is
noted in the number of process-bearing TE671 cells before and after cytochalasin B treatment. Colchicine causes process retraction in both cell

types. Error bars denote standard deviation.

neurites retract into the cell body.?” Therefore, actin-independent
neurite elongation and stabilization may be microtubule-based.
We examined what role(s) microtubules might have in the
extension and stabilization of processes in RB2 cells and TE671
cells by depolymerizing the microtubules. When colchicine was
applied to either RB2 cells or TE671 cells before or after pro-
cesses had formed, the inevitable consequence was a retraction
of processes into the soma. In addition, colchicine inhibited the
migration of RB2 cells. Evidently, then, assembled microtubules
are essential to the migration of RB2 cells and the integrity of
the cytoplasmic processes of RB2 and TE671 cells. As in neu-
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rite outgrowth, the process extension in other cell types proba-
bly involves a number of mechanisms operating simultaneously.
In this study, we did not examine the organization of micro-
tubules in RB2 cells and TE671 cells before and after process
extension. Future experiments should be designed to determine
if and what microtubule modifications take place in differentiat-
ing glial progenitors.

The glial processes of RB2 cells have features that are simi-
lar to those of neurites: the vast majority of cultured RB2 cells
treated with dBcAMP develop cytoplasmic processes by active
extension; and, a highly motile tip is present at the leading edges
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of the RB2 processes (unpublished data, 1990). The results of
the present study demonstrate that the tip of the extending RB2
process, as is the case with the neuronal growth cone, contains
abundant microfilaments and an array of surface protrusions
such as filopodia; the extended processes of RB2 cells, like the
neurites, contain a cortical shell of actin filaments. We found
that microfilaments and microtubules have a major role in the
formation of RB2 processes as they do in the formation of den-
drites and axons.?*?* Since microfilaments provide an underly-
ing motile force in the extension of RB2 processes and neurites
and since growth factors (e.g., nerve-growth factor, basic
fibroblast-growth factor, glial-derived nexin) stimulate the
extension, branching, and orientation of neurites,?37 we
hypothesize that one or more of these regulatory factors will
also promote the extension and guidance of RB2 processes.
Active process extension is observed in the radial glia during
the development of the cerebellum and process outgrowth repre-
sents an early marker of differentiation of RB2 cells derived
from a cerebellar medulloblastoma.’®3° Although growth factors
are important to neuronal and glial differentiation, their role or
roles in glial-process outgrowth are unknown. The RB2 model
represents a unique and powerful tool for studying the modes of

Table 2: Effects of Cytochalasin B (CB) on Colchicine (COL) or
RB2 Cell Migration

Number of cells with trailing processes

Cells (Mean + standard deviation)
RB2 controls 46+ 8
+CB 4+4
+ COL 243
250 -

o

a

@ 200 4

8 O controls

o Il cytochalasin B

a—_ [ colchicine

150

£

3

o 100

Q

E

3

=z

_ 50 -

©

Q

0
RB2 cells

Figure 8 — RB2 cell migration. Both cytochalasin B and colchicine
inhibit the migration of RB2 cells. Note the significant difference
in the number of RB2 cells with trailing processes before and after
microfilament or microtubule disruption (P < 0.01, one-way
ANOVA, Fischer’s PLSD). Error bars denote standard deviation.
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action of growth factors in cells of the glial lineage as they stop
dividing, develop processes and differentiate. Prior studies have
shown that cell division is arrested when RB2 cells develop pro-
cesses.”!® Observed changes in microfilament organization dur-
ing differentiation occur at early stages following growth arrest
and are therefore probably germane to the regulation of differen-
tiation. Since growth factors may operate in the development of
malignant brain tumors, an understanding of their modes of
action in the regulation of the differentiated state of glial cells,
including cytoskeletal assembly may have future clinical appli-
cations and lead to the development of new therapies to reduce
the mortality and morbidity associated with childhood medul-
loblastoma.
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