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more rapidly in the perinatal-type colonies than in the
adult-type colonies (Fig. 3). After 15 days in vitro,
virtually all of the cells in the perinatal-type colonies
had an oligodendrocyte-like morphology, while the
adult-type colonies contained variable proportions of
oligodendrocyte-like cells and O-2Aadu/' progenitor-like
cells (data not shown).

Although the above data indicate that optic nerves of
P21 rats contain cells that produce colonies able to
expand with rates characteristic of perinatal or adult
progenitors, they do not give information about the cell
cycle times of individual cells. To obtain such infor-
mation, and also to examine migratory characteristics
of these cells, we followed O-2A progenitor cells in P21
optic nerve cultures using time-lapse microcinema-
tography. In these experiments, optic nerve cells de-
rived from P21 rats were grown on poly-L-lysine-coated
tissue culture plastic in the presence of Astro-CM for
3-8 days.

In our analysis of 73 individual O-2A progenitor-like
cells derived from P21 animals, we found that O-2A
progenitor-like cells that had a division time of <30h

Fig. 3. Cultures of P21 rat optic nerve contain colonies of
O-2A progenitor cells that expand at rates similar to that of
O-2A'"r"""a' progenitor cells and colonies that expand at
rates similar to that of O-2A"d"" progenitor cells.
Dissociated optic nerve cells derived from P21 rats and
depleted of GalC+ oligodendrocytes were plated at low
density (1 cell per 2.5 mm2) into flasks coated with
irradiated monolayers of type-1 astrocytes. Cultures were
screened for colonies of O-2A progenitor-like cells. When
found, their location was marked and their expansion was
then followed daily. The figure depicts the expansion of
colonies which, on the basis of their doubling time, cell
number and on the basis of the morphology of the O-2A
progenitor cells in these colonies, were classified as
o_2AP«i»atai progenitor-type colonies (A) or O-2Aad""
progenitor-type colonies (B).

(A) 9 of the 18 colonies (colonies a-i) analyzed
expanded, up until the appearance of multipolar
oligodendrocyte-like cells, with an average doubling time of
29±4h (determined using regression analysis) and
contained cells that looked morphologically like
Q_2fij"nnatai p r o g e n j t o r c ens (see pig. 4). When the
majority of the cells in a particular colony had acquired a
multipolar, oligodendrocyte-like morphology, the expansion
of that colony was sometimes not followed further. Note
that the appearance of multipolar oligodendrocyte-like cells
in these perinatal-type colonies (after 6-9 days in vitro)
resulted in a rapid decline of the doubling time, consistent
with the observation that clonally related O-2A'*"'"0"1'
progenitor cells generally differentiate into oligodendrocytes
within a short time of each other (Temple and Raff, 1986;
Dubois-Dalcq, 1987; Wren et al. unpublished data).

(B) The remaining 9 colonies (colonies A-l) expanded at
a much slower rate. Initially, these colonies increased in
size with an average doubling-time of 68±llh, i.e. at a rate
similar to that of colonies of O-2A'"'"'' progenitor cells.
Such colonies consisted initially entirely of unipolar
O-2Aod"'( progenitor-like cells (see Fig. 4). Note that when
multipolar, oligodendrocyte-like cells appeared in a colony,
the doubling-time of that colony declined, but more
gradually than was the case for colonies of O-2AA"rr'"a"1'
progenitor cells.

(C) Summary of data presented in A and B. At each
time-point, the average number of cells in the perinatal-
and adult-type colonies was determined and the resulting
graphs were compared to a similar graph constructed using
data from colonies of O-2A"rf"'' progenitors growing in
cultures of adult optic nerve (from Wolswijk and Noble,
1989). The figure shows that the average cell numbers at
each time point and the rate of expansion of the adult-type
colonies in cultures of P21 optic nerve are identical to
colonies of O-2Aad"" progenitors in cultures of adult optic
nerve and that these results are very different from the
average cell numbers and rate of expansion of the perinatal-
type colonies in cultures of P21 optic nerve.

migrated at a rate of 18.6±7.7/imh x («=45), while
O-2A progenitor-like cells that had a division time of
>40h migrated at a rate of 7.2±2.5/umh~I («=14)
(Fig. 5). In addition, the rapidly dividing and migrating
O-2A progenitor-like cells were generally bipolar,
while the slowly dividing and migrating O-2A progeni-
tor-like cells were generally unipolar. Of the cells with
intermediate cell cycle times (i.e. between 30 and 40h),
expressed intermediate rates of migration (average
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Fig. 4. O-2A progenitor cells
in rapidly expanding colonies
are predominantly bipolar,
while such cells in slowly
expanding colonies are mostly
unipolar. Colonies of O-2A
progenitor cells growing on
monolayers of type-1 astrocytes
were photographed through an
inverted microscope after 6
days (A) or 10 days (B) in
vitro. Note that the cells in the
rapidly expanding colonies (A)
are mostly bipolar
(arrowheads), whereas those in
the slowly expanding colonies
(B) are predominantly unipolar
(arrows). Bar in A, 50 fim.

rate: 10.9±4.6jUmh l, n=14), six of these cells were
undergoing their final division prior to oligodendrocytic
differentiation.

Discussion

Our previous studies have revealed that oligodendro-
cyte-type-2 astrocyte (O-2A) progenitor cells isolated
from the optic nerves of adult rats differ from their
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Fig. 5. O-2A progenitors with a short cell cycle time and
bipolar morphology in cultures of P21 optic nerve migrate
rapidly, while unipolar slowly dividing O-2A progenitors
are much less motile. Cells growing in cultures of P21 optic
nerve were followed using time-lapse microcinematography.
O-2A progenitor-like cells with a division time of <30h and
the bipolar morphology of O-2N"nnatal progenitors
migrated with average speeds of 18.6±7.7^mh~' (n=45).
In contrast, O-2A progenitor cells with the slow division
time (>40h) and unipolar morphology of O-2Aad""
progenitors migrated much more slowly, with average
speeds of 7.2+2.5/imh"1 (n= 14). O-2A progenitor-like
cells with a cell cycle time of 30-40 h had intermediate
migration rates (data not shown).

perinatal counterparts in several respects. We found
differences in antigenic phenotype, morphology, cell
cycle time, rate of migration, time course of differen-
tiation into oligodendrocytes or type-2 astrocytes and
sensitivity to the lytic effects of complement in vitro
(Wolswijk and Noble, 1989; Wren and Noble, 1989; see
Table 1 for summary). The ability to identify O-2Aarf""
progenitor cells in vitro has now enabled us to investi-
gate the timing of appearance of O-2Andu" progenitor
cells during development of the rat optic nerve. We
have found that cells with the antigenic and morpho-
logical characteristics of O-2Aarf"/; progenitor cells first
appear in the optic nerve approximately 7 days after
birth. These cells coexist with o^A'"""0"1' progenitors
for several weeks, during which time the proportion of
different progenitor types isolated from the nerve
gradually shifts from predominantly perinatal to pre-
dominantly adult-like. Moreover, in cultures derived
from P21 rats, we could identify cells that expressed the
long cell-cycle times, slow migratory rates and unipolar
morphology of O-2Aadu/' progenitors in the same cul-
ture dish as cells that expressed the rapid cell cycle
times, rapid migration and bipolar morphology of
O-2Aperini"a' progenitors. Our observations that
O-2AP"ma<a' and O-2Aodu" progenitor cells coexist in
the optic nerve and in tissue culture for prolonged
periods suggest that the properties that define these two
cell types in vitro are not directly modulated by differ-
ences between the environments found in perinatal and
adult optic nerve, but instead represent intrinsic
properties of these two progenitor populations.

There were several criteria that we used collectively
to identify O-2Aarfu" and O-2Aper"""a/ progenitors in
cultures prepared from the optic nerves of young rats.
Antigenically, cells that were O4+vimentin~GalC~
after 1 day of growth in Astro-CM were considered to
be adult-like, while O-2Ap<rr"ia"j/ progenitors were
O4~vimentin+GalCT. In cultures in which most pro-
genitors were perinatal-like (by antigenic criteria), the
progenitors were also predominantly bipolar. In con-
trast, in cultures derived from 1 month old rats, many
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progenitors expressed the antigenic phenotype of
O-2Aarfu/' progenitors and many progenitors also ex-
pressed the characteristic unipolar morphology of
O-2Aarfu/' progenitors. In addition, in cultures derived
from P21 rats, colony expansion rate and morphology
correlated with each other, such that rapidly expanding
colonies consisted of bipolar perinatal-like cells, while
slowly expanding colonies consisted of unipolar adult-
like cells. The division times of individual cells in similar
cultures was also correlated with migratory rates in
vitro, and cells that divided every 30h or less had an
average migration rate of 18.6 ^mh"1, while cells with a
cell cycle time of 40 h or more had an average migration
rate of 7.2 /imh"1.

It is important to note that not all cells could be
unambiguously identified as O-2Aper"""fl/ or O-2Aadu"
progenitor cells. For example, many of the O4+ cells in
the O-2A progenitor population derived from the optic
nerves of P14 and 1 month old rats had a multipolar
morphology and were vimentin+. It seems likely that
these O4+vimentin+ multipolar cells were visualized at
stages of development intermediate between
Q_2AP'rina,ai p r o g e n j t o r c ens and oligodendrocytes (I.
Sommer et al. unpublished data). Such intermediate
stage cells might also include some of the cells with
division times between 30-40 h and average migratory
rates of 10.9±4.6^mh~\

Evidence for phenotypic differences between adult
and perinatal precursors in other cellular lineages has
also been reported by other investigators, indicating
that developmental transitions in precursor populations
also occur in other tissues. For example, haematopoi-
etic stem cells derived from adult animals predomi-
nantly generate erythrocytes that synthesize the adult
form of haemoglobin, while erythrocytes derived from
fetal haematopoietic stem cells synthesize fetal haemo-
globin (reviewed in Wood et al. 1988). This fetal-to-
adult switch in haemoglobin type is apparently regu-
lated by an internal clock that resides in the haemato-
poietic stem cell population and which is not regulated
by the maturation state of the whole animal. Along with
the observation that erythrocytes that separately pro-
duce either fetal or adult haemoglobin coexist in vivo
for extended periods, fetal haematopoietic stem cells
transplanted into adult animals generate fetal haemo-
globin-synthesizing erythrocytes for a period of time
closely related to gestational age. These results suggest
that the differences between adult and fetal haemoto-
poietic stem cells may be inherent to the cells them-
selves and not induced by the environment of the adult
tissue (Bunch et al. 1981; Wood et al. 1985, 1988). Such
an inherent encoding of phenotype was also apparent in
the O-2A progenitor populations, in that O-2Aarfu" and
Q_2Aperhwmi p r O g e n j t o r c ens w e r e abie t o Co-exist and

express their characteristic phenotypes in the same
environment. It remains to be determined whether
these results indicate that fetal and adult forms of
progenitors respond to different environmental factors
or interpret identical signals in different ways.
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