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induces their differentiation in the absence of RA (De Laurenzi
et al., 2000).

In the present study, we have used RT-PCR,
immunofluorescence, retrovirus-mediated gene transfer, and
p53–/– mice to investigate the expression and function of
the individual p53 family proteins in the developing
oligodendrocyte lineage. Our findings suggest that both p53
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is not present in ∆Np73; gift from Susan Bray, University of Dundee;
diluted 1/10 000). Cells were then washed in PBS and incubated for
1 hour in fluorescein-coupled goat anti-mouse IgG (GFAP, p63), or
anti-rabbit IgG (p53 and p73) antibodies (Jackson Labs, diluted 1/100)
and bisbenzamide. In some experiments, cells were double stained for
GC and p73. In this case, GC staining was performed first, followed
by permeabilisation and p73 staining. Coverslips were mounted in
Citifluor mounting medium (CitiFluor, UK) and examined with a
Zeiss Axioskop fluorescence microscope. In all cases, no staining was
seen when the fluorescent anti-IgG antibodies were used on their own.

Results
Previous findings suggested that p53 family proteins might
play a part in OPC differentiation, but it was not determined
which family members were involved. In the present study, we
have dissected the contributions of p53, p63 and p73 by
examining both their expression in developing oligodendrocyte
lineage cells and the effects on OPC differentiation of
overexpressing either full-length or dominant-negative
isoforms of each family member.

Expression of p53, p63 and p73 in the rat
oligodendrocyte lineage
We first used RT-PCR to examine the expression of p53,
TAp63, ∆Np63, TAp73 and∆Np73mRNAs in cultured OPCs
purified from the P7 rat optic nerve. The purified cells were
expanded for 10 days in the presence of PDGF and the absence
of TH and RA. As shown in Fig. 1, we could detect all of these
mRNAs.

We next used immunofluoresence to examine the expression
of p53, p63 and p73 proteins in both OPCs and
oligodendrocytes. Purified P7 OPCs were expanded for 10 days
in PDGF and the absence of TH and RA. They were then either
cultured for an additional 3 days in the same conditions or were
induced to differentiate into oligodendrocytes by either PDGF
withdrawal or the addition of TH for 3 days. In some cases,
the cells in PDGF and TH were maintained for an additional
2 days to allow the oligodendrocytes to mature further. The
cells were then fixed and immunostained for p53, p63 or p73.
The results for oligodendrocytes were the same whether the
differentiation was induced by PDGF withdrawal or TH
addition, and so only the results with TH addition will be
illustrated. As shown in Fig. 2A, anti-p53 antibodies weakly
stained the nucleus of less than 5% of the OPCs and
oligodendrocytes, and no staining was observed in the
cytoplasm of any of these cells. Thus, the great majority of both
OPCs and oligodendrocytes did not contain detectable amounts
of p53 protein. If, however, the OPCs were first irradiated with
UV (50 J/m2) and cultured for a further 8 hours before they
were immunostained, p53 could be readily detected in the
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influence OPC differentiation, we infected purified rat OPCs
with a retroviral vector that encoded both GFP and p53
(pBird-p53) and then cultured the cells in the four conditions
described above. As shown in Fig. 3, expression of the wild-
type p53 transgene did not significantly affect either the
spontaneous differentiation of OPCs cultured in PDGF
without TH or RA or the differentiation induced by either TH,
RA or PDGF withdrawal. As expected, the expression of the
p53 transgene induced significant cell death in OPC cultures,
but only live cells were included in the analysis. Although
p53 was not detectable in more than 95% of untransfected
OPCs and oligodendrocytes (see Fig. 2A), it was readily
detected by immunostaining in the nucleus of most of the
GFP+ OPCs and oligodendrocytes transfected with wild-type
p53 (not shown).

Effects of TAp63 or ∆∆Np63 transgenes in rat OPCs
To test whether the expression of transgenes encoding either
the full-length TAp63 or dominant-negative ∆Np63 isoforms
of p63 would affect OPC differentiation, we repeated the
experiments just described but used retroviral vectors that
encode either GFP and TAp63 (pBird-TAp63) or GFP and
∆Np63 (pBird-∆Np63) and cultured the cells as described in
Fig. 3. As shown in Fig. 4, the expression of either the TAp63
or ∆Np63 transgene did not significantly affect either the
spontaneous differentiation of OPCs cultured in PDGF without
TH or RA or the differentiation induced by TH, RA or PDGF
withdrawal. Thus, p63 is unlikely to play a part in OPC
differentiation, at least in culture.

Fig. 2. Expression of p53, p63 and p73 proteins in oligodendrocyte lineage cells. Purified P7 rat OPCs were cultured in PDGF without TH and
RA for 10 days. They were then cultured for 3 or 5 days in either PDGF alone or PDGF and TH to induce differentiation. (A-C) After 3 days,
the cells were fixed and stained by immunofluorescence for p53 (A), p63 (B) or p73 (C). (D) Cells in PDGF and TH for 3 or 5 days were fixed
and double-stained for both GC and p73. In all cases, nuclei were counterstained with bisbenzamide. Scale bar: 20 µπΤϕ
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Effects of TAp73 or ∆∆Np73 transgenes in rat OPCs
To test whether the expression of transgenes encoding either
TA or ∆N isoforms of p73 would affect OPC differentiation,
we used retroviral vectors that encode either GFP and TAp73
(pBird-TAp73) or GFP and ∆Np73 (pBird-∆Np73) and
cultured the cells as described above. As shown in Fig. 5, the
expression of the TAp73 transgene greatly increased the
spontaneous differentiation of OPCs cultured in PDGF without
TH and RA, as well as the differentiation induced by either TH
or RA. Although the expression of the TAp73 transgene
induced significant cell death in OPC cultures, only live cells
were included in the analysis.

Conversely, expression of the ∆Np73 transgene completely
inhibited the spontaneous differentiation of OPCs, as well as
the differentiation induced by TH or RA (Fig. 5). Furthermore,
in contrast to all the other dominant-negative transgenes we
tested, ∆Np73 also inhibited PDGF-withdrawal-induced
differentiation (Fig. 5). These findings strongly suggest that
p73 is involved in OPC differentiation induced by TH, RA or
PDGF withdrawal in culture.

Effects of p73∆∆N transgene on p53–/– mouse OPC
differentiation
As ∆Np73 would be expected to inhibit the transcriptional
activity of p53, as well as that of TAp73, it was important to
determine whether ∆Np73 could inhibit OPC differentiation in
the absence of p53. We therefore tested the effect of the ∆Np73
transgene on cultures of P7 optic nerve cells prepared from
wild-type or p53–/– mice. We infected the cells with the pBird-
∆Np73 retroviral vector and cultured them in either PDGF
without TH and RA, in PDGF with TH, or without PDGF.
After 1-3 days, we stained the cultures for GC to determine the
proportion of GFP-positive cells that had differentiated into
GC-positive oligodendrocytes.

As shown in Fig. 6, expression of the ∆Np73 transgene
significantly decreased both spontaneous differentiation (Fig.
6A) and the differentiation induced by either TH (Fig. 6B) or

PDGF withdrawal (Fig. 6C) in both wild-type and p53–/–

cultures. Thus, p53 is not required for the ∆Np73transgene to
inhibit OPC differentiation in vitro. Interestingly, however, the
level of induced differentiation in p53–/– cultures was slightly,
but reproducibly, less than that in wild-type cultures (see Fig.
6B,C).

Oligodendrocyte development in p53–/– mouse optic
nerves
To help determine whether p53 normally plays a part in
oligodendrocyte development in vivo, we compared the
number of oligodendrocytes in the optic nerves of wild-type
and p53–/– mice at P7. We dissociated optic nerve cells and
counted both the total number of cells and the proportion of
GC-positive oligodendrocytes. Although the total number of
cells in the nerve was not significantly different in the two
genotypes (not shown), the proportion of oligodendrocytes was
significantly reduced at P7 in p53–/– optic nerves compared
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Discussion
OPCs are arguably the best understood precursor cells in
the vertebrate central nervous system (CNS), but the
intracellular mechanisms involved in their differentiation are
still poorly understood. Previous evidence indicated that OPC
differentiation, in culture at least, depends on the p53 family
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purified rat OPCs has no detectable effect on OPC
differentiation in culture – either on spontaneous
differentiation or on differentiation induced by TH, RA or
PDGF withdrawal.

In contrast, several lines of evidence suggest a crucial role
for p73 in OPC differentiation. First, the only change in the
three family member proteins that we observe when OPCs
differentiate is in p73. Whereas p73 staining is seen exclusively
in the nucleus in OPCs, it is seen in both the nucleus and the
processes of oligodendocytes. The mechanism and functional
significance of this change in p73 distribution remain to be
determined. As the anti-p73 antibodies that we used recognise
TAp73 isoforms but not ∆Np73 isoforms, it is probable that it
is one or more TAp73 isoforms that redistributes when OPCs
differentiate. As the antibodies do not distinguish between the
various C-terminus isoforms of TAp73, which are generated by
alternative splicing at the 3′ end of the p73 RNA transcript, we
do not know which isoforms are expressed in OPCs or
oligodendrocytes, or which ones redistribute upon OPC
differentiation. The second line of evidence suggesting an
important role for p73 in OPC differentiation is that the
expression of a transgene encoding TAp73 in purified OPCs
increases the spontaneous differentiation of OPCs in the
presence of PDGF and the absence of TH and RA, as well as
the differentiation of OPCs induced by treatment with TH or
RA. This is not seen with transgenes encoding either p53 or
TAp63. The third line of evidence is that the expression of a
transgene encoding ∆Np73 in purified OPCs inhibits all forms
of OPC differentiation in culture, including spontaneous
differentiation and differentiation induced by either PDGF
withdrawal or treatment with TH or RA. This is the only
dominant-negative p53 family member that we tested that
inhibits all OPC differentiation in culture. Although ∆Np73
would be expected to act as a dominant-negative inhibitor of
all three p53 family members, it inhibits both spontaneous and
induced OPC differentiation in cultures of p53–/– mouse optic
nerve cells, indicating that the inhibition does not depend on
the inhibition of p53. As ∆Np63 does not inhibit OPC
differentiation, it is unlikely that the ∆Np73 inhibition of OPC
differentiation depends on the inhibition of TAp63. Thus, we
conclude that ∆Np73 inhibits all forms of OPC differentiation
by blocking TAp73 isoforms and that one or more of these
isoforms is required for normal OPC differentiation, at least in
culture. It will be important to confirm this conclusion in p73-
deficient mice, which have severe neurological defects,
including congenital hydrocephalus, hippocampal dysgenesis,
and abnormalities in pheromone sensory pathways (Yang et al.,
2000). Oligodendrocyte development and myelination were
not specifically addressed in the report on these mice (Yang et
al., 2000).

Although we can only detect p53 by immunocytochemistry
in a small fraction of OPCs and oligodendrocytes in culture,
this does not necessarily exclude a role for p53 in
oligodendrocyte development. Indeed, two lines of evidence
suggest that p53 may be involved in OPC differentiation. First,
the expression of either of two transgenes encoding mutant,
dominant-negative forms of p53 in purified OPCs inhibits both
TH- and RA-induced OPC differentiation, although not
spontaneous or PDGF-withdrawal-induced differentiation, as
reported previously (Tokumoto et al., 2001). Although one of
these mutant forms of p53 (p53DN) would be expected to act

as a dominant-negative inhibitor of all three family members,
the other (p53DD) lacks the central core domain and would be
expected to inhibit p53 specifically (Gaiddon et al., 2001;
Shaulian et al., 1992). Second, we find a decrease in the
number of oligodendrocytes and an increase in the number of
OPCs in the P7 optic nerve of p53–/– mice compared with wild-
type mice, consistent with the possibility that p53 plays a part
in OPC differentiation in vivo. Similar results have recently
been obtained independently in the developing p53–/– optic
nerve by Dean Tang and his colleagues; in addition, they found
that the numbers of oligodendrocytes and OPCs normalized in
the p53–/– optic nerves by P21 (Lubna Patrawala and Dean
Tang, University of Texas, personal communication). Together,
these data strongly suggest that p53–/– OPCs have a delayed
differentiation, at least in the optic nerve.

Although the CNS is thought to develop normally in most
p53–/– mice (Donehower et al., 1992), a small proportion have
defects in neural tube closure (Armstrong et al., 1995; Sah et
al., 1995). A detailed study of oligodendrocyte development
and myelination remains to be done in developing p53–/– mice.
Interestingly, p53 has been shown to play an important part in
the differentiation of neural and mesoderm cells in Xenopus
embryos (Wallingford et al., 1997). It physically and
functionally interacts with Smads in the activin and BMP
signalling pathways to induce the expression of homeobox
genes involved in mesoderm formation in Xenopus
(Takebayashi-Suzuki et al., 2003).

In some respects, our results with p53 conflict with those of
Eizenberg et al. (Eizenberg et al., 1996), who reported that p53
protein is highly expressed in brain-derived OPCs and
translocates from the cytoplasm to the nucleus when these cells
differentiate into oligodendrocytes in culture. Using three
different antibodies, including the antibody used in their study
(not shown), we see relatively little p53 staining in OPCs and
oligodendrocytes and cannot detect any in the cytoplasm of
either OPCs or oligodendrocytes. The reasons for these
discrepancies are unclear. However, Eizenberg et al. did find
that a dominant-negative form of p53 (p53DD) inhibited OPC
differentiation in their culture system, consistent with our
present and previous (Tokumoto et al., 2001) findings.

We previously suggested that there may be at least two
independent intracellular pathways leading to cell-cycle arrest
and differentiation in OPCs – one that is activated by TH and



1219p53 family in oligodendrocyte differentiation



1220

Noble, M. and Murray, K. (1984). Purified astrocytes promote the in vitro
division of a bipotential glial progenitor cell. EMBO J.3, 2243-2247.

Noble, M., Murray, K., Stroobant, P., Waterfield, M. D. and Riddle, P.
(1988). Platelet-derived growth factor promotes division and motility and
inhibits premature differentiation of the oligodendrocyte/type-2 astrocyte
progenitor cell. Nature333, 560-562.

Nygård, M., Wahlstrom, G. M., Gustafsson, M. V., Tokumoto, Y. M. and
Bondesson, M.(2003). Hormone-dependent repression of the E2F-1 gene
by thyroid hormone receptors. Mol. Endocrinol.17, 79-92.

Pozniak, C. D., Barnabe-Heider, F., Rymar, V. V., Lee, A. F., Sadikot, A.
F. and Miller, F. D. (2002). p73 is required for survival and maintenance of
CNS neurons. J. Neurosci.22, 9800-9809.

Pozniak, C. D., Radinovic, S., Yang, A., McKeon, F., Kaplan, D. R. and
Miller, F. D. (2000). An anti-apoptotic role for the p53 family member, p73,
during developmental neuron death. Science289, 304-306.

Pringle, N., Collarini, E. J., Mosley, M. J., Heldin, C. H., Westermark, B.
and Richardson, W. D. (1989). PDGF A chain homodimers drive
proliferation of bipotential (O-2A) glial progenitor cells in the developing
rat optic nerve. EMBO J.8, 1049-1056.

Raff, M. C., Abney, E. R. and Fok-Seang, J.(1985). Reconstitution of a
developmental clock in vitro: a critical role for astrocytes in the timing of
oligodendrocyte differentiation. Cell 42, 61-69.

Raff, M. C., Lillien, L. E., Richardson, W. D., Burne, J. F. and Noble, M.
D. (1988). Platelet-derived growth factor from astrocytes drives the clock
that times oligodendrocyte development in culture. Nature333, 562-565.

Raff, M. C., Mirsky, R., Fields, K. L., Lisak, R. P., Dorfman, S. H.,
Silberberg, D. H., Gregson, N. A., Leibowitz, S. and Kennedy, M. C.
(1978). Galactocerebroside is a specific cell-surface antigenic marker for
oligodendrocytes in culture. Nature24, 813-816.

Ranscht, B., Clapshaw, P. A., Price, J., Noble, M. and Seifert, W.(1982).
Development of oligodendrocytes and Schwann cells studied with a
monoclonal antibody against galactocerebroside. Proc. Natl. Acad. Sci. USA
79, 2709-2713.

Rodriguez-Pena, A., Ibarrola, N., Iniguez, M. A., Munoz, A. and Bernal,
J. (1993). Neonatal hypothyroidism affects the timely expression of myelin-
associated glycoprotein in the rat brain. J. Clin. Invest.91, 812-818.

Sah, V. P., Attardi, L. D., Mulligan, G. J., Williams, B. O., Bronson, R. T.
and Jacks, T. (1995). A subset of p53-deficient embryos exhibit
exencephaly. Nat. Genet.10, 175-180.

Shaulian, E., Zauberman, A., Ginsberg, D. and Oren, M.(1992).
Identification of a minimal transforming domain of p53: negative dominance
through abrogation of sequence-specific DNA binding. Mol. Cell. Biol.12,
5581-5592.

Skoff, R. P., Price, D. L. and Stocks, A.(1976). Electron microscopic

autoradiographic studies of gliogenesis in rat optic nerve. II. Time of origin.
J. Comp. Neurol.169, 313-334.

Small, R. K., Riddle, P. and Noble, M.(1987). Evidence for migration of
oligodendrocyte-type-2 astrocyte progenitor cells into the developing rat
optic nerve. Nature328, 155-157.

Stallcup, W. B. (2002). The NG2 proteoglycan: past insights and future
prospects. J. Neurocytol.6-7, 423-435.

Strano, S., Munarriz, E., Rossi, M., Cristofanelli, B., Shaul, Y., Castagnoli,
L., Levine, A. J., Sacchi, A., Cesareni, G., Oren, M. et al. (2000). Physical
and functional interaction between p53 mutants and different isoforms of
p73. J. Biol. Chem.275, 29503-29512.

Takebayashi-Suzuki, K., Funami, J., Tokumori, D., Saito, A., Watabe, T.,
Miyazono, K., Kanda, A. and Suzuki, A.


