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Abstract. In the present study, we localized p53 protein in the ovary of the adult Japanese quail
using immunohistochemical techniques. The best results were obtained with DO-1 monoclonal anti-
bodies and with a heat-induced epitope retrieval method. Immunostaining was detected in cytoplasm
and/or nuclei of granulosa and surface epithelial cells. In atretic follicles, p53 protein was found in a
few follicular cells. Immunoreactivity was also detected in leukocytes and in the Balbiani complex of
prelampbrush oocytes. It is suggested that p53 protein expression is elevated in proliferating granulosa
and surface epithelial cells, and that p53 protein may be involved in granulosa cell differentiation.
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INTRODUCTION

P53 protein, the product of a tumor suppressor gene, is a multifunctional protein (for
review see ELLEDGE & LEE, 1995). Previous studies in mammals indicate that p53 protein
is an important regulator of granulosa cell fate during folliculogenesis, and that p53 pro-
tein is involved in atresia (TILLY ef al., 1995; AMSTERDAM et al., 1996). Follicular atresia
in mammals and birds is mediated via apoptosis or physiological cell death, and the majo-
rity of cells undergoing apoptosis are granulosa cells (TILLY er al., 1991). A recent report
on atresia in quail demonstrates that apoptosis is not the exclusive mode of active cell
death (D’HERBE et al., 1996). The present study focuses on the distribution of p53 protein
during folliculogenesis and atresia in quail ovaries.

MATERIAL AND METHODS

Female adult Japanese quail (Coturnix coturnix japonica) were killed by decapitation.
Tissue blocks of the ovaries and the pre- and post-ovulatory follicles were fixed in EACH
fixative (PERRY-O’KEEFE ef al., 1990) or in 4% paraformaldehyde in 10 mM phosphate-
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buffered saline at pH 7.2. After fixation, subsamples of tissue were dissected from the walls
of the pre- and post-ovulatory follicles and embedded in paraffin. Several commercially
available antibodies directed against p53 protein were used (Table 1). P53 protein was local-
ized in paraffin sections using the unlabelled antibody peroxidase-anti-peroxidase technique.
Some sections were pre-treated with the pressure cooker heat-induced epitope retrieval
method (NORTON et al., 1994). The oocytes and follicles were classified in stages according
to CALLEBAUT (1973). Paraffin sections of routinely formalin-fixed human colonic adeno-
carcinoma (KARAMITOPOULOU et al., 1995) were used as positive controls.

TABLE 1
Antibodies directed against p53 protein

Antibody Dilution Source
cmr’ 1/200 Novocastra Laboratories Ltd. (Newcastle upon Tyne, U.K.)
DO-1* pd IMMUNOTECH (Marseille, France)
pd DPC (Apeldoorn, The Netherlands)
1/50 Santa Cruz Biotechnology Inc. (Santa Cruz, CA)
DO-7" pd DPC
PAb 122V 1/40 Boehringer Mannheim GmbH (Mannheim, Germany)
PADb 1801* pd DPC

": polyclonal antibody; *: monoclonal antibody: pd: pre-diluted.

RESULTS

The heat-induced epitope retrieval method enhanced p53 protein immunoreactivity (IR). The
best results were obtained using the DO-1 monoclonal antibodies, but the CM 1 and PAb 122 anti-
bodies also gave fairly good results. No immunostaining was observed using the DO-7 and PAb
1801 antibodies. Positive staining was found with all antibodies in the adenocarcinoma sections.

IR was detected in cytoplasm and/or nuclei of granulosa cells during each stage of folliculo-
genesis (Figs 1-3). However, the granulosa cells of the pre-ovulatory follicles were weakly
immunostained (Fig. 2). IR was also found in surface epithelial cells (Figs 1, 3), except those in
the wall of pre-ovulatory follicles (Fig. 2). In atretic follicles, moderate IR was found in a few fol-
licular cells (Fig. 4). Furthermore, p53 protein was demonstrated in the Balbiani complex of
prelampbrush oocytes (Fig. 1) in a few vascular smooth muscle cells, and in leukocytes (Figs 1,
4), predominantly those present in the vicinity of atretic follicles (Fig. 4).

Figs 1-4. — Micrographs of the quail ovary, immunostained with DO-1 antiserum and counterstained
with toluidine blue (bar = 10 mm). AF: atretic follicle; B: Balbiani complex of prelampbrush oocyte:
g: granulosa; O: oocyte; te: theca externa; ti: theca interna; ts: tunica superficialis ; arrowheads:: sur-
face epithelium; arrows: leukocytes. — 1. Prelampbrush and developing follicles: IR in granulosa and
surface epithelial cells, in leukocytes, and in the Balbiani complex. — 2. Mature pre-ovulatory folli-
cle: weak IR in the granulosa cells. — 3. Post-ovulatory follicle: IR in the granulosa cells. — 4. Atretic
follicle: IR predominantly in leukocytes and in surface epithelial cells. A few follicular cells (small
arrowheads) were moderately immunostained.
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DISCUSSION

The results with the different antibodies were probably due to the percentage homolo-
gy of quail p53 protein with human p53 protein. Chicken p53 protein reveals 47% homo-
logy with human p53 protein (Soussi ef al., 1988).

In the present study, we have shown that p53 protein expression is high in prolifera-
ting granulosa and surface epithelial cells. Previous in vitro studies reported increased
expression of p53 protein in proliferating cells (for review, see KATsumoTo et al., 1995).
P53 protein initially appears in the cytoplasm of mitotic cells, then accumulates in the
nucleus before the beginning of DNA synthesis, and thereafter it is no longer found in the
nucleus but rather in the cytoplasm.

In the human ovary, p33 protein is detected in the nuclei of granulosa cells of pre-
antral and antral follicles. and in the cytoplasm of surface epithelial cells (Bukovsky et
al., 1995). However, in the rat ovary, TiLLY ef al. (1995) reported that pS3 protein is exclu-
sively localized in nuclei of apoptotic granulosa cells of atretic follicles. In the quail ovary
p33 protein has also been found in non-dividing and relatively stable cells: in the cyto-
plasm of granulosa cells of post-ovulatory and of mature pre-ovulatory follicles, and in the
Balbiani complex of prelampbrush oocytes. Nuclear and nucleolar p53 protein expression
is demonstrated in human oocytes of resting primary follicles and in luteinized granulosa
cells (BUKOVSKY et al., 1995). It is suggested that p53 protein can enhance granulosa cell
differentiation and luteinization (AMSTERDAM et al., 1996).

Previous findings suggest the existence of a strong correlation between apoptosis and
elevated p53 protein expression in the ovary (TILLY ef al., 1995). AMSTERDAM et al. (1996)
have demonstrated that p53 protein can co-operate with cAMP-generated signals in the
induction of apoptosis in granulosa cells. However. we have detected a few immuno-
stained follicular cells in atretic follicles. No clear relation between p53 protein expression
and apoptosis is found.

This study supports the hypothesis (AMSTERDAM ef al., 1996) that p53 protein is an
important regulator of proliferation of granulosa and surface epithelial cells and that p53
protein may be involved in granulosa cell differentiation.

ACKNOWLEDGEMENTS

This study was supported by grant 3.0029.93 of the Belgian National Fund for Scientific
Research, and a Matching Fund from the University Centre of Antwerp (RUCA).

REFERENCES

AMSTERDAM, A., I. KEREN-TAL & D. AHARONI (1996) — Cross-talk between cAMP and p53-genera-
ted signals in induction of differentiation and apoptosis in steroidogenic granulosa cells. Steroids,
61: 252-256.



THE MULTIFUNCTIONAL 37 LRP/P40 PROTEIN 61

Bukovsky, A., M.R. CAUDLE, J.A. KEENAN, J. WIMALASENA, J.S. FOSTER, N.B. UPADHYAYA &
S.E. vaN METER (1995) — Expression of cell cycle regulatory proteins (p53. pRb) in the human
female genital tract. J. Assist. Reprod. Genet., 12: 123-131.

CALLEBAUT, M. (1973) — Correlation between germinal vesicle and oocyte development in the adult
Japanese quail (Coturnix coturnix japonica): a cytochemical and autoradiographic study. J.
Embryol. exp. Morph., 29: 145-157.

D'HERDE, K., B. DE PREST & F. ROELS (1996) — Subtypes of active cell death in the granulosa of ova-
rian atretic follicles in the quail. Reprod. Nutr: Dev., 36: 175-189.

ELLEDGE, R M. & W.-H. LEE (1995) — Life and death by p53. BioEssays, 17: 923-930.

Karamitoroucou, E., E. PERENTES, I. DiamanTis, U. VOGT & W. WEGMANN (1995) — P53 protein
expression in colorectal adenomas: an immunohistochemical study using an antigen retrieval sys-
tem. Histopathology, 27: 517-523.

Karsumoro, T., K. HiGaki, K. OHNO & K. ONODERA (1995) — Cell-cycle dependent biosynthesis and
localization of p53 protein in untransformed human cells. Biol. Cell, 84: 167-173.

NORTON, A.J., S. JORDAN & P. YEOMANS (1994) — Brief, high-temperature heat denaturation (pressure
cooking): a simple and effective method of antigen retrieval for routinely processed tissues. ./,
Pathol., 173: 371-379.

PERRY-O’KEEFE, H., C.R. KINTNER, J. YISRAELI & D.A. MELTON (1990) — The use of in situ hybridi-
sation to study the localisation of maternal mRNAs during Xenopus oogenesis. In: HArRIs, N. &
D.G. WILKINSON (Eds), In situ hybridisation : application to developmental biology and medicine.
Cambridge University Press, Cambridge: 115-130.

Soussi, T., A. BEGUE, M. KRrEss, D. STEHELIN & P. MAy (1988) — Nucleotide sequence of a cDNA
encoding the chicken pS3 nuclear protein. Nucleic Acids Res., 16: 11383.

Tiwy, JL., K.I. Kiwarski, A.L. JOHNSON & A.J.W. HSUEH (1991) — Involvement of apoptosis in ova-
rian follicular atresia and postovulatory regression. Endocrinology, 129: 2799-2801.

Tiery, KL, S. BANERIEE, P.P. BANERIEE & J.L. TiLry (1995) — Expression of the p53 and Wilms’
tumor suppressor genes in the rat ovary: gonadotropin repression in vivo and immunohistoche-
mical localization of nuclear p53 protein to apoptotic granulosa cells of atretic follicles. Endo-
crinology, 136: 1394-1402.



