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Abstract Accumulation of p53 has been reported in
nearly all malignant human tumours. Macrophage de-
rived giant cells of sarcoid granulomas in human lung
tissue also show intense staining for p53 while normal
alveolar macrophages remain unstained. Since sarcoid
giant cells are not considered to be either pre-neoplastic
nor to exhibit p53 gene mutations, two different physio-
logical functions of p53 may be illustrated. Alveolar
macrophages were isolated from rat lungs and cultured
in vitro. Accumulation of p53 was observed by indirect
immunohistochemistry after application of polyclonal
rabbit serum directed against murine p53 (CM5). Anti-
proliferating cell nuclear antigen (PCNA) antibodies
were used to study DNA synthesis. Most of the multinu-
cleated giant cells derived from macrophages accumulat-
ed p53 in the cytoplasm, while only few nuclei were stai-
ned. PCNA was found in most giant cells nuclei. Howey-
er, PCNA positivity was visible in few mononucleated
macrophages. Isolated alveolar macrophages in vitro
clearly divide and since nuclear division is a late event in
the cell cycle, p53 may be involved in G1/S-control and
in other cell-cycle-checkpoints between mitosis and cy-
tokinesis.
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Introduction

p53, a 53 kDa nuclear phosphoprotein, is encoded by the
p53 tumour suppressor gene which is localized on the
short arm (pl13.1) of chromsome 17. It was first de-
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scribed in 1979 as a cellular protein which co-precipita-
ted with the large T-antigen of simian virus 40 (SV 40)
from infected murine cells and synthesis was enhanced
in chemically transformed tumours (DelLeo et al. 1979;
Kress et al. 1979; Lane and Crawford 1979; Linzer and
Levine 1979). p53 is a tumour suppressor gene and wild-
type p53 is able to inhibit the transformation of ras-ac-
tivated rat embryonic fibroblasts (Eliyahu et al. 1989;
Finlay et al. 1989) while mutations of the p53 gene lead
to the transformation of affected cells (Laviguer et al.
1989; Nigro et al. 1989).

Mutations of the p53 gene are the most frequent gene
alterations reported in human cancer. p353 alterations
have been detected in nearly 45% of cancer patients
(Hollstein et al. 1991) including those with breast and
lung tumours, leukaemias, osteosarcomas, ovarian, stom-
ach and cerebral neoplasms. Most of the mutations ex-
hibit the exchange of a single nucleotide only occurring
within evolutionary conserved domains of the gene (Car-
on de Fromentel and Soussi 1992). A mutation in one al-
lele is often accompanied by the loss of the second al-
lele, and leads to a failure of p53 function in cell cycle
control. Reports describe a control function for p33 in
the G1/S phase switch controlling the transition into mi-
tosis (Bischoff 1990; Milner 1991). Cell cycle check-
points can enhance cell survival and limit mutagenic
events following DNA damage, and precise characteriza-
tion of cell cycle regulation will help to understand the
mechanisms of carcinogenesis and apoptosis. However,
the specific functions of the p53 protein and its molecu-
lar interaction in cell cycle controlling of normal and
transformed cells remain to be clarified.

The functional properties of p53 have been suggested
to be involved in controlling the integrity of the cell
and/or the genome (Lane 1992). Wild type p353 protein
was not thought to accumulate in the cytoplasm or in the
nucleus of normal and undamaged cells and is not de-
tectable in frozen or formalin-fixed paraffin sections by
standard immunohistochemical techniques (Levine
1991). The positive detection of p53 protein in sections
was thus always combined with a gene mutation or sta-
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bilization of wild type phosphoprotein by viral proteins
like SV 40 large T-antigen (Tan et al. 1986) or cellular
proteins like mdm2 (Barak et al. 1993). Those changes
were strongly correlated to cell transformation and can-
cer. However, from results on sarcoid granulomas of hu-
man sarcoid tissue (Wiethege et al. 1992) p53 positivity
may also occur in benign tissues or cells (see also Kouts-
leini et al. 1991; Soini et al. 1992).

We have studied the role of p53 in cultured polynu-
clear macrophage giant cells of rats.

Materials and methods

Female Wistar rats (180-200 g) were sacrificed under anaesthesia
with diethylether. After tracheotomy, a plastic tube (1.4 mm) was
fixed in the trachea, and the lungs were washed six times, each
with 5 ml phosphate buffered saline (PBS; 137 mM sodium chlo-
ride, 2.7 mM potassium chloride, 8.1 mM sodiumhydrogen phos-
phate x H,0, 1.5 mM potassium dihydrogen phosphate, pH 7.4,
37°C). Lavage fluids were collected and centrifuged 5 min at 200
g. After centrifugation, the supernatant was removed and the cell
pellet was resuspended with standard culture medium (Dulbeco’s
modified Eagle’s medium + 10% fetal calf serum + antibiotics
(Boehringer, Mannheim)). Cell quantity was determined using a
modified Sysmex Microcellcounter F-300 (Digitana, Hamburg).
0.5x 10° cells were distributed on a sterile glass slide in a Heraeus
Quadriperm culture dish. Cells were cultured at 37°C, 5% carbon
dioxide and 90% humidity.

Cell characterization was achieved by standard techniques
(Wiethege et al. 1991) and by a propidium iodide staining (500

ng/ml PBS) to demonstrate polynucleated cells. Induction of giant
cell formation was obtained by modifying culture conditions, ei-
ther by an increase of cell density or by adding 10 U/ml interleu-
kin 3 (IL-3; Boehringer, Mannheim) to the culture medium.

A standard immunoperoxidase avidin-biotin complex protocol
(Vectastain) was used for the detection of p53. Briefly, cells were
fixed in 50% (v/v) acetone in methanol for 10 min at —20°C,
washed with 70% ethanol and rehydrated in TRIS buffered saline
(5 mM TRIS, 0.76% (w/v) sodium chloride, pH 7.6). Endogenous
peroxidase acitivity was quenched by incubation in 3% hydrogen
peroxide for 10 min. Cells were further pre-incubated with 20%
normal goat serum and consequently incubated for 1 h at 25°C
with the antiserum CMS5, diluted 1: 1000. The polyclonal rabbit
anti murine p53 antiserum CM35 was produced and kindly provid-
ed by C. Midgley (CRC Lab. University Dundee, UK) and direct-
ed against full length recombinant murine p53 expressed in E. coli
(Jerry et al. 1993). In addition three commercialy available mono-
clonal antibodies, PAb 421 (Harlow et al. 1981), PAb 240 (Gannon
et al. 1990) and PADb 1801 (Banks et al. 1986) (Oncogene Sci.), di-
luted 1: 100 were used for immunohistochemical studies. All
monoclonal antibodies have been checked for reaction with rat
p53: PAb 240 and 421 react well, PAb 1801 shows a weaker cross
reaction (Lane DP, personal communication). An antibody direct-

Fig. 1 Rat alveolar macrophage derived giant cells cultured in vi-
tro. By using the CM5 antiserum for immunchistochemistry, poly-
nuclear giant cells, verified by propidium iodide staining (A) show
a staining in the dense central cytoplasm (B N nuclei). The anti-
body directed against PCNA reveals a strong nuclear staining (C)
where as a reaction in cytoplasm or nuclei is not visible by incu-
bating the cells with rabbit or mouse IgG or pre-immune-serum
for control (D). Bar 40 um




ed against PCNA (Waseem and Lane 1990; Oncogene Sci., 1: 100)
was used as a marker for cell proliferation. For control, cells were
incubated with rabbit IgG or pre-immune serum instead of anti
p53 or anti PCNA antibody. Immunoperoxidase staining method
was followed as indicated by the manufacturer (Vector, Burlin-
game, Calif., USA).

Genomic DNA from several different cell cultures was
screened by non-radioactive polymerase chain reaction-single
strand conformation polymorphism (PCR-SSCP) analysis (Wie-
thege et al. 1993) for mutations in exons 5, 6 and 7 of the rat p53
gene using the primers P5-1/2, P6-1/2 and P7-1/2 described by
Makino et al. (1992). According to Hulla and Schneider (1993),
these regions represent the comparable exons 5 to 8 of the human
p33 gene.

Results

The isolation of rat alveolar macrophages by lavage re-
vealed approximately 5x10° viable cells per lung. On an
average, 95% of these cells were characterized as alveo-
lar macrophages (Wiethege et al. 1991). Multinucleated
giant cells, verified by propidium iodide staining (Fig.
1A), developed in primary macrophage cultures within
14 days. The induction of giant cell formation could be
achieved either by increasing the culture density to 1x10°
cells per slide or by adding 10 U/ml IL-3 to the culture
medium. About 15-20% of the cells transformed to giant
cells. By using antibodies directed against the p53 tu-
mour suppressor gene product detectable amounts of the
phosphoprotein could be demonstrated in multinucleated
giant cells. After immunohistochemical demonstration of
p53 gene product using the CMS5 antiserum followed by
immunoperoxidase staining, nearly 50% of the multinu-
cleated giant cells accumulated p53 in the cytoplasm.
Only 2-3% of the cells showed staining of one or two of
their nuclei. Only few mononucleated alveolar macro-
phages also exhibited positivity for p53. Absent or weak
staining was observed using the antibodies PAb 421 or
PAb 240 and PAb 1801 (Table 1). There was no differ-
ence between multinucleated giant cells induced by high
cell density or by IL-3.

At the same time, PCNA was found in most giant
cells but rarely in mononucleated cells. Although PCNA
staining was predominantly intranuclear, a diffuse stain-
ing signal was also visible in the cytoplasm. Alteration
of the fixation procedure resulted in the same staining
pattern.

PCR-SSCP analysis was performed for investigation
of the p53 state. PCR-SSCP analysis of multinucleated
giant cell enriched cell cultures did not indicate a muta-
tion within exons 5 to 7 of the p53 gene.

Table 1 p53 staining pattern (+++ strong; (+) weak; — no immu-
nohistochemical staining)

Macrophage Mononucleated
giant cells macrophages
CM5 ot +
PAb 421 +) -
PAb 240 - -
PAb 1801 - -
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Discussion

Giant cell formation from primary macrophage culture
was induced by cuiture conditions or by cell-cell-fusion.
Almost 50% of the multinucleated giant cells accumulat-
ed p53 in the cytoplasm. Although the monoclonal anti-
bodies used were directed against human p53 predomi-
nantly, there is a cross reaction with rat p53. While PAb
240 and 421 may react well, PAb 1801 shows a weaker
cross reactivity with rat p53 (Harlow et al. 1981; Gannon
et al. 1990; Lane DP personal communication). The
CMS5 polyclonal antiserum was produced and checked
for cross-reactivity with rat p53 essentially as described
by Midgley et al. (1992) except that the antigen was mu-
rine p53 expressed in bacteria (Jerry et al. 1993; Lane
DP personal communication). Although p53 was de-
scribed to be a nuclear phosphoprotein, cytoplasmic de-
tection was not unusual. Different subceliular locations
have been reported for p53 protein in various cellular
systems, ranging from strictly cytoplasmic to strictly nu-
clear (Gannon and Lane, 1991; Rotter et al. 1983), Taka-
hashi et al. (1993) described the cytoplasmic localization
as a result of a translocation of pre-existing nuclear p53
protein in the cytoplasm after serum stimulation in cul-
ture. The positive staining of only half of the giant cells
may be due to differing states of cellular activity. The
phenomenon of partial staining of transformed cells has
already been reported on in investigations of tumour
cells, where p53 accumulation in a randomly distributed
staining of nuclei was observed (Vojtesek et al. 1993).
Two to three percent of the cells showed staining of only
one or two of their nuclei.

PCR-SSCP analysis of the giant cell cultures did not
indicate a mutation within exons 5 to 7 of the rat p53
gene. Since the SSCP technique has been reported to be
able to detect point mutations even in mixed cell popula-
tions (Wu et al. 1993) it seemed unlikely that there was a
failure to detect mutations among 15 to 20 polynuclear
giant cells out of 100 cells in culture. Despite this possi-
bility or the chance that a mutation may have taken place
in another exon, in a corresponding intron or in a regu-
lating element in cis- or frans-position, we assume that
wild-type p53 has accumulated in macrophage giant
cells. This thesis is supported by the fact that macro-
phages were of a non-clonal origin and that not all cells
exhibited a uniform staining pattern.

Observations with antibodies directed against PCNA
indicate that isolated alveolar macrophages synthesize
DNA in vitro. Although PCNA may also be induced by
DNA damage and can act in repair as well as in replica-
tion it seemed here to be an indicator for duplication
(Hall et al. 1993). Development or transformation of
macrophages into giant cells was accompanied by nucle-
ar division, since this is a late event in the cell cycle, the
possibility that p53 is active in the G1-S and a later stage
exists.

There are various explainations of these results. First,
detection of p53 in the cytoplasm may derive from accu-
mulation due to subsequent expression in different nu-
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clei. Second, the accumulation of p53 in PCNA positive
mononuclear cells may indicate dysfunction in the cell
cycle. With different stages of the cell cycle in different
nuclei in the same cell, p53 may accumulate, recogniz-
ing the DNA as damaged and this accumulation may
block the polynucleated giant cell cycle just before cyto-
kinesis. The pre-cytokinesis-blockage may prevent cell
division prior to DNA repair or may lead to apoptosis.
This was observed after a 4 weeks culture period in the
present investigations.
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