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Expression of cdc2 and p27(KIP1) phosphorylation
in mitotic cells of the human retinoblastoma
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Abstract. It was recently demonstrated that a lack of p27(KIP1)
degradation resulted in the suppression of cdc2 activity and
consequent inhibition of entry into the M-phase. The aim of
this study was to examine the distribution of phosphorylated
p27(KIP1) on threonine 187 (T187-phospho-p27) and cdc2
in mitotic cells of human retinoblastoma, a malignant retinal
neoplasm. Several T187-phospho-p27-immunopositive cells
were observed in mitotic retinoblastoma cells, but not in the
normal retina. Immunoreactivity for T187-phospho-p27 was
located in the prophase and metaphase of mitotic tumor cells.
In contrast, tumor cells in the anaphase showed no immuno-
reactivity for T187-phospho-p27. Nuclear expression of cdc2
was detected in many retinoblastoma cells, including mitotic
cells. The immunoreactivity in mitotic cells was located in the
prophase, as well as metaphase. In contrast, anaphase cells did
not show immunoreactivity. Double staining demonstrated the
same localization of T187-phospho-p27 and cdc2 in mitotic
cells. These results suggest that p27(KIP1) interacts with cdc2
in the M-phase of human retinoblastoma cells.

Introduction

Retinoblastoma represents a malignant retinal neoplasm with
neuroectodermal differentiation (1). Careful clinical and epi-
demiologic examination of hereditary and sporadic retino-
blastomas gave rise to the so-called two-hit model that the
development of cancer is linked to inactivation of both the
maternal and paternal alleles of a particular tumor suppressor
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gene (2). That the loss of Rb causes retinoblastoma in humans
has been well established.

The cell cycle progression is controlled by a series of
kinase complexes composed of cyclins and cyclin-dependent
kinases (Cdks) (3). p27(KIP1) is a Cdk inhibitor (CKI) (4-7).
It has been reported that p27(KIP1) is specifically recognized
by Skp2, and that this step was a rate-limiting component of
the machinery that ubiquitinated and degraded p27(KIP1)
(8.,9). Phosphorylation of p27(KIP1) on threonine (T) 187 by
Cdk?2 creates a binding site for a Skp2-containing E3 ubiquitin-
protein ligase (10). In cycling cells, a fraction of p27(KIP1)
is transiently present in the phosphorylated T187 form before
degradation (11).

It was recently reported that Rb interacts with the N
terminus of Skp2, interferes with Skp2-p27 interaction, and
inhibits ubiquitination of p27(KIP1) (12). We have demon-
strated that p27(KIP1) inhibited Cdk1 (historically known
as cdc2) activity (13). Phosphorylation of p27(KIP1) at
T187 (T187-phospho-p27) results in the ubiquitination and
degradation of p27(KIP1) (8,9,14), and a lack of degradation
results in suppression of cdc2 activity and consequent inhibition
of entry into the M-phase (13). We recently demonstrated
that T187-phospho-p27 immunoreactivity was noted in mitotic
retinoblastoma cells (15).

In this study, we examined the distribution of T187-
phospho-p27 and cdc2 in human retinoblastoma.

Materials and methods

Operative specimens. Three cases, all Japanese girls, who
were diagnosed with retinoblastoma clinically and underwent
surgical resection at Hokkaido University Hospital, Sapporo,
Japan, were examined. They had not received preoperative
radio- and/or chemotherapy. Enucleation was performed in
two cases, and orbital exenteration was done in the other
case, which showed extrascleral invasion. Slides prepared
from the retinoblastoma were washed in phosphate-buffered
saline (PBS), fixed in ice-cold 4% paraformaldehyde in 0.1 M
borate buffer (pH 9.5) for 2 h, and processed for paraffin
sectioning. All studies conformed to the tenets of the
Declaration of Helsinki.
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Figure 1. Mitotic figures in human retinoblastoma tissue (hematoxylin and eosin staining). In the prophase, the chromosomes condense to become visible micro-
scopically (a, arrow). In the metaphase the chromosomes become maximally condensed and are lined up at the equator of the mitotic spindle (b, arrow). In the

anaphase, sister chromatids located at the equator of the metaphase plate pull apart and begin their migration toward the opposite poles of the mitotic spindle
(c, arrow). Bar indicates 50 ym.
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Figure 2. Immunodetection of threonine 187-phosphorylated p27(KIP1) (T187-phospho-p27) in each mitotic phase (prophase, metaphase and anaphase) of human
retinoblastoma cells. Immunoreactivity for T187-phospho-p27 is located in the prophase (a, arrows) and metaphase (b, arrow) of mitotic tumor cells. Immuno-
reactivity for T187-phospho-p27 is less marked in anaphase tumor cells (c, arrow). Bar indicates 50 ym.

Figure 3. Expression of cdc2 in each mitotic phase (prophase, metaphase and anaphase) of human retinoblastoma cells. Expression of cdc2 in mitotic cells is

apparent in the prophase (a, arrow), as well as the metaphase (b, arrow), retinoblastoma cells. In contrast, anaphase mitotic cells show no immunoreactivity (c,
arrow). Bar indicates 50 ym.
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Figure 4. Immunoreactivity for threonine 187-phosphorylated p27(KIP1) (T187-phospho-p27) (a and c: green) and cdc2 (b and c: red) in the same
retinoblastoma tissue. The cdc2-positive nuclei are distributed in the tumor cells, including mitotic cells (b), where T187-phospho-p27-immunopositive cells
are also apparent (a-c, arrow).
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Immunohistochemistry. Dewaxed paraffin sections were
immunostained using the streptavidin-biotin peroxidase
complex method. Formalin-fixed, paraffin-embedded serial
tissue sections were cut at 4 ym thickness, and endogenous
peroxidase activity was inhibited by immersing the slides in
0.3% hydrogen peroxide in methanol for 30 min. As a pre-
treatment, microwave-based antigen retrieval was performed
in 10 mM citrate buffer (pH 6.0). Then, non-specific binding
of the primary antibody was blocked by incubating the slides
in the blocking serum for 20 min. The slides were serially
incubated with anti-threonine 187 phosphorylated p27(KIP1)
(T187-phospho-p27) polyclonal antibody (1:1000; Zymed,
South San Francisco, CA), or anti-cdc2 monoclonal antibody
(1:1000; Zymed) overnight at 4°C, followed by the secondary
antibody and biotin streptavidin complex for 30 min each, at
room temperature. Immunoreactions were visualized with
diaminobenzidine, and the sections were counterstained with
hematoxylin. To examine the specificity of immunostaining,
the primary antibody was replaced with mouse normal IgG or
Tris-buffered saline. Control slides were invariably negative
for immunostaining.

Double staining immunohistochemistry. The slides were
dewaxed and rehydrated, and then rinsed in PBS twice for
10 min and incubated with the normal goat serum for 20 min
and then with a mouse monoclonal antibody against cdc2 at
room temperature for 2 h. Binding of the primary antibody
was localized with the FITC conjugated goat anti-mouse IgG
(Jackson Immuno Research Laboratories Inc., West Grove,
PA) for 30 min. After three washes with PBS, tissue sections
were then incubated with T187-phospho-p27 polyclonal
antibody and biotin-conjugated anti-mouse IgG at room
temperature for 60 min. The section slides were examined
using confocal laser microscope with double channel.

Results

In human retinoblastoma tissues, several mitotic figures were
observed in tumor cells, which formed Flexner-Wintersteiner
and Hormer-Right rosettes. Mitotic retinoblastoma cells
without rosette formation were intermingled. Mitoses were
not observed in the normal retina adjacent to retinoblastoma
tissue. According to histological findings, mitotic retino-
blastoma cells were classified into prophase, metaphase and
anaphase (16). In mitotic cells, chromosomes were condensing
and nucleolus disappeared, indicating the prophase (Fig. 1a).
In the metaphase, the chromosomes became maximally
condensed, and were lined up at the equator of the mitotic
spindle (Fig. 1b). As shown in Fig. lc, the anaphase begins
when sister chromatids, located at the equator of the meta-
phase plate, pull apart and begin their migration toward the
opposite poles of the mitotic spindle.

In order to determine the distribution of p27(KIP1) phos-
phorylation on threonine 187 and cdc2 in mitotic cells,
immunohistochemistry was performed using human retino-
blastoma specimens. Several T187-phospho-p27-immuno-
positive cells were observed in mitotic retinoblastoma
cells, but not in the normal retina. At high magnification,
immunoreactivity for T187-phospho-p27 was apparent in
the prophase (Fig. 2a, arrow) and metaphase (Fig. 2b, arrow)
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of mitotic tumor cells. In contrast, tumor cells in the anaphase
showed no immunoreactivity for T187-phospho-p27 (Fig. 2c,
arrow).

Nuclear expression of cdc2 was detected in many retino-
blastoma cells, including mitotic cells. At high magnification,
the immunoreactivity in mitotic cells was located in the
prophase, as well as the metaphase (Fig. 3a and b, arrow).
In contrast, anaphase cells did not show immunoreactivity
(Fig. 3c, arrow). Furthermore, no cdc2-positive nuclei were
observed in the normal retina (data not shown).

Fig. 4 demonstrates the immunodetection of T187-
phospho-p27 (a and c: green), as well as cdc2 (b and ¢) in
the retinoblastoma tissue using double staining immuno-
histochemistry. The cdc2-positive nuclei were distributed in
the tumor cells, including mitotic cells (Fig. 4b), where T187-
phospho-p27-immunopositive cells were also noted (Fig. 4,
arrows).

Discussion

Phosphorylation of p27(KIP1) at T187 results in the
ubiquitination and degradation of p27(KIP1) (8,9,14), and a
lack of the degradation leads to suppression of cdc2 activity
and consequent inhibition of entry into the M-phase (13). We
recently reported that immunoreactivity of p27(KIP1) was at
an undetectable level, whereas that of T187-phospho-p27
was noted in mitotic cells of retinoblastoma (15,17).

In this study, we examined the distribution of T187-
phospho-p27 and cdc2 in human retinoblastoma. As a first
step, mitotic figures were classified into: the prophase, meta-
phase and anaphase according to morphological analysis (16)
and the phosphorylation of p27(KIP1) by immunohisto-
chemistry was analyzed. Nuclear immunoreactivity for T187-
phospho-p27 was apparent in the prophase and metaphase of
mitotic tumor cells. In contrast, mitotic tumor cells in the
anaphase showed no immunoreactivity for T187-phospho-
p27. These results suggest that p27(KIP1) is phosphorylated in
the prophase and metaphase of the M-phase in retinoblastoma.

Nuclear immunoreactivity for cdc2 was detected in a
variety of retinoblastoma cells, including mitotic cells. At
high magnification, the expression was detected in mitotic
cells, especially in the prophase, as well as metaphase mitotic
retinoblastoma cells. In contrast, anaphase cells did not show
immunoreactivity. These results indicated that cdc2 was
expressed in the prophase and metaphase of the M-phase in
retinoblastoma. Moreover, double staining immunohisto-
chemistry demonstrated the same localization of cdc2 and
T187-phospho-p27 in mitotic retinoblastoma cells in this
study. The presence of both T187-phospho-p27 and cdc2 in
the prophase and metaphase of the M-phase suggests that
p27(KIP1) interacts with cdc2 in the M-phase of human
retinoblastoma cells, as we reported in mouse embryonic
fibroblasts (13).

It was recently reported that Rb interacts with the N
terminus of Skp2, interferes with Skp2-p27 interaction, and
inhibits ubiquitination of p27(KIP1) (12). Inactivation of
both copies of the Rb is associated with the development of
retinoblastomas in humans (2). Regulation of cdc2 activity by
p27(KIP1) should prove valuable in delineating the molecular
pathways underlying mitosis in retinoblastoma.
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