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Several changes have been documented in epithelial ovarian cancer
including altered production and response to peptide growth factors,
activation of protooncogenes, and inactivation of tumor suppressor genes. It
has been observed that alterations of cyclin D1 and cdk inhibitor pl6INK4
induce the abnormal cell proliferation. In this study, we investigated whether
overexpression of cyclin D1 and loss of expression of pl16"™NK4 gccur in
epithelial ovarian cancer. Specimens of normal ovaries and ovarian tumors
were obtained and snap frozen af the time of operation. All histological slides
were reviewed to confirm the diagnosis and histological subtypes of human
ovarian tumors. Immunohistochemical staining for cyclin D1 and p16INK4
was performed in freshly frozen samples of ovarian tumors. Specific staining
Jor cyclin D1 was observed in 12 (66.7 %) of 18 ovarian cancers and 2 (40%)
of 5 borderline malignant tumors. Loss of expression of p16'NK4 protein was
Joundin 10(55.6%) of 18 ovarian cancer and 2 (40%) of 5 borderline tumors.
According to the results of our study on limited number of ovarian tumor
tissue specimens, there is a correlation between the over-expression of cyclin
D1 and loss of expression of p16INK4 in human epithelial ovarian cancer,
implicating that both of them are important cell cvcle regulators relevant to
tumorigenesis of human epithelial ovarian cancer.
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Introduction gynecological malignancies. Most malignant

ovarian tumors arise from the single layer of

Ovarian cancer is the most important  epithelial cells that cover the ovary or lines
cause of death among patients with  jnclusion cysts. Epithelial ovarian neoplasms
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comprise a wide spectrum including benign,
borderline malignant, and invasive tumors. It
has been proposed that these pathologic
entities may represent sequential stages in the
evolution of an ovarian cancer [1]. Several
changes have been reported in epithelial
ovarian cancer including altered production
and response to peptide growth factors,
activation of protooncogenes, and
inactivation of tumor-suppressor genes [2].
However, there is still no clear understanding
of the molecular etiology involved in the
tumorigenesis of ovarian cancer.

Recent observations on the sequence of
molecular events involved in the progression
of cell cycle have increased our
understanding about the development and
progression of human malignancies.
Previous studies indicated that transitions
between phases of the cell cycle are
controlled by the sequential activation of a
family of serine/threonine protein kinases,
termed cyclin-dependent kinases (CDKs).
Activation of CDKs requires the binding of
its partner protein, cyclins. The activities of
CDK/cyclin complex are regulated by
phosphorylation/dephosphorylation on
conserved threonine and tyrosine residues or
binding by CDK inhibitors (CDIs) [3-5]. In
the G1 phase of cell cycle, the growth-
positive and —negative signals determine
whether cells progress the G1 phase and then
commit itself to another round of DNA
replication. During the last few vears,
attention has focused on the cell cycle
regulators during the G1 phase because their
deregulation could allow cell growth to
become insensitive to the external controls.
During this process, D-type cyclins seem to
play key roles. In fact, overexpression of D-
type cyclin has been strongly implicated in
tumorigenesis [6-9]. This connection is
strengthened by compelling evidences that
D-type cyclins-CDK4,6 complexes are
capable of phosphorylating tumor suppressor
protein, retinoblastoma gene product (pRB),
in vivo and in vifro to control the cell growth

[10,11]. One of the inhibitors of cyclin
D/CDK4, p16INK4, has been shown to block
the phosphorylation of Rb protein which is
essential for entering into S phase. Therefore,
changes in the amount or composition of the
D-type cyclin or pl6INK4 may lead to
uncontrolled cell growth. In fact, these two
types of changes have been documented in
tumor cells or human neoplasia [12-14].

Convergent results from different studies
have indicated that abnormalities of cyclins,
cyclin D1 especially, and CDK inhibitors
might be involved in tumorigenesis. To
determine whether alternations of the cyclin
D1 and pl16™NK4 are involved in ovarian
carcinogenesis, we have studied the
expression level of cyclin D1 and pl6INK4
immunohistochemically is tissue specimens
of 9 normal ovaries, 5 borderline malignant
tumors and I8 ovarian cancers. The
relationship of cyelin D1 and pl6INK4
expression was also analyzed.

Materials and Methods

Collection of tissue samples

Normal or malignant ovarian tissues
specimens were obtained and snap frozen in
embedding medium, and stored a -70°C
freezer at the time of surgery in the
Department of Obstetrics and Gynecology,
National Taiwan University Hospital. All
histopathologic slides were reviewed to
confirm the diagnosis and the histological
subtypes.

Immunohistochemical staining for
cyclin D1 and p16INK4

Cryostat sections of 10 pm thickness
were picked up onto pre-coated glass slides,
and fixed with ice-cold acetone. The sections
were incubated with 3% hydrogen peroxide
to inactivate the endogenous peroxidase. To
inhibit the non-specific binding, slides were
incubated with 10% normal goat serum for
30 minutes. Monoclonal mouse anti-humnan
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cyclin D1 or pl6MK4 antibody (Transduction
Laboratory, USA) were applied and
incubated at 4°C for overnight. The sections
were then washed three times with
phosphate-buffer saline (PBS), followed by
incubation with biotinylated anti-mouse IgG
antibody for 60 minutes. After washing with
PBS, peroxidase conjugated streptavidin/
biotin complex was applied. The bound
complex was visnalized with
diaminobenzidine substrate and with a blue
haematoxylin counterstain. Positive and
negative control sections for cyclin D1 were
obtained from two cell lines, the 3T3CYCD
and 3T3pCMV. These two cell lines were
derived from NIH 3T3 cell line transfected
with cyclin D1 expression vector,
pCMVcyeDi, and a control vector, pCMV,
respectively. The 3T3CYCD and 3T3pCMV
were grown in DMEM medium
supplemented with 10% heat-inactivated
fetal bovine serum and G418 (400 pg/ml) in
a 5% CO2 atmosphere at 37°C. Negative
control experiment for cyclin D1 was
performed by incubating the ovarian
specimen with phosphate buffer saline.
Negative control for pl6INK4 was also
obtained by incubating the specimen shides
with PBS instead of monoclonal pl6INK4
antibody.

Statistical analysis
Data were analyzed by Fisher cxact test.

Results

Seven normal ovarian tissues and 23
epithelial ovarian tumors including 5
borderline malignant ovarian tumors and 18
ovarian cancers, were obtained for this study.
These ovarian tissue specimens were
examined for cyclin D1 and pl6INK4
expression by immunchistochemical staining
using cyclin Di- or pl6INK4- gpecific
antibody. The representative pictures of
positive and negative staining for cyclin D1
protein are shown in Figure 1. The

Fig 1. Immunohistochemical staining for
cyclin D1 protein in human ovarian
cancer. (a) positive staining; (b)
negative staining .

representative immunohistochemical
staining for p16WK4 js shown in Figure 2.
The results of expression of cyclin D1 and
pl16INK4 in relation to histopathologic
characteristics of tissue specimens are
summarized in Table 1. As notice,
overexpression of cyclin D1 was not
demonstrated in any of 7 normal ovarian
tissues. However, compared to normal
ovarian tissues, 2(40%) of the 5 borderline
ovarian tumors and 12 (66.7 %) of 18 ovarian
cancers exhibited overexpression of cyclin
D1 proiein. On the other hand, the rates of
loss expression of pl6INK4 were 40% and
55.6 % for borderline ovarian tumors and
ovarian cancers, respectively.

Discussion
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Fig 2. Immunohistochemical staining for
pl6IWNE4 protein in human ovarian
cancer. (a) positive staining; (b)
negative staining.

Our present data showed that the gene
products of cyclin D1 are over-expressed in
human ovarian tumors of borderline
malignancy and cancer, with a frequency of
60.9%[14/23]. The rate of loss expression of
pl6INK4 in  tumor tissues (borderline
malignancy and cancer) was 52.2% (2/23, 2
in borderline and 10 in cancer), suggesting
that there is a remarkable alteration of
expression of pl6!NK4 in human epithelial
ovarian cancer and borderling maligpant
tumor.

Several lines of evidence have suggested
that cyclin D1 is involved in the G1to S
transition of the cell cycle [15,16]. At the
biochemical level, the cyclin D1 with CDK4
or CDK6 appear to regulate cell cycle
progression by the subsequent

phosphorylation of critical substrates Rb and
other cell cycle-regulated proteins, such as
PCNA and p21 [11,17,18]. However, the
p16INK4 protein negatively regulates the cell
cycle progression by binding to CDK4 and
preventing the association of CDK4 with
cyclin D1 [19]. If the expression of p16INK4 g
inactivated, there is no regulatory mechanism
to block the cell cycle, and this might lead to
uncontrolled cell growth.

Cyclin D1 has been regarded as a
prominent oncogene because it is most
consistently amplified and overexpressed in
several types of tumor [20]. Most normal
human tissues including muscle, liver,
spleen, prostate and ovary either lacked any
detectable cyclin D1 staining or showed only
arare scattered single cell immuno-reactivity
[21]. In this study, we found that there was no
detectable cyclin D1 expression in normal
ovarian epithelium tissues and 66.7 % of
ovarian cancer tissues exhibit cyclin D1
overexpression which suggests that cyclin D1
did play an important role in ovarian
tumorigenesis.

The pl6 gene is located at chromosome
9p21-22 which has been found frequently
deleted and associated with development of
ovarian cancer. This was supported by the
finding of higher frequency of p16 mutations
{point mutation or deletion) in cell lines (22).
Our present results show that over 55 % of
ovarian cancer loss pl16INK4 expression,
which suggests that pl16!NK4 alteration is a
frequent molecular event in ovarian cancers.
Alterations in expression of cyclin D1 and
p16INK4 have been reported previously in
human ovarian and endometrial cancers [23-
27]. Loss of expression of pl6INK4 mRNA
has been observed in the SK-OV-3 ovarian
carcinoma cell line [24]. Overexpression of
mRNA levels of cyclin D1 was detected in
borderline ovarian tumors as well as in
ovarian cancer cases [25]. The positive rate
of immunostaining of cyclin D1 protein was
observed in the range of 56 % to 71 % of
ovarian tumors examined [25, 26].
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Table 1. Overexpression of ¢cyelin D1 and loss of expression of p16INK4 protein in spectrum of

normal and malignant ovarian tissues

Type of ovarian Number of Overexpression of  Loss of expression of
tissues specimens tested cyclin D1 (%)* pl6INE4 (gy+
Normal 7 0(0 %) 00 %)
Tumor 23 14 (46.7%)? 12 (40 %Y
Borderline malignant 5 240 %) 2 (40 %)
Ovarian cancer 18 12 (66.7%)* 10 (55.6%)"
Total 30 14 (46.7%) 12 (40 %)

* Fisher exact test: 2 p=0.0056; &< p=0.153; cd p=0.28; 2.4 p=0.0036
t Fisher exact test: &f p=0.0156; &8 p=0.15; &" p=0.45; &1 p=0.0134

Cyclin D1 and pl6INK4 act respectively
as a positive and a negative cell-cycle
regulator. The perturbations of these two
components are likely to occur in human
cancers. Thus loss of pl16INK4 or the
overexpression of cyclin D1 will promote the
phosphorylation and functional inactivation
of pRb, leading to uncontrolled cellular
proliferation. In our present study, the
abnormal expression of cyclin D1 and
p16INK4 reinforces the notion that they are
components involved in an important
pathway to tumorigenesis.
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