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Abstract. Cyclin D1 is a member of the G1 cyclin family that
regulates the transition through the G1 phase of the cell cycle
and is involved in the neoplastic transformation of certain
tumors. This study was designed to investigate the expres-
sion of cyclin DI in Bowen's disease (BD) and cutaneous
squamous cell carcinoma (SCC). Biopsies of 30 cases with
BD and 24 cases with SCC confirmed by histopathology were
obtained from the Department of Dermatology of Huashan
Hospital, Shanghai, China. EnVision immunohistochemical
technology with a semiquantitative immunohistochemical
score was applied to detect the expression of cyclin D1. Of the
24 specimens with SCC, cyclin D1 was found to be positive in
17 (70.8%), whereas of the 30 specimens with BD, cyclin D1
was found to be positive in 13 (43.3%). The expression of
cyclin D1 was significantly higher in the SCC compared to that
in the BD group. We did not observe a significant association of
cyclin D1 expression with different pathological grades of SCC.
In conclusion, cyclin DI plays a significant role as a diagnostic
marker in skin tumors and its overexpression was not found to
be correlated with the degree of differentiation of SCC.

Introduction

The process of skin carcinogenesis involves a series of
transitional events, ranging from hyperplasia, dysplasia and
papilloma to invasive squamous cell carcinoma (SCC) (1). Gene
products that are significantly associated with cell prolifera-
tion and cell cycle control may be interesting from a scientific
viewpoint, since these genes and their protein products may
represent targets for specific therapeutic approaches and may
also be used as prognostic markers (2). One such protein is
cyclin DI, which is a 45-kDa protein encoded by the cyclin D1
(CCNDI) gene on chromosome 11q13 (3). Cyclins play a key
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role in cell cycle control and are themselves regulated by
cyclin-dependent kinases. The activation of cyclins leads to
the activation of the cell cycle from the G1 to the S phase and
consequently promotes cell proliferation. The overexpression
of cyclin D1 leads to shortening of the G1 phase and increases
independence from growth factors and abnormal cell prolif-
eration, which may foster the occurrence of additional genetic
alterations (4,5). This induction of proliferation by cyclin DI,
which is due to gene amplification, was previously identified in
different types of human malignant tumors, including cancer
of the breast (6), esophagus (7), liver (8), head and neck (3),
lung (9), larynx (10), bladder (11), uterus (12), lymphoid
tissue (13), melanoma (14,15) and oral SCC (4,16). Cyclin D1
has been considered to be an oncogene and it is hypothesized
that it plays a significant role in the neoplastic transformation
of certain tumors (14).

Skin cancer has recently become one of the most common
human malignancies. However, the number of currently avail-
able studies on the role of cyclin DI in human skin cancer,
particularly in the process of carcinogenesis, is limited. The
purpose of this study was to determine the expression of
cyclin DI in Bowen's disease (BD) and cutaneous SCC and
assess whether there are any differences in the expression of
these proteins in these two types of cancer. Elucidating the
specific molecular and functional changes that underlie the
development of these tumors may aid in designing specific
treatment strategies and improve our understanding of the
normal molecular pathways involved in skin development and
function (17).

Materials and methods

Patients and tissue samples. Biopsy samples from a total of
54 patients were collected from Huashan Hospital over the
last 3 years (Table I). All the diagnoses were confirmed by
a dermatopathologist. A total of 30 BD and 24 cutaneous
SCC patients were enrolled. We also included 8 normal skin
specimens to serve as controls and a bladder cancer sample as
a positive control for cyclin D1.

This study was approved by the Ethics Committee of
Huashan Hospital, Fudan University, Shanghai, China.

Immunohistochemistry. Immunostaining was performed on
3-um paraffin-embedded tissue sections. After the slides
were deparaffinized in xylene and rehydrated, the endogenous
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Table I. Clinical data of the study.
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Table II. Cyclin D1 expression in normal, BD and SCC samples.

Bowen's Squamous cell Control, BD, SCC
Variables disease carcinoma CyclinD1  n=8 (%) n=30 (%) n=24 (%) P-value*
Age (years) Positive 0(0) 13 (43.3) 17 (70.8) <0.05
Range 32-87 33-91
Mean 65.4 66.2 “The P-value for cyclin D1 expression was 0.022, 0.001 and 0.043
between the control and BD groups, between the control and SCC
Gender groups and between the BD and SCC groups, respectively. All the
Male 11 16 differences were considered to be statistically significant (P<0.05).
Female 19 8 BD, Bowen's disease; SCC, squamous cell carcinoma.
No. of biopsies 30 24
Site of biopsy
(no. of specimens) Table III. Cyclin D1 expression and squamous cell carcinoma
Genitalia 6 10 grading.
Chest 3 -
Lower limbs 8 5 Cyclin D1 expression
Back 7 2 Grade Positive, n Negative, n P-value
Buttocks 1 -
Upper limbs 1 I 4 0 0.590°
Head and face 2 5 I-1I 2 2
Anal region 1 1 I 4 2
Hands 1 1 TI-111 6 2
Approximate duration I 1 1
of lesions (months)
Range 1-120 1-360 “Not statistically significant.
Mean 379 67.8

peroxidase was blocked with 3% hydrogen peroxide in methanol
for 15 min and then washed 3 times with phosphate-buffered
saline [phosphate-buffered saline (PBS; Bogoo Biotechnology
Company, Shanghai, China), pH 7.4] for 5 min. The sections
were incubated with rabbit anti-cyclin D1 monoclonal anti-
body (1:300 dilution; Epitomics, Inc., Burlingame, CA, USA)
for 30 min at room temperature, then incubated at 4°C for
24 h. After washing with PBS, the sections were incubated
for 30 min with a horseradish peroxidase-labelled anti-rabbit
secondary antibody (Dako, Glosrup, Denmark). Positive and
negative immunohistochemistry controls were included.
3,3'-Diaminobenzidine (Vector Laboratories, Burlingame,
CA, USA) was used for 10 min to visualize the immunola-
belling. After washing, the sections were counterstained with
haematoxylin and then observed under a light microscope
(Olympus BH2, Japan).

Immunohistochemistry scoring. The immunohistochemistry
scoring results for cyclin D1 were based on staining inten-
sity and frequency of distribution of immunopositive cells.
The tissue samples were considered positive for cyclin D1
when nuclear staining was detected in =10% of the cells. A
distinct brown nuclear staining was considered as positive
and cytoplasmic staining was disregarded. The intensity
of nuclear staining was scored as follows: 0, no expression;
1+, mild expression; 2+, moderate expression; and 3+, strong
expression. The percentage of positive cells was determined
after evaluating the entire lesion present in the slide. The

mean percentage of positive tumour cells for each marker
was determined in 5 fields per section at high magnification
and was assigned to one of the following categories: 0, <10%;
1+, 11-25%; 2+, 26-50%;, 3+, 51-75%; and 4+, >75%. The
scores indicating the percentage of positive cells and staining
intensity were multiplied to produce a semiquantitative immu-
nohistochemical score: 0, -; 1-4 points, +; 5-8 points, ++; and
9-12 points, +++.

Statistical analysis. All the relevant histopathological
and immunohistochemical data obtained were tabulated
and subjected to appropriate statistical analysis using the
SPSS 16.0 statistical software (SPSS Inc., Chicago, IL, USA).
The Chi-square test was used to assess the data and P<0.05
was considered to indicate a statistically significant difference.

Results

Cyclin D1 immunohistochemical expression. Morphologically
normal skin (control) was negative for cyclin D1 immunos-
taining. In BD, there was positive nuclear staining in the
entire thickness of the atypical and dysplastic epithelium. In
SCC, moderate to strong positive staining for cyclin DI was
observed in the nuclei of the dysplastic epithelium and the
nuclei of cancer cell nests and adjacent dysplastic epidermis
(Figs. 1-4).

Statistical analysis results of positive immunoexpression of
cyclin DI in BD and SCC. In the present study, 13/30 (43%)
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Figure 1. Immunohistochemical staining for cyclin D1 in normal skin (mag-
nification, x100). Normal skin sections stained negative for cyclin D1.

Figure 2. Immunohistochemical staining for cyclin D1 in Bowen's disease
(magnification, x100). Strong positive staining for cyclin D1 was present in the
entire thickness of the atypical and dysplastic epithelium in Bowen's disease.

of the BD cases and 17/24 (70.8%) of the SCC cases exhibited
positive expression for cyclin D1. Cyclin DI was undetect-
able in all 8 normal skin samples. The difference between
the control and cancer groups was statistically significant
(P<0.05). The expression of cyclin D1 in SCC was significantly
higher compared to that in the BD group (P<0.05) (Table II).
However, there was no association between the expression of
cyclin D1 and SCC grading (Table I11).

Discussion

The cyclin D1 protein belongs to the highly conserved cyclin
family, whose members are characterized by a significant peri-
odicity in protein abundance throughout the cell cycle. Altered
expression of the cell-cycle regulatory genes involved in the
cyclin D1/p16 INK4-pRb pathway may contribute to epidermal
hyperproliferation (18). Cyclin D1 is a member of the G1 cyclin
family that regulates the transition through the GI phase of
the cell cycle. The CCNDI1 gene is located on chromosome
11q13 and exhibits the characteristics of a cellular oncogene.
Genetic aberrations in the regulatory circuits that control the
transition through the G1 phase of the cell cycle are frequently
encountered in human cancer and the overexpression of
cyclin D1 is one of the most commonly observed abberations.
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Figure 3. Immunohistochemical staining for cyclin D1 in squamous cell carci-
noma (SCC) (magnification, x40). Moderate staining for cyclin D1 was present
in the nuclei of the dysplastic epidermis and the cancer cell nests in SCC.

Figure 4. Immunohistochemical staining for cyclin DI in squamous cell car-
cinoma (SCC) (magnification, x100). Positive nuclear staining for cyclin D1
was present in the cancer cell nests in SCC.

The role of cyclin D1 has been extensively investigated in the
cell nucleus as a regulatory subunit of the cyclin-dependent
kinase Cdk4/6, which is involved in the regulation of prolifera-
tion and development in mammals (19). The overexpression
of cyclin D1 may predispose to skin carcinogenesis, whereas
loss of cyclin DI reduces tumor formation. The mechanisms
underlying cyclin D1 overexpression in cancer include gene
amplification, chromosomal translocation and mitogenic
stimulation of gene transcription. Overexpression of cyclin D1
has been reported in several different types of human
cancers (20) and is generally associated with poor prognosis
of SCC at different sites (21,22). Alterations of CCNDI are
among the most common genetic changes in cancer (23,24),
while cyclin D1 overexpression is associated with elevated
cell proliferation. In the present study, it was observed that the
positive rate of cyclin D1 expression in BD was 43.3% (13/30),
whereas the positive rate in SCC was 70.8% (17/24). There was
a statistically significant difference between the control and
the two cancer groups (P<0.05). Additionally, the expression of
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cyclin D1 in SCC was higher compared to that in BD and the
control groups (P<0.05). Huang er al (25) reported a marked
overexpression of cyclin DI in cutaneous SCC compared to
that in normal skin, which is in line with the data reported for
several other malignancies, including head and neck SCC (3)
and oropharyngeal SCC (16), including a large number of
samples. The prognostic value of cyclin D1 has been described
in detail for tumor entities in these experiments.

However, whether cyclin D1 expression correlates with
histopathological differentiation in tumors remains controver-
sial. Saawarn et al (16) observed that there was an increase in
cyclin DI expression with increasing histological differentiation
in oral SCC. However, Liang et al (14) reported that the expres-
sion of cyclin DI was markedly increased from normal skin
through dysplasia to BD, but was not significantly correlated
with the degree of SCC differentiation. The results demon-
strated that the effect of cyclin DI overexpression is restricted
to proliferation of cells, conferring a growth advantage, but
does not promote their differentiation (14). In the present study,
no statistically significant difference (P>0.05) was identified
in the expression of cyclin D1 among different degrees of SCC
differentiation (4 grade I, 4 grade I-1II, 6 grade II, 8 grade II-111
and 2 grade III cases). These observations indicated that the
expression of cyclin D1 increases from normal skin to cancer,
but it is not associated with the degree of SCC differentiation,
suggesting that, during the process of skin tumorigenesis, the
overexpression of cyclin D1 mainly affects the proliferation of
tumour cells rather than their differentiation.

In conclusion, the abovementioned findings suggest that,
although the amplification of cyclin D1 is not correlated
with the degree of SCC differentiation, the overexpression of
cyclin D1 plays a significant role in neoplastic transformation
and may be a significant marker during the early phases of
multistage skin carcinogenesis.
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