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The objective of the present study was to correlate the expression of cyclin D1 with the expression of p21 in 28 cases of oral squamous
cell carcinoma (OSCC), as well as to compare the expression of both with a histological graduation of this neoplasm. Immunohis-
tochemistry was used to obtain the expression of cyclin D1 and p21. The results of statistical analysis showed no correlation between
the expression of cyclin D1 and p21. Also, there was no correlation between the mean numbers of cyclin D1 positive nuclei and p21
positive nuclei and the histological scores of malignancy. However, the marked expression of cyclin D1 in high-grade tumors supports
its role in proliferative activity. In contrast, p21 seems unable to arrest tumor progression in OSCC.
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INTRODUCTION

Cancer is a disease caused by genetic alterations,
most of them involved in the control of cell prolifera-
tion. These genetic alterations can affect the synthesis
of proteins, which is frequently disturbed in neoplastic
cells (1,2).

Cyclins are a group of proteins responsible for
the activation of the main cell division transitional
points. Cyclins regulate the activity of kinases, which
for this reason have been named cyclin-dependent-
kinases (Cdks). The activation of specific cyclin-Cdk
complex results in a cascade of protein phosphoryla-
tions that are required for passage through a specific
stage of cell cycle. Cyclin D1 is believed to control cell
cycle transit from G1 into S phase, by binding Cdks 4
and 6 (1-6).

Since cyclin D1 acts stimulating the cell cycle,
much research has been carried out in order to deter-

mine whether alterations in the synthesis of this protein
are related to carcinogenesis, and to confirm the use of
cyclin D1 as a biologic marker, being useful to predict
the course of malignant neoplasm (7-9).

Research studies have correlated the immuno-
histochemical expression of cyclin D1 with a more
aggressive behavior of squamous cell carcinomas of
the head and neck (SCCHN), and with a shorter overall
survival (7,9,10). Other studies have tried to associate
the expression of this protein with histological param-
eters. Lam et al. (8) observed that oral squamous cell
carcinomas (OSCC) with low and intermediate grades
of differentiation had a higher expression of cyclin D1
when compared to tumors with a high-grade of differ-
entiation.

p21 is a product of a suppressor gene and acts as
an inhibitor of complexes formed by cyclins D, E and
A, and their respective Cdks (1,2). The action of p21 is
mainly induced by p53. Once activated, p53 will induce
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programmed cell death, through bax or cell cycle arrest
through p21 (11).

In contrast to cyclin D1, few studies have corre-
lated the immunohistochemical expression of p21 with
clinical and histological parameters of SCCHN. Agarwal
et al. (12), studying OSCC, observed that immunohis-
tochemical expression of p21 was associated with tu-
mor differentiation.

A few investigations have concentrated on cor-
relating the immunohistochemical expression of cyclin
D1 with the expression of p21. Van Oijen et al. (13),
studying squamous cell carcinomas and epithelial dys-
plasias of the head and neck, observed a positive corre-
lation between expression of cyclin D1 and p21.

Thus, the aim of this study was to correlate the
immunohistochemical expression of cyclin D1 with the
expression of p21 in OSCC, as well as to compare the
expression of both with the histological malignancy
graduation of this neoplasm.

MATERIAL AND METHODS

Specimens from 28 cases of OSCC, diagnosed
in the Department of Oral Pathology, School of Den-
tistry, University of São Paulo, were evaluated. The
age, sex, and anatomic localization were collected from
the clinical records of patients (Table 1).

Immunohistochemistry

Immunohistochemical staining was performed
using the streptavidin-biotin method. Briefly, the 3-µm
sections from the paraffin-embedded materials were
dewaxed with xylene, hydrated through graded alcohols
and rehydrated in water. For p21, the sections were
placed in citrate buffer (pH = 6.0, 10 mM) and
microwaved 3 times for 5 min each. For cyclin D1, the
sections were placed in EDTA (pH = 8.0, 1 mM) in a
steamer for 20 min at 95oC. The sections were placed in
0.6% hydrogen peroxide in methanol for 10 min to
block endogenous peroxidase activity.

The sections were incubated with the primary
antibodies, diluted in a solution of TRIS (pH = 7.4), and
1% of bovine albumin (BSA, Biotest S/A, São Paulo,
Brazil). Monoclonal antibody against cyclin D1 (1:100,
clone DCS-6, Dako Corporation, Golstrup, Denmark)
was applied over the sections for 2 h at 37oC. Mono-
clonal antibody against p21 (1:30, clone SX118, Dako

Corporation) was applied over the sections for 18 h at
4oC. This was followed by the use of the Streptavidin-
Biotin Kit (Dako Corporation, KO-690). Sections were
then incubated in diamine benzidine solution (0.3%)
for 3 min, and then counter-stained with Mayer’s hema-
toxylin.

As positive controls, we used sections of squa-
mous cell carcinomas that were strongly positive for
cyclin D1 and p21. As negative controls, we used the
same sections, which were used as positive controls,
replacing the primary antibody with buffer solution.

Table 1. Clinicopathological characteristics of tumors with low
(1-2.5) and high (2.6-4.0) scores of malignancy.

Case Gender Age Location HMGS Cyclin p21

1 M 69 Lip 1.4 3 0
2 F 77 Buccal mucosa 1.6 0 0
3 M 70 Floor of mouth 1.8 2 4
4 M 42 Alveolar ridge 1.8 3 2
5 M 54 Alveolar ridge 1.8 5 3
6 M Floor of mouth 2.0 0 0
7 M 40 Tongue 2.2 4 5
8 M 51 Alveolar ridge 2.2 4 3
9 M 68 Alveolar ridge 2.2 1 5

10 M Soft palate 2.2 1 4
11 M 50 Tongue and gingiva 2.2 4 2
12 F 83 Alveolar ridge 2.2 1 0
13 M 55 Hard Palate 2.2 3 5
14 M 55 Tongue 2.4 0 1
15 M 46 Alveolar ridge 2.8 5 1
16 M 42 Floor of mouth 2.8 0 3
17 M 54 Soft palate 2.8 3 2
18 M 70 Buccal mucosa 2.8 4 3
19 M 43 Floor of mouth 2.8 2 5
20 M 59 Floor of mouth 3.0 1 3
21 F 44 Tongue 3.0 5 4
22 M 54 Soft palate 3.0 5 4
23 M 45 Tongue 3.0 4 3
24 M 64 Floor of mouth 3.0 4 0
25 F 58 Tongue 3.2 3 4
26 F 76 Hard palate 3.4 2 0
27 M 62 Alveolar ridge 3.4 4 4
28 M 48 Floor of mouth and 3.6 2 3

gingiva

M = male; F = female; HMGS = histological malignancy grading
system. Cyclin D1 and p21 expression according to the scores of
positive cells: 0 = less than 1% of positive cells, 1 = 1-10% of
positive cells, 2 = 10-20% of positive cells, 3 = 20-30% of
positive cells, 4 = 30-40% of positive cells, 5 = more than 40% of
positive cells.
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The slides stained by hematoxylin and eosin
were classified according to the histological malig-
nancy grading system proposed by Anneroth et al. in
1987 (14), modified by Araújo et al. (15). Histological
graduation was performed by two independent observ-
ers. Five morphologic parameters were evaluated: de-
gree of keratinization, nuclear polymorphism, number
of mitoses, pattern of invasion, and lympho-plasmocytic
infiltration. Scores from 1 to 4 were assigned to each
parameter. The mean of total malignancy score value
was achieved by the sum of the scores attributed to each
parameter divided by the number of parameters used.
The mean total malignancy score values were divided
into two groups with low (within the mean score range
1.0-2.5 points) and high (within the mean score range
2.6-4.0 points) scoring.

Quantitative Analysis

The sections stained by immunohistochemistry
were evaluated using a light microscope, with 400X
magnification. The images were transferred to a com-
puter and the positive nuclei for cyclin D1 and p21,
which were individualized by the Software Imagelab-
Softium®, were counted. The positive nuclei were
counted in 1000 cells. Fields were chosen randomly.

For statistical analysis, the immunohistochemi-
cal expression was considered over the absolute per-
centage of cyclin D1 and p21 positive cells, which was
obtained for each section analyzed.

The expression of cyclin D1 and p21 were graded
according to the scores: 0 = less than 1% of positive
cells, 1 = 1-10% of positive cells, 2 = 10-20% of
positive cells, 3 = 20-30% of positive cells, 4 = 30-40%
of positive cells, 5 = more than 40% of positive cells.

Statistical Analysis

Data obtained from the expression of cyclin D1
and p21 were submitted to analysis of variance, in order
to verify a possible difference in the expression of
cyclin D1 and p21 between the two groups of OSCC
studied. In order to determine if there was any correla-
tion between the expression of cyclin D1 and p21,
Pearson’s correlation test was applied.

For statistical analysis, the software MINITAB
12.1  was used. Differences were considered statisti-
cally significant when P was less than 0.05.

RESULTS

The scores of histological graduation and the
scores of positive cells attributed to each tumor are
shown in Table 1. Fourteen tumors were graded as low
malignancy and 14 were graded as high malignancy.
The location, gender, and age in each case can also be
seen in Table 1.

Immunohistochemical expression of cyclin D1
and p21 varied in proportion of stained cells and the
distribution of positive cells was heterogeneous be-
tween cancer nests.

Cyclin D1 was expressed mainly in peripheral
layers of tumor islands and strands (Figure1A). How-

Figure 1. Immunohistochemical expression of cyclin D1 and p21
in oral squamous cell carcinomas. A: Cyclin D1 expression in
peripheral layers of tumor islands and strands (arrowheads). B:
Positive nuclear staining for cyclin D1 (arrowhead), cell exhibiting
mitosis negative for cyclin D1 staining (arrow). C: p21 expression
in well-differentiated cells (arrowheads). D: p21 expression in
central layers of tumor islands and strands (arrowheads). Original
magnification: 89X.
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ever, in some samples, positive cells were distributed in
the central areas of tumor islands. In some cases, we
observed positive cells close to pearls of keratinization.
Cells exhibiting mitosis did not show nuclear staining
for cyclin D1 (Figure 1B).

Twenty-four (85.7%) of the 28 cases of OSCC
were positive for cyclin D1. Among the four cases that
were negative, only one was scored as high malignancy
(Figures 2 and 3). The group of tumors with low scores
of malignancy presented high frequency of samples, in
which the percentage of cyclin D1 positive cells ranged
from 0 to 10%, when compared to the group of tumors
with high scores of malignancy (Figures 2 and 3).

In the group of tumors with low scores of malig-
nancy, the percentage of cyclin D1 positive cells ranged

from 0 to 47%, and the mean expression in this group
was 19.3%. In the group of tumors with high scores of
malignancy, the percentage of cyclin D1 positive cells
ranged from 0 to 48.1%, and the mean expression in this
group was 26%. Analysis of variance did not show
statistically significant differences between the two
groups of OSCC studied (p>0.05).

p21 was expressed mainly in suprabasal and
central layers of tumor islands and strands (Figure1D).
In most cases, we observed p21 expression in well-
differentiated cells, presenting keratinization (Figure
1C). However, in some samples, positive cells were
distributed in the peripheral layers of tumor islands.
Cells exhibiting mitosis did not demonstrate nuclear
staining for p21.

Figure 2. Expression of cyclin D1 in tumors with low scores of
malignancy.

Figure 3. Expression of cyclin D1 in tumors with high scores of
malignancy.

Figure 4. Expression of p21 in tumors with low scores of
malignancy.

Figure 5. Expression of p21 in tumors with high scores of
malignancy.
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Twenty-two (78.6%) of the 28 cases of OSCC
were positive for p21. Of the six negative cases, two
were graded as high malignancy scoring, and four were
graded as low malignancy scoring (Figures 4 and 5).

In the group of tumors with low scores of malig-
nancy, the percentage of p21 positive cells ranged from
0 to 53.3%, and the mean expression in this group was
23.8%. In the group of tumors with high scores of
malignancy, the percentage of p21 positive cells ranged
from 0 to 47.5%, and the mean expression in this group
was 23.1%. Analysis of variance did not show statisti-
cally significant differences between the groups of
OSCC studied (p>0.05).

Pearson’s correlation test did not show any cor-
relation between expression of cyclin D1 and p21
(r=0.181).

DISCUSSION

The search for new indicators of prognosis of
tumors is important, and since cyclin D1 and p21 are
both involved in the control of cell cycle, understanding
the expression of these proteins in malignant neoplasms
is essential.

The present study demonstrated that cyclin D1
was expressed in the outer layers of the islands and
cords of tumor cells in the OSCC studied. This finding
was expected since cyclin D1 is an activator of the cell
proliferation cycle, and peripheral cells are those sup-
posed to be the most proliferative and invasive ones.
The absence of cyclin D1 in mitotic cells is probably
due to the inactivation of this protein at the end of S
phase, and to its short half-life (16).

Statistical analysis showed no differences be-
tween the expression of cyclin D1 in low- and high-
grade OSCC, although a tendency of higher expression
towards high-grade OSCC was noted since medium
expression of the protein was a little bit higher. More-
over, low-grade OSCC were more often negative for
cyclin D1 expression or presented percentages lower
than 10%.

The higher expression of cyclin D1 in high-
grade tumors might be explained by the fact that alter-
ations in cyclin D1 are related to an intense proliferative
activity and invasiveness capacity of the lesions (8-10).
In contrast, the absence of cyclin D1 can be related to
the deregulation of other proteins in the cycle.

In most cases, p21 was expressed in supra-basal

and central cells of the tumor islands and cords, espe-
cially in the more differentiated or mature cells. This
finding was expected since a role for p21 as an inducer
of cell differentiation has been shown (17,18). In some
cases, p21 was also expressed in basal cells of islands
and cords. In these cases, a co-expression of cyclin D1
and p21 was seen. Probably, in these cells, the expres-
sion of cyclin D1 nullifies the action of p21 in inhibiting
cell cycle (13).

Results obtained with analysis of variance showed
no statistically significant differences between expres-
sion of p21 in high- and low-grade carcinomas. This
result may suggest that the action of p21 as a tumor
suppressor comes before its action in inducing cell
differentiation (18). Probably, in the cases seen, p21
expression was related to its action as tumor suppres-
sor. Alterations in the p21 gene are unlikely to be
occurring, as seen previously by some studies in the
literature (19).

If we take into account the group classified in the
present study as low-grade malignancy, there were
more cases in which p21 was not expressed, when
compared to high-grade tumors. (Figures 4 and 5).
Possibly, in low-grade tumors, p21 initiating pathways
are not activated and other molecules that negatively
control cell cycle are acting. The absence of p21 in
normal mucosa as shown in the literature corroborates
this view (12). On the other hand, in high-grade tumors
where p21 was absent, genetic disturbances in p53
expression may have caused the inactivation of p21
pathway. The expression of p21 in the oral carcinomas
studied suggests that p21 by itself seems unable to
arrest tumor progression.

No correlation was found between p21 and cyclin
D1 expression in the carcinomas studied. This fact
could be due to the expression of each one in different
cell populations, as previously described by Van Oijen
et al. (13). To confirm this information, double-labeling
studies are needed.

In summary, our data showed no correlation
between cyclin D1 and p21. However, the marked
expression of cyclin D1 in high-grade tumors supports
its role in proliferative activity. In contrast, p21 seems
unable to arrest tumor progression in OSCC.

RESUMO

A proposição desse trabalho foi correlacionar a expressão das
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proteínas ciclina D1 e p21 em 28 casos de carcinomas
epidermóides de boca, e comparar a expressão das mesmas com
os escores histológicos de malignidade atribuídos para essa
neoplasia. A expressão das proteínas foi obtida através da
utilização da técnica imuno-histoquímica da Streptoavidina-
Biotina. A análise estatística revelou não haver correlação entre
a expressão da ciclina D1 e do p21 nos carcinomas epidermóides
estudados. Não houve correlação entre os números médios de
núcleos ciclina D1 e p21 positivos e os escores histológicos de
malignidade atribuídos para os carcinomas estudados. Entretanto,
houve uma ligeira tendência de maior expressão da ciclina D1
nos tumores de alto grau de malignidade, isso provavelmente
ocorreu devido a maior atividade proliferativa desses tumores. Já
a alta expressão encontrada para o p21 nos tumores estudados
sugere que ele sozinho parece ser um ineficiente supressor
tumoral.
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