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ABSTRACT

Background: The current tumor-node-metastasis sys-

tem is inadequate to accurately classify patients in terms of

prognosis. Thus, with the availability of recently developed

molecular tools, considerable interest lies in discovering

prognostic markers in order to guide treatment decisions.

In this study, we sought to determine the prognostic

significance of the cell cycle regulator cyclin D1 in

oropharyngeal squamous cell carcinoma (OSCC).

Experimental Design: We studied the protein expres-

sion levels of cyclin D1 on a tissue microarray composed of

63 OSCCs with long-term follow-up data available. Protein

expression was analyzed with an automated in situ

quantitative (AQUA) method which allows preservation of

tissue morphology while quantifying protein expression in

paraffin-embedded tissue.

Results: The mean follow-up time was 35 months. High

cyclin D1 nuclear expression was associated with increased

5-year local recurrence rate (48% versus 15%), inferior 5-

year disease-free survival (16% versus 58%), and inferior

5-year overall survival (17% versus 53%). In multivariate

Cox regression, high nuclear cyclin D1 expression was an

independent predictor for local recurrence, disease-free

survival, and overall survival at 5 years.

Conclusions: Our results indicate that quantitative

assessment of nuclear cyclin D1 expression level by

automated in situ quantitative analysis is a strong predictor

for outcome in OSCC. Thus, cyclin D1 may be a potential

target for molecular intervention in patients with oropha-

ryngeal squamous cell cancer.

INTRODUCTION

An estimated 28,260 new cases of oropharyngeal squamous

cell carcinoma (OSCC) are expected in the United States in

2004, and about 7,230 of these patients will succumb to the

disease (1). Despite numerous advances in diagnosis and

treatment over the last several decades, mortality rates have

essentially remained unchanged. Even cured patients suffer

significant speech and swallowing impairment due to treatment.

Oropharyngeal squamous cell cancers represent a heterogeneous

group of tumors in terms of the histology, biology, and clinical

behavior. Therefore, considerable interest lies in discovering

prognostic markers in order to guide treatment decisions. The

advances in molecular biology with the development of genomic

and proteomic approaches have revolutionized our ability to

study the molecular signatures of tumors.

Recently, genetic alterations and the expression of cell cycle

regulatory gene products have been studied in various

malignancies. Cell cycle regulators (p53, p16, cyclin D1,

CDK2, and p34cdc2; refs. 2–6), key components of pathways

that control tumor behavior (epidermal growth factor receptor;

refs. 7, 8), angiogenesis markers (vascular endothelial growth

factor; ref. 9), adhesion molecules (CD44; ref. 10) and markers

of invasion and metastasis (matrix metalloproteinases; refs.

11, 12) have been examined for prognostic significance in head

and neck squamous cell cancers (HNSCC). Results for each of

these markers are mixed; this reflects the complexity of tumor

biology and the multitude of factors that contribute to the

diversity of clinical presentation of disease.

Molecular studies in HNSCC have indicated that 11q13

amplification is a frequent event. The protooncogene cyclin D1

resides at this area and is found to be amplified in about 30% of

HNSCC (13). Cyclin D1 is a cell cycle regulatory protein that

binds cyclin-dependent kinase 4 (Cdk4) and promotes phosphor-

ylation of the retinoblastoma protein (14). Retinoblastoma pro-

tein phosphorylation is required for progression through the G1-S

cell cycle checkpoint. Several studies in HNSCC (3, 15–18),

especially in laryngeal cancers, have shown the adverse impact of

cyclin D1 gene amplification and/or protein overexpression on

patient outcome.

Here, we sought to determine the prognostic significance

of cyclin D1 in OSCC using an automated in situ quantitative

(AQUA) method of protein expression analysis on a tissue

array composed of 96 OSCC with long-term patient follow-up

data. Our study shows an independent prognostic significance

of cyclin D1 protein levels in determining patient outcome.

MATERIALS AND METHODS

Tissue Microarray Construction. The cohort was as-

sembled from patients with primary oropharyngeal cancer of

squamous cell histology treated at Yale-New Haven hospital

between 1980 and 1999. Patients were treated with primary

external beam radiotherapy (EBRT) or gross total surgical

resection and postoperative radiotherapy. Exclusion criteria
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included presentation with recurrent or metastatic disease, or

failure to receive a full course of radiation therapy. Following

Institutional Review Board approval, the tissue microarray was

constructed as previously described (19), including 96 cases that

met inclusion criteria. Paraffin-embedded formalin-fixed tissue

blocks from the Yale University Department of Pathology

archives were obtained and H&E counterstained. These slides

were reviewed by a pathologist (D. Kowalski) to select

representative areas of invasive tumor to be cored. The cores

were taken using 0.6 mm2 blunt-tip needles and placed on the

recipient microarray block using a Tissue Microarrayer (Beecher

Instrument, Silver Spring, MD). All tumors were represented

with 2-fold redundancy. Previous studies have shown that the

use of tissue microarrays containing one to two histospots

provides a sufficiently representative sample for analysis by

immunohistochemistry (20–22). The tissue microarray was then

cut to yield 5-Am sections and placed on glass slides using an

adhesive tape transfer system (Instrumedics, Inc., Hackensack,

NJ) with UV cross-linking.

Quantitative Immunohistochemistry. Tissue microarray

slides were deparaffinized and stained as previously described.

In brief, slides were deparaffinized with xylene followed by

ethanol. Following rehydration in distilled water, antigen

retrieval was accomplished by pressure-cooking in 0.1 mol/L

citrate buffer (pH 6.0). Endogenous peroxidase activity was

blocked by incubating in 0.3% hydrogen peroxide in methanol

for 30 minutes. Nonspecific antibody binding was then blocked

with 0.3% bovine serum albumin for 30 minutes at room

temperature. Following these steps, slides were incubated with

primary mouse monoclonal antibody to cyclin D1 at 1:250

dilution (ab6152, Abcam, Cambridge, MA) at 4jC overnight.

Subsequently, slides were incubated with goat anti-mouse

secondary antibody conjugated to a horseradish peroxidase-

decorated dextran polymer backbone (Envision, DAKO Corp.)

for 1 hour at room temperature. Tumor cells were identified by

use of anticytokeratin antibody cocktail (rabbit anti-pancytoker-

atin antibody z0622, DAKO) with subsequent goat anti-rabbit

antibody conjugated to Alexa546 fluourophore (A11035,

Molecular Probes, Eugene, OR). We added 4V,6-diamidino-2-

phenylindole to visualize nuclei. Target (cyclin D1) molecules

were visualized with a fluorescent chromogen (Cy-5-tyramide,

Perkin-Elmer, Corp.). Cy-5 (red) was used because its emission

peak is well outside the green-orange spectrum of tissue

autofluorescence. Slides were mounted with a polyvinyl

alcohol–containing aqueous mounting media with antifade

reagent (n-propyl gallate, Acros Organics, Fairlawn, NJ).

Automated Image Acquisition and Analysis. Automated

image acquisition and analysis using AQUA has been described

previously (23). In brief, monochromatic, high-resolution (1,024

� 1,024 pixel; 0.5 Am) images were obtained of each histospot

using filter cubes specific to the emission/excitation spectra of

4V,6-diamidino-2-phenylindole (358/461 nm), Alexa 546 (556/

573 nm), and Cy-5 (650/670 nm) (Optical Analysis, New

Hampshire). We distinguished areas of tumor from stromal

elements by creating a mask from the cytokeratin signal (in this

case identified by Alexa 546 signal). A tumor nuclei–specific

compartment was created by using 4V,6-diamidino-2-phenyl-

indole signal to identify nuclei within the previously defined

tumor mask. Overlapping pixels (to a 99% confidence interval)

were excluded from the nuclear compartment. The cyclin D1

signal (AQUA score) was scored on a normalized scale of 1 to

255 expressed as pixel intensity divided by the target area (tumor

nuclei compartment). AQUA scores for duplicate tissue cores

were averaged to obtain a mean AQUA score for each tumor (we

have previously shown that the tissue microarray technique, with

2-fold redundancy, is a valuable and accurate method for

analysis of protein expression in large archival cohorts; ref. 21).

Western Blotting. The cyclin D1 antibody used for

immunohistochemistry was validated using Western blot

analysis. Nuclear cell lysate from C32 cell lines (Santa Cruz

Biotechnology, CA) and BT474 total cell lysate were used as

positive controls for cyclin D1 expression. Protein extracts

were resolved by electrophoresis in 10% SDS gels, transferred

to nitrocellulose membrane (Bio-Rad Laboratories, Hercules,

CA) in 12.5 mmol Tris-0.1 mol/L glycine-20% methanol

transfer buffer, and blocked in 5% milk-TBST buffer [5%

nonfat dry milk, 25 mmol Tris-HCl (pH 8.0), 125 mmol NaCl,

and 0.1% Tween] for 1 hour at 4jC. The membranes were then

incubated with mouse monoclonal cyclin D1 antibody (ab6152,

Abcam) at 1:500 dilution in TBST) overnight at 4jC. The

membranes were then washed in TBST five times for 5

minutes at room temperature and then incubated in a 1:2,000

dilution of horseradish peroxidase-conjugated goat anti-mouse

antibody (Amersham Biosciences, Piscataway, NJ) in TBST

buffer for 1 hour at room temperature. The membranes were

then washed again in TBST five times for 5 minutes at room

temperature and incubated with Enhanced Chemiluminescence+

(Amersham Biosciences) and the signals were detected by

Hyperfilm (Amersham Biosciences).

Statistical Analysis. Histospots containing <10% tumor,

as assessed by mask area (automated), were excluded from

further analysis. Previous studies have shown that the staining

from a single histospot provides a sufficiently representative

sample for analysis. Addition of a duplicate histospot, although

not necessary, provides improved reliability. Disease-free

survival, overall survival and local recurrence were assessed

by Kaplan-Meier analysis with log-rank for determining

statistical significance. For survival analysis, automated AQUA

scores were converted to binomial variables of high versus low

expression around the median. Local recurrence was defined as

time from day of diagnosis to development of locally recurrent

disease. Overall survival was defined as time from day of

diagnosis to death from any cause. Disease-free survival was

defined as time from day of diagnosis to the first of either

death from any cause or disease progression (local and/or

regional recurrence or distant metastases). Univariate survival

analysis was also done with the Cox proportional hazards

model using cyclin D1 expression as a continuous variable.

The multivariate Cox proportional hazards model was used to

determine the independent prognostic value of cyclin D1

expression status, management (EBRT alone versus postoper-

ative EBRT), tumor-node-metastasis (TNM) stage, subsite of

tumor (within oropharynx), and histologic grade. A multivariate

model using cyclin D1 as a continuous variable was also

utilized. All survival analyses were done at 5-year cutoffs.

Comparison of cyclin D1 expression status with the clinical

and pathologic variables gender, TNM stage, histologic grade,

management (primary EBRT versus primary surgical excision
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plus radiotherapy), oropharyngeal subsite was made using v2

analysis. All calculations and analyses were done with

Statistical Package for the Social Sciences 11.5 for windows

(SPSS, Inc., Chicago, IL) and where appropriate were two-

tailed.

RESULTS

Clinical and Pathologic Variable Analysis. There were

96 patients of primary oropharyngeal carcinoma in this cohort

that met inclusion criteria, 75 were male and 21 female, with

ages ranging from 41 to 79 years old. Eleven patients (11.5%)

were at TNM stage II, 27 (28.1%) were at stage III, and

58 (60.4%) were at stage IV. Oropharyngeal subsites included

41 (42.7%) tonsillar fossae, 50 (52.1%) base of tongue,

3 (5.2%) other oropharynx, and 2 (2.1%) not recorded. Fifty-

eight (60.4%) patients were managed with primary EBRT,

36 (37.5%) with surgical excision followed by postoperative

EBRT, and 2 (2.1%) were not recorded; 21 patients (21.9%)

were treated with chemotherapy. For histologic grade, 6 (6.3%)

tumors were well differentiated, 44 (45.8%) were moderately

differentiated, 35 (36.5%) were poorly differentiated, and

11 (11.5%) not recorded. Demographic and clinicopathologic

variables for the cohort are summarized in Table 1.

Quantitative Immunohistochemistry for Cyclin D1

Protein Expression. Of the 96 patients included in this study,

63 (66%) had sufficient tissue for analysis of cyclin D1 protein

expression by AQUA. As visualized by fluorescent immunohis-

tochemistry, cyclin D1 displayed predominately nuclear staining

(Fig. 1). Normalized AQUA scores for nuclear cyclin D1

expression were represented on a 1:255 scale. There was an

excellent correlation between the two AQUA scores obtained of

different tissue sections obtained from the same tumor (Pearson

R = 0.853). There was no association between cyclin D1

cytoplasmic expression and any of the clinicopathologic

variables.

Survival Analysis. Univariate Analysis. Nuclear ex-

pression of cyclin D1 as determined by AQUA was examined

for association with 5-year local recurrence, disease-free survival

and overall survival. For Kaplan-Meier analysis, nuclear AQUA

scores were split around the median (14.3 AQUA units) to yield

two groups, low versus high expressors. Kaplan-Meier survival

curves for overall survival, disease-free survival, and local

recurrence are given in Fig. 2. Patients with high nuclear cyclin

D1 expression showed inferior disease-free survival (16.67%

versus 67.74; P = 0.0019), overall survival (19.35% versus

67.74; P = 0.0134) and increased risk of local recurrence

(43.33% versus 12.9%; P = 0.0128). To assess the prognostic

value of nuclear cyclin D1 expression on a continuous scale,

univariate survival analysis was also done using the Cox

proportional hazards model. Nuclear cyclin D1 as a continuous

variable was a significant predictor for local recurrence (P =

0.008), disease-specific survival (P = 0.043), and overall

survival (P = 0.014). Results of Cox univariate analysis are

summarized in Table 2.

Multivariate Analysis. Using the Cox proportional hazards

model, multivariate analyses were done to assess the indepen-

dent predictive value of cyclin D1 expression groups (high

versus low) for local recurrence, disease-free survival, and

overall survival. The following prognostic variables were also

included: subsite within oropharynx, TNM stage, management

(EBRT versus primary surgical excision plus radiotherapy), and

histologic grade. For overall survival and disease-free survival,

only nuclear cyclin D1 expression remained an independent

prognostic factor (P = 0.007 and P = 0.001, respectively). For

local recurrence, both nuclear cyclin D1 expression (P = 0.012)

and management (P = 0.014) were independent prognostic

factors. Cox multivariate regression was also done using cyclin

D1 as a continuous variable. In this model, cyclin D1 as a con-

tinuous variable remained an independent predictor of overall

survival (P = 0.003), disease-free survival (P = 0.026), and local

Table 1 Demographic, clinical, and pathologic data

Age 41-79 (median 61.5)
Gender Male 75

Female 21
Site Tonsilar fossae 41

Base of tongue 50
Other oropharynx 3

TNM stage II 11
III 27
IV 58

Grade Well differentiated 6
Moderately differentiated 44
Poorly differentiated 35

Management Primary radiotherapy 58
Post-op radiotherapy 36

Chemotherapy Yes 21
No 75

NOTE. Clinicopathologic data was not available for some patients:
site (2), grade (11), management (2).

Fig. 1 Immunofluorescence and AQUA analysis of cyclin D1. A, the
majority of tumors displayed primarily nuclear localization of cyclin D1
as visualized by fluorescent immunohistochemistry. Cyclin D1is shown
in red, cytokeratin in green, and nuclei (as visualized by 4V,6-diamidino-
2-phenylindole) in blue. A merged image is also shown. B, the AQUA
method allows quantitative in situ protein expression analysis, including
subcellular localization. It also removes a possible confounding factor
common to immunohistochemical analysis—surrounding desmoplastic
stroma. This is eliminated by using a tumor mask (based on the
cytokeratin image) to exclude stromal elements from analysis. A tumor-
specific nuclear compartment is generated from the 4V,6-diamidino-2-
phenylindole signal within the tumor mask. Target expression is then
calculated within the compartmental masks.

Cyclin D1 is a Valuable Prognostic Marker in OSCC1162



recurrence (P = 0.031). Results of the multivariate analyses are

indicated in Table 3.

Western Blotting. As shown in Fig. 3, incubation of C32

nuclear and BT474 total cell extracts with antibody to cyclin D1

(ab6152 MonoClonal Ab, Abcam) recognized a band of 32 kDa,

consistent with cyclin D1 protein.

DISCUSSION

Our study shows that cyclin D1 protein expression levels

as judged by quantitative immunohistochemistry are inversely

correlated with outcome in oropharyngeal squamous cell

cancers. In multivariate analysis, adjusted for well-recognized

prognostic indicators, cyclin D1 maintained its independent

prognostic value.

Cyclin D1 amplification is one of the most frequent

molecular alterations in HNSCC (13). Cyclin D1 gene

amplification has been shown to correlate with protein over-

expression as assessed by immunohistochemistry (15). However,

protein overexpression may also occur via unknown mechanisms

which precede gene amplification such as translocations,

inversions, or yet unknown causes of transcriptional activation

(15, 24, 25). As a result, in HNSCC, the incidence of protein

overexpression reported is higher than the rate of gene

amplification [39-59% (refs. 26, 27) and 26%-39% (refs.

26, 28), respectively]. Some studies also report a difference in

cyclin D1 expression among different sites within the head and

neck, with hypopharynx demonstrating the highest levels

(26, 27).

Several studies have examined the prognostic significance

of cyclin D1 overexpression in HNSCC. Dong et al. (29), found

that coexpression of cyclin D1 and CDK4 by immunohisto-

chemistry was associated with the poorest overall survival in a

cohort of 102 patients with laryngeal carcinoma. Pignataro et al.

(30), found that cyclin D1 overexpression by immunohisto-

chemistry was an independent predictor of adverse disease-free

survival in a cohort of 149 patients with laryngeal carcinomas

treated with surgery and radiotherapy. Bova et al. (16), also

Fig. 2 Kaplan-Meier estimates of 5-year local recurrence, disease-free
survival, and overall survival by cyclin D1 nuclear expression. Patients
with high nuclear cyclin D1 expression showed increased local
recurrence (A), inferior disease-free survival (B), and overall survival
(C) compared with patients with low nuclear cyclin D1 expression.

Table 2 Univariate survival analysis by Cox proportional
hazards model

Variable B SE P

Local recurrence*
Cyclin D1 nuclear AQUA score 0.010 0.004 0.008y

Disease-free survival*
Cyclin D1 nuclear AQUA score 0.007 0.003 0.043z

Overall survival
Cyclin D1 nuclear AQUA score 0.010 0.004 0.014z

NOTE. Univariate Cox analysis was done using AQUA score as
a continuous variable. As such, a hazard ratio between two hypotheti-
cal patients can be estimated from B using the equation: hazard ratio =
e (B � DAQUA) where DAQUA is the difference in AQUA score between
the two patients. For example, given two patients with nuclear cyclin
D1 AQUA scores of 50 and 100, the hazard ratio for local recurrence
between them would be approximately e (0.01

� 50), or 1.65 (a 165%
increased risk of local recurrence for a 50-point difference).

*One patient lacked recurrence data and was excluded from local
recurrence and disease-free survival calculations.

ySignificant at the 0.01 level.
zSignificant at the 0.05 level.
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reported that cyclin D1 overexpression is an independent

predictor for disease-specific death in a cohort of 148 patients

with carcinoma of the anterior tongue. In a similar fashion,

Kyomoto et al. (17), reported that cyclin D1 amplification by

differential PCR method and protein overexpression by

immunohistochemistry was associated with poor outcome in

45 paraffin-embedded sections from HNSCC. The authors also

found that gene amplification retained an independent prognostic

value, whereas protein overexpression did not. Namazie et al.

(31), using fluorescent in situ hybridization, reported that cyclin

D1 amplification and p16 deletion together correlated with

recurrence, distant metastasis, and survival in a cohort of 103

HNSCC. Contrary to the aforementioned reports, Fortin et al.

(32), studied prospectively chromosome 11q13 gene amplifica-

tions in 50 oral and oropharyngeal carcinomas for their

predictive value in subclinical lymph node metastases or disease

recurrence. The authors found no association between 11q13

gene amplification and subclinical lymph node invasion. We also

studied the present cohort for cyclin D1 overexpression by

conventional immunohistochemistry and reported no prognostic

value (33).

The present study is the only one of its kind that uses a

quantitative method of protein analysis to evaluate the prognostic

significance of cyclin D1 in oropharyngeal cancer. Because

cyclin D1 protein overexpression may occur via other mecha-

nisms besides gene amplification, we believe that measurement

of protein levels will be more informative than cyclin D1 DNA

copies. However, measurement of protein levels with conven-

tional immunohistochemistry often fails to provide accurate

results. The discrepancy between the results we obtained with

AQUA and conventional immunohistochemistry shows one of

the problems with by-eye scoring of immunohistochemical

stains; i.e., the difficulty humans have in translating a continuous

marker into a nominal four-point scale. Specifically, the

pathologist tends to group things as positive or negative, whereas

the automated device results in continuous full-scale scores.

Our finding of lower percentage of stage IV tumors (55%

versus 65% for stage III) expressing high levels of cyclin D1

deserves mention. Besides tobacco and alcohol use, high-risk

human papillomaviruses account for squamous cell carcinoma

development in the oropharyngeal location (34). The E6 and E7

genes of the high-risk human papillomaviruses encode onco-

proteins that target the p53 and retinoblastoma tumor suppres-

sors, respectively, for degradation (35, 36). Cyclin D1 expression

is positively regulated by retinoblastoma protein (37, 38) and

retinoblastoma protein degradation by E7 results in down-

regulation of cyclin D1 (39, 40). Human papillomavirus–

associated oropharyngeal tumors usually present in advanced

stage (41). Thus, our lower incidence of cyclin D1 expression in

stage IV tumors may be explained by human papillomavirus

involvement in the pathogenesis of oropharyngeal cancers.

HNSCC represent a heterogeneous group of tumors in

terms of biology, etiology, and clinical behavior. Molecular

alterations occur with different frequencies in different head

and neck sites (42–44). For example, Begum et al. (42), studied

Fig. 3 Western blot validation of antibody. Nuclear cell lysate from
C32 cell lines (A) and BT474 total cell lysate (B) were used as positive
controls for cyclin D1 expression. Membranes were probed with cyclin
D1 antibody (ab6152, Abcam) at 1:500 dilution overnight at 4jC. The
cyclin D1 antibody successfully recognized a band at 32 kDa, consistent
with cyclin D1 protein. The two bands represent the two forms of cyclin
D1 in the cell: the hypophosphorylated and phosphorylated cyclin D1
fractions. The antibody to cyclin D1 recognizes both forms.

Table 3 Multivariate 5-year survival analysis by Cox regression

Variable Hazard ratio 95% Confidence interval P

Local recurrence*
Management 0.156 0.04-0.69 0.014y
Histologic grade 0.440 0.15-1.30 0.14
TNM stage 1.551 0.63-3.84 0.34
Subsite within oropharynx 0.837 0.47-1.48 0.54
Low nuclear cyclin D1 expression 6.011 1.47-24.55 0.012y

Disease-free survival*
Management 0.866 0.36-2.07 0.75
Histologic grade 0.758 0.36-1.58 0.46
TNM stage 1.360 0.73-2.55 0.34
Subsite within oropharynx 0.752 0.51-1.11 0.15
Low nuclear cyclin D1 expression 3.897 1.71-8.90 0.001z

Overall survival
Management 0.867 0.36-2.10 0.75
Histologic grade 0.632 0.32-1.26 0.19
TNM stage 1.566 0.86-2.85 0.14
Subsite within oropharynx 0.781 0.53-1.16 0.22
Low nuclear cyclin D1 expression 3.325 1.40-7.92 0.007z

*One patient lacked recurrence data and was excluded from local recurrence and disease-free survival calculations.
ySignificant at the 0.05 level.
zSignificant at the 0.01 level.
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68 HNSCC and found that 24 of 31 oropharyngeal tumors were

p16-positive by immunohistochemistry, whereas only 1 of 37

non-oropharyngeal tumors was p16-positive. Cyclin D1 over-

expression has also been found to be site-specific (44).

Therefore, the relative contribution of cyclin D1 overexpression

in oropharyngeal carcinogenesis, in relation to the other markers

previously described, cannot be determined until the latter are

examined in large cohorts of OSCC patients.

Using AQUA we found that cyclin D1 overexpression is a

powerful independent predictor for adverse outcome in OSCCs.

This result shows the power of AQUA over conventional

immunohistochemistry for discovering molecular prognostic

indicators. A comparison of the incidence of cyclin D1

overexpression by AQUA with that of gene amplification by

real-time PCR is being undertaken in our laboratory.

In addition to identifying a strong independent predictor for

outcome in OSCC, our findings also have important therapeutic

implications: strategies to counteract the effect of cyclin D1

overexpression such as cyclin-dependent kinase inhibitors may

hold promise for treatment of patients with OSCC.

REFERENCES

1. Jemal A, Tiwari RC, Murray T, et al. Cancer statistics, 2004. CA
Cancer J Clin 2004;54:8–29.

2. Geisler SA, Olshan AF, Weissler MC, et al. p16 and p53 Protein
expression as prognostic indicators of survival and disease recurrence
from head and neck cancer. Clin Cancer Res 2002;8:3445–53.

3. Bellacosa A, Almadori G, Cavallo S, et al. Cyclin D1 gene
amplification in human laryngeal squamous cell carcinomas: prognostic
significance and clinical implications. Clin Cancer Res 1996;2:175–80.

4. Mihara M, Shintani S, Nakahara Y, et al. Overexpression of CDK2 is
a prognostic indicator of oral cancer progression. Jpn J Cancer Res
2001;92:352–60.

5. Wada S, Yue L, Furuta I. Prognostic significance of p34cdc2
expression in tongue squamous cell carcinoma. Oral Oncol 2004;40:
164–9.

6. Weinberger PM, Yu Z, Haffty BG, et al. Prognostic significance of
p16 protein levels in oropharyngeal squamous cell cancer. Clin Cancer
Res 2004;10:5684–91.

7. Grandis JR, Tweardy DJ. TGF-a and EGFR in head and neck cancer.
J Cell Biochem Suppl 1993;17F:188–91.

8. Grandis JR, Tweardy DJ. Elevated levels of transforming growth
factor a and epidermal growth factor receptor messenger RNA are early
markers of carcinogenesis in head and neck cancer. Cancer Res 1993;53:
3579–84.

9. Sauter ER, Nesbit M, Watson JC, Klein-Szanto A, Litwin S, Herlyn
M. Vascular endothelial growth factor is a marker of tumor invasion and
metastasis in squamous cell carcinomas of the head and neck. Clin
Cancer Res 1999;5:775–82.

10. Gonzalez-Moles MA, Bravo M, Ruiz-Avila I, et al. Adhesion
molecule CD44 as a prognostic factor in tongue cancer. Anticancer Res
2003;23:5197–202.

11. Mignatti P, Rifkin DB. Plasminogen activators and matrix metal-
loproteinases in angiogenesis. Enzyme Protein 1996;49:117–37.

12. Matrisian LM, McDonnell S, Miller DB, Navre M, Seftor EA,
Hendrix MJ. The role of the matrix metalloproteinase stromelysin in the
progression of squamous cell carcinomas. Am J Med Sci 1991;302:
157–62.

13. Callender T, el-Naggar AK, Lee MS, Frankenthaler R, Luna MA,
Batsakis JG. PRAD-1 (CCND1)/cyclin D1 oncogene amplification in
primary head and neck squamous cell carcinoma. Cancer 1994;74:
152–8.

14. Hunter T, Pines J. Cyclins and cancer. II. Cyclin D and CDK
inhibitors come of age. Cell 1994;79:573–82.

15. Akervall JA, Michalides RJ, Mineta H, et al. Amplification of cyclin
D1 in squamous cell carcinoma of the head and neck and the prognostic
value of chromosomal abnormalities and cyclin D1 overexpression.
Cancer 1997;79:380–9.

16. Bova RJ, Quinn DI, Nankervis JS, et al. Cyclin D1 and p16INK4A
expression predict reduced survival in carcinoma of the anterior tongue.
Clin Cancer Res 1999;5:2810–9.

17. Kyomoto R, Kumazawa H, Toda Y, et al. Cyclin-D1-gene
amplification is a more potent prognostic factor than its protein over-
expression in human head-and-neck squamous-cell carcinoma. Int J
Cancer 1997;74:576–81.

18. Michalides RJ, van Veelen NM, Kristel PM, et al. Overexpression of
cyclin D1 indicates a poor prognosis in squamous cell carcinoma of the
head and neck. Arch Otolaryngol Head Neck Surg 1997;123:497–502.

19. Rimm DL, Camp RL, Charette LA, Costa J, Olsen DA, Reiss M.
Tissue microarray: a new technology for amplification of tissue
resources. Cancer J 2001;7:24–31.

20. Hoos A, Cordon-Cardo C. Tissue microarray profiling of cancer
specimens and cell lines: opportunities and limitations. Lab Invest
2001;81:1331–8.

21. Camp RL, Charette LA, Rimm DL. Validation of tissue microarray
technology in breast carcinoma. Lab Invest 2000;80:1943–9.

22. Fernebro E, Dictor M, Bendahl PO, Ferno M, Nilbert M. Evaluation
of the tissue microarray technique for immunohistochemical analysis in
rectal cancer. Arch Pathol Lab Med 2002;126:702–5.

23. Camp RL, Chung GG, Rimm DL. Automated subcellular localiza-
tion and quantification of protein expression in tissue microarrays. Nat
Med 2002;8:1323–7.

24. Izzo JG, Papadimitrakopoulou VA, Li XQ, et al. Dysregulated cyclin
D1 expression early in head and neck tumorigenesis: in vivo evidence
for an association with subsequent gene amplification. Oncogene 1998;
17:2313–22.

25. Jares P, Fernandez PL, Campo E, et al. PRAD-1/cyclin D1 gene
amplification correlates with messenger RNA overexpression and tumor
progression in human laryngeal carcinomas. Cancer Res 1994;54:
4813–7.

26. Masuda M, Hirakawa N, Nakashima T, Kuratomi Y, Komiyama S.
Cyclin D1 overexpression in primary hypopharyngeal carcinomas.
Cancer 1996;78:390–5.

27. Nishimura G, Tsukuda M, Zhou LX, Furukawa S, Baba Y. Cyclin
D1 expression as a prognostic factor in advanced hypopharyngeal
carcinoma. J Laryngol Otol 1998;112:552–5.

28. Fracchiolla NS, Pignataro L, Capaccio P, et al. Multiple genetic
lesions in laryngeal squamous cell carcinomas. Cancer 1995;75:
1292–301.

29. Dong Y, Sui L, Sugimoto K, Tai Y, Tokuda M. Cyclin D1-CDK4
complex, a possible critical factor for cell proliferation and prognosis in
laryngeal squamous cell carcinomas. Int J Cancer 2001;95:209–15.

30. Pignataro L, Pruneri G, Carboni N, et al. Clinical relevance of cyclin
D1 protein overexpression in laryngeal squamous cell carcinoma. J Clin
Oncol 1998;16:3069–77.

31. Namazie A, Alavi S, Olopade OI, et al. Cyclin D1 amplification and
p16(MTS1/CDK4I) deletion correlate with poor prognosis in head and
neck tumors. Laryngoscope 2002;112:472–81.

32. Fortin A, Guerry M, Guerry R, et al. Chromosome 11q13 gene
amplifications in oral and oropharyngeal carcinomas: no correlation with
subclinical lymph node invasion and disease recurrence. Clin Cancer Res
1997;3:1609–14.

33. Smith BD, Smith GL, Carter D, et al. Molecular marker expression
in oral and oropharyngeal squamous cell carcinoma. Arch Otolaryngol
Head Neck Surg 2001;127:780–5.

34. Gillison ML, Koch WM, Capone RB, et al. Evidence for a causal
association between human papillomavirus and a subset of head and neck
cancers. J Natl Cancer Inst 2000;92:709–20.

Clinical Cancer Research 1165



35. Alani RM, Munger K. Human papillomaviruses and associated
malignancies. J Clin Oncol 1998;16:330–7.

36. Psyrri A, DeFilippis RA, Edwards AP, Yates KE, Manuelidis L,
DiMaio D. Role of the retinoblastoma pathway in senescence triggered
by repression of the human papillomavirus E7 protein in cervical
carcinoma cells. Cancer Res 2004;64:3079–86.

37. Lukas J, Muller H, Bartkova J, et al. DNA tumor virus oncoproteins
and retinoblastoma gene mutations share the ability to relieve the cell’s
requirement for cyclin D1 function in G1. J Cell Biol 1994;125:625–38.

38. Muller H, Lukas J, Schneider A, et al. Cyclin D1 expression is
regulated by the retinoblastoma protein. Proc Natl Acad Sci U S A 1994;
91:2945–9.

39. Andl T, Kahn T, Pfuhl A, et al. Etiological involvement of oncogenic
human papillomavirus in tonsillar squamous cell carcinomas lacking
retinoblastoma cell cycle control. Cancer Res 1998;58:5–13.

40. Zerfass K, Schulze A, Spitkovsky D, Friedman V, Henglein B,
Jansen-Durr P. Sequential activation of cyclin E and cyclin A gene

expression by human papillomavirus type 16 E7 through sequences
necessary for transformation. J Virol 1995;69:6389–99.

41. Smith EM, Ritchie JM, Summersgill KF, et al. Age, sexual behavior
and human papillomavirus infection in oral cavity and oropharyngeal
cancers. Int J Cancer 2004;108:766–72.

42. Begum S, Gillison ML, Ansari-Lari MA, Shah K, Westra WH.
Detection of human papillomavirus in cervical lymph nodes: a highly
effective strategy for localizing site of tumor origin. Clin Cancer Res
2003;9:6469–75.

43. Freier K, Bosch FX, Flechtenmacher C, et al. Distinct site-specific
oncoprotein overexpression in head and neck squamous cell
carcinoma: a tissue microarray analysis. Anticancer Res 2003;23:
3971–7.

44. Freier K, Joos S, Flechtenmacher C, et al. Tissue microarray
analysis reveals site-specific prevalence of oncogene amplifications in
head and neck squamous cell carcinoma. Cancer Res 2003;63:
1179–82.

Cyclin D1 is a Valuable Prognostic Marker in OSCC1166




