
Abstract. Laryngeal squamous cell carcinoma (LSCC) is a
frequent malignancy with a complex and undefined etiology
to date. The recently identified cyclin-dependent kinase
inhibitor p15INK4b is frequently deleted in human tumors.
Previous evidence has pointed to a related gene, p16INK4a, as
another target for deletion. Both genes express cyclin D
inhibitor proteins. To determine the importance of cell cycle
regulators in LSCC relative to more traditional surgical and
pathological prognostic factors, p15INK4b, p16INK4a and cyclin
D1 analyses were performed. Forty-one malignant tumor
tissues and 20 minimal pathological lesions (MPL) of the
larynx were examined for deletion of the p16INK4a and
p15INK4b genes using polymerase chain reaction. Cyclin D1
expression was studied by Western blotting. Deletions of
p16INK4a and p15INK4b were observed in 48.8 % and 51.2%
of LSCC patients, respectively. Meanwhile, no deletion was
observed in MPL (p<0.001). Cyclin D1 was expressed in
43.9% of patients with LSCC versus 30% with MPL
(p=0.29). Although the frequency of p16INK4a and p15INK4b

deletions were higher in advanced than early tumor stages, the
difference was statistically insignificant. Ninety percent of
patients with deletion of p16INK4a had deletion of the
p15INK4b gene. Both cyclin D1 expression and deletion of
p15INK4b were found to be independent prognotic predictors
of disease recurrence. p16INK4a and p15INK4b gene deletions
are exclusively related to malignancy of the larynx. Cyclin D1
expression and p15INK4b gene deletion are potential prognostic
indicators of recurrence of LSCC.

Despite the lack of precise genetic information, it seems

clear that tumors of the head and neck (including squamous

cell carcinoma of the larynx) result from the accumulation

of changes in genes controlling proliferation as well as

apoptosis and invasion (1).

Control of the cell cycle integrates many factors such as

cyclins, cyclin-dependent kinases (CDK), viral products and

tumor-suppressor gene products. Aberration of normal cell

cycle control reflects some of the genetic changes specific to

cancer. Cyclin D1 (CCND1) accelerates the G1-phase by

binding to CDK4 or 6. The CCND1/CDK4 or 6 complex is

activated by the CDK-activating kinase, which

phosphorylates a threonine (amino acid 172) in CDK. This

activated complex phosphorylates the retinoblastoma (Rb)

protein, causing the release of bound transcription factors

from the Rb protein. The released E2F transcription

factors, mainly E2F1, activate the gene products required

for entry into the S-phase (2). Overexpression of CCND1

has been found in 16–64% of head and neck squamous cell

carcinomas (3-5).

Both p16 and p15 proteins are inhibitors of the cyclin-

dependent kinases that prevent the cell going through the

G1/S-phase transition. Inactivation of p16 and p15 are

important in cancer development (6). To date, information

about p15INK4b and p16INK4a gene deletion in laryngeal

squamous cell carcinoma (LSCC) is very scanty.

This study aimed to analyze the frequency of p16INK4a

and p15INK4b gene deletion and cyclin D1 expression in

LSCC. Their relationship to clinicopathological parameters

and disease-free survival was also addressed.

Patients and Methods

Patients and tissue samples. The study included a total of 61 subjects

divided into two groups: the malignant group, containing 41

patients suffering from laryngeal squamous cell carcinoma (LSCC);

the benign control group of 20 patients suffering from minimal

pathological lesions (MPL). All patients presented to the
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Egypt between May 2002 and July 2004. Written consent was

obtained from each patient and the study protocol conformed to

the ethical guidelines of the 1975 Declaration of Helsinki. All

patients were subjected to a full history and clinical examination,

focusing on the neck lymph node status. Direct laryngoscopy was

performed on all laryngeal carcinoma patients, during which the

local extent of the tumor was accurately determined and biopsy

specimens were taken from the site of the tumor. Tumors were

classified according to the International Union against Cancer

Tumor-node-metastasis Classification system (7). All the biopsy

materials were excised before any line of treatment was applied.

MPL were obtained during micro-laryngosurgury. LSCC patients

were followed up for 24 months. Tumor recurrence was detected

using direct laryngoscopy and pathological examination of a second

biopsy. The surgically excised tissue specimens were divided into

two portions: one was processed for histopathological evaluation

and the other was frozen at –80ÆC for further assay.

Preparation of cell lysates. Tissues were homogenized on ice in an

extraction buffer: 10 mM HEPES buffer (pH 7.5 containing 10 mM

K2 EDTA, 50 mM NaCl, 5 mM benzamidine, 10 mg/L Triton X-100,

10 mM 2-mercaptoethanol, 0.39 mM PMSF and 5 mg/L aprotinin)

and processed, as previously described (8). After centrifugation at

20,000 x g for 20 min at 4ÆC, the protein concentration was

estimated in the supernatants (cell lysate) using the Bradford

method (9), and was adjusted to 4 Ìg/ml in all samples. The cell

lysates were frozen at –80ÆC until Western blot analysis.

Detection of cyclin D1 protein by Western blotting technique (10). Four

Ìl (100 Ìg total protein) from each sample per lane were run on a

10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis

(SDS-PAGE), followed by electrophoretic transfer to nitrocellulose

membranes. Cyclin D1 was probed with anti-cyclin D1 (Oncogene

Science, BO, USA) monoclonal antibodies at a dilution of 1:1000 (in

1% BSA/PBS), respectively, at room temperature (RT) for 1 h. The

membranes were then, visualized by incubation with rabbit anti-

mouse IgG-alkaline phosphatase conjugate for 90 min at RT. Cyclin

D1-positive samples showed a clear band at 35 kDs (Figure 1).

Detection of p16INK4a and p15INK4b gene deletion by polymerase chain
reaction (PCR). The biopsy tissues were digested with proteinase K

and the high molecular weight genomic DNA was extracted using

the phenol-chloroform method (11). Fifty ng each of genomic DNA

extracted from the excised tissues and from human placental DNA

(the positive control) were subjected to PCR. The primer set for

p16INK4a was forward: 5'-GGAAATTGGAAACTGGAAGC-3', and

reverse: 5'-CTGCCCATCATGACCTG-3'. It was used to amplify a

167 bp product from an intron-exon boundary of p16INK4a (Figure

2). The cycling conditions were 40 cycles at 95ÆC for 1 min, 62ÆC

for 30 sec and 72ÆC for 30 sec, then final extension for 10 min at

72ÆC (12). The primers for p15INK4b were forward: 5'-CCT

TAAATGGCTCCACCTGC-3' and reverse: 5'-CGTTGGCAGCC

TTCATCG-3'. They were used to amplify a 430 bp product from

exon 2 of the p15INK4b gene (Figure 3). The cycling conditions were

initial denaturation at 95ÆC for 2 min, followed by 30 cycles at 95ÆC

for 30 sec, 66ÆC for 1 min and 70ÆC for 1 min, then final extension

for 5 min at 70ÆC (13). The PCR products were run on 2% agarose

gels and visualized with UV light after staining with ethidium

bromide. The quality of genomic DNA for each sample was checked

by amplification of the glyceraldehyde-3-phosphate dehydrogenase
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Figure 1. Western blot analysis of the cyclin D1 in LSCC tissues. M: molecular weight marker. A single band, which corresponds to the molecular weight
of cyclin D1, is recognized at 35 kDs in lanes 3, 4, 5, 8 and 9.



(GAPDH) gene using the following primer pair: sense 5'-

AAGGCTGGGGC TCATTTGCAG-3', and antisense 5'-CCAAA

TTCGTTGTTGTCA TACCAGG-3'. The GAPDH amplification

product appeared at 637 bp.

Statistical analysis. The Chi-square and Fisher’s exact tests were

used for comparison of different variables among various groups. A

Kaplan-Meier univariate survival analysis was performed for each

single parameter (14). To define independent prognostic

parameters for varied follow-up, Cox’s proportional hazards model

was utilized (15). A p value of less than 0.05 was considered to be

statistically significant. The analyses were performed using the

Statistical Package for the Social Sciences software, version 10.0

(SPSS Inc., Chicago, IL, USA).

Results

The study included 61 subjects divided into two groups: a

malignant group of 41 patients suffering from laryngeal

squamous cell carcinoma (age mean ± SD 52.21±8.77), and

a control group of 20 patients suffering from minimal

pathological lesions (age mean ± SD 43.9±17.03). The

male to female ratio for both groups was the same (4:1).

Over a total follow-up period of 24 months, 18 out of the 41

patients (43%) had recurrence of the disease, as diagnosed

by direct laryngoscopy and pathological examination of the

second biopsy.

p16INK4a/p15INK4b deletion. p15INK4b was found by PCR to be

deleted in 21 patients (51.2%) of the malignant group. On

the other hand, no band at the expected size of p16INK4a was

detected in 20 patients (48.8%) of the malignant group. No

deletion of either p15INK4b or p16INK4a genes was detected

in the benign group, with a statistically significant difference

from the malignant group (p<0.001, Table I). p15INK4b or

p16INK4a gene deletion was not related to the stage or

pathological grade of the tumor; however, p15INK4b deletion

tended to be relatively more frequent than p16INK4a gene

deletion in higher stages (57.1% versus 51.4%, Tables II and

III, respectively). Co-deletion of the two genes was found in

18 patients of the malignant group (43.9%, Table II).
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Figure 2. Analytical gel electrophoresis showing the 167 bp amplification product of the p16INK4a gene. Lane 1: øX174 Hae III DNA molecular weight
marker. Lane 2: positive control. Lane 3: negative control. Lanes 4, 6 and 7: LSCC samples having the p16INK4a gene. Lanes 5 and 8: samples with
p16INK4a gene deletion.

Figure 3. Analytical gel electrophoresis showing the 430 bp amplification product of the p15INK4b gene. Lane 1: øX174 Hae III DNA molecular weight
marker. Lane 2: positive control. Lane 3: negative control. Lanes 6, 7, 8, 10, 12 and 14: LSCC samples having the p15INK4b gene. Lanes 4, 5, 9, 11, 13,
15 and 16: samples with p15INK4b gene deletion.
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Table I. p15INK4b, p16INK4a gene deletion and cyclin D1 expression in
relation to type of tumor using Chi-square analysis.

Type

Benign (n=20) Malignant (n=41)

p15INK4b

No deletion 20 (100%) 20 (48.8%) 

Deletion 0.0 (0.0%) 21 (51.2%)

X2 15.622

p <0.001*

p16INK4a

No deletion 20 (100%) 21 (51.2%)

Deletion 0 20 (48.8%) 

X2 14.51

p <0.001*

cyclin D1

Negative 14 (70%) 23 (56.1%)

Positive 6 (30%) 18 (43.9%)

X2 1.089

p 0.297

*p value is significant.

Table II. p15INK4b gene deletion in relation to clinicopathological
parameters of laryngeal cancer patients using Chi-square analysis.

Number p15INK4b X2 p

No deletion Deletion 

(%) (%)

Stage

I 1 1(100) 0.0 (0.0) 3.538 0.316

II 5 4 (80) 1 (20)

III 25 11(44) 14 (56)

IV 10 4 (40) 6 (60)

Stage code

I & II 6 5(83.3) 1(16.7) 3.359 0.067

III & IV 35 15(42.9) 20 (57.1)

Grade

1 4 0.0(0.0) 4(100) 4.237 0.12

2 20 11(55) 9 (45)

3 17 9(52.9) 8 (47.1)

Recurrence

No 23 15(65.2) 8(25.6) 5.665 0.017*

Yes 18 5(27.8) 13(72.2)

p16INK4a

No deletion 21 18(85.7) 3(14.3) 23.5 <0.0001*

Deletion 20 2(10) 18(90)

*p value is significant.

Table III. p16INK4a gene deletion in relation to clinicopathological
parameters of laryngeal cancer patients using Chi-square analysis.

Number p16INK4a X2 p

No deletion Deletion 

(%) (%)

Stage

I 1 1 (100) 0.0 (0.0) 1.617 0.656

II 5 3 (60) 2 (40)

III 25 13 (52) 12 (48)

IV 10 4 (40) 6 (60)

Stage code

I & II 6 4 (66.6) 2 (33.3) 0.671 0.413

III & IV 35 17 (48.8) 18 (51.4)

Grade

1 4 0.0 (0.0) 4 (100) 5.449 0.06

2 20 10 (50) 10 (50)

3 17 11(64.7) 6 (35.3)

Recurrence

No 23 13 (56.5) 10 (43.5) 0.589 0.443

Yes 18 8 (44.4) 10 (55.6)

*p value is significant.

Table IV. Cyclin D positivity in relation to clinicopathological parameters
of laryngeal cancer patients using Chi-square analysis.

Number Cyclin D X2 p

Negative Positive 

(%) (%)

Stage

I 1 1(100) 0.0 (0.0) 1.371 0.712

II 5 2 (40) 3 (60)

III 25 14 (50) 11 (44)

IV 10 6 (60) 4 (40)

Grade

1 4 4 (100) 0.0(0.0) 3.501 0.174

2 20 10 (50) 10 (50)

3 17 9 (52.9) 8 (47.1)

Recurrence

No 23 19 (82.6) 4 (17.4) 14.95 <0.0001*

Yes 18 4 (22.2) 14 (77.8)

p15INK4b

No deletion 20 13 (65) 7 (35) 1.257 0.262

Deletion 21 10(47.6) 11(52.4)

p16INK4a

No deletion 21 12 (57.1) 9 (42.9) 0.019 0.89

Deletion 20 11(55) 9 (45)

*p value is significant.



Cyclin D1 expression. As was revealed by Western blot

analysis, there was no statistically significant difference in

cyclin D1 expression between the benign and malignant

groups (Table I). In the malignant group, cyclin D1 was not

related to any of the clinicopathological parameters (Table

IV). Although statistically insignificant, this expression of

cyclin D1 was more frequent in patients with p15INK4b than

those with p16INK4a gene deletion (52.2% and 45%,

respectively).

Relationship between p16INK4a/ p15INK4b deletion and cyclin
D1 to recurrence. Over a follow-up period of 24 months, 18

out of the 41 (43.9%) malignant patients had recurrence of

their tumors. A significant relationship was detected

between recurrence and p15INK4b deletion (72.2%) and

cyclin D1 expression (77.8%) (Tables II and IV). Using the

multivariate Cox regression analysis, the latter were found

to be independent prognostic factors for recurrence of

LSCC (Table V). Univariate Kaplan-Meier analysis showed

that the mean and median disease-free survival was

significantly higher in patients who demonstrated no

p15INK4b deletion (mean 18.41, median 17 versus 14.05 and

12 in patients with p15INK4b deletion, log rank = 7.06,

p=0.008) or cyclin D1 expression (mean 18.54, median 17

versus 14.38 and 13.4 in patients with negative cyclin D1

expression, log rank = 14.38, p=0.0001, Figure 4). Neither

deletion of p16INK4a or the combined deletion of p16INK4a

and p15INK4b was found to be related to tumor recurrence.

Discussion

Head and neck cancer is one of the most distressing human

cancers causing pain and affecting the basic survival

functions of breathing and swallowing. Mortality rates have

not changed despite recent advances in radiotherapy and

surgical treatment (16). Although considerable information

is available on the expression of individual cell cycle-related

genes in different tumor types, no consensus on their

clinical relevance for many malignancies has been reached

(17-20). Chromosome 9p21, the location of the

p16INK4a/p15INK4b genes, is frequently altered in LSCC and

pre-malignant lesions (21, 22). Both the p16INK4a and

p15INK4b genes express cyclin D1 inhibitory proteins (23).

The current study is the first to address p16INK4a/p15INK4b

gene deletion and cyclin D1 expression in Egyptian patients

with LSCC.

The high frequency of deletion of both p16INK4a (48.8%)

and p15INK4b (51.2%) in our patients with LSCC is

consistent with these genes being candidate tumor

suppressor genes. In addition, the co-deletion of both

p16INK4a and p15INK4b genes in 43.9% of LSCC patients

suggests that their loss may be mechanistically important

during the process of carcinogenesis. The assumption that
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Table V. Cox multivariate analysis of risk factors in laryngeal squamous
cell carcinoma (LSCC).

Parameter Wald p value Risk ratio

Chi-square

Stage 1.016 0.313 -

Histological grade 1.768 0.184 -

p15INK4b deletion 5.799 0.016* 3.69

p16INK4a deletion 3.068 0.08 -

cyclin D1 10.58 0.001* 6.421

*p value is significant

Figure 4. Kaplan-Meier survival analysis for p15INK4b deletion and cyclin
D1 expression in LSCC patients. Log rank test is 7.06 (p=0.0079) for
p15INK4b and 14.38 (p=0.0001) for cyclin D1.



both genes are functionally related and that deletion of one

of them may affect the expression of the other cannot be

excluded. Consistent with our results, Wing Yuen et al. (24)

and Wen et al. (25) demonstrated reduced expression of p15

and p16 proteins (using immunohistochemistry) in LSCC.

Also, Koscielny et al. (26) concluded that the inactivation of

the tumor suppressor gene p16INK4a plays a role in the

carcinogenesis of squamous cell carcinomas of the oral

cavity, the pharynx and the larynx. We demonstrated a

higher frequency of p15INK4b than p16INK4a gene deletion in

advanced than early tumor stage (57.1% versus 16.7% for

p15INK4b, and 51.4% versus 33.3% for p16INK4a).

Consequently, LSCC tumors with deletion of the p15INK4b

gene may demonstrate more proliferative cancer behavior

and would tend to be of a large size.

The most well understood function of the D-type cyclins

is activation of the G1 kinases, cdk4 and cdk6, and the

target retinoblastoma gene product (pRb) for

phosphorylation and inactivation. pRb can suppress S-phase

entry, cause a transient G1 arrest following DNA damage,

and is critical in establishing terminal cell cycle withdrawal

in cells exposed to differentiation or senescence-inducing

signals (27). Normally, there is an auto-regulatory feedback

loop between unphosphorylated pRb, cyclin D1 and p16.

P16 is able to bind to cdk4 and cdk6 directly, thereby

preventing cyclin D-cdk4/6 assembly, as well as inhibiting

the enzymatic activity of pre-assembled cyclin cdk by

forming stable ternary complexes with them (28). In the

current study, the presence of a statistically significant high

frequency of the p16INK4a gene in LSCC (48.8%) could

reveal loss of this auto-regulatory feedback loop with a

consequent increase of cyclin D1 and cell proliferation.

Meanwhile, the statistically insignificant increase of cyclin

D1 expression in the malignant (43.9%) over the control

group (30%) may be accompanied by a compensatory

increase of its activity, a feature that cannot be detected by

Western blot analysis.

Based on the relatively higher frequency of p15INK4b than

p16INK4a gene deletion in LSCC (51.2% versus 48.8%), the

present data confirm the importance of p15INK4b gene

deletion in the pathogenesis of LSCC. The higher

association between cyclin D1 and p15INK4b deletion

(52.4%) as compared to p16INK4a deletion (45%) would

suggest the presence of another feedback loop between

p15INK4b and cyclin D1, similar to that previously reported

between cyclin D1 and p16INK4a (28). Meanwhile, the lack

of any statistically significant association between cyclin D1

expression and the deletion of either of the two genes may

indicate a contribution of other inhibitory factors to cyclin

D1 expression, such as the p21 protein, the product of

WAF1 (29).

Similar to p16INK4a and p15INK4b, no statistically significant

relationship could be demonstrated between cyclin D1

expression and high histological grade or advanced tumor

stage. This supports the findings reported by Wing Yuen et
al. for p16INK4a (24) and Haas et al. for cyclin D1 (30), but

were in contrast to Jares et al. (31) and Wen et al. (25). These

differences could be due to variable methodologies, materials

and patient populations used in the different studies.

Evaluation of the examined cell cycle regulators in relation

to tumor recurrence over a total follow-up period of 2 years

revealed that p15INK4b gene deletion and cyclin D1 expression

could be considered as potential independent prognostic

indicators of tumor recurrence. This is consistent with the

findings of Nogueira et al. (32) and Menita et al. (33), who

reported that cyclin D1 overexpression correlates with poor

prognosis in head and neck cancers. No previous reports

commented on the relationship between p15INK4b gene

deletion and disease-free survival in LSCC. On the other

hand, deletion of p16INK4b exerted no influence on tumor

prognosis, similar to data reported by Koscielny et al. (26).

In conclusion, the presented data confirms that

dysfunction of cell cycle regulation is a common event and

may play a significant role in the development and

progression of LSCC. p15INK4b gene deletion and cyclin D1

expression could serve as potential indicators of this disease

recurrence.

References 

1 Sasiadek MM, Stembalska-Kozlowska A, Smisgiel R, Ramsey

D, Kayademir T and Blin N: Impairment of MLH1 and

CDKN2A in oncogenesis of laryngeal cancer. Br J Cancer 90:

1594-1599, 2004.

2 Kastan MB: Molecular biology of cancer: the cell cycle. In:
DeVita VT, Hellman S and Rosenberg SA (eds.), Cancer:

Principles and Practice of Oncology. Lippincott-Raven,

Philadelphia, pp. 121-134, 1997.

3 Michalides R, van Veelen N, Hart A, Loftus B, Wientjens E

and Balm A: Over expression of Cyclin D1 correlates with

recurrence in a group of forty-seven operable squamous cell

carcinomas of the head and neck. Cancer Res 55: 975-978, 1995. 

4 Masuda M, Hirakawa N, Nakashima T, Kuratomi Y and

Komiyama S: Cyclin D1 overexpression in primary hypo

pharyngeal carcinomas. Cancer 78: 390-395, 1996.

5 Mineta H, Borg A, Dictor M, Wahlberg P and Wennerberg J:

Correlation between p53 mutation and Cyclin D1 amplification

in head and neck squamous cell carcinoma. Oral Oncol 33: 42-

46, 1997.

6 Michalides RJ, van de Brekel M and Balm F: Defects in G1-S

cell cycle control in head and neck cancer: a review. Head Neck

24: 694-704, 2002.

7 American Joint Committee on Cancer. In: Beahrs OH, Henson

DE, Fluter RV et al. (eds.). Manual for Staging of Cancer, 4th

Edition, Philadelpia: Lippincott, 1997.

8 Eissa S and Seada LS: Quantitation of bcl-2 protein in bladder

cancer tissue by enzyme immunoassay: comparison with

Western blot and immunohistochemistry. Clin Chem 44: 1423-

1429, 1998.

CANCER GENOMICS & PROTEOMICS 2: 239-246 (2005)

244



9 Bradford MM: A rapid and sensitive method for the

quantitation of microgram quantities of protein utilizing the

principle of protein-dye binding. Anal Biochem 72: 248-254,

1976.

10 Sambrook J, Fritsch EF and Maniatis T: Molecular Cloning. A

Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory

Press, Cold Spring Harbor, NY, pp. 42-59, 1989.

11 Jackson DP, Hayde JD and Quirke P: Extraction of nucleic

acids from fresh and archival material. In: PCR: A Practical

Approach. McPherson MJ, Quirke P and Taylor GR (eds.).

Oxford University Press, pp. 29-49, 1991.

12 Jen J, Harper JW, Bigner SH, Bigner DD, Papadopoulos N,

Markowitz S, Willson JK, Kinzler KW and Vogelstein B:

Deletion of p16 and p15 genes in brain tumors. Cancer Res 54:

6353-6358, 1994.

13 Nobori T, Miura K, Wu DJ, Lois A, Takabayashi K and Carson

DA: Deletions of the cyclin-dependent kinase-4 inhibitor gene

in multiple human cancers. Nature 368: 753-756, 1994.

14 Kaplan EL and Meier P: Nonparametric estimation from

incomplete observations. Am Stat Assoc 53: 457, 1958.

15 Cox DR and Oakes D: Analysis of Survival Data. New York:

Chapmann Hall, 1984.

16 Chin D, Boyle GM, Williams RM, Ferguson K, Pandeya N,

Pedley J, Campbell CM, Theile DR, Parsons PG and Coman

WB: Novel markers for poor prognosis in head and neck

cancer. Int J Cancer 113: 789-797, 2005.

17 Tanaka H, Fujii Y, Hirabayashi H, Miyoshi S, Sakaguchi M,

Yoon HE and Matsuda H: Disruption of the RB pathway and

cell-proliferative activity in non-small cell lung cancers. Int J

Cancer (Pred Oncol) 79: 111-115, 1998.

18 Dublin EA, Patel NK, Gillett CE, Smith P, Peters G and Barnes

DM: Retinoblastoma and p16 proteins in mammary carcinoma:

their relationship to Cyclin D1 and pathological parameter. Int

J Cancer (Pred Oncol) 79: 71-75, 1998.

19 Li X, Zhang YY, Wang Q and Fu SB: Association between

endogenous gene expression and growth regulation induced by

TGF-beta 1 in human gastric cancer cells. World J Gastroentrol

11: 61-68, 2005.

20 Starinsky S, Figer A, Ben-Asher E, Geva R, Flex D, Fidder HH,

Zidan J, Lancet D and Friedman E: Genotype phenotype

correlations in Israeli colorectal cancer patients. Int J Cancer

114: 58-73, 2005.

21 dos Reis PP, Poli-Federico RC, dos Santos RM, Nishimoto IN,

Kowalski LP and Rogatto SR: Distinct regions of loss of

heterozygosity on 22q in different sites of head and neck

squamous cell carcinomas. Med Sci Monit 8: 89-94, 2002.

22 Gunduz M, Ouchida M, Fukushima K, Ito S, Jitsumori Y,

Nakashima T, Nagai N, Nishizaki K and Shimizu K: Allelic loss

and reduced expression of ING3, a candidate tumor suppressor

gene at 7q31, in human head and neck cancers. Oncogene 21:

4462-4470, 2002.

23 Namazie A, Alavi S, Olopade OI, Pauletti G, Aghamohammadi

N, Aghamohammadi M, Gornbein JA, Calcaterra TC, Slamon

DJ, Wang MB and Srivatsan ES: Cyclin D1 amplification and

p16 MTS1/CDK41 deletion correlates with poor prognosis in

head and neck tumors. Laryngoscope 112: 472-481, 2002.

24 Wing Yuen P, Man M, Yin Lam K and Lam Kwong Y:

Clinicopathological significance of p16 gene expression in the

surgical treatment of head and neck squamous cell carcinomas.

J Clin Pathol 55: 58-60, 2002.

25 Wen S, Wang B, Chen Y and Huang-Fu H: The study on the

expression of tumor-suppressor gene p15 and Rb in laryngeal

squamous cell carcinomas. Lin Chuang Er Bi Yan Hou Ke Za

Zhi 17: 543-544, 2003.

26 Koscielny S, V Eggeling F and Dahse R: Investigations into the

influence of tumor suppressor gene p16 inactivation on the

prognosis of head and neck squamous cell carcinoma.

Laryngorhinootologie 83: 374-380, 2004.

27 Baker GL, Landis MW and Hinds PW: Multiple functions of

D-type cyclins can antagonize pRb mediated suppression of

proliferation. Cell Cycle 4: 2005 In Press.

28 Lukas J, Parry D, Aagaard L, Mann DJ, Bartkova J, Strauss M,

Peters G and Bartek J: Retinoblastoma-protein-dependent cell

cycle inhibition by the tumor suppressor p16 INK4a. Nature

375: 503-506, 1995

29 Keshava C, Frye BL, Wolff MS, McCanlies EC and Weston A:

Waf-1 (p21) and p53 polymorphisms in breast cancer. Cancer

Epidemiol Biomarkers Prev 11: 127-130, 2002.

30 Haas S, Hormann K and Bosch FX: Expression of cell cycle

proteins in head and neck cancer correlates with tumor site

rather than tobacco use. Oral Oncol 38: 618-623, 2002.

31 Jares P, Fernandez PL, Campo E, Nadal A, Bosch F, Aiza G,

Nayach I, Traserra J and Cardesa A: PRAD1-Cyclin D1 gene

amplification correlates with messenger RNA overexpression

and tumor progression in human laryngeal carcinomas. Cancer

Res 54: 4813-4817, 1994.

32 Nogueira CP, Dolan RW, Gooey J, Byahatti S, Vaughan CW,

Fuleihan NS, Grillone G, Baker E and Domanowski G:

Inactivation of p53 and amplification of Cyclin D1 correlate

with clinical outcome in head and neck cancer. Laryngoscope

108: 345-350, 1998.

33 Mineta H, Miura K, Takebayashi S, Ueda Y, Misawa K, Harada

H, Wennerberg J and Dictor M: Cyclin D1 overexpression

correlates with poor prognosis in patients with tongue

squamous cell carcinoma. Oral Oncol 36: 194-198, 2000.

Received April 19, 2005
Accepted May 6, 2005

Salahy et al: Cell Cycle Regulators P16INK4a, P15INK4b and Cyclin D1 in Laryngeal Carcinoma

245


