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Abstract. In order to elucidate differences between oral cancers 
and cancers of the pharynx and larynx, we investigated the 
genetic and epigenetic changes in these tumors using molecular 
biology methods. Methylation of the promoter region of the p16 
tumor suppressor gene was examined using methylation‑specific 
polymerase chain reaction in specimens from 47 oral, 39 
pharyngeal and 35 laryngeal squamous cell carcinomas. These 
specimens were also characterized for allelic loss of certain 
areas of the genome, i.e., 3p22, 9p21 and 17p13 (TP53). The 
frequency of methylation of the promoter region of the p16 
gene in tongue cancers (35.3%) was significantly higher than in 
pharyngeal (12.8%) and laryngeal cancers (11.4%) (p=0.046 and 
p=0.039, respectively). The frequency of methylation in tumors 
of female patients (47.1%) was significantly higher compared 
to tumors of male patients (15.4%) (p=0.0067). In contrast, 
the frequency of the loss of heterozygosity (LOH) at 3p21 in 
pharyngeal cancers (66.7%) was significantly higher than in oral 
cancers (20.0%) (p=0.0006). The frequencies of LOH at 17p13 
in pharyngeal (71.0%) and laryngeal cancers (73.1%) were also 
significantly higher than in oral cancers (36.1%) (p=0.009 and 
p=0.009, respectively). Our results indicate that there are marked 
differences in the frequencies of the hypermethylation of genes 
and allelic loss between oral cancers and cancer of the pharynx 
and larynx. Although all of these tumors were diagnosed as 
squamous cell carcinomas, the process of carcinogenesis may 
be different in tumors located in various parts of the head and 
neck. Loss of function of tumor suppressor genes by allelic loss 
gives rise to tumors in the pharynx and larynx, while loss of 
function due to methylation of the promoter regions of those 
genes is related to carcinogenesis in the oral cavity.

Introduction

Head and neck squamous cell carcinomas (HNSCCs) manifest 
various clinical behaviors according to their area of origin, i.e., 
from various parts of the head and neck mucosa. However, 
genetic and epigenetic factors involved in the carcinogenesis 
of HNSCC in various tissues have yet to be thoroughly studied 
and evaluated. Although there have been numerous studies 
on the hypermethylation of the promoter regions of tumor 
suppressor genes, particularly p16 (1-9), differences in the 
frequencies of methylation among the cancer sites in the head 
and neck region have yet to be elucidated, partly due to the low 
number of samples. However, we have previously pointed out 
differences in the frequencies of allelic loss of certain areas of 
the genome between oral cancers and cancers of the pharynx 
and larynx (10).

To elucidate the differences between oral cancer and 
cancers of the pharynx and larynx, we investigated the genetic 
and epigenetic changes in these tumors using molecular biology 
methods. We analyzed the hypermethylation of the promoter 
region of the p16 tumor suppressor gene as an epigenetic 
change. We also examined allelic loss of certain areas of the 
genome, i.e., 3p21, 9p21 and 17p13 (TP53) as genetic changes. 
Comparing the results of these two approaches reveals novel 
findings regarding the differences between oral cancer and 
cancers of the pharynx and larynx.

Materials and methods

Patients and tissue specimens. Primary tumors were removed 
surgically or obtained as biopsies prior to treatment during the 
period between May 1994 and November 2000, following an 
approved protocol at the Miyagi Cancer Center. The clinical 
features of the patients are summarized in Table I.

This study was approved by the Institutional Review Boards 
of Tohoku University and the Miyagi Cancer Center. Surgical 
specimens were obtained under informed consent, and written 
informed consent was obtained from all patients.

DNA preparation. Genomic DNA was extracted from the frozen 
tissue samples using proteinase K digestion and phenol extrac-
tion according to standard methods (11,12).

Differences between oral cancer and cancers of the 
pharynx and larynx on a molecular level

KIYOTO SHIGA1,  TAKENORI OGAWA2,  KATSUNORI KATAGIRI1,  FUMIAKI YOSHIDA2,  
MASARU TATEDA2,  KAZUTO MATSUURA3  and  TOSHIMITSU KOBAYASHI2

1Department of Otolaryngology-Head and Neck Surgery, Iwate Medical University Hospital, Morioka, Iwate; 
2Department of Otolaryngology-Head and Neck Surgery, Tohoku University Hospital, Sendai, Miyagi; 

3Department of Head and Neck Surgery, Miyagi Cancer Center Hospital, Natori, Miyagi, Japan

Received July 6, 2011;  Accepted October 11, 2011

DOI: 10.3892/ol.2011.451

Correspondence to: Professor Kiyoto Shiga, Department of 
Otolaryngology-Head and Neck Surgery, Iwate Medical University 
Hospital, 19-1 Uchimaru, Morioka, Iwate 020-8505, Japan
E-mail: kshiga44@hotmail.co.jp

Key words: head and neck cancers, loss of heterozygosity, DNA 
methylation, location of the tumor, gender



SHIGA et al:  DIFFERENCES BETWEEN HEAD AND NECK CANCERS ON A MOLECULAR LEVEL 239

Detection of hypermethylation in the p16 gene promoter region. 
The detection of gene hypermethylation was performed using 
sodium bisulfite for DNA modification followed by 
methylation-specific polymerase chain reaction (MSP). DNA 
modification was performed using a CpGenome DNA 
Modification Kit (Chemicon International, Temecula, CA, 
USA). The sequences of the primers used were as follows: 
p16U forward, 5'-TTATT AGAGGGTGGGGTGGATTGT-3' 
and reverse, 5'-CAACCCC AAACCACAACCATAA-3'; p16M 
forward, 5'-TTATTAGA GGGTGGGCGGATCGC-3' and 
reverse, 5'-GACCCCGAACC GCGACCGTAA-3'. The 
annealing temperatures of the PCR reactions for p16U and 
p16M were 60 and 69˚C, respectively. Purified PCR products 
were separated by electrophoresis on 3% agarose gels 
containing 1 mg/ ml ethidium bromide.

Detection of allelic loss. The polymorphic markers, D3S1067, 
IFNA, D3S171 and TP53, were purchased from Invitrogen 
(Carlsbad, CA, USA) and each forward primer of those markers 
was labeled using [γ-32p]ATP and polynucleotide kinase 
(Takara Shuzo, Kyoto, Japan). PCR was performed using a 
thermal cycler (Perkin-Elmer Cetus, Boston, MA, USA) for 
36 cycles under optimal conditions, i.e., 1 min at 94˚C, 1 min 

at 56˚C and 1 min at 72˚C, except for the first denaturation, 
which was performed at 94˚C for 5 min. Purified PCR prod-
ucts were separated by electrophoresis on 6% polyacrylamide 
gels containing 8.3 M urea (10).

Statistical analysis. Statistical analyses of the data were 
performed using the χ2 test.

Results

Table I shows the clinicopathological features of the patients 
and their tumors. The ages of the patients with oral cancers 
were significantly lower than those with cancers of the pharynx 
and larynx. As for gender, the number of female patients was 
significantly higher among patients with oral cancer than 
those with cancers of the pharynx and larynx. Advanced stage 
(stage III and IV) patients were significantly higher in patients 
with cancers of the pharynx and larynx than those with oral 
cancer. This is due to the fact that lymph node metastases 
were significantly more frequent in patients with cancers of 
the pharynx and larynx than in those with oral cancer.

Hypermethylation of the promoter region of the p16 tumor 
suppressor gene was detected using the MSP method. We exam-

Table I. Clinical features of the patients and tumor location.

 Oral cavity Pharynx
 -------------------------------------------------------------------------------------------------- ---------------------------------------------------------
 Overall Tongue FOM BM Gingiva Overall Meso Hypo Larynx P-value

Age
  45>   6   6 0 0 0   0   0   0   2 0.021 (OC vs. P)
  45< 41 28 6 4 3 39 14 25 33 
Gender
  Female 14   9 0 4 1   2   0   1   1 0.0034 (OC vs. P)
  Male 33 25 6 0 2 37 14 24 34 0.0018 (OC vs. L)
Tumor sizea,b

  T1   8   6 2 0 0   1   0   1   8 NS
  T2 20 14 3 2 1 19   4 15 14 
  T3 13 10 1 2 0   9   6   3   6 
  T4   3   1 0 0 2   9   4   5   6 
Lymph node          N0 vs. others
involvementa

  N0 28 20 4 2 2 10   2   8 29 0.0016 (OC vs. P)
  N1   8   6 1 1 0   7   3   4   1 <0.0001 (P vs. L)
  N2 10   7 1 1 1 20   9 11   4 
  N3   1   1 0 0 0   2   0   2   1 
Stagea          I and II vs. III and IV
  I   8   7 1 0 0   1   0   1   7 0.0004 (OC vs. P)
  II 17 12 3 1 1   5   0   5 11 0.0009 (P vs. L)
  III 10   7 1 2 0   9   4   5   6 
  IV 12   8 1 1 2 24 10 14 11 
Total 47 34 6 4 3 39 14 25 35 

Patients who had recurrent lymph node metastasis were omitted from this classification. Meso, mesopharyngeal; Hypo, hypopharyngeal; NS, 
not significant. FOM, floor of mouth; BM, buccal mucosa; OC, oral cavity; P, pharynx; L, larynx.
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ined 47 oral cancers, 39 pharyngeal cancers and 35 laryngeal 
cancers. Representative results are shown in Fig. 1 and all 
results are summarized in Table II and Fig. 2. The frequencies 
of methylation of the promoter region of the p16 gene in oral 
and tongue cancers were 31.9 and 35.3%, respectively. On the 
contrary, those of pharyngeal and laryngeal cancers were 12.8 
and 11.4%, respectively, and those of mesopharyngeal and 
hypopharyngeal cancers were 21.4 and 8.7%, respectively. The 
frequency of methylation in oral cancers was significantly higher 
than in hypopharyngeal cancers (p=0.047). The frequency of 
methylation in tongue cancers was significantly higher than in 
pharyngeal, hypopharyngeal and laryngeal cancers (p=0.046, 
0.033 and 0.039, respectively). However, the frequency of meth-
ylation in tumors of female patients (47.1%) was significantly 
higher than in tumors of male patients (15.4%) (p=0.0067).

Specimens of 47 oral, 39 pharyngeal and 35 laryngeal 
squamous cell carcinomas were characterized for allelic loss 
of certain areas of the genome, i.e., 3p22, 9p21 and 17p13 
(TP53). The frequency of loss of heterozygosity (LOH) at 3p21 
in pharyngeal cancers (66.7%) was significantly higher than 
in oral and tongue cancers (20.0 and 14.8%) (p=0.0006 and 
0.0003, respectively) (Table IIIA). The frequencies of LOH at 
3p21 in mesopharyngeal and hypopharyngeal cancers (63.6 

and 68.8%) were also significantly higher than in oral cancers 
(p=0.018 and p=0.002, respectively). The frequencies of LOH 
at 3p21 in mesopharyngeal and hypopharyngeal cancers were 
also significantly higher than in tongue cancers (p=0.009 and 
p=0.001, respectively).

Although the frequencies of LOH at 9p21 in pharyngeal 
(58.3%) and laryngeal cancers (60.0%) were higher than in oral 
cancers (34.6%), significant differences were not observed. 
The frequencies of LOH at 9p21 in mesopharyngeal (44.4%) 
and hypopharyngeal cancers (66.7%) were also higher than in 
tongue cancers (33.3%). However, significant differences were 
also not observed (Table IIIB).

The frequencies of LOH at 17p13 in pharyngeal (71.0%) 
and laryngeal cancers (73.1%) were significantly higher than in 
oral cancers (36.1%) (p=0.009 and p=0.009, respectively). The 
frequencies of LOH at 17p13 in pharyngeal and laryngeal cancers 
were significantly higher than in tongue cancers (37.0%) (p=0.02 
and p=0.018, respectively). The frequency of LOH at 17p13 in 
mesopharyngeal cancers (81.8%) was significantly higher than 

Figure 2. Hypermethylation of the p16 gene promoter region in HNSCC. The 
frequencies of hypermethylation of the p16 gene promoter region are shown 
in the percentage column for each site. Columns on the left show differences 
between oral cancer and cancers of the pharynx and larynx. Columns on the 
right show differences between females and males.

Figure 1. Hypermethylation of the p16 gene promoter region detected by 
the bisulfite‑MSP method. Lane 1, tongue cancer (T2N0M0); lane 2, laryn-
geal cancer (T4N0M0); lane 3, cancer of the floor of the mouth (T2N0M0); 
lane 4, hypopharyngeal cancer (T2N2aM0); lane 5, hypopharyngeal cancer 
(T2N2aM0). U, unmethylated; M, methylated. The methylated band was 
observed only in tongue cancer (lane 1).

Table II. Hypermethylation of the p16 promoter region, tumor location and gender.

 Unmethylated Methylated Methylated (%) P-value

Oral cancer 32 15 31.9 0.047 (vs.HP)a

  Tongue  22 12 35.3 0.046 (vs.P)b

  Floor of mouth 6 0  
  Buccal mucosa 1 3  
  Gingiva 3 0  
Pharyngeal cancer 34 5 12.8 
  Mesopharynx 11 3 21.4 
  Hypopharynx 23 2   8.7 0.033 (vs. T)c

Laryngeal cancer 31 4 11.4 0.039 (vs. T)d

Gender
  Female 9 8 47.1 0.0067
  Male 88 16 15.4 
Total 97 24 19.8 

Significant differences were observed between aoral cancer (OC) and hypopharynx (HP), btongue (T) and pharyngeal cancer (P), cT and HP, dT 
and laryngeal cancer.
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Table III. LOH at 3p21, 9p21 and TP53 and tumor location.

A, LOH at 3p21 and location of tumors.

 3p21
 ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Location N LOH(+) LOH(-) P-value

Oral cavity 35   7 28 p=0.018 (MP)a, p=0.002 (HP)b

  Tongue 27   4 23 p=0.009 (MP)c, p=0.001 (HP)d

  Floor of mouth   4   1   3 
  Buccal mucosa   2   1   1 
  Gingiva   2   1   1 
Pharynx 27 18   9 p=0.0006 (OC)e, p=0.0003 (T)f

  Mesopharynx 11   7   4 
  Hypopharynx 16 11   5 
Larynx 28 12 16 
Total 90 37 53 

Significant differences were observed between aoral cavity (OC) and mesopharynx (MP), bOC and hypopharynx (HP), ctongue (T) and MP, 
dtongue (T) and HP, e OC and pharynx (P),fT and P. LOH, loss of heterozygosity.

B, LOH at 9p21 and location of tumors.

 9p21
 ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Location N LOH(+) LOH(-) P-value

Oral cavity 26   9 17 -
  Tongue 18   6 12 -
  Floor of mouth   4   2   2 -
  Buccal mucosa   3   0   3 -
  Gingiva   1   1   0 -
Pharynx 24 14 10 -
  Mesopharynx   9   4   5 -
  Hypopharynx 15 10   5 -
Larynx 25 15 10 -
Total 75 38 37 -

No significant difference was observed. LOH, loss of heterozygosity.

C, LOH at TP53 and location of tumors.

 TP53
 ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Location N LOH(+) LOH(-) P-value

Oral cavity 36 13 23 p=0.02 (MP)a, p=0.009 (P)b

  Tongue 27 10 17 p=0.03 (MP)c, p=0.02 (P)d

  Floor of mouth   4   1   3 
  Buccal mucosa   3   0   3 
  Gingiva   2   2   0 
Pharynx 31 22   9 
  Mesopharynx 11 9   2 
  Hypopharynx 20 13   7 
Larynx 26 19   7 p=0.009 (OC)e, p=0.018 (T)f

Total 93 54 39 

Significant differences were observed between aoral cavity (OC) and mesopharynx (MP), bOC and pharynx (P), ctongue (T) and MP, dT and P, 
eOC and larynx (L), fT and L. LOH, loss of heterozygosity.
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in oral and tongue cancers (p=0.02 and p=0.03, respectively) 
(Table IIIC). These results are summarized in Fig. 3.

Discussion

We focused on differences in HNSCCs at various regions of 
origin with respect to the genetic and epigenetic aspects of the 
tumors. Although we have previously reported differences in 
the frequencies of allelic loss in several regions of head and 
neck cancers (10), in the present study our results indicate 
that there are marked differences in the frequencies of hyper-
methylation of genes between oral cancers and cancers of the 
pharynx and larynx, as well as allelic loss.

There have been numerous studies on the hypermethylation 
status of the promoter region of the p16 tumor suppressor gene. 
The frequency of methylation was found to be approximately 
30% in head and neck squamous cell carcinoma specimens 
obtained from surgically removed tumors (1-9). Although 
several reports have described the hypermethylation of the 
promoter region of the p16 tumor suppressor gene in oral 
cancer and in cancers of the pharynx and larynx, there have not 
been any reports which point out differences in the frequencies 
of the methylation among those cancers. This may have been 
largely due to the low number of samples.

Our results indicate that the hypermethylation of the 
promoter region of the p16 tumor suppressor gene is related to 
gender, i.e., female patients tend to have more frequent hyper-
methylation of the p16 gene. El-Naggar et al also reported that 
there was no significant correlation between p16 alterations and 
the clinicopathological factors of the patients, with the excep-
tion of gender (3). Although their methods of characterization 
were different from ours and the detection of the hypermethyl-
ation itself was carried out using a method different from ours, 
their results are compatible with ours. Oral cancer patients 
included significantly more females than patients with cancers 
of the pharynx and larynx. We assumed that this tendency 
resulted in the significant differences of the frequencies of 
hypermethylation between oral cancer and cancers of the 
pharynx and larynx. This indicates that the hypermethylation 
of the promoter region of the p16 tumor suppressor gene may 
be a crucial factor in the carcinogenesis of squamous cell carci-
nomas of the head and neck in female patients.

In HNSCC, allelic loss on chromosome 9p occurs most 
frequently at 9p21 (1,13-15) and it occurs as an early event in the 
process of carcinogenesis in head and neck cancers (13). This 
region of 9p21 includes the tumor suppressor and cell cycle 
regulator gene, p16 (INK4a, also known as CDKN2 or MTS1) 
(16-19). Although homozygous deletions, monosomy and point 
mutations of p16 occur frequently in HNSCC cell lines, corre-
sponding evidence of the same alterations in primary cancer 
specimens is less common (1,14,20,21). However, primary 
HNSCC shows frequent methylation of the promoter region of 
the p16 gene (22,23) and LOH at 9p21. It appears that these two 
types of gene alteration are the main mechanism underlying the 
inactivation of the p16 gene as a tumor suppressor. In our study, 
LOH at 9p21 was observed in approximately half of the speci-
mens, and it was more frequent in cancers of the pharynx and 
larynx than in oral cancer. In contrast, hypermethylation of the 
p16 gene was more frequent in oral cancer than in cancers of 
the pharynx and larynx. These results indicate that the type of 
inactivation of the p16 gene is different in various sites of head 
and neck squamous cell carcinomas. It should also be noted 
that allelic loss at 3p and 17p is significantly more frequent in 
cancers of the pharynx and larynx than in oral cancers.

In conclusion, although these tumors were diagnosed as 
squamous cell carcinomas, the process of carcinogenesis may 
be different in tumors located in different parts of the head and 
neck. Loss of function of tumor suppressor genes by allelic 
loss is mainly active and give rise to tumors in the pharynx 
and larynx, while loss of function due to methylation of the 
promoter region of the genes is related to carcinogenesis in the 
oral cavity, which may place additional burden on allelic loss.
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