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Abstract. To investigate the possible associations between 
mutations in TP53 and phenotypes of single-nucleotide poly-
morphisms (SNPs) in codon 72 (SNP72) with the expression 
profiles of p53 and human papillomavirus (HPV) infection, 
93 pathologically diagnosed head and neck squamous cell 
carcinomas (HNSCCs) were included for study. Using PCR and 
direct sequencing, 45 TP53 mutations in 35 cases (37.6%) were 
confirmed out of the 93 HNSCCs. P53 immunohistochemistry 
(IHC) confirmed 34 (36.6%) cases with positive staining, 
including 22 cases with strong and 12 with weak positivity. 
IARC database and software analysis showed similar results 
that most of the mutated p53 proteins lost their normal func-
tion. Further statistical analysis found a negative correlation 
between p53 IHC and HPV IHC in the tissues from the group 
of other HNSCCs (of various sites other than the larynx) but 
not in the tissues from the laryngeal carcinomas. Analyses of 

SNP72 showed that the patients with the Arg phenotype had 
a significantly older age at disease onset when compared to 
patients with the Pro phenotype, particularly in the group of 
other HNSCCs. In addition, all cases with strong staining for 
p53 in the laryngeal carcinoma group had the Pro phenotype 
and all tumors with poor pathological differentiation in the 
group of other HNSCCs had the Pro phenotype. These data 
indicate that the profiles of TP53 mutations, SNP72 polymor-
phism, p53 IHC and HPV E6 IHC are distinct between the 
groups of laryngeal carcinoma and other HNSCCs.

Introduction

Head and neck squamous cell carcinomas (HNSCCs) are a 
group of common malignant cancers and account for more 
than 550,000 cases annually worldwide, and involve the oral 
cavity, larynx, hypopharynx and oropharynx (1). Tobacco use 
and alcohol consumption are two well-established risk factors, 
while epidemiological evidence suggests that a subgroup 
of HNSCCs results from the infection of high-risk types of 
human papillomavirus (HPV), particularly HPV16 (2,3).

One of the most frequent alteration in HNSCCs is pertur-
bation of the p53 pathway which regulates the cell cycle to 
conserve genomic stability and prevent mutations (4). Most of 
the TP53 mutations occur in exon 5-8. Traditional risk factors 
such as tobacco use lead to abrogation of p53 by mutation. In 
contrast, HPV obviates the need for mutation by encoding the 
E6 oncoprotein, which promotes degradation of wild-type p53 
in the presence of the E6-AP complex (5), causing perturbation 
of cell cycle regulation. It has been found that HNSCCs with 
HPV infection show a lower frequency of mutations in TP53 
when compared to HNSCCs without HPV infection (6,7). 
However, whether this phenomenon exists in Chinese patients 
is not definitive.

The TP53 gene has more than 200 single-nucleotide poly-
morphisms (SNPs), most of which have no biological effects. 
However, SNP of codon 72 (SNP72) within exon 4, which 
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encodes either proline (Pro, by codon CCC) or arginine (Arg, 
by codon CGC), appears to be able to influence the function 
of p53. Compared to TP53 encoding proline, TP53 encoding 
arginine is more effective at inducing apoptosis and preventing 
cells from neoplastic development (8,9). Although the associa-
tion of the SNP72 with various types of cancers including lung 
and cervical cancer has been reported (10,11), the effect of the 
polymorphisms on HNSCCs with HPV infection remains 
uncertain.

In the present study, we analyzed mutations of TP53, the 
phenotype of SNP72 and the expression profiles of p53 in 
93 Chinese patients with HNSCCs. Collectively with the HPV 
infection status and pathological and clinical data as previously 
described (12), possible correlations among the mutations in 
TP53, the phenotype of SNP72, the expression profiles of p53, 
HPV infection, and the pathological and clinical features were 
comprehensively analyzed in the group of laryngeal carci-
nomas and other HNSCCs (from other sites).

Materials and methods

Patients and specimens. A total of 93 patients with malignant 
squamous tumors were enrolled in the present study. The 
specimens consisted of 64 laryngocarcinoma and 29 other 
HNSCCs (5 oropharyngeal, 15 hypopharynx and 9 lip 
carcinoma). Details of the cases are provided in Table I. 
The professions of the patients varied and included laborers, 
teachers, medical staff and clients. The permanent residences 
of the patients were widely distributed throughout China. All 
samples were surgically removed and were conventionally 
fixed in 10% formalin and paraffin-embedded. Pathological 
assays verified that all cancers were squamous cell cancers. 
The pathological and clinical grades were assessed by patholo-
gists and surgeons at the Peking University Cancer Hospital 
and Institute, respectively.

DNA extraction. Total DNAs from the tumor tissues were 
extracted from the paraffin-embedded tissue blocks with a 
commercial genomic DNA extraction FFPE kit (Qiagen). 
Briefly, 4 to 5 formalin-fixed, paraffin-embedded (FFPE) 
sections (10 µm) were soaked in xylene and vortexed vigor-
ously for at least 1 h. Then the pellet was acquired and purified 
in accordance with the kit protocol. The DNA extraction was 
evaluated by electrophoresis on 2% agarose gel. Quality of 
the extracted DNAs was assessed with a settled PCR protocol 
with a pair of β-actin-specific primers.

PCR protocol for SNP72 in exon 4 and exons 5-8 of P53. 
SNP72 in exon 4 and exons 5-8 of the TP53 gene was amplified 
using polymerase chain reaction (PCR) in a Bio-Rad S1000 
Thermal Cycler. The primer sequences and amplicons are 
listed in Table II. The reaction mixtures consisted of a total of 
50 µl containing 1 µl of gDNA, 20 pmol of sense and antisense 
primers, 21 µl RNase-free water and 25 µl 2X Taq MasterMix 
(CW0682; CWBIO, China). Touchdown method was adopted 
to increase the specificity of the PCR products. Details of the 
PCR condition were as follows: denaturing at 95˚C for 30 sec, 
annealing at 65˚C for 45 sec with a decrease of 1˚C every cycle 
in the first 10 cycles and 55˚C for the other 35 cycles, and 
extension at 72˚C for 45 sec. All PCR assays were carefully 

carried out in the PCR laboratory with 4 separated rooms to 
avoid DNA contamination.

Direct sequencing. The PCR products were analyzed on 2% 
agarose gel and recovered from the gel using the QIAquick 
Gel extraction kit (cat. no. 28706; Qiagen, Germany) according 
to the manufacturer's instructions. Direct sequencing was 
performed using the same PCR primers by the ABI PRISM™ 
3730xl DNA analyzer.

Immunohistochemical (IHC) assay. Paraffin sections (5 µm) 
were routinely deparaffinized in xylene for 5 min twice and 
gradually rehydrated. Sections were quenched for endogenous 
peroxidases in 3% H2O2 in methanol for 15 min, pretreated with 
enzyme digestion antigen retrieval for 1 min. After blocking 
in 1% normal goat serum to avoid nonspecific binding, the 
sections were incubated overnight at 4˚C with a 1:500-diluted 
mAb for p53 (Novus). The sections were then incubated for 
60 min with 1:1,000-diluted HRP-conjugated goat anti-
mouse secondary antibody (Vector Laboratories, USA), and 
visualized by incubation with 3,3-diaminobenzidine tetrahy-
drochloride (DAB). The slices were dehydrated and mounted 
in Permount. For the negative controls, the primary antibody 

Table I. Clinicopathological features and p53 status in the 
HNSCC patients.

Patient  TP53 mutation p53 IHC positive
characteristics N n/N (%) n/N (%)

All patients 93 35/93 (37.6) 34/93 (36.6)

Gender
  Male 84 33/84 (39.3) 32/84 (38.1)
  Female 9 2/9 (22.2) 2/9 (22.2)

Age (years)
  <40 5 2/5 (40.0) 3/5 (60.0)
  40-65 69 26/69 (37.7) 24/69 (34.8)
  >65 19 7/19 (36.8) 7/19 (36.8)

Anatomical
diagnosis
  Larynx 64 22/64 (34.4) 20/64 (31.3)
  Other carcinomas 29 13/29 (44.8) 14/29 (48.3)

Pathological grades
  1 (carcinoma in situ) 2 1/2 (50.0) 0/2 (0)
  2 (poorly diff.) 15 5/15 (33.3) 7/15 (46.7)
  3 (moderately diff.) 50 19/50 (38.0) 19/50 (38.0)
  4 (highly diff.) 26 9/26 (34.6) 8/26 (30.8)

Clinical stage
  I 28 12/28 (42.9) 13/28 (46.4)
  II 35 15/35 (42.9) 9/35 (25.7)
  III 25 7/25 (28.0) 11/25 (44.0)
  IV 5 1/5 (20.0) 1/5 (20.0)

HNSCCs, head and neck squamous cell carcinomas; IHC, immunohis-
tochemistry.
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for p53 was replaced with mouse non-immuno IgG. Images 
were captured with a DP70 digital camera mounted on a BX5 
microscope (Olympus Optical, Japan) (12). The slides were 
analyzed separately by 2 independent observers blinded to the 
clinical data. The immunoreactivity in the malignant cells in 
each section was graded according to the number of positively 
stained nuclei: <1% as negative, ≥1 and ≤10% as weakly posi-
tive, >10% as strongly positive.

Prediction of p53 protein function for the different mutations 
in each Transcriptional activity (TA) class. Functional clas-
sification was based on the overall TA of 8 different promoters 
(WAF1, MDM2, BAX, H1433s, AIP1, GADD45, NOXA and 
P53R2) as measured by Kato et al (13). For each mutant, the 
median of the 8 promoter-specific activities was calculated, and 
missense mutations were classified as ‘non-functional’ (median 
≤20), ‘partially functional’ (median >20 and ≤75), ‘functional’ 
(median >75 and ≤140) and ‘supertrans’ (median >140).

Sorting intolerant from tolerant (SIFT) class. SIFT (14) predicts 
whether an amino acid substitution affects protein function 
based on sequence homology and the physical properties of 
amino acids. Briefly, SIFT searches for similar sequences to 
the query sequence, chooses closely related sequences that 
may share similar function to the query sequence, obtains 
the alignment of these chosen sequences, and calculates 
normalized probabilities for all possible substitutions from the 
alignment. Positions with normalized probabilities <0.05 are 
predicted to be deleterious; those ≥0.05 are predicted to be 
tolerated.

Statistical analysis. Statistical analysis was performed using 
Chi-square and Fisher's exact tests for correlations between 
groups in regards to HPV infection, SNP72 phenotype, P53 
mutations and IHC. Mann-Whitney U test was used for the 
relationship between SNP72 and age. Probability values of 

<0.05 were considered to indicate statistically significant 
results. All statistical analyses were performed by SPSS 20 
(IBM, US).

Statement of ethics. Written consent for further investigation 
and publication was obtained from the patients or the patients' 
relatives, respectively. Usage of the stored human samples in 
this study was approved by the Ethics Committees of Peking 
University Cancer Hospital and Institute and the National 
Institute for Viral Disease Prevention and Control, China 
CDC.

Results

Mutations in the TP53 gene in laryngeal carcinoma and 
other HNSCCs. Altogether, 45 mutations within the TP53 
gene were found in the tissues of 35 cases (37.6%) out of the 
93 recruited patients by direct sequencing, including 30 muta-
tions in 34.4% (22/64) of patients in the group of laryngeal 
carcinoma and 15 mutations in 44.8% (13/29) of patients in 
the group of other HNSCCs. The detailed information of the 
individual mutations is documented in Tables I and III. Most 
of the mutations (93.3%, 42/45) were missense and only 3 were 
nonsense. Six mutations generated stop codons, 2 deletions 
and 1 insertion led to frameshift mutations. The mutations at 
codon 245 within exon 7 and codon 271 within exon 8 were 
most frequently observed; both were detected in 4 cases. A 
mutation at codon 266 was observed in 3 cases and mutations 
at codons 248, 267 and 298 were detected in 2 cases, respec-
tively. Meanwhile, most of the patients (28/35, 80%) had only 
one mutation in the TP53 gene. Only one patient had 4 muta-
tions, 1 case had 3 mutations and 5 cases had 2 mutations. 
Two cases contained 2 mutations in the same exon region. 
Additionally, the locations of the mutations were frequently 
distributed at the hypervariable region of TP53.

Based on the structure domains of p53 described in the IARC 
p53 database, 6.7% (3/45) of the mutations affected the LSH 
(loop-sheet-helix) motif (codons 119-135 and 272-287), 11.1% 
(5/45) affected the L2 domain (between codons 164 and 194), 
which was needed for the correct folding and stabilization of 
the central part of the protein, and 20% (9/45) affected the L3 
domain (between codons 237 and 250), directly involved in the 
interaction between the protein and DNA.

With the help of the protocol described by Kato et al (13) 
and an online software, the possible influences of the identified 
TP53 mutations on p53 protein function were analyzed and 
are summarized in Table III. Notably, the two methodolo-
gies revealed similar results. Among the 36 point-mutations, 
25 were non-functional mutations that will abolish the normal 
function of p53. Four point-mutations were neutral ones that 
will not affect the p53 function. Other 5 point-mutations 
were stop codon mutations, which were not available by the 
two methods. Only 2 point-mutations (at codons 47 and 207) 
showed different consequences on p53 function by the 
two techniques. Additionally, there were 3 different frameshift 
insertions whose effects on p53 function were also unable to 
be predicted by the two techniques.

The numbers of patients with mutations in the different 
exons of the TP53 gene varied largely. Two patients (2/92, 
2.2%) contained mutations in exon 4, 10 (10/85, 11.8%) in 

Table II. Primer sequences and amplicons of SNP72 and 
exon 5-8 in the TP53 gene.

  Amplicons
 Primer pairs (5'-3') (bp)

SNP72 F: TTGCCGTCCCAAGCAATGGATGA 199
 R: TCTGGGAAGGGACAGAAGATGAC

Exon 5 F: TGTTCACTTGTGCCCTGACT 268
 R: CAGCCCTGTCGTCTCTCCAG

Exon 6 F: GCCTCTGATTCCTCACTGAT 181
 R: TTAACCCCTCCTCCCAGAGA

Exon 7 F: CTTGCCACAGGTCTCCCCAA 237
 R: AGGGGTCAGAGGCAAGCAGA

Exon 8 F: TTCCTTACTGCCTCTTGCTT 231
 R: AGGCATAACTGCACCCTTGG

SNP72, single-nucleotide polymorphisms in codon 72. F, forward; R, 
reverse.
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Table III. Individual TP53 mutations and the predicted functional changes of p53 proteins.

 Protein function
 Sample Mutated Mutation by Amino acid Change in Motif -----------------------------------------
Group no. Exon codon sequencing change properties structure TA class SIFT class

Larynx 20 8 281 GAC>AAC Asp>Asn Acid>polar LSH NF D
 23 7 249 AGG>ACG Arg>Thr Alkaline>polar L3 NF D
 37 5 163 TAC>TGC Tyr>Cys Aromatic>sulfurated S4 NF D
 38 5 158 CGC>GGC Arg>Gly Alkaline>hydrophobic S4 NF D
  7 248 CGG>CAG Arg>Gln Alkaline>polar L3 NF D
 41 5 145 CTG>ATG Leu>Met Hydrophobic>polar S3 F N
 46 7 245 GGC>TGC Gly>Cys Hydrophobic>polar L3 NF D
 50 6 194 CTT>CAT Leu>His Hydrophobic>alkaline L2 NF D
  7 245 GGC>AGC Gly>Ser Hydrophobic>polar L3 NF D
 63 5 151 CCC>TCC Pro>Ser Hydrophobic>polar L NF D
 64 7 242 TGC>TTC Cys>Phe Polar>hydrophobic L3 NF D
 65 8 266 GGA>GAA Gly>Glu Hydrophobic>acid S10 NF D
 66 8 298 GAG>TAG Glu>stop NA C-term NF D
 69 5 175 CGC>CAC Arg>His No change L2 NF D
 70 5 179 CAT>CGT His>Arg No change L2 NF D
  8 298 GAG>GGG Glu>Gly Acid>hydrophobic C-term F N
 74 6 207 GAT>AAT Asp>Asn Acid>polar S6 F D
 79 7 259 GAC>AAC Asp>Asn Acid>polar L PF N
 81 7 245 GGC>GAC Gly>Asp Hydrophobic>acid L3 NF D
 83 7 Intron AGGTC>AGATC  NA NA NA NA
  8 266 GGA>TGA Gly>stop NA S10 ND ND
  8 267 CGG>CGT Arg>Arg No change S10 NA NA
 84 4   47 CCG>TCG Pro>Ser Hydrophobic>polar N-term S N
 85 4   51 GAA>TAA Glu>stop NA N-term ND ND
  7 Intron ACCCT>ACTCT  NA NA NA NA
  8 266 GGA>TGA Gly>stop NA S10 ND ND
  8 267 CGG>CGT Arg>Arg No change S10 NA NA
 86 5 166 7 base deletion Frameshift NA L2 NA NA
     mutation
 88 7 251 ATC>ATT Lle>Lle No change S9 NA NA
 92 8 303 AGC>AAC Ser>Asn No change C-term F N

Other   1 8 271 GAG>TTG Glu-Val Acid>hydrophobic S10 NF D
carcinomas   2 8 271 GAG>TTG Glu-Val Acid>hydrophobic S10 NF D
   5 7 241 1 base insert Frameshift / L3 NA NA
     mutation
   8 5 168 CAC>CCC His>Pro Alkaline>hydrophobic L2 NF D
   9 7 245 GGC>GAC Gly>Asp Hydrophobic>acid L3 NF D
 11 8 274 GTT>TTT Val>Phe No change LSH NF D
 14 6 219 CCC>TCC Pro>Ser Hydrophobic>polar S7 NF D
 15 5 157 10 base deletion Frameshift NA S4 NA NA
     mutation
  8 271 GAG>TTG Glu-Val Acid>hydrophobic S10 NF D
 16 8 271 GAG>TTG Glu-Val Acid>hydrophobic S10 NF D
 17 5 146 TGG>TGA Trp-stop NA S3 ND ND
 22 7 248 CGG>CAG Arg>Gln Alkaline>polar L3 NF D
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exon 5, 4 (4/92, 4.3%) in exon 6, 14 (14/89, 15.7%) in exon 7 and 
13 (13/92, 14.1%) in exon 8. Although various mutation rates 
were detected in exons, there was no significant difference in 
TP53 mutations between the laryngeal carcinoma group and 
the other HNSCC group.

Correlation of the TP53 mutation status with IHC for p53 
protein. The expression profiles of p53 protein in sections of 
the tumor samples were analyzed by p53-specific IHC. Out 

of 93 tested primary HNSCCs, 34 showed positive staining 
for p53 protein. The brown color staining was distributed 
prominently in the malignant cells, and was localized in the 
cell nuclei (Fig. 1). Based on the semi-quantitative protocol 
for p53 immunostaining, the expression profiles of p53 were 
classified into strongly positive, weakly positive and negative. 
Twenty-two of the 34 (64.7%, 22/34) p53-positive cases were 
characterized as strongly positive, while 12 (35.3%, 12/34) 
were weakly positive. In the group of laryngeal carcinomas, 

Table III. Continued.

 Protein function
 Sample Mutated Mutation by Amino acid Change in Motif ------------------------------------------------
Group no. Exon codon sequencing change properties structure TA class SIFT class

Other 27 6 220 TAT>TGT Tyr>Cys No change S NF D
  7 Intron GGTCA>GGCCA NA NA NA NA NA
 30 8 286 GAA>TAA Glu>stop NA LSH ND ND

TA class, transactivation class: NF, non-functional protein; F, functional protein; PF, partial functional protein; S, supertrans; ND, no data; NA, not 
available. Sorting intolerant from tolerant (SIFT) class: D, deleterious; N, neutral; ND, no data; NA, not available.

Figure 1. IHC assays of p53 in the tissues of HNSCCs with the anti-p53 monoclonal antibody. According to the percentage of positive nuclei in the cancer cells, 
the p53 expression profiles in IHC were classified into 3 groups: strongly positive (>10%), weakly positive (1-10%) and negative (<1%), respectively, as shown 
from top to bottom. From left to right, images are viewed at a magnification of x40 and x100, respectively. IHC, immunohistochemistry; HNSCCs, head and 
neck squamous cell carcinomas.
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12 of 64 (18.8%) cases were strongly positive for p53, 8 cases 
were weakly positive (12.5%) and 44 were negative (68.8%). In 
the other HNSCC group, 10 of 29 (34.5%) cases were strongly 
positive for p53, 4 cases were weakly positive (13.8%) and 
15 were negative (51.7%). Despite a higher frequency of cases 
with strongly positivity for p53 in the other HNSCC group, no 
statistical difference in p53 expression profile was observed 
between the two groups.

In the cases with strong positivity for p53, 63.6% (14/22) of 
the cases contained mutation(s) in the TP53 gene, while 33.3% 
(4/12) of the cases with weak positivity for p53 presented with 
TP53 mutations. Further analyses revealed that mutations in 
exon 5 (P<0.05) and exon 7 (P<0.01) had a significant corre-
lation with p53 positivity in the IHC assays in the laryngeal 
carcinoma group, as well as in the context of all tested patients 
(P<0.05), but not in that of the other HNSCC group (Table IV). 
No significant difference between the mutations in the other 
exons of TP53 and positivity for p53 in IHC was noted in all 
the tested groups (Table IV).

Correlation of p53 positivity and HPV E6 positivity in the 
IHC assays. Our previous study of the 93 patients with head 

and neck carcinomas demonstrated that 29 samples were 
HPV16/18 E6-positive in the IHC assays: 18 (18/64, 28.1%) in 
the laryngeal carcinoma group and 11 (11/29, 37.9%) in the 
other HNSCC group (12). Further analyses of the possible 
correlation between HPV E6 positivity and p53 positivity 
in the tumor tissues showed that in the laryngeal carcinoma 
group, an equal amount of HPV E6-positive cases were p53 
positive, while a higher percentage of HPV E6-negative cases 
were p53 negative (Table V). In the group of other HNSCCs, 
markedly fewer numbers of patients with HPV E6 positivity 
were p53 positive, while a relatively higher percentage of 
HPV E6-negative cases were p53 positive (Table V). Moreover, 
the correlation between HPV DNA and p53 protein expression 
was analyzed, and no difference was found in the laryngeal 
carcinoma group, the other HNSCCs and all the patients tested.

Correlation of TP53 codon 72 polymorphism with HNSCCs. 
The codon 72 of the TP53 gene shows polymorphisms among 
human beings. Sequencing assays of the tumor samples of the 
92 HNSCCs found that the numbers of Arg/Arg homozygotes, 
Pro/Pro homozygotes and Arg/Pro heterozygotes were 29/92 
(31.5%), 17/92 (18.5%) and 46/92 (50.0%), respectively. The 

Table IV. Relationship between mutations in TP53 exon 4-8 and p53 IHC.

 p53 IHC
 ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
 All samples Larynx  Other HNSCCs
 -------------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------
  Pos (%) Neg (%) Pos (%) Neg (%) Pos (%) Neg (%)

Exon 4 Pos (%)   2/92   (2.2)   0/92   (0.0)   2/63   (3.2)   0/63   (0.0)   0/29   (0.0)   0/29   (0.0)
 Neg (%) 32/92 (34.8) 58/92 (63.0) 18/63 (28.6) 43/63 (68.2) 14/29 (48.3) 15/29 (51.7)

Exon 5 Pos (%)   7/85   (8.2)b   3/85   (3.5)   5/57   (8.8)b   2/57   (3.5)   2/28   (7.1)   1/28   (3.6)
 Neg (%) 26/85 (30.6) 49/85 (57.7) 14/57 (24.5) 36/57 (63.2) 12/28 (42.9) 13/28 (46.4)

Exon 6 Pos (%)   2/92   (2.2)   2/92   (2.2)   1/63   (1.6)   1/63   (1.6)   1/29   (3.4)   1/29   (3.4)
 Neg (%) 32/92 (34.8) 56/92 (60.8) 19/63 (30.1) 42/63 (66.7) 13/29 (44.9) 14/29 (48.3)

Exon 7 Pos (%)   9/89 (10.1)b   5/89   (5.6)   7/60 (11.7)a   3/60   (5.0)   2/29   (6.9)   2/29   (6.9)
 Neg (%) 23/89 (25.9) 52/89 (58.4) 11/60 (18.3) 39/60 (65.0) 12/29 (41.4) 13/29 (44.8)

Exon 8 Pos (%)   5/92   (5.4)   8/92   (8.7)   2/63   (3.2)   5/63   (7.9)   3/29 (10.3)   3/29 (10.3)
 Neg (%) 29/92 (31.5) 50/92 (54.4) 18/63 (28.6) 38/63 (60.3) 11/29 (38.0) 12/29 (41.4)

aP<0.01, bP<0.05. IHC, immunohistochemistry; HNSCC, head and neck squamous cell carcinomas; Pos, positive; Neg, negative.

Table V. Relationship between HPV IHC and p53 IHC.

 p53 IHC
 ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
 All samples Larynxa Other HNSCCsb

 ------------------------------------------------------------- ------------------------------------------------------------- ----------------------------------------------------------
  Pos (%) Neg (%) Pos (%) Neg (%) Pos (%) Neg (%)

HPV IHC Pos (%) 12/93 (12.9) 17/93 (18.3) 9/64 (14.1) 9/64 (14.1) 3/29 (10.4) 8/29 (27.6)
 Neg (%) 22/93 (23.7) 42/93 (45.1) 11/64 (17.1) 35/64 (54.7) 11/29 (37.9) 7/29 (24.1)

aP<0.05, bP<0.1. HPV, human papillomavirus; IHC, immunohistochemistry; Pos, positive; Neg, negative.
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potential correlations of the codon 72 polymorphism with a 
series of characteristics of HNSCCs were evaluated. It demon-
strated that the average median age of disease onset (74 years) 
for patients with the Arg phenotype was significantly older 
than the age of disease onset (54 years) for the patient with 
the Pro phenotype in the group of other HNSCCs (P<0.05), 
whereas the age was slightly older but without statistical 
difference in the group of laryngeal carcinomas with the Arg 
phenotype (60 years) compared with patients with the Pro 
phenotype (55 years) (Fig. 2A). Assessment of the relation-
ship with the pathological features of HNSCCs revealed that 
all poorly differentiated SCCs in the other HNSCC group 
had the Pro phenotype, while these phenotypes in poorly 
differentiated SCCs in the laryngeal carcinoma group were 
almost equal (Fig. 2B). Evaluation of the linkage of codon 72 
polymorphism and the p53 expression profiles found that 
predominantly more HNSCC cases with the Pro phenotype 
had strong staining for p53 in the tumor tissues, particularly the 
laryngeal carcinomas in which all p53 strongly stained cases 
had the Pro phenotype (Fig. 2B). In contrast, the codon 72 
polymorphism showed a weak correlation with the p53 expres-
sion profile in the other HNSCC group, as a similar frequency 
of cases with the Pro phenotype was observed in the cases with 
strong and weak positivity for p53. The pathological features 
of the carcinomas were classified into 4 degrees including 
in situ, highly differentiated, moderately differentiated and 
weakly differentiated cases. In the group of other HNSCCs, all 
the tumors with weak differentiation had the Pro phenotype, 
but there was no obvious difference in pathological classifica-
tion in the laryngeal carcinoma group (Fig. 2C). Additionally, 
no significant association between SNP72 polymorphism and 
other factors, including HPV infection, clinical stage, tobacco 
use and alcohol consumption was found (data not shown).

Discussion

It has been established that TP53, a tumor-suppressor gene, 
plays a key role in organizing cellular responses to various 
types of stress, including DNA damage and oncogene activa-
tion followed by apoptosis, cell cycle arrest, senescence, DNA 
repair, cell metabolism or autophagy (15). Malfunction and 
mutations of p53 have been found in most types of human 
cancers, leading to deregulated p53 activity of proliferation 
and uncontrolled survival.

Most TP53 mutations in human cancers are missense 
mutations and focus on exon 5-8. In many cases, the mutations 
can either cause a loss of tumor-suppressor function (LOF) 
or, in some cases, a gain of oncogenic function (GOF) (16). 
A total of 45 mutations in 35 cases were detected in the 
patients recruited in our study. The relatively high frequency 
of point-mutations of p53 protein including codons 245, 248, 
266, 267, 271 and 298 in the present study was similar with 
the commonly observed mutation regions of p53. All of 
these mutated codons were noted in the above 2 cases. For 
codon 245, all mutations, including Gly to Cys, Gly to Ser 
and Gly to Asp, led to a change from hydrophobic protein to a 
polar or acid one. At codon 271, 4 cases had the same mutation 
from Glu to Val, resulting in a change from acid protein to a 
hydrophobic one. Moreover, most of the mutations occurred 
in the L or S motif structure of p53. Compared with the muta-

Figure 2. Association of SNP72 with the features of HNSCC patients. (A) Age 
of disease onset of the patients with Pro and Arg phenotypes. *P<0.05. 
(B) p53 expression profiles in IHC with Pro and Arg phenotypes. *P<0.05. 
(C) Pathological classifications of HNSCCs with Pro and Arg phenotypes. 
*P<0.05. SNP72, single-nucleotide polymorphisms in codon 72; HNSCCs, 
head and neck squamous cell carcinomas; IHC, immunohistochemistry.
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tion rates reported in other countries, the mutation rate in the 
present study (35/93, 37.6%) was slightly higher than the data 
in Indian (17,18) HNSCC tissues which showed various TP53 
mutations in 17-21% of patients, but was slightly lower than 
the TP53 mutations reported from USA, Europe and Japan 
ranging from 39 to 69% (19-21).

Based on the functional assays of a published protocol (13) 
and an online software, we forecasted that most of the identi-
fied point-mutations in TP53 (25/36) in this study p53 protein 
will result in changes of wild-type p53 to a non-functional 
form. A few point-mutations (4/36) are a neutral form that 
do not affect p53 function. Only the mutation at codon 47 in 
1 case was predicted by one technique to be able to induce 
a change to the supertrans form that may result in stronger 
p53 activity. In addition, 5 stop codon point-mutations and 
3 different frameshift insertions, which were not recognized 
with the above two methodologies, definitely interrupt the 
expression of normal p53 and eventually cause p53 dysfunc-
tion. Wide distributions in the non-functional p53-related 
point-mutations, as well as stop codon mutations and frame-
shift insertions in the TP53 gene in HNSCC cells emphasize 
again the essential role of p53 in carcinogenesis.

Normally, the half-life of wild-type p53 protein is short 
which makes it difficult to be detected by immunohisto-
chemistry, whereas the mutated p53 protein is fairly stable 
which can easily be identified in tumor cells by immunohis-
tochemistry (22). In agreement with previous data, we also 
determined that p53 overexpression is a frequently observed 
event in Chinese patients with HNSCCs (23) . However, we 
did not find any significant correlation between the p53 expres-
sion profiles in the tumor tissues and a series of parameters, 
including gender and age of the patients, various pathological 
classifications and clinical stage. Compared with previous 
studies that demonstrated that p53 overexpression is more 
prevalent in laryngeal tumors than in tumors in other anatom-
ical sites (24), our data found a relatively lower positive rate of 
p53 in laryngeal tumors (31.3%) than that in other HNSCCs 
(48.3%), although no statistical difference was achieved.

HPV is another important etiologic factor, in addition to 
tobacco and alcohol for HNSCCs, particularly for oropha-
ryngeal cancer (25). During the past few decades, HPV 
DNA has been detected in ~25% of HNSCCs overall. More 
importantly, 45-100% of oral SCC cases are reported to be 
HPV-positive (25,26). The data in our previous study also 
showed that HPV-positive rates had a significant association 
with the anatomic sites of tumors (12). In line with many 
published data, we also found that the p53-positive rate of 
patients with HPV16/18 E6 positivity was lower than that 
of the cases with HPV E6 negativity in the group of other 
HNSCCs. However, this phenomenon was not observable in 
the patients with laryngeal tumors, in which the p53-positive 
rates of the patients with HPV16/18 E6 positivity or negativity 
were comparable. These data highlight that the contrary 
correlation between HPV16/18 E6 positivity and p53 positivity 
was more likely detected in the SCCs that occurred in the 
oropharyngeal site. Further statistical analysis of the presence 
of p53 mutations and HPV infection or between HPV DNA 
and p53 protein expression failed to reveal any significant rela-
tionship in HNSCCs in our study. This possibly implies that 
either TP53 mutation or expression of high-risk HPV E6 may 

independently lead to p53 inactivation during the pathogenesis 
of HNSCCs.

The codon 72 polymorphism of p53 results in a substitu-
tion of Pro for Arg in the amino acid sequence and thus has 
an impact on the binding capacity and functional properties 
of p53 (27). Previous reports suggest that the p53 codon 72 
polymorphism is associated with the susceptibility to several 
types of cancers and the survival of cancer patients (28,29). 
In the present study, we found that the p53 Arg/Pro hetero-
zygote was the major phenotype (49.5%) among the cohort 
of 92 patients, while the homozygous phenotype Arg/Arg 
and Pro/Pro accounted for a lower percentage of 31.2 and 
18.3%, respectively. The SNP72 polymorphism has not been 
significantly linked with many factors, such as HPV infection, 
clinical stage, tobacco use and alcohol consumption. However, 
the cases having the Arg phenotype exhibited an obvious 
tendency to have an older age of disease onset and a higher 
degree of differentiation in pathology than the cases having 
Pro72. In addition, in the group of laryngeal carcinomas, all 
patients showing strongly positive p53 overexpression had 
the Pro phenotype. These results are in accordance with the 
conclusion that the wild-type Arg allele has a greater ability 
to localize to mitochondria, thereby inducing apoptosis to a 
greater exent than Pro72 (30,31). It has been confirmed that 
Arg/Pro and Prp/Pro phenotypes of p53 codon 72 are signifi-
cantly associated with an increased risk of secondary primary 
malignancy (SPM) in patients with HNSCCs (32). Whether 
such an association exists in our patient cohort deserves long-
term follow-up.
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