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Abstract

Objectives

To investigate the clinicopathological characteristics, human papillomavirus (HPV) infec-

tion, p53 expression, and TP53 mutations in oropharyngeal squamous cell carcinoma

(OPSCC) and determine their utility as prognostic predictors in a primarily eastern Chinese

population.

Methods

The HPV infection status was tested via p16INK4A immunohistochemistry and validated

using PCR, reverse blot hybridization and in situ hybridization (ISH) in 188 OPSCC sam-

ples. p53 expression levels and TP53 gene mutations were assessed through immunohis-

tochemistry and sequencing, respectively. Clinicopathological characteristics and follow-up

information were collected. Overall survival was estimated using the Log-rank test.

Results

Overall, 22 of the 188 OPSCC samples were associated with HPV infection. HPV16 was

identified in all 22 samples, whereas no samples were positive for HPV18. All 22 HPV-

associated OPSCC samples were p53 negative and lacked TP53 mutations. HPV16 posi-

tivity, female patients, non-smokers, and patients with histological grade I and stage N0

diseases showed better overall survival (p = 0.009, 0.003, 0.048, 0.009, and 0.004,

respectively). No significant differences in overall survival between smoking and non-

smoking patients were observed in the HPV-associated OPSCC group. Patients without

mutations in TP53 exons 5–8 had better prognoses (p = 0.031) among the 43 sequenced

specimens. Multivariate analysis indicated that HPV16 infection status (p = 0.011),
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histological grade (p = 0.017), and N stage (p = 0.019) were independent prognostic fac-

tors for patients with OPSCC.

Conclusions

Distinct from the situation in Europe and America, for the patients with OPSCC in this

study, HPV16 infection was relatively low, although it was still the most important indepen-

dent prognostic predictor for the disease. In addition to the high smoking and drinking rate

in this population, HPV16 infection and TP53 dysfunction appear to be two distinct patho-

gens for OPSCC patients in the eastern Chinese population.

Introduction

Recently, human papillomavirus (HPV)–associated oropharyngeal squamous cell carcinoma
(OPSCC) has been recognized as a unique subset of head and neck squamous cell carcinomas
(HNSCC). HPV infection has been implicated as a causative factor in OPSCC by theWorld
Health Organization [1], with an infection rate varying from 36.5% to 90% in some studies [2–
5], whereas tobacco and alcohol consumption are important pathogenic factors in non HPV-
associatedOPSCC [6–8].

Based on the prevalence of OPSCC in European and American populations, it was esti-
mated that 72% to 96.1% of HPV-associated OPSCC patients present with high-risk type
HPV16 infections [9,10]. Other HPV subtypes, such as HPV18, 31, 33, 35, 45, 51, 52, 56, 58,
59, and 68, are rare, although they can also be detected in some samples [2]. It was reported
that HPV-associated OPSCC patients were more sensitive to radiotherapy and chemotherapy
and exhibited lower recurrence rates, longer overall survival (OS) times, and better prognoses
than HPV-negative patients [10,11]. The percentage of patients who smoked or drank was sig-
nificantly higher among the HPV-negative HNSCC group, and these patients showed worse
prognoses than HPV-associated HNSCC patients. HPV-negative HNSCC patients also showed
higher tumor invasiveness and drug resistance, which were closely associated with one or more
gene mutations [12]. TP53mutations were among the most common alterations found in
HPV-negative HNSCC samples [13]. Indeed, the low TP53mutation rate and reversibility of
TP53 dysfunction could be the reason that HPV-associated HNSCC patients show better
radio- and chemo-sensitivity and preferable prognoses [14,15].

Associations between the epidemiology of HPV infection and OPSCC tumorigenesis have
been observedworldwide, although they have mainly been studied in developed countries
[16]. Compared withWestern countries, there has beenmuch less research on this newly rec-
ognized disease in Asian nations. There have been some relevant reports from Asian regions
such as Japan, South Korea, and Taiwan [17–21]. However, only one scientific paper, relying
on just 66 samples, has been published in English on the clinicopathological characteristics
of OPSCC in Mainland China [22]. Most recently, there was a report investigating HPV-
associated OPSCC in Hong Kong, China [23]. However, the HPV infection status, clinico-
pathological characteristics, and TP53mutation rate in OPSCC patients remain unclear in
other regions of China. Therefore, using a relatively large sample size, we chose to determine
the HPV infection status and TP53mutation rate, as well as analyze the association between
clinicopathological characteristics and outcome, in OPSCC patients in an eastern Chinese
population.
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Materials and Methods

Ethical Statement

Permission was obtained from the Independent Ethics Committee of Shanghai 9th People’s
Hospital affiliated with Shanghai JiaoTong University, School of Medicine. All specimens were
collected after signed, informed consent was obtained from all study participants. The ethical
review board approved the consent procedure & execution of this project.

Tumor Sample Collection and Patient Information

A total of 188 primary OPSCC patients diagnosed at the Department of Oral Pathology in
Shanghai 9th People’s Hospital affiliated with Shanghai JiaoTong University School of Medi-
cine between January 2008 and April 2014 were enrolled in the current study. Based on the
International Classification of Diseases version 9 (ICD-9), all malignant tumors that originated
from oropharyngeal subsites were included, encompassing tumors of the oropharynx (ICD-9-
146), base of the tongue (ICD-9-141.1), tonsils (ICD-9-141.6), and soft palate (ICD-9-145.3).
The anatomical codes were verified using all available clinical and imaging records. Samples
from 188 patients were collected from archived, formalin-fixed, and paraffin-embedded
(FFPE) OPSCC specimens from the Department of Oral Pathology in Shanghai 9th People’s
Hospital affiliated with Shanghai JiaoTong University School of Medicine between January
2008 and April 2014, and the experimental research was conducted betweenApril 2013 and
March 2016. Forty-three of the 188 FFPE samples had normal controls from tumor-free gland
tissue and were used for further sequencing of the TP53 exons 5–8. In total, 88.30% (151/171)
of all patients were from eastern China, and the other 9.94% (17/171) patients were from other
regions of Mainland China or had an unknown origin (Fig 1A). Determination of the primary
location of the tumors was performed using a combination of clinical and pathological diagno-
ses. Clinicopathological data, including age, gender, region, tumor location, histological grade,
TNM stage, and smoking and drinking history, were obtained frommedical charts and patho-
logical reports. All clinical and imaging records for the patients were well preserved in the
respective departments and were available for access during and after data collection.

Radiochemotherapy Status

A total of 187 patients (99.47%, 187/188) primarily received surgical treatment combined with
adjuvant radiotherapy and/or chemotherapy; of these, 100 cases (53.19%, 100/188) received
radiotherapy treatment, and 39 cases (20.74%, 39/188) received chemotherapy treatment. A
total of 5 cases (2.66%, 5/188) received postoperative radiotherapy, 18 cases (9.57%, 18/188)
received preoperative induction chemotherapy, and 9 cases (4.79%, 9/188) received additional
postoperative radiochemotherapy.

DNA Sample Extraction

According to the sizes of the different tissues, 5 to 10 pieces of 10 μm-thick paraffin sections
were obtained from each tumor sample. If the polymerase chain reaction (PCR) was positive in
two contiguous samples, a single blank paraffin sectionwas inserted into the contiguous posi-
tive sample pieces, and the PCR detectionwas performed again in order to prevent false posi-
tives due to cross contamination. DNA samples from the 188 OPSCC paraffin section
specimens were extracted using the QIAamp DNA FFPE Tissue Kit (Qiagen, Hilden, Ger-
many) according to the manufacturer’s instructions and then stored at -20°C. All reagents were
newly opened, and all consumable supplies were disposable nuclease-treated products.
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PCR Detection

The PCR positive controls were two DNA samples extracted from knownHPV16- and
HPV18-positive cervical cancer specimens. The negative control was a DNA sample from nor-
mal muscle tissue. The blank control was deionizedwater. The PCR reaction reagent was pur-
chased from Takara Biotechnology (Takara Biotechnology, Dalian, China). The primer
sequences and reaction conditions were provided in S1 Table.

Fig 1. The Incidence of OPSCC from 2008 to 2013. (A) The distribution of OPSCC patients treated at Shanghai 9th People’s Hospital in Mainland China.

(B) The age distribution of the 188 primary OPSCC patients. (C) The number of cases of primary OSCC patients each year from 2008 to 2013. (D) The

proportional trend of OPSCC numbers relative to OSCC each year from 2008 to 2013.

doi:10.1371/journal.pone.0164491.g001
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HPV Genotyping

HPV genotyping was conducted by using Human Papillomavirus Genotyping Kit (Yaneng Bio
Technology, Shenzhen, China) which can identify 23 HPV subtypes, including 18 high-risk
types (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, 82 and 83) and 5 low-risk
types (HPV 6, 11, 42, 43 and 44).

IHC and Scoring

4-micron tissue sections were completely deparaffinized and hydrated. Antigen retrieval was
performed in 0.01 M citric acid buffer (pH 6.0) in a hot water bath for 20 min. Endogenous
peroxidases were inactivated by incubating the tissues in 3% H2O2 at room temperature for 20
min. The sections were then incubated with a primary p16INK4Amonoclonal antibody (BD
Biosciences, Pharmingen, CA, USA; 1:150) and a p53 monoclonal antibody (DO-7, Dako Agi-
lent Technologies, DK; 1:150) at 4°C overnight. Signals were detected using the Envision sys-
tem (Dako, Carpinteria, CA, USA) after incubation with secondary antibodies at room
temperature for 30 min. HPV-associated cervical cancer sections were used as the positive con-
trol in the p16INK4A IHC assay, and known positive p53-expressing breast cancer sections
were used as the positive control in the p53 IHC assay; normal mucosa specimens were used as
the negative control. The primary antibody was replaced with PBS in the blank control.

The p16INK4A protein is expressed in the cytoplasm and nucleus. The p16INK4A immu-
nohistochemistry results were considered "positive" when greater than 70% of tumor cells were
positively stained [24]. The p53 protein is expressed in the nucleus, and results were considered
"positive" when greater than 30% of tumor cells were positively stained [25].

In Situ Hybridization (ISH)

Tissue sections (4-μm thick) were prepared. The tissues were completely deparaffinizedusing
xylenes and rehydrated in distilled water. For antigen and nucleic acids retrieval, the tissues
were heated in a hybridization enhancement solution using a microwave oven for 30 min. The
HPV16/18 E6/E7 nucleic hybridization probe (Triplex international Bioscience, Fujian, China;
20 μl) was dripped onto the tissues. After denaturation at 95°C for 5 min, the tissues were incu-
bated at 37°C for 16 h. Signals were developed in the tissues using DAB from the in situ hybrid-
ization developing reagent kit (Triplex international Bioscience, Fujian, China). A cervical
cancer specimenwith knownHPV infectionwas used as the positive control. A muscle tissue
sample from a patient with a non-HPV-associated disease was used as the negative control.
The presence of yellow-brown granules in the nucleus was considered indicative of positive
hybridization.

Sanger Sequencing of TP53 Exons 5–8

TP53 exons 5–8 specific primers were used for the amplification of the sample DNA from the
target areas. The target fragments were separated and purified using agarose electrophoresis
for Sanger sequencing and statistical analysis.

Statistical Analysis of Data

Statistical analyses were performed using SPSS 18.0 (SPSS, Chicago, IL). The results were com-
pared using the χ2 test or Fisher’s exact test. Continuous variables were compared using the t
test or Wilcoxon rank-sum test. Survival curveswere depicted using the Kaplan-Meier method
and compared using the log-rank test. Cox regression analysis was used for multivariate analy-
ses. For all statistical tests, p values of�0.05 were considered significant.
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Results

Patients and Clinicopathological Characteristics

Of the 188 patients, 89.36% (168/188) were men, and 10.64% (20/188) were women, ranging in
age from 28 to 91 years, with a mean age of 58 years. The peak age range at disease onset was
51–60 years, which accounted for 42.02% (79/188) of the total cases (Fig 1B). Between 2008
and 2014, the number of patients diagnosedwith OPSCC amounted to 3.85% of all oral squa-
mous cell carcinoma (OSCC) cases, with OSCC and OPSCC cases showing an increasing trend
(Fig 1C). The proportion of OPSCC/OSCCcases ranged from 8.83% to 10.51% over the past
six years, without any significant differences year to year (Fig 1D). The base of the tongue was
the most common tumor site, accounting for 39.89% (75/188) of all OPSCC cases (S2 Table).
Of all the patients, 10.11% (19/188) had histological grade I disease, 69.68% (131/188) had
grade II disease, and 20.21% (38/188) had grade III disease. Histological subtype analysis
revealed that some patients had unusual histologic expression, which primarily manifested as
poorly differentiated tumor epithelial nests with a large number of lymphocytic infiltrations
(Fig 2A and 2B). In 45.21% (85/188) cases, we observed lymph nodemetastasis in the neck.
Information about smoking and drinking habits were missing for 10 of the patients, so based
on data from 178 OPSCC patients, 65.17% (116/178) had a history of smoking, and 50.00%
(89/178) had a history of drinking (Table 1).

Correlations between HPV Status and Clinicopathological Parameters

Immunohistochemical results showed that 21.28% (40/188) cases were positive for p16INK4A
(Fig 2C and 2D). PCR analysis to detect HPV16 and HPV18 DNA showed that 11.70% (22/188)
cases were positive for HPV16, whereas no cases were positive for HPV18 (Fig 2E). HPV geno-
typing to detect 23 HPV genotypes showed no other HPV subtypes were observed, except for
HPV16. The HPV genotyping result was consistent with the PCRmethod and only 22 HPV16
positive cases were detected.HPV16 and 18 infections were verified by in situ hybridization, and
the results were fully consistent with the PCR results (Fig 2F and 2G). p16INK4A positivity was
strongly correlated with HPV16 infection in this cohort (p<0.001). Statistical analysis of the
number of HPV-positive patients from each year between 2008 and 2013 showed that the per-
centage of primaryOPSCC patients with HPV infectionwas stable at less than 10% per year.
Beginning in 2012, the HPV infection rate increased until it reached 22.5% in 2013 (Fig 2H). Sig-
nificantly higher HPV infection rates were detected in male patients (p = 0.007), patients with
tonsil lesions (p<0.001), non-drinkers (p = 0.037), and patients with histological grade III (p =
0.017) and p16INK4A-positive samples (p<0.001). HPV infection and other clinicopathological
characteristics such as age, smoking, and clinical stage were not significantly correlated (Table 2).

Correlations between p53 IHC Staining, Mutations in TP53 Exons 5–8,

and Clinicopathological Parameters

Interestingly, all 22 HPV16-positive samples were p53 negative. To avoid interference from
HPV16 E6-mediated p53 degradation, the 22 HPV16-positive OPSCC samples were excluded
during the analysis of p53 expression. The results showed that 30.12% (50/166) of the HPV-
negative OPSCC cases exhibited positive p53 expression (Fig 3A and 3B). The III-IV clinical
stage group had a higher p53-positive rate than the I-II clinical stage group (p = 0.036). p53
expression did not have any clear associations with other clinicopathological characteristics,
including smoking and drinking (S3 Table).

Next, we selected 43 FFPE samples that had abundant tumor cells and normal control
tissues from the 188 OPSSC cases to perform sequencing of TP53 exons 5–8. Detailed
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information on the 43 cases is listed in S4 Table. These samples included 27 HPV16-negative
cases and 16 HPV16-positive cases. In total, 32.56% (14/43) OPSCC cases had TP53 gene
mutations, and these 14 cases were all HPV negative. Among these 14 cases, 64.29% (9/14) had
point mutations (Fig 3C), and the other 5 (35.71%; 5/14) cases had deletion/insertion frame-
shift mutations (Fig 3D). Compared with the sequencing results from the control group, all 14
patients had heterozygous mutations in these exons of the TP53 gene (Fig 3C and 3D). Statisti-
cal analysis of the data did not show a significant association betweenmutations in TP53 exons
5–8 and smoking, drinking, lymph nodemetastasis, histological grade, or clinical stage in the
43 OPSCC cases. However, these mutations were closely associated with HPV infection. The
p53-positive samples showed a higher mutation rate in TP53 exons 5–8 (77.78%; 7/9) com-
pared with the p53-negative samples (20.59%; 7/34) (p = 0.003) (S5 Table).

Survival Analysis

Follow-up information was obtained for 97.87% (184/188) of the cases. The follow-up period
lasted fromMarch 1, 2008, until February 29, 2016. The follow-up periods ranged from 4 to 95
months, and the median time was 33 months. At the end of the follow-up period, 42.93% (79/
184) of the patients had passed away. The Kaplan-Meier method was used for survival analysis
and to plot the survival curve. For the 188 OPSCC patients, the following characteristics were
linked with better overall survival:HPV16 positive, female patients, non-smoker, histological
grade I, and N0 stage diseases (p = 0.009, 0.003, 0.048, 0.009, and 0.004, respectively) (Fig 4A–
4F). The multivariate analysis indicated that HPV16 infection status (p = 0.011), histological
grade (p = 0.017), and N stage (p = 0.019) were independent prognostic factors for patients
with OPSCC. It is worth noting that in the HPV-associated OPSCC group, there were no sig-
nificant differences in overall survival between smoking and non-smoking patients (Fig 4G). In
addition, among the 43 sequenced specimens, patients without mutations in TP53 exons 5–8
showed better overall survival (p = 0.031) (Fig 4H) (Table 3).

Discussion

This was the first study conducted in eastern China that retrospectively investigated the rela-
tionships betweenHPV infection status, TP53mutations, and prognosis in patients with
OPSCC.We found that ChineseOPSCC patients were primarily middle-aged to elderly male
patients with smoking and drinking habits, with a peak age of 51–60. This is strikingly different
from what is known about OPSCC in the USA, where a significant proportion of younger
patients (40–50 years) are seen in addition to those in the 50–60 age group [26,27], although it
is consistent with the prevalence of OPSCC in Hong Kong, where patients had a mean age of
59.8 years and more than 50% of whom had a history of smoking and/or drinking [23]. The
most frequently involved site of OPSCC in this study was the tongue base, whereas tonsil carci-
noma only accounted for 5.24% (10/188) of the total patients. This was quite different from
other studies in the USA, Japan, and South Korea showing that over 50% of OPSCC cases were
tonsil lesions [19,28,29]. The lower HPV infection rate due to different sexual behaviors

Fig 2. Histologic Features of HPV-Associated OPSCC and HPV Status. (A, B) HE staining of HPV-

associated OPSCC with poorly differentiated tumor epithelial nests and a large number of lymphocytic

infiltrations (200×). (C, D) Strong diffuse brown signals showing p16INK4A expression in the tumor cell

plasma and nuclei by immunohistochemistry in�70% of malignant cells. (E) Native PAGE results for

HPV16/18 E6: N, negative; P, positive; B, Blank; P16, HPV16 positive control; P18, HPV18 positive control.

(F) 1000×magnification (hybridization dots within tumor cell nuclei, inset), integrated form. (G) 400×
magnification (diffuse hybridization signals within tumor cell nuclei, inset), episomal form. (H) The proportion

of HPV16-associated OPSCC/OPSCC cases from 2008 to 2013.

doi:10.1371/journal.pone.0164491.g002
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between the Chinese population andWestern counties could explain the lower prevalence of
tonsillar cancer in eastern China [3,30]. Although there was an apparent increase in the preva-
lence of HPV-associated OPSCC during 2008–2013, the number of HPV-positive patients
remained at low absolute levels. These results suggested that there could be differences in
OPSCC tumorigenesis betweenWestern and Asian countries due to economic development
and lifestyle. Current studies based on ChineseOPSCC patients suggest that both HPV-

Table 1. The Distribution of Different Clinicopathological Features from the 188 Primary OPSCC Cases Between 2008 and 2014.

Time period Overall Statistical significance

(2008–2013)2008–

2009

2009–

2010

2010–

2011

2011–

2012

2012–

2013

2013–

2014

2014.1–4

Patient/tumor data

No. of patients 15 29 29 27 35 40 13 188

HPV Negative 14 27 28 25 31 30 11 166 NS

HPV Positive 1 2 1 2 4 10 2 22

Age at diagnosis, y

Mean 57 58 60. 58 57 59 59 58 NS

Median 57 55 59 57 56 58 58 58

Sex

Male 13 27 24 24 31 39 10 168 NS

Female 2 2 5 3 4 1 3 20

Tumor site

Base of tongue 7 8 12 14 14 12 7 74 NS

Oropharynx (not further

specified)

3 11 8 5 9 14 4 54

Soft palate 5 9 8 6 11 10 1 50

Tonsil 0 1 1 2 1 4 1 10
aSmoking

Smoker 10 22 14 15 21 26 8 116 NS

Nonsmoker 4 7 13 6 14 13 5 62

Unknown 1 0 2 6 0 1 0 10
bAlcohol consumption

Drinker 6 14 11 14 20 17 7 89 NS

Nondrinker 8 15 16 7 15 22 6 89

Unknown 1 0 2 6 0 1 0 10

Pathological grades

1 2 4 4 2 5 1 1 19 NS

2 11 18 18 20 26 28 10 131

3 2 7 7 5 4 11 2 38

Nodal stage

Negative 6 17 17 12 17 27 7 103 NS

Positive 9 12 12 15 18 13 6 85

Clinical stage

I~II 4 16 16 12 16 26 6 96 NS

III~IV 11 13 13 15 19 14 7 92

NS, Not Significant
aFormer/current smokers were defined as at least one pack-year history of smoking.
bPositive alcohol use was defined as current alcohol use of more than one drink per day for one year (12 ounces of beer with 5% alcohol, five ounces of wine

with 12–15% alcohol, or one ounce of liquor with 45–60% alcohol). All other patients were classified as negative alcohol users.

doi:10.1371/journal.pone.0164491.t001

Inverse Relation between HPV Status and TP53 Mutation in Chinese OPSCC

PLOS ONE | DOI:10.1371/journal.pone.0164491 October 17, 2016 9 / 17



negative and HPV-positive OPSCC patients did not show a significant decrease in smoking
habits [22,23]. Consistent with previous studies by Huang et al. [22] (54.55%; 6/11) and Lam
et al. [23] (60.47%; 26/43), we found a high smoking rate (45.45%; 10/22) among HPV-associ-
ated OPSCC cases, which was strikingly different from results in Western countries [2–5].
Although the smokers in this study exhibited significantly poorer prognoses in general, this
variable had little effect on the outcome of HPV-positive patients. For many decades, smoking
has been deemed an important tumor-driven pathogenic factor and is closely related to TP53
gene dysfunctions in the HNSCC [31,32], although controversies surrounding smoking and
HPV-associated OPSCC still remain [33,34]. Our results indicate that smokingmay be an

Table 2. The Distribution of Different Clinicopathological Features from HPV16-Positive Cases Among 188 Primary OPSCC Patients.

HPV Status Overall Total Statistical significance

HPV negative HPV positive

Patient/tumor data

No. of patients 166 22 188

Age at diagnosis, y

Mean 58.85 54.86 58.5 NS

Median 58 55.5 58

Sex

Male 152 16 168 0.007

Female 14 6 20

Tumor site

Base of tongue 68 6 74 <0.001

Oropharynx (not further specified) 48 6 54

Soft palate 47 3 50

Tonsil 3 7 10

Smoking

Smoker 106 10 116 NS

Nonsmoker 51 11 62

Unknown 9 1 10

Alcohol consumption

Drinker 83 6 89 0.037

Nondrinker 74 15 89

Unknown 9 1 10

Pathological grades

1 19 0 19 0.017

2 118 13 131

3 29 9 38

Nodal stage

Negative 95 8 103 NS

Positive 71 14 85

Clinical stage

I~II 88 8 96 NS

III~IV 78 14 92

P16INK4A

Negative 148 0 148 <0.001

Positive 18 22 40

NS, Not Significant

doi:10.1371/journal.pone.0164491.t002
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important but likely not a decisive risk factor in HPV-associated OPSCC, suggesting that the
outcome of OPSCC is primarily determined by distinct pathogenic mechanisms rather than
affecting factors. This result is at odds with a recent report of tobacco use in HPV-associated
lesions, although it still supports the view that smoking is a crucial cofactor during the progres-
sion of this disease [33,35]. Another insight from this study is that HPV-associated OPSCC can
be viewed as a unique clinical entity that is distinct from HPV-negative tumors and that HPV
infection status is an independent prognostic factor for patients with OPSCC, consistent with
the conclusions of previous reports [10,36].

This was also the first study that retrospectively investigated TP53 dysfunction in the con-
text of OPSCC in China.We found that patients without mutations in exons 5–8 of TP53 had
better prognoses than patients who did carrymutations. This result was not surprising and was
consistent with most research based onWestern HNSCC [37,38]. However, we did notice cer-
tain differences, particularly with respect to the correlations between smoking and alcohol

Fig 3. p53 IHC and TP53 exons 5–8 Sequencing. (A, B) Accumulation of abnormal p53 protein in tumor cell

nuclei. (C, D) An atlas of direct sequencing of TP53 exons 5–8. Upper photographs show different classifications of

mutants, and lower photographs are normal controls; TP53 exons 5–8 point mutation are marked with red arrow in

picture C; Heterozygous TP53 exons 5–8 frame-shift mutations are shown in picture D.

doi:10.1371/journal.pone.0164491.g003
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consumption with TP53mutations [32]. In this study, TP53 gene mutations were not signifi-
cantly associated with smoking or drinking histories, suggesting that there are other risk factors
that can cause TP53mutations. Therefore, the environment of the patient and other unknown
factors must also play important roles in the occurrence and development of this disease in
China. Furthermore, the 22 HPV-associated OPSCC patients in this study were all p53 nega-
tive; one explanation for this finding could be that HPV infection is the dominant pathogenic
factor for HPV-associated OPSCC. Therefore, it is possible that all the HPV-associated cases
did not carryTP53 gene mutations, and the tumor cells expressed only a small amount of wild-
type p53 protein with a shorter half-life [34]. Another possibility is that the absence of p53
expression was due to the degradation of accumulatedmutant p53 by the HPV16 E6 protein
via the ubiquitination pathway or just simply caused by disruptive TP53mutation in the
nucleus [39]. Based on the sequencing results from the 16 cases of HPV-associated OPSCC, all
HPV16-positive Chinese OPSCC smokers with negative p53 expression also did not carry
TP53mutations. Combined with the high expression levels of p16INK4A, as detected by IHC,
we hypothesized that the active biological status of HPV in tumors is the key factor responsible
for the characteristic changes in host cells and that HPV16-associatedOPSCC is less likely to
succumb to synchronous and metachronous tumors. It is also worthmentioning that the muta-
tion rate for TP53 exons 5–8 in the p53-positive group was significantly higher than in the
p53-negative group. Considering the known correlations betweenTP53 gene mutations and
p53 expression, it is possible that p53 is easier to detect by IHC in patients with TP53muta-
tions, which could be used for preliminary screening of TP53mutations in FFPE tissues.

Although advanced (e.g., ISH and reverse blot hybridization) and reliable (e.g., PCR and
TP53 exon 5–8 sequencing) complementary testing techniques were applied during the

Fig 4. Kaplan–Meier Overall Survival and Survival Curves. (A) HPV status, (B) clinical stage, (C) nodal

stage, (D) smoking status, (E) histological grade, and (F) gender were compared using categorical data

analysis, and overall-survival was estimated using the Kaplan-Meier method among all 188 OPSCC cases. (G)

Smoking status (among 22 HPV-associated OPSCC patients) and (H) TP53 exons 5–8 mutation status (among

43 sequencing specimen) were compared by categorical data analysis, and overall-survival was estimated

using the Kaplan-Meier method.

doi:10.1371/journal.pone.0164491.g004

Table 3. Kaplan-Meier and Cox-Regression Analysis of the 188 Primary OPSCC Cases.

Variable Kaplan-Meier Cox-Regression

p value p value Hazard Ratio 95% Confidential Interval

Sex 0.003 0.152 0.340 0.078 to 1.489

Age 0.833

Histological grades 0.009 0.017 1.916 1.124 to 3.966

T stage 0.183

Chemotherapy 0.046 0.112 1.539 0.905 to 2.619

Radiation therapy 0.996

Metastasis 0.072

Clinical stage 0.003

Nodal stage 0.004 0.019 1.807 1.101 to 2.964

Smoke 0.048 0.661 1.126 0.663 to 1.911

Alcohol consumption 0.499

Site 0.378

p16INK4A expression 0.417

HPV16 0.009 0.011 0.159 0.038 to 0.622

p53 expression 0.073

doi:10.1371/journal.pone.0164491.t003
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experimental procedures, this study still had several limitations. Only degraded fragments of
DNA could be obtained from FFPE samples, which limited our ability to directly sequence all
TP53 exons. Although our oral and maxillofacial tumor center in the Department of Oral and
Maxillofacial Surgery at Shanghai 9th People's Hospital is one of the largest clinical centers in
China, any retrospective study based on a single-center cohort will not be comprehensive
enough to draw definitive conclusions. Further additional randomized, multi-center, long-
term follow-up studies will be needed to fully address this topic.

In conclusion, although the HPV16 infection rate was relatively low, infection status was
still an independent prognostic predictor in patients with OPSCC. In this study, HPV infection
was not only the critical factor in the pathogenesis of OPSCC but also a predominant determin-
ing factor in prognosis. The other two independent prognostic factors we found were cervical
nodal involvement and histological grade. Aside fromHPV infection evaluation, early diagno-
sis and treatment were equally critical for OPSCC prognosis in this Chinese population.
Although high tobacco and alcohol consumption rates are also important, we conclude that
HPV16 infection and TP53 dysfunction are distinct pathogenic factors in eastern Chinese
OPSCC patients.
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