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The incidence of HPV-related oral squamous cell carcinomas (OSCC)and oropharyngeal squamous 
cell carcinomas (OPSCC) has increased significantly in recent years, but the role of HPV and P16 in 
OSCC and OPSCC remains controversial. Here, we evaluate the prevalence and prognostic significance 
of HPV-DNA, HPV E6E7 and P16 protein expression in OSCC and OPSCC patients. Additionally, we 
explore the correlation between P16 protein expression and HPV infection in these cases. The results 
show that the HPV DNA infection rate was significantly higher in OPSCC at 16.7% compared to 3.6% 
in OSCC (P = 0.002), HPV DNA positive cases were more prevalent in poorly- differentiated cases 
(P = 0.009). HPV E6E7 positive cases (10.4%) were only detected in OPSCC. P16 (+++) was observed 
in 6 of 48 OPSCC cases (12.5%) and in 1 of 140 OSCC cases (0.7%). P16 (+++) was significantly higher 
in OPSCC than in OSCC (P = 0.003). However, in OPSCC, Using P16 (+++) as a marker for HPV DNA 
infection yielded a sensitivity of 62.5%, Kappa coefficient between HPV DNA and P16 (+++) was 0.67 
(P <0.0001). HPV DNA infection and P16 (+++) were not linked to prognosis (DFS: P = 0.35, P = 0.51; OS: 
P = 0.99, P = 0.96), Moreover, In OSCC, Age, T, N, and clinical stages were correlated with prognosis. Our 
results indicate that P16 (+++) can act as a biomarker for HPV- related high-risk tumors in OPSCC, yet 
not in OSCC. Besides, Older patients, less favorable T, N, and clinical stages having a worse prognosis in 
OSCC. In those with OPSCC, only the younger age of patients was associated with a better prognosis.
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Abbreviations
OSCC	� Oral squamous cell carcinoma
OPSCC	� Oropharyngeal squamous cell carcinoma
HNSCC	� Head- and -Neck squamous cell carcinoma
NGS	� Next-generation sequencing
Rb	� Retinoblastoma protein
E2F	� Eukaryotic transcription factor
FFPE	� Formalin-fixed paraffin-embedded
HE	� Hematoxylin and eosin staining
DFS	� Disease-free survival
OS	� Overall survival

Oral squamous cell carcinoma (OSCC) mainly denotes cancers arising in oral tissues, such as the tongue, upper 
and lower gums, oral floor, palate, and buccal mucosa. Oropharyngeal squamous cell carcinoma (OPSCC) 
principally refers to malignancies emerging in the soft palate, palatine tonsils, tongue base, regions around the 
epiglottis, and pharyngeal wall. Both are integral parts of Head- and -Neck squamous cell carcinoma (HNSCC). 
As the sixth most common cancer in the world, HNSCC accounts for nearly 700,000 new diagnoses and 350,000 
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deaths annually1. The multidisciplinary treatment approach for HNSCC includes surgery, anticancer drug 
therapy, and radiotherapy. However, metastasis to the regional lymph nodes reduces the 5-year survival rate by 
50% compared to that of patients with early-stage disease2. Known risk factors for HNSCC include tobacco and 
alcohol use, betel nut chewing, and autoimmune disorders3,4.

In addition to these well-established risk factors, recent advances in next-generation sequencing (NGS) 
have significantly accelerated the identification of cancer driver genes, leading to a deeper understanding of 
OSCC and OPSCC biology5. OSCC and OPSCC was among the first cancers to be extensively studied using 
NGS with a relatively large cohort of patient tumors6. Research shows that overexpression of epidermal growth 
factor receptor (EGFR) has been observed in 25–77% of colon cancers and in more than 90% of HNSCC cases, 
establishing EGFR as a valuable biomarker for HNSCC7. Apart from potential markers related to genes, another 
significant trend in OSCC and OPSCC is the increasing incidence of HPV-related cases, particularly in Europe. 
Studies estimate that HPV is present in 24.2% of HNSCC cases overall, and in up to 67.9% of OPSCC8. However, 
the reported rates of HPV infection in OSCC and OPSCC are highly variable, making it a topic of ongoing 
global debate. In China, few studies have examined HPV-related OSCC and OPSCC, and the prevalence of 
HPV positivity varies widely across different regions. A study from Hong Kong reported that 20.8% of OPSCC 
and 29.0% of tonsillar SCC cases were HPV-related9. Conversely, a retrospective study from Harbin found only 
5.31% of OPSCC cases to be HPV-positive10. Additionally, the relationship between HPV status and survival 
outcomes in OSCC and OPSCC patients remains unclear.

This is increasingly sparking exploration into the role of HPV in the pathogenesis of OSCC and OPSCC. 
Within the realm of cervical cancer research, the integration of HPV genome into the host cell genome emerges 
as a linchpin event. This genomic merger precipitates the constitutive activation of the viral oncoproteins E6 and 
E7, orchestrating a cascade of oncogenic events11. In particular, for the high-risk HPV16 and HPV18 strains, 
their E6 proteins engage in a sophisticated molecular dialogue with E3 ubiquitin-protein ligases. This liaison 
culminates in the ubiquitination and subsequent proteolytic degradation of the tumor suppressor p53, effectively 
dismantling a crucial cellular safeguard. Concurrently, the E7 protein wields its phosphorylating prowess to 
neutralize the retinoblastoma protein (Rb), liberating an upsurge in free eukaryotic transcription factor E2F 
(E2F). The resultant perturbation in cellular homeostasis begets an elevation in cyclin-dependent kinase 
inhibitor P1612,13, cumulatively propelling the initiation and advancement of cervical cancer.

P16 is a tumor suppressor protein that inhibits the progression of the cell cycle by suppressing cyclin-
dependent kinases. P16 protein expression is commonly used as a surrogate marker for HPV infection in 
cervical cancer14. In cervical cancer, human papillomavirus (HPV) infection can trigger the expression of P1612. 
Notably, when evaluating P16 immunohistochemical staining, some studies have used a cut off value of 50%15, 
while others contend that P16 must be expressed at 70% in both the nucleus and the cytoplasm to serve as an 
HPV marker16. According to the 2018 College of American Pathologists Guidelines, HPV is a major cause of 
oropharyngeal squamous cell carcinomas, and HPV status (or P16 as a surrogate marker) is a key prognostic 
factor that influences clinical management17. However, conflicting data on the role of P16 expression in HPV-
associated OSCC and OPSCC and its impact on clinical outcomes has left its significance uncertain. Some 
studies, such as A. K. Bryant et al.‘s work, suggest that P16 positivity is associated with improved prognosis18,19. 
while others, including J. Blahak’s findings, indicate no correlation between P16 positivity and overall survival 
(OS) in HNSCC patients20.

In this study, we investigated the frequency of HPV DNA infection, HPV E6E7 status and P16 protein 
expression in OSCC and OPSCC to assess whether P16 can serve as a predictive biomarker for HPV infection. 
Additionally, through a four-year follow-up, we evaluated the potential role of HPV DNA infection and P16 
expression in OSCC and OPSCC prognosis.

Methods
Cohort establishment
188 patients with histologically confirmed OSCC and OPSCC from the First and the Seventh Medical Center 
of PLA General Hospital between 2019 and 2020 were enrolled in this study. Additionally, 30 benign biopsy 
samples from the head and neck area were randomly selected as controls. Samples were collected from patients 
with available formalin-fixed paraffin-embedded (FFPE) blocks of cancer specimens obtained post-surgery. 
Each tissue sample was histopathologically validated to confirm the cancer diagnosis (Supplementary Table 1).

Immunohistochemistry (IHC)
IHC was performed on available FFPE samples from patients with OSCC and OPSCC to detect P16 expression. 
Four-micrometer thick tissue microarray sections were deparaffinized and stained using a fully automated 
immunohistochemical stainer (Benchmark Ultra, Roche, USA). The deparaffinized sections underwent antigen 
unmasking using Cell Conditioning Solution (Roche, USA) at 100  °C for 64 min, followed by quenching of 
exogenous peroxidases with 3% H₂O₂ at 36 °C for 4 min. Sections were then incubated with primary P16INK4a 
monoclonal mouse antibody (dilution 1:200, MXB Biotechnologies, China) at 37 °C for 30 min. A universal 
secondary antibody reagent was applied, and staining was visualized using DAB. Cervical cancer tissue with 
known P16 expression served as a positive control. Staining intensity was recorded based on the proportion of 
positive carcinoma cells: negative (0), weak (1+: 10–25%), moderate (2+: 25–70%), or strong (3+: more than 
70%). Weak, moderate, and strong staining were classified as P16-positive expression.

HPV DNA analysis
Blocks with at least 30% tumor content were selected for HPV molecular analysis. DNA was extracted from these 
tissues using the FFPE tissue extraction kit (AmoyDx, China). The concentration and purity of the DNA samples 
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were assessed using a Nanodrop spectrophotometer (Thermo Fisher Scientific) and then stored at − 20 °C until 
use. HPV genotyping was performed with the HPV assay kit (Hybribio Corp, Guangdong), which detects 21 
HPV genotypes: 15 high-risk types (16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, and 68) and 6 low-risk 
types (6, 11, 42, 43, 44, and 81). Primers specific for the HPV L1 gene fragment were used for amplification, and 
the products were classified using a nylon membrane with 21 type-specific probes. The PCR amplification was 
performed in a 25 µl reaction volume using the TC-96/G/H (BIOER Technologies, China) with the following 
thermal cycling parameters: 1 cycle at 95 °C for 9 min, 40 cycles at 95 °C for 20 s, 55 °C for 30 s, and 72 °C for 
30 s, followed by a final extension at 72 °C for 5 min. Quality control for HPV genotyping included: (1) β-globin, 
a human housekeeping gene, as an endogenous internal control; and (2) positive and negative controls using 
cervical exfoliated cells.

HPV E6 and E7 mRNA analysis
Using the PinpoRNA HPV kit (Guangzhou Tuoshan Technology Co., Ltd., China), through the in-situ 
hybridization method, the transcripts RNA of E6 and E7 genes of 18 high-risk types of HPV were detected. 
These 18 types include HPV16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82. Subsequently, 
the binding signals were amplified by labeled long-chain single-stranded DNA probes with specific sequences. 
Finally, the enzyme linked to the amplified probe acts on the substrate, causing the color to be amplified and 
enhanced, thereby enabling the identification of specific RNA transcripts of HPV.

Statistical analysis
Statistical analyses were conducted using SPSS 19.0. Specificity, sensitivity, Kappa coefficient were calculated to 
assess the feasibility of P16 as a potential marker for HPV DNA and HPV E6E7 positivity. Correlations between 
HPV DNA status, P16 expression, and variables such as age, smoking, alcohol consumption, cancer site, tumor 
differentiation, T/N stage and Clinical staging were analyzed using the chi-square test. Survival analysis was 
performed using log-rank tests. DFS was defined as the time from diagnosis to recurrence or death, while 
OS was defined as the time from diagnosis to the date of death from any cause. P-values less than 0.05 were 
considered statistically significant.

Results
Clinical and pathological characteristics of patients
The cohort comprised 131 males (69.7%) and 57 females (30.3%), with a mean age of 62.81 years. The patient 
population included 48 cases of oropharyngeal carcinoma (25.5%), 46 cases of tongue carcinoma (24.5%), 21 
cases of lip carcinoma (11.2%), 24 cases of buccal carcinoma (12.8%), 34 cases of gum carcinoma (18.1%), and 
15 cases of oral floor carcinoma (8%). All cases were squamous cell carcinomas. We categorized patients into 
OPSCC and OSCC groups for further analysis. Smoking and drinking habits were noted, with 80 smokers and 
81 drinkers (42.6% and 43.1%, respectively). The majority of patients had T1 or T2 tumors (37.8% and 36.1%), 
and nearly half of the tumors were highly differentiated (47.9%) (Supplementary Table 1).

HPV-DNA status and P16 expression
All 30 benign biopsy samples from the head and neck area were negative for both HPV DNA and P16 
immunostaining. The results of HPV testing and P16 immunostaining for patients show that the overall HPV 
DNA infection rate in OPSCC and OSCC was 6.9% (HPV16+: 11, HPV31+: 1, HPV16/58+: 1). The infection 
rate was 16.7% for OPSCC and 3.6% for OSCC, with the difference being statistically significant (P = 0.002). 
In OPSCC, the P16 (+++) expression showing a positive rate of 12.5% compared to 0.7% in OSCC cases. The 
positive rate of P16 (+++) expression in OPSCC was significantly higher than in OSCC (P = 0.003). Furthermore, 
we found that the HPV DNA infection rate was 26.7% in low differentiated tissues, which was significantly 
higher than that 5.2% in high and moderate differentiated tissues (P = 0.009). There was no significant association 
between HPV infection and P16 protein expression with respect to sex (P = 0.37; P = 0.28), age (P = 0.96; 
P = 0.83), smoking habits (P = 0.76; P = 0.26), alcohol consumption (P = 0.42; P = 0.99), T/N and clinical staging 
(Supplementary Tables 2 and Table 3).

Association of P16 protein expression with HPV DNA and HPV E6E7
The correlation between HPV status and P16 protein expression was analyzed using Kappa analysis. Our data 
revealed that 38.5% (5/13) of HPV DNA-positive tumors did not express P16, while 24.6% (43/175) of HPV-
negative tumors were P16-positive, HPV E6E7 positivity (5 out of 48, 10.4%) was only observed in OPSCC 
cases with P16 (+++) expression (Supplementary Table 4). If we define only P16 (+++) as positive P16 protein 
expression, in oral squamous cell carcinoma (OSCC), there were no cases of P16 (+++), and there was no 
correlation between P16 (+++) and HPV DNA status (P = 0.85). However, in oropharyngeal squamous cell 
carcinoma (OPSCC), The sensitivity of P16 (+++) relative to HPV DNA status was 62.5%, the specificity was 
97.5%, and there was a significant correlation between P16 (+++) and HPV DNA status (P < 0.0001). In both 
OSCC and OPSCC patients, the sensitivity of P16 (+++) relative to HPV E6E7 status was 100%, the specificity 
was 98.9%, and there was a significant correlation between P16 (+++) and HPV E6E7 status (P < 0.0001) 
(Supplementary Table 5).

However, if we define P16 (+ - +++) as positive P16 protein expression, then in neither OSCC nor OPSCC 
was there a correlation between P16 (+ - +++) and HPV DNA status (P = 0.07; P = 0.06) (Supplementary Table 4). 
The images of Hematoxylin and eosin staining (HE), P16 immunohistochemistry, and the status of HPV E6E7 
in different cases are shown in Fig. 1.
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Survival of patients with OSCC and OPSCC according to P16 expression, HPV DNA 
status, clinical and pathological characteristics
To further investigate the relationship between HPV DNA infection, P16 (+++) expression, and prognosis in 
OSCC and OPSCC patients, we conducted a follow-up study on 181 patients. The results indicated no significant 
differences in 4-year DFS or OS between patients with P16 (+++) and P16 (- ~ ++) expression tumors (DFS: 
hazard ratio [HR], 1.47, 95% CI: 0.37–5.90, P = 0.51; OS: HR, 0.96, 95% CI: 0.14–6.76, P = 0.96). No differences 
were observed in 4-year survival between patients with HPV-positive and HPV-negative tumors (DFS: HR, 0.67, 
95% CI: 0.25–1.82, P = 0.35; OS: HR, 0.99, 95% CI: 0.23–4.21, P = 0.99) (Fig. 2). Our study concludes that HPV 
and P16 status do not correlate with the prognosis of OSCC and OPSCC patients.

Additionally, In OSCC, we observed that the patient’s age, T stage, N stage, and clinical stage were correlated 
with 4-year DFS and/or OS(DFS: age, P<0.0001, T stage, P = 0.002, N stage, P = 0.09, clinical stage, P = 0.0007;OS: 
age, P<0.0001, T stage, P = 0.0005, N stage, P = 0.02, clinical stage, P = 0.0007). In those with OPSCC, only 
patients’ age was associated with 4-year DFS (P = 0.01) (Fig. 3).

Discussion
This study examined the characteristics of OSCC and OPSCC patients tested for HPV DNA and P16 
immunostaining. The HPV DNA infection rate and P16 (+++) expression in OPSCC patients were 16.7% and 
12.5%, respectively, while the rates were lower in OSCC patients. These findings align with previous studies that 
reported HPV positivity rates between 14.5% and 48.7% for OPSCC and between 1.5% and 21.8% for OSCC21–24. 
The variation in HPV detection rates may be attributed to differences in sample selection and detection methods. 
Previous reports have also suggested that the most frequent virus type worldwide was HPV16 followed by 
HPV6, HPV18, HPV33 and other rare types21,25. Interestingly, we identified one case of HPV31 infection in 
an OPSCC patient, marking the first report of this infection type in China. Our results suggest that in the 
Chinese population, The positive rates of HPV DNA and p16(+++) are relatively high in OPSCC, yet this is not 
observed in OSCC. This might be attributed to regional differences or the fact that the oral cavity has a more 
open environment and is easier to clean compared to the oropharynx.

P16 expression is frequently used as a predictive biomarker for HPV-related tumors. The latest AJCC/UICC 
staging system for OPSCC uses P16 overexpression as a surrogate marker for HPV presence, distinguishing 

Fig. 1.  Representative images of Hematoxylin and eosin (H&E) staining, P16 immunohistochemistry and 
HPV E6E7 status in patients with OSCC and OPSCC of different sites. A–C HPV DNA negative, P16(+++) 
and HPV E6E7 negative in the gingiva area. D–F HPV DNA positive, P16(-) and HPV E6E7 negative in the 
lip area. G–I HPV DNA positive, P16(+++) and HPV E6E7 positive in the oropharynx area. J–L HPV DNA 
positive, P16(+) and HPV E6E7 negative in the tongue area.
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HPV-mediated (P16+) from HPV-unrelated (P16-) OPSCC26. In our study, when P16 (+ ~ +++) was defined 
as positive, P16 could not function as a marker for HPV DNA. Only the expression of P16 (+++) could serve 
as a marker for HPV DNA. To further explore the correlation between HPV status and P16 expression, we 
performed validation of HPV E6E7 in-situ hybridization on 188 tissue sections. This is because the progression 
from HPV infection to the integration of the HPV genome into host cells is a gradual process. In the initial stage 
of HPV infection, it may remain solely at the infective phase, whereas once the genome integrates into the host 
cells, it begins to exert an impact on tissue cells, thereby contributing to tumorigenesis. The detection of HPV 
E6E7 provides a more effective means of verifying the state of HPV virus integration into host cells.

We discovered that five cases tested positive for HPV E6E7, Meanwhile, these five cases were positive for 
HPV DNA and demonstrated P16 (+++) expression, A statistically significant difference was observed in the 
correlation between P16 (+++) expression and HPV DNA/HPV E6E7. For other cases with positive HPV DNA 
but P16 (- - ++), we postulate that this could be attributed to HPV remaining solely at the infective stage. 
Additionally, the poor correlation between P16 expression and HPV status may be due to genetic and epigenetic 
instability caused by HPV oncoproteins27, while other mechanisms unrelated to HPV may drive P16 expression 
in some cases28. Notably, HPV E6E7 positivity was detected solely in OPSCC. This might suggest to us that there 
is a subset of HPV - related tumors in OPSCC. Meanwhile, it seems that there might not be a strong causal link 
between HPV E6E7 and OSCC. I. H. Nauta et al. have also reported that HPV E6 mRNA was detected in only 
2.2% of OSCC cases in the Netherlands29. Our findings suggest that although HPV infection may be a risk factor 
for OPSCC, it plays a minor role in OSCC.

The prognostic significance of HPV and P16 status in OSCC and OPSCC remains unclear. We assessed 
the DFS and OS of patients four years after surgery. Although studies have suggested that HPV positivity and 
P16 expression are associated with better survival30,31, our results showed no significant differences in DFS 
and OS between HPV DNA + and HPV DNA- or P16 (+++) and P16 (-~++) patients in OSCC and OPSCC. 
These findings are consistent with that HPV-positive of OSCC patients did not have significantly better survival 
outcomes compared to HPV-negative patients32. However, the study by Mehanna et al. compared a total of 7,654 
patients from different cohorts in multiple countries, suggesting that P16+/HPV + oropharyngeal squamous 
cell carcinoma (OPSCC) may have a relatively favorable prognosis33. In our study, the small number of HPV 
DNA-positive (n = 13), including those with HPV E6E7-positive(n = 5) patients in our study may limit the 
generalizability of our results, and larger studies are needed to better understand the relationship between HPV 
E6E7 status and patient outcomes in OSCC and OPSCC.

The positive expression rate of P16 (+++) was 12.5% in OPSCC, 0.7% in OSCC. Consistent with our results, 
studies indicated that high expression of P16 is low in OPSCC and no significant association was noted with 
overall DFS in the expression of P16 in OSCC and OPSCC20,34. Additionally, In OSCC, we’ve uncovered that a 
younger age, as well as earlier T, N, and clinical stages, suggest a better prognosis. In those with OPSCC, only the 
younger age of patients was associated with a better prognosis.

Fig. 2.  Survival of patients with OSCC and OPSCC by HPV DNA, P16 expression. A–C Survival of patients 
with tumors positive and negative for HPV DNA status. Disease-free survival (A) and Overall survival (C). 
B–D Survival of patients with P16(+++) and P16(-~++) tumors by immunohistochemistry. Disease-free 
survival (B) and Overall survival (D).
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Conclusion
In summary, our findings indicate that in the Chinese population, the positive rates of HPV DNA and p16(+++) 
are relatively high in OPSCC than in OSCC. The role of HPV as a driver of OSCC requires further investigation. 
Furthermore, P16 (+++) expression can be reliably used as a surrogate marker for HPV DNA and HPV E6E7 
infection in OSCC and OPSCC, and neither HPV DNA nor P16 (+++) status is associated with improved 
survival outcomes, but there is a better prognosis for younger, earlier T, N, and clinical stages in OSCC patients.

Data availability
The datasets used and analyzed during the current study are available from the corresponding author on rea-
sonable request.
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