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Purpose: Infection with human papillomavirus (HPV) has been indicated to be a important 
risk factor for oropharyngeal squamous cell carcinoma (OPSCC). Primary ciliogenesis 
defects contribute to tumorigenesis, and OFD1 at centriolar satellites is a crucial suppressor 
of primary ciliogenesis. To identify novel markers associated with HPV-induced carcinogen-
esis, the interactions between HPV infection and primary ciliogenesis in the tumorigenesis 
and progression of OPSCC were investigated in this study.
Patients and Methods: The 1530 OPSCC patients recruited in this research were treated 
from 2000 to 2017. Immunohistochemistry and RT-PCR were performed on tissue samples to 
compare the expression of p16, TSLP, TGFβ1, IFNγ, OFD1, and their relationship with 
clinical characteristics of patients.
Results: We speculate that the positive expression of p16 is related to early primary OPSCC, 
and the survival rate of p16 positive patients after radiotherapy and surgery is higher. 
Expression of TSLP on dendritic cells in HPV-positive OPSCC correlated with the expres-
sion of OFD1. HPV-positive OPSCC showed increased expression of OFD1 combined with 
reduced ciliogenesis. Hence, TSLP induced by HPV infection may reduce the invasive 
potential of OPSCC cells by promoting OFD1 expression, thereby inhibiting primary 
ciliogenesis.
Conclusion: Our study demonstrated that HPV may be related to the progression of OPSCC 
by regulating OFD1 expression and primary ciliogenesis, making this protein a potential 
therapeutic target.
Keywords: HPV, p16, oropharyngeal cancer, pathogenesis, prognosis

Introduction
Head and neck cancer was the seventh most common cancer worldwide, and the 
proportion of Oropharyngeal squamous cell carcinoma (OPSCC) in head and neck 
cancer is increasing year by year., which is characterized by nodal metastases and 
high recurrence rates.1 OPSCC can usually be suppressed by surgery and adjuvant 
radiotherapy in the early stages of development, but the 5-year survival rate in 
locally advanced patients is only 48%, and only 26% in patients with metastatic 
disease.2,3

Studies have confirmed that high-risk factors for head and neck squamous cell 
carcinoma (HNSCC) include tobacco, alcohol, and poor oral hygiene. However, the 
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incidence of these risk factors is declining in recent years.3 

Human papillomavirus (HPV) infection has become 
a important high-risk factor for HNSCC. Including the 
United States, Australia and some European countries, 
the prevalence of HPV-related HNSCC, especially 
OPSCC has been rising.4,5 Nonetheless, in the Chinese 
patient cohort, the prevalence, prognosis and significance 
of OPSCC caused by high-risk HPV infection still remain 
underexplored.

The current rising in OPSCC is mainly related to high- 
risk HPV infection.2 90% of HPV-positive OP cancers are 
infected with high-risk HPV16 (the dominant subtype).6 In 
cancers associated with HPV infection, the viral oncopro-
teins E6 and E7 are always overexpressed. E7 can bind to 
the retinoblastoma (Rb) protein and destroy the E2F/Rb 
complex. After Rb protein is degraded, cell cycle limita-
tion is eliminated and transcription factor E2F is asso-
ciated with increased p16 (INK4) protein expression.7

HPV infection is closely related to p16 protein expres-
sion in OPSCC. Therefore, in these high-risk tumors, p16 
can be used as a surrogate biomarker to detect the presence 
of HPV infection.9,10 HPV is transcribed before p16 
expression. Therefore, p16 expression can be used as an 
indicator to identify tumors with HPV transcription 
activity.11 Moreover, compared with the use of histochem-
ical methods to detect HPV DNA, p16 expression can be 
used as an independent prognostic factor for overall survi-
val and progression-free survival.12 Then, p16 immunohis-
tochemistry (IHC) in combination with HPV-DNA 
detection by PCR has been found to be a powerful indi-
cator of clinical outcome in patients with OPSCC using 
univariate analysis.7,13 And previous studies have indi-
cated that p16 may enhance the immunogenicity of den-
dritic cells (DC) by means of Th1 cytokine secretion and 
cyclin-dependent pathways.8

HPV infection can give rise to a very extensive of 
epithelial lesions. However, only patients with high-risk 
types of HPV is possible to transform cancer.14,15 The acti-
vated thymic stromal lymphopoietin (TSLP) secreted by the 
head and neck epithelium can bind to the heterodimeric 
receptor composed of IL-7 receptor alpha chain (IL-7Rα) 
and TSLP receptor (TSLPR) chain.16,17 Exogenous stimula-
tion (trauma, infection, etc.), Toll-like receptor signal trans-
duction, and host-derived pro-inflammatory and Th2 
cytokines can all induce TSLP activation. Because TSLP, 
IFNγ and TGFβ1 can represent the levels of the various 
components of the immune response, so in our research we 

tested their content to understand how they are related in 
tumor immune response.

The proportion of HPV DNA-positive head and neck 
cancer (HNC) caused by HPV infection in the overall HNC 
is indetermination, and its estimation remains a formidable 
challenge. Therefore, it is very significance to explore the 
carcinogenesis induced by HPV infection and its related 
expression patterns of individual and combined markers, 
which can be used to evaluate the biological and carcino-
genic activity of HPV in OPSCC. For example, the involve-
ment of TSLP in OPSCC with HPV infection is unknown.

The primary cilium is a organelle based on microtubule 
structures and play an important role in sensory and sig-
naling pathways. The maintenance of the normal function 
of many signaling pathways is inseparable from the cilium 
structure. These signaling pathways play a vital role in the 
development of many types of cancer.There are abnorm-
alities and defects in the function of primary cilia in 
human cancer cells, which promotes the occurrence and 
development of tumors.18,19 OFD1 on the centromeric 
satellite is a key factor used to inhibit the growth of 
primary cilia in human cancer cells. The growth of mam-
malian primary cilia is generally performed by removing 
OFD1 by autophagy.20 OFD1 expression could be regu-
lated by DCs. However, it is unknown whether TSLP 
regulates OFD1 expression and primary ciliogenesis.

This study aims to evaluate the prevalence, prognosis, 
and clinicopathologic characteristics of HPV-positive oro-
pharyngeal cancer in Northeast China, and to clarify the 
role of TSLP, p16 and OFD1 in the occurrence and devel-
opment of OPSCC.

Patients and Methods
Patients
One thousand five hundred and thirty patients with pathol-
ogy-proven oropharyngeal cancer (January 2000 to 
January 2017) were enrolled from Harbin Medical 
University Cancer Hospital, which was the cancer center 
for northeast China. The acquired tissue was taken during 
the operation of the patient.

Ethics Statement
This research strictly follows the Helsinki Declaration. 
This research was approved by the institutional ethics 
committee of the Cancer Hospital Affiliated to Harbin 
Medical University.
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Clinical Parameters
The clinical data of patients include data on gender, age, 
history of smoking, history of alcohol, treatment.

Histopathological Diagnosis
The diagnosis and categorize of all cases strictly follow 
the relevant WHO principles. Two pathologists reviewed 
all slides and scored the pathological variables. The TNM 
classification of HPV-positive oropharyngeal cancer was 
developed by the International Oropharyngeal Cancer 
Staging Network Cooperation Organization (ICON-S).21,22

Antibodies and Immunohistochemistry 
(IHC)
For IHC, formalin-fixed, the 4 µm thick FFPE was 
blocked with 1% H2O2, and then incubated with trypsin 
at 37 °C for 30 minutes for antigen retrieval. IHC was 
performed according to the manufacturer’s instructions. 
Sections were incubated with the following primary anti-
bodies overnight at 4 °C: rabbit anti-human P16 (1:100, 
INK4a, IgG, Zhongshan Tech, China), rabbit anti-human 
TSLP (10 µg/mL, ab47943, IgG, Abcam, USA), goat anti- 
human TSLPR (10 µg/mL, IgG, R&D, USA), rabbit anti- 
human OFD1 (1:100, IgG, Abcam, USA), goat anti-human 
TGF-β1 (10 µg/mL, IgG, R&D, USA), rabbit anti-human 
IFNγ (1:100, IgG, Abcam, USA), mouse anti-human DC- 
SIGN (1:100, IgG, Abcam, USA). To demonstrate the 
structures of cilia, we stained them with ARL13B (1:100, 
IgG, Abcam, USA), a ciliary membrane marker. Sections 
were then incubated with Streptavidin-Biotin Universal 
Detection System (Beckman Coulter, USA), and visua-
lized using DAB.

For IHC analysis of p16 expression, cells presenting 
nuclear and cytoplasmic staining were classified as posi-
tive, and were scored semi-quantitatively according to 
a previous study,23 as follows: negative (no cells were 
positive); sporadic (isolated cells were positive, but 
< 5%); focal (small cell clusters, but < 80% of the 
cells were positive); and diffuse (> 80% of the cells 
were stained). Strong and diffuse nuclear and cytoplas-
mic staining in ≥ 80% of tumor cells was defined as p16 
positive.

In situ Hybridization (ISH)
For IHC, fix it with formalin, FFPE 4 µm thick and seal it, 
then incubate with HPV probe (1: 100, Abcam).

DNA Extraction and PCR Analysis
We used the DNeasy Micro kit (Qiagen, Hilden, Germany) 
to extract and purify total DNA from formalin-fixed par-
affin-embedded tissue according to the manufacturer’s 
instructions. The DNA was amplified after 35 cycles for 
PCR analysis. The forward and reverse primers are: β- 
globin 5′- GAA GAG CCA AGG ACA GGT AC −3′ 
(forward) and 5′- CAA CTT CAT CCA CGT TCA CC 
−3′ (reverse); HPV 5′- CGT CCM ARR GGA WAC TGA 
TC 3′ (forward) and 5′- GCM CAG GGW CAT AAY AAT 
GG −3′ (reverse). The cycling conditions of HPV and β- 
globin are: the denaturation temperature is at 94 °C for 
1 minute, the annealing temperature is 56 °C for 1 minute, 
the extension temperature is 72 °C for 1 minute, and 
finally Extend for 10 minutes at 72 °C. The PCR products 
were analyzed by 4% agarose gel electrophoresis, and 
observed on the imager using ethidium bromide.

RNA Extraction and RT-PCR Analysis
Total RNA was extracted and purified from LCM-captured 
cells from formalin-fixed, paraffin-embedded tissues using the 
RNeasy Micro kit (Qiagen, Hilden, Germany) according to 
the manufacturer’s instructions. We used the QuantiTect 
reverse transcription kit (Qiagen, Hilden, Germany) for the 
synthesis of complementary DNA (cDNA). The resulting 
cDNA was used as a template for PCR analysis. Forward 
and reverse specific primers, amplicon size and annealing 
temperature are: β-actin 5′-CAGAGCAAGAGAGGCAT 
CCT-3′ (forward) and 5′-ACGTACATGGCTGGGGTG-3′ 
(reverse), 227 bp, 55 °C; TSLP 5′-TATGAGTGGGACC 
AAAAGTACCG-3′ (forward) and 5′-GGGATTGAAGGTT 
AGGCTCTGG-3′ (reverse), 97 bp, 55 °C; TSLPR 5′-GA 
GTGGCAGTCCAAACAGGAA-3′ (forward) and 5′-ACAT 
CCTCCATAGCCTTCACC-3′ (reverse), 103 bp, 62 °C; 
TGF-β1 5′-ACCAACTATTGCTTCAGCTC-3′ (forward) 
and 5′-TTATGCTGGTTGTACAGGG-3′ (reverse), 197 bp, 
50 °C. The PCR products were analyzed by 4% agarose gel 
electrophoresis, and observed on the imager using ethidium 
bromide.

Quantitative Real-Time PCR Analysis
We used QuantiTect RT kit (Qiagen, Hilden, Germany) for 
reverse transcription of the same amount of RNA (50 ng) 
from the sample. In addition, we use the Fast SYBR Green 
Master Mix (Applied Biosystems, Germany) for the ampli-
fied cDNA, and the 7500 Fast Real-Time PCR System 
(Applied Biosystems) for PCR analysis samples. Primers 
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for β-actin, TSLP, TSLPR, and TGF-β1 were described in 
the RT-PCR section. We applied the relative standard 
curve method to clarify its relative expression. And the 
data was normalized to β-actin expression.

Statistical Analysis
In our research, Mann–Whitney U-test was performed to 
compare data between P16 positive and negative patients. 
We speculated the relationships among clinical character-
istics, HPV status, and expression of p16, TSLP, TGFβ1, 
IFNγ, and OFD1 using Spearman correlation analysis and 
Pearson’s correlation analysis (SAS Institute Inc., Cary, 
NC, USA). Differences with p-values of less than 0.05 
were considered significant.

Results
Clinical and Pathological Parameters
Table 1 shows the clinicopathological characteristics of 
OPSCC in our cohort (1530 cases). The patients were 
predominantly male (n = 1197; 78.23%) and smokers 
(n = 1326; 86.67%). 920 had a history of drinking 
(60.13%). Treatment consisted in surgery only 
(n = 1287), postoperative radiotherapy (n = 235), post-
operative chemotherapy (n = 5), or surgery followed by 
radiotherapy and chemotherapy (n = 3). We have follow- 
up information for all 1530 patients. After completing 
initial treatment, there are residual diseases in 286 persons 
(18.69%). A complete response (CR) was achieved in 
1244 patients (81.31%), of which 773 (50.52%) main-
tained CR during the follow-up and the other 471 
(30.78%) subsequently showed recurrence or metastasis.

According to the histological type, there were 204 
cases (13.33%) in 1530 cases of SCC NOS/conventional 
non-keratinization treatment, and 1301 cases (85.03%) in 
conventional keratinization (Table 2). Regarding the dif-
ferentiation, 497 (32.48%), 848 (55.42%), and 185 
(12.09%) cases showed good, moderate, and poor differ-
entiation, respectively. Most patients have lymphatic infil-
tration (645, 42.16%).

In the TNM staging, 1455 patients (95.1%) had low 
T stage OPSCC tumors (T1/T2), and other 75 patients 
(4.9%) had high T stage OPSCC tumors (T3/T4); In addi-
tion, there were 645 patients (42.16%) emerged clinically 
positive lymph node metastasis (N +). Finally, 1368 
patients (89.41%) had a high clinical stage (III/IV), and 
the remaining 162 patients (10.59%) had a low clinical 
stage (I/II).

P16 Protein Overexpression, HPV 
DNA-PCR, and HPV-ISH
IHC showed that p16 was overexpressed in 81 (5.29%) of 
these 1530 cases. In addition over 80% of carcinoma cells 
and in situ carcinoma cells have strong and diffuse staining 
in the nucleus and cytoplasm in these p16 positive cases 
(Figure 1). Among all cases, 78 (5.10%) were shown to be 
HPV-positive by PCR (Figure 2). ISH results showed that 
38 patients were positive for HPV. Of these, 5 cases were 
positive for HPV6, 3 positive for HPV11, 2 for HPV13, 25 
for HPV16, and 3 for HPV18.

Consistently, there is a good correlation between HPV 
positive and p16 overexpression. Overexpression of p16 as 
a predictor of HPV infection showed high sensitivity 
(100%) and high specificity (96%). Table 1 provides 
a detailed description of the relationship between HPV 
infection and clinicopathological variables. HPV infection 
was significantly more frequent in patients who were older 
(P < 0.01) or male (P < 0.05), had moderate and poor 
differentiation (P < 0.05), conventional keratinizing type 
(P < 0.01), lymph node metastasis (P < 0.05), low T stage 
(P < 0.05), high clinical stage (P < 0.05), and p16 over-
expression (P < 0.01). Specifically, HPV and p16-positive 
patients were more likely to maintain the CR during the 
follow-up period.

Relationship Between HPV and 
Expression of TSLP, TGFβ1, IFNγ, and 
OFD1
Expression of TSLP, TGFβ1, and IFNγ was higher in 
OPSCC tissues from HPV-positive than from HPV- 
negative patients (Figure 3). Among them, their statistical 
values are as follows: TSLP (p<0.05, r=0.62), TGFβ1 
(p<0.05, r=0.65), IFNγ (p<0.05, r=0.73). Furthermore, 
higher expression of OFD1 combined with less ciliogenesis 
was observed in HPV-positive OPSCC tissues (Figure 4), 
which may explain why HPV-positive OPSCC cases showed 
more frequently moderate and poor differentiation and 
lymph node metastasis. Correlation analysis by Spearman 
showed that the expression of TSLP was related to the 
expression of TGFβ1, IFNγ and OFD1. Using double immu-
nofluorescence, we found that TSLP was overexpressed on 
DCs in HPV-positive OPSCC, and that TSLP expression on 
DCs correlated with OFD1 expression (Figure 5). Moreover, 
the mRNA levels of TSLP, TGFβ1, IFNγ, and OFD1 were 
higher in the HPV-positive than in the HPV-negative group 
(P < 0.05, Figure 6).
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Prognostic Analysis of HPV and P16 
Status
The positive expression of p16 in patient cells is asso-
ciated with a significantly improved overall survival rate 
(OS, P = 0.05). However, the results obtained through 
multivariate analysis are not clearly consistent. Our uni-
variate analysis demonstrated that high clinical stage (P = 
0.0475), high T stage (P = 0.0002), age (P = 0.0058), HPV 
negativity (P = 0.0029), p16 negativity (P = 0.003), and 
TSLP positivity (P = 0.0001) were all significantly related 

to OS reduction. Multivariate analysis confirmed that only 
TSLP positivity (P = 0.0004) was consistent with OS 
reduction and could be used as an independent risk factor.

Discussion
Previous studies suggested that patients with HPV-positive 
HNSCC had higher survival rates than HPV-negative 
patients.2 In addition, scientific research indicated that 
HPV infection status can be used as a predictor of response 
to treatment, and is related to improved response to 

Figure 1 Expression of p16 in oropharyngeal cancer cells. Immunohistochemistry observed p16 expression in oropharyngeal cancer cells (magnification: 400). Cells with 
stained nuclei and cytoplasm are considered positive. Staining was scored as: (A) diffuse (> 80% of the cells were stained); (B) focal (small cell clusters, but < 80% of the cells 
were positive); (C) sporadic (isolated cells were positive, but < 5%); (D) negative (< 1% of the cells were positive).

Figure 2 PCR analysis of HPV DNA in patients with oropharyngeal cancer. Using PCR, HPV status was determined in patients with oropharyngeal cancer.
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Figure 3 HPV-positive patients show more TSLP and TGFβ1-positive cells than HPV-negative patients. Immunohistochemical analysis of TSLP and TGFβ1 in HPV-positive 
and HPV-negative patients. The number of TSLP and TGFβ1-positive cells was significantly greater in HPV-positive than in HPV-negative patients (magnification: ×100). (A) 
HPV(+) (P16 positive) and TSLP presents a high expression state. (B) HPV(-) (P16 negative) and TSLP presents a low expression state. (C) HPV(+) (P16 positive) and TGFβ1 
presents a high expression state. (D) HPV(-) (P16 negative) and TGFβ1 presents a low expression state.

Figure 4 HPV-positive patients show more IFNγ and OFD1-positive cells than HPV-negative patients. Immunohistochemical analysis of IFNγ and OFD1 in HPV-positive and 
HPV-negative patients. The number of IFNγ and OFD1-positive cells was significantly greater in HPV-positive than in HPV-negative patients (magnification: ×100). (A) HPV(+) 
(P16 positive) and IFNγ presents a high expression state. (B) HPV(-) (P16 negative) and IFNγ presents a low expression state. (C) HPV(+) (P16 positive) and OFD1 presents 
a high expression state. (D) HPV(-) (P16 negative) and OFD1 presents a low expression state.
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radiation therapy and chemotherapy. The study included 
1530 patients in 16 years, and there are some inherent 
biases typical of retrospective cohorts. Although the use 
of adjuvant chemotherapy and high-conformal radiation 
technology has been increased clinically, the principle for 
patients to choose treatment methods is still mainly 
focused on surgical treatment and radiotherapy. 
Therefore, we use HPV-DNA testing as a gold standard 
and apply it clinically to evaluate the potential value of 
novel surrogate markers for HPV-induced cellular trans-
formation. It is crucial to notice that our estimate of the 

Figure 5 Coexpression of TSLP and IFNγ with DC-SIGN is higher in HPV-positive patients. Double immunofluorescence for DC-SIGN (red) and TSLP (green), and DC-sign 
(green) and IFNγ (red), showing double-positive cells (magnification: ×200).

Figure 6 Increased expression of TSLP, TSLPR, and TGFβ1 mRNA in HPV-positive 
patients. Using RT-PCR, mRNA levels of β-actin TSLP, TSLPR, and TGFβ1 were 
detected in oropharyngeal tissue of HPV-positive and HPV-negative patients. Error 
bars indicate SEM. P < 0.05 (Student’s t-test).
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HPV attribution score is much lower than the results of 
a recent meta-analysis of HPV in HNC: the oropharynx 
was 33.6%, the OC was 22.2% and the larynx was 20.2% 
worldwide.24 There are many reasons for this discrepancy, 
which may be due to the sample originating from different 
geographical locations, or it may be caused by the high 
heterogeneity of the procedures and steps used in the 
laboratory measurement and the measurement method.

HPV-AF estimates were also heterogeneous of in terms 
of sex and age at diagnosis. In our cohort, the estimated 
value of HPV-AF in men is significantly higher than that 
of women. This result is substantially different from the 
European population in other studies.Additionally, we also 
discover that the estimated value of HPV-AF is much 
higher in the age range of 46–55 years. Moreover, nearly 
90% (86.67%) of the 1336 patients had a history of smok-
ing, and nearly 90% (89%) of patients with positive 
expression of p16 protein were used to smoking. In our 
cohort, there was a 60.13% (n = 920) drinking rate, and 
nearly 70% of p16-positive patients drank alcohol.

It can be hypothesized that this huge heterogeneity of 
HPV-AFs reflects the obvious trend of geographical, 
temporal and demographic changes in people with smok-
ing and oral HPV infection, leading to the rapid devel-
opment of the epidemiology of HPV positive HNCs. We 
speculate that in our study cohort, tobacco smoking had 
a greater effect on oropharyngeal carcinogenesis than 
those that were almost universally caused by oral HPV 
infections in the 1960s and early 1980s, in which 
patients were approximately 46–55 years old. But the 
situation has changed since the 1980s. Although the 
number of tobacco smokers has decreased, the number 
of people who have been exposed to HPV in the oral 
cavity due to the prevalence of oral sex practices has 
increased. Therefore, the current prevalence and trend of 
HNC driven by HPV infection may virtually depend on 
these risk factors exposed 20–30 years earlier.

Previous studies have indicated that regardless of the 
HPV infection status in the oropharynx, p16 protein can 
independently serve as a predictor of radiotherapy 
response.6,7 Among patients undergoing surgery and post-
operative adjuvant radiotherapy, the overall survival and 
disease-specific survival of patients with positive p16 pro-
tein were significantly longer than those with negative 
p16.8 The results shown in our univariate analysis are 
consistent with it. However, our multivariate analysis 
showed that p16 expression cannot be used as an indepen-
dent predictor of survival. It can be reasonably assumed 

that p16 affects the survival of patients by affecting the 
invasive potential and proliferative capacity of the primary 
tumor. Nonetheless, scientists have fully affirmed the role 
of HPV and p16 as therapeutic targets and biomarkers in 
HNSCC.

In addition, we found that the protein and mRNA 
expression of TSLP in DCs was higher in HPV-positive 
than in negative patients, consistent with the fact that 
exogenous stimulation (including infection) can induce 
TSLP. Furthermore, the expression of OFD1 was markedly 
correlated with increased expression of TGFβ1 and IFNγ 
in HPV-positive patients. Primary ciliogenesis was also 
reduced in HPV-positive patients. These results are con-
sistent with former studies, that OFD1 is a key factor in 
the expression of the primary ciliogenesis in human cancer 
cells. We can speculate that HPV has caused changes in 
the immune system by affecting TSLP and dendritic cells, 
leading to changes in OFD1 and other indicators that affect 
the growth of ciliogenesis and affect the development of 
tumors.Additionally, TSLP protein expression correlates 
with that of TGFβ1, IFNγ, and OFD1 in HPV-positive 
OPSCCs, indicating that TSLP and primary ciliogenesis 
are closely related with the role of OFD1 in HPV-positive 
OPSCCs.

Conclusion
Our research indicates that the expression of p16 protein is 
related with early primary OPSCC and patients with P16 
positive have longer survival after radiotherapy or surgery. 
In addition, the expression of p16 cannot be used as an 
independent predictor of survival. HPV infection can 
affect its invasive potential by promoting the expression 
of OFD1, whose expression affects the growth of primary 
ciliogenesis. TSLP induced by HPV infection is also pos-
sible to play a part in regulating primary ciliogenesis, 
which may modulate tumorigenesis and tumor invasion. 
Further research is required to clarify the role of HPV and 
TSLP in OPSCCs at the molecular level.

Abbreviations
FDC, follicular dendritic cell; FDC-SP, follicular dendritic 
cell secreted protein; IHC, immunohistochemistry; 
OPSCC, Oropharyngeal squamous cell carcinoma; 
HNSCC, head and neck squamous cell carcinoma; HPV, 
human papillomavirus; HPV-AF, HPV-attributable frac-
tion; TSLP, thymic stromal lymphopoietin.
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