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Purpose: To investigate the association of human papillomavirus (HPV) status with p16,
p53, and TLRY expression in head and neck squamous cell carcinoma (HNSCC) and to
evaluate these proteins as potential surrogate prognostic markers.

Methods: Expression of pl16, p53, and TLR9 was assessed by immunohistochemistry, and HPV
status was analyzed by in situ hybridization in 85 tumors of patients with HNSCC. Chi-square test
was performed to evaluate the correlations of HPV infection with p16, p53, and TLR9 expression.
Kaplan-Meier method and Cox regression analyses were applied to evaluate the associations
between the expression levels of these proteins and patient outcomes.

Results: Overall, 24 of the 85 HNSCC specimens were associated with HPV infection. High
expression of pl6, p53, and TLRY in tumor cells was observed in 31.76%, 61.18%, and
49.41% of the specimens, respectively. p16 showed a higher diagnostic odds ratio for the
prediction of HPV DNA positivity than p53 and TLR9. Improved 5-year overall and disease-
free survival correlated with HPV positivity and high p16, low p53, and low TLR9 expres-
sion. Associations with improved outcomes were also observed for marker combinations
high p16/low p53 and high p16/low p53/low TLRY. In a multivariate analysis, the high p16/
low p53 signature showed the lowest hazard ratio regarding death.

Conclusion: The expression of p16, p53, and TLR9 in HNSCC is associated with HPV status.
High p53 and TLRY expression may be related to poor outcomes. The two-marker signature high
p16/low p53 in tumor cells is a reliable tool for patient survival prognostication in HNSCC.
Keywords: head and neck squamous cell carcinoma, human papillomavirus, p16, p53,
TLR9, prognosis

Introduction

Head and neck squamous cell carcinoma (HNSCC) is a heterogeneous disease that
includes cancers affecting the oral cavity, pharynx, and larynx and is traditionally
associated with smoking and alcohol consumption.' The majority of HNSCC recurrence
events or disease-specific deaths occur within the first 2 to 3 years,” and patients are often
considered cured after 5 years. Over the last 20 years, human papillomavirus (HPV) has
been implicated in the progression of HNSCC, in particular, oropharyngeal squamous cell
carcinoma (OPSCC).** HPV-positive tumors are different from HPV-negative tumors in
many characteristics such as histological appearance, differentiation, risk factors, and
prognosis.™® Nonetheless, clinical data on the HPV infection rate among Chinese patients
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with HNSCC remain largely inconsistent.” * These discrepan-
cies are primarily due to varied specificity of HPV-genotyping
methods, the limited spectrum of HPV types analyzed, and
differences among diagnostic criteria for HPV infection. '’
Similar to many other oncogenic viruses, HPV integration
alters cellular immune surveillance and cellular homeostasis
by deregulating gene expression and facilitating epigenetic
changes.'""' The initial outcome is the augmentation of cellu-
lar proliferation, which favors viral replication and persistence.
The Main players in this event are HPV oncoproteins E6 and
E7, which can inhibit many cellular proteins. E6 induces rapid
degradation of p53, resulting in the deregulation of a cell cycle
checkpoint and the activation of S-phase re-entry. E7 binds to
the cellular retinoblastoma protein (pRb) and promotes its
degradation, which leads to upregulation of cyclin-dependent

kinase inhibitor p16.'*'*

p16 overexpression is becoming an
acceptable surrogate marker of transcriptionally active HPV in
oropharyngeal carcinogenesis.'

To guarantee the persistence of HPV infection, HPVs are
able to deregulate multiple immunity-related pathways to
avoid recognition and clearance by the host immune
system.'® TLR9 signaling pathway plays an important role in
the natural immune response to the invasion of microorgan-
isms. Historically, TLR9 has been reported to be expressed in
plasmacytoid dendritic cells and B cells. On the other hand,
recent studies confirmed that abnormal expression of TLR9
correlates  with tumor differentiation, invasion, and
metastasis.'’'* TLR signaling has been likened to a double-
edged sword causing both carcinogenic effects and antitumor
responses.”’! Nevertheless, until the present study, there has
been little evidence regarding the correlation between TLR9
expression in HNSCC tumors and HPV associated with
HNSCC.

Associations between HPV infection and HNSCC have
been observed worldwide, although they have been investi-
gated almost exclusively in economically developed
countries.”” > The aim of this study was to evaluate the
correlations and prognostic significance of pl6, p53, and
TLR9 in HPV-associated HNSCC in the Chinese population
and to identify potential molecular and immunological markers

of HNSCC.

Materials and Methods

Case Selection

Our study involved 85 cases of HNSCC resection selected
at Jinshan Hospital of Fudan University. The diagnosis
was made according to the World Health Organization

criteria. The inclusion criteria were as follows: (1) the
pathological type is squamous cell carcinoma; (2) the
location includes a palatine tonsil, soft palate, tongue
root, and the posterior wall of oropharynx, larynx, hypo-
pharynx, oral cavity; (3) tumor specimens for all cases
were obtained during a surgical procedure or diagnostic
biopsy, and one representative paraffin block was selected
for each case; (4) there is no other primary cancer or
distant metastasis at the same time. Pathological staging
was performed using the 7th edition of the AJCC/UICC
TNM classification system (2010).

All specimens underwent HPV DNA detection and
pl6, p53, and TLRY protein detection; the study popula-
tion included 69 males and 16 females, aged 23 to 81
years, with a median age of 62 years. The tumor location
was the oropharynx (35 cases), larynx (30 cases), hypo-
pharynx (14 cases), and oral cavity (6 cases). There were
10.59% of patients at stage I, 12.94% at stage 11, 16.47%
at stage I1I, and 60% at stage IV (see Table 1).

Clinicopathological data, including age, sex, tumor
location, histological grade, TNM stage, and smoking
and drinking history, were obtained from medical charts
and pathology reports. The patients were followed for at
least 2 years or until death. This study was conducted in
accordance with the Declaration of Helsinki. The study
protocol was approved by (and performed in accordance
with the guidelines of) the ethics committee of Jinshan
Hospital of Fudan University (Shanghai, China), with the
confirmation that all patients whose tissues were analyzed

provided written informed consent.

HPV DNA Detection by in situ
Hybridization (ISH)

The ISH assay for high-risk-HPV DNA was performed using
a Ventana BenchMark automated slide staining system
(Ventana Medical System, Inc., Tucson, AZ) according to
the manufacturer’s instructions. The probes for the detection
of 12 oncogenic HPV types were provided by Ventana
Medical Systems. Visualization of hybridized DNA was per-
formed with Ventana Red Counterstain II. Blue nuclear dots
were designated as positive signals of hybridization. Any
definitive nuclear staining was considered positive.
Specimens were classified in a binary manner as either test-
positive or -negative. The ISH slides were independently
reviewed, and the conclusions were agreed on by two

pathologists.
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Table | Baseline Clinicopathological Data of Patients with HNSCC and Expression of p53 and TLR9 in Relation to HPV and plé
Status

HPV plé

Clinicopathological Variables | n Positive (n=24) | Negative (n=61) | P value | High (n=27) | Low (n=58) | P value
Age

<60 40 (47.06%) | 16 24 19 21

>60 45 (52.94%) | 8 37 0.023 8 37 0.003
Sex

Male 69 (81.18%) | 19 50 22 47

Female 16 (18.82%) | 5 I 0.766 5 I 0.961
Smoking history

>10 pack-year 58 (68.24%) | 12 46 14 44

<10 pack-year 27 31.76%) | 12 15 0.024 13 14 0.027
Alcohol intake

>3U/d 48 (56.47%) | 10 38 I 37

<3u/d 37 (43.53%) | 14 23 0.084 16 21 0.046
T class

TI-T2 41 (48.24%) | 13 28 15 26

T3-T4 44 (51.76%) | 11 33 0.492 12 32 0.356
N class

NO-NI 33(3882%) | 5 28 6 27

N2-N3 52 (61.18%) | 19 33 0.033 21 31 0.032
Stage

-l 20 (23.53%) | 4 16 5 15

-1V 65 (76.47%) | 20 45 0.349 22 43 0.457
Tumor site

Oropharynx 35 (41.18%) | 18 17 20 15

Larynx 30 (35.29%) | 3 27 4 26

Hypopharynx 14 (16.47%) | 2 12 2 12

Oral cavity 6 (7.06%) | 5 0.001 | 5 0.001
Differentiation

Well 18 (21.18%) | 2 16 2 16

Moderate 33(38.82%) | 6 27 8 25

Poor 34 (40.00%) | 16 18 0.006 17 17 0.008
Treatment

Sx+(C)RT 51 (60%) 13 38 14 37

(C)RT+Sx 34 (40%) 11 23 0.491 13 21 0.295
p53

High 52 (61.18%) | 3 49 5 47

Low 33 (38.82%) | 21 12 0.00 22 I 0.00
TLR 9

High 42 (4941%) | 7 35 8 34

Low 43 (50.59%) | 17 26 0.019 19 24 0.013

Note: Significant results (P < 0.05) are given in bold.
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Analysis of pl6, p53, and TLR9
Expression by Immunohistochemistry
(IHC)

Tissue specimens were fixed in 10% neutral formalin,
embedded in paraffin, and cut into sections of 4-pm thickness.
The sections were deparaffinized and hydrated, followed by
microwave treatment in EDTA (pH6.0) for antigen retrieval.
Endogenous peroxidase was inactivated using 3% hydrogen
peroxide. After three washes with phosphate-buffered saline,
the sections were blocked with 10% rabbit serum (DAKO,
Hamburg, Germany) for 20 min. Primary antibodies (a rabbit
anti-p53 monoclonal antibody, 1:50 dilution, Santa Cruz
Biotechnology, USA; rabbit anti-pl6 monoclonal antibody,
1:50; and rabbit anti-TLR9 monoclonal antibody, 1:100,
Abcam, Cambridge, UK) were incubated with the slides over-
night at 4 °C in a humidified chamber, followed by probing
with a horseradish peroxidase—conjugated secondary antibody
for 30 min at room temperature. The sections were treated at
room temperature with a diaminobenzidine solution for color
development.

Evaluation of the IHC Data

Known pl6- and p53-expressing HNSCC cases served as
positive controls. pl6 staining was nuclear and cytoplasmic,
but p53 staining was solely nuclear. The p16 IHC signals were
defined as strong when more than 70% of tumor cells stained.*®
For p53, staining was graded—according to the percentage of
pS53-positive cells—as either low (staining of <25% of all
nuclei) or high (staining of >25% of all nuclei) nuclear
staining.”” For TLRY, the proportion of stained tumor cells
was graded as follows: 0 (no stained tumor cells), 1 (<10% of
stained tumor cells), 2 (10-50% of stained tumor cells), and 3
(>50% of stained tumor cells). The staining intensity was
recorded on a four-point scale: 0 (no staining), 1 (weak stain-
ing, light yellow), 2 (moderate staining, yellowish brown), and
3 (strong staining, brown). The staining index was calculated
as follows: staining index=staining intensity + score of stained
tumor cells. A staining index of >4 was defined as high
expression of TLRY, and a staining index of <4 as low expres-
sion of TLR9."®

Statistical Analyses

The statistical analyses were performed in PASW Statistics
22.0 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism6
(GraphPad Software, San Diego, CA, USA). Correlations of
HPV status and the expression of p16, p53, and TLR9 with
various clinicopathological findings were evaluated by the

Chi-square test. Overall survival (OS) was defined as the
time from diagnosis to the date of death or last follow-up;
disease-free survival (DFS) was defined as the time from
diagnosis to the date of the first recurrence (local, regional, or
distant). OS and DFS curves were constructed by the Kaplan—
Meier method, and differences were identified with the log
rank test. Univariate and multivariate analyses were carried out
via the Cox proportional hazards regression model to verify
independent risk factors. Data with a P value of <0.05 were
considered statistically significant.

Results
HPYV Status and pl16 Expression

Tumor tissues from 85 patients were tested for the
presence of HPV using ISH. The results of HPV ISH
and THC staining with antibodies against p16, p53, and
TLRY9 are presented in Figure 1A-H. Table 1 shows
associations of HPV status and pl6 expression with
clinicopathological characteristics of the patients with
HNSCC. We found that 24 (28.24%) tumors were HPV
positive (HPV16: 23 and HPV18: 1), and 61 (71.76%)
were HPV negative. Similar to prior reports, 75% (18/
24) of HPV-positive tumors were located in the oro-
pharynx. HPV positivity was higher in young patients
(P=0.023), in regionally advanced metastatic (N2-3)
disease (P=0.033), and when tumor cell differentiation
was poor (P=0.006). HPV infection and other clinico-
pathological characteristics such as sex and clinical
stage did not correlate significantly. In addition, the
staining of pl6 revealed 27 (31.76%) pl6-positive
and 58 (68.24%) plo6-negative tumors. Significantly
higher pl6 expression in the tumor was also detected
in young patients (P=0.003), in regionally advanced
metastatic (N2-3) disease (P=0.032), and when tumor
cell differentiation was poor (P=0.008). Notably, pl6
positivity strongly correlated with HPV16 infection in
this cohort (P<0.01).

Protein Expression of P53 and TLR9

We next evaluated p53 and TLR9 protein expression in the
tissue cores of 85 HNSCC specimens. Table 2 indicates that
p53 and TLR9 immunoreactivity was high in 61.18% (52/85)
and 49.41% (42/85) of the HNSCC specimens, respectively.
Of note, the expression of p53 and TLR9 in HPV-positive
tumors was significantly lower than that in HPV-negative
tumors. Only 12.5% (3/24) of the HPV-positive HNSCC
tumors featured p53 expression (P<0.001). Similarly, the

submit your manuscript

870

Dove

OncoTargets and Therapy 2021:14


http://www.dovepress.com
http://www.dovepress.com

Wang et al

o )
"'i“ Y e
Vit 4" %

v 203
B CL vaney )

Figure | Representative ISH and IHC images. (A) HPV ISH-positive HNSCC; (B) HPV ISH-negative HNSCC; (C) pl6-positive HNSCC; (D) pl6-negative HNSCC; (E)
p53-positive HNSCC; (F) p53-negative HNSCC; (G) TLR9-positive HNSCC; and (H) TLR9-negative HNSCC. Scale bar: 20 pum; magnification x400.

HPV-negative HNSCC cases had a higher TLR9 positivity
rate than that of the HPV-positive group (P=0.019). We also
found that p53 and TLR9 expression was significantly lower
in pl6-positive tumors (Table 1, P<0.05). The high pl16/low
p53 signature of tumor cells was present in 25.88% (22/85)
of the HNSCC cases. Nearly 20% (17/85) of the HNSCC
tumors had the high p16/low p53/low TLR9Y signature.

Associations of pl6, p53, and TLR9

Protein Expression with HPV Status

We then estimated the association of p16, p53, and TLR9
protein expression with HPV status (Table 2). The results
showed that HPV-positive HNSCC tumors tested positive
for p16, p53, and TLRY in 95.83% (23/24), 12.5% (3/24),
and 29.17% (7/24) of the cases, respectively. There was

Table 2 Associations Between pl6, p53, and TLR9 Protein Expression and HPV Status

Parameters n=85 HPV + | HPV - | P value | Sensitivity (%) | Specificity (%) PPV (%) NPV (%) DOR
(n=24) (n=61)

plé 0.00 95.83 93.44 85.18 98.28 49.41
High 27 (31.76%) 23 4
Low 58 (68.24%) | 57

p53 0.00 87.5 80.32 63.64 94.23 11.03
High 52 (61.18%) 3 49
Low 33 (38.82%) 21 12

TLR9 0.019 70.83 57.38 39.53 83.33 2.37
High 42 (49.41%) 7 35
Low 43 (50.59%) 17 26

plé/p53 0.00 83.33 96.72 90.91 93.65 14.43
High/low 22 (25.88%) 20 2
Others 63 (74.12%) 4 59

pl6/TLR9 0.00 66.67 95.08 84.21 87.88 6.95
High/low 19 (22.35%) 16 3
Others 66 (77.65%) 8 58

pl6/p53/TLR9 0.00 66.67 98.36 94.12 88.24 8
High/low/low 17 (20%) 16 |
Others 68 (80%) 8 60

Abbreviations: PPV, positive predictive value; NPV, negative predictive value (%); DOR, diagnostic odds ratio.
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a strong association between HPV positivity and high pl6
expression. In addition, HPV positivity correlated with low
p53 and low TLRY expression. There was also a strong
association between HPV positivity and both two-marker
signatures high p16/low p53 and high p16/low TLR9 and the
three-marker signature high plé/low p53/low TLRO9
(P<0.001). High p16 expression alone manifested the high-
est sensitivity (95.83%) and negative predictive value
(98.28%) for HPV status prediction. In contrast, the three-
marker signature showed the highest specificity (98.36%)
and positive predictive value (94.12%). To directly compare
the performance of individual protein markers and multi-
marker signatures on the detection of HPV-positive HNSCC,
diagnostic odds ratios (DORs) were calculated. The DOR
ranges from 0 to infinity, with higher values indicating better
discriminatory test performance. The highest DOR belonged
to high p16 expression as an individual marker.

Associations of pl6, p53, and TLR9

Protein Expression with Survival

We also assessed the association of p16, p53 and TLR9 protein
expression with survival of HNSCC patients. Kaplan—Meier
analysis indicated that both improved OS and DFS among the
patients with HNSCC were associated with HPV positivity
and high p16, low p53, and low TLR9 expression in tumor
cells (Figure 2A—D). The two-marker signatures high p16/low
p53 and high pl16/low TLR9 and the three-marker signature
high p16/low p53/low TLR9 were also associated with better
S-year OS and DFS (Figure 2E-G). Furthermore, univariate
Cox regression analysis revealed lower overall risk of death
for patients with HNSCC with HPV positivity and high p16
expression in the tumor (Table 3). By contrast, hazard ratios
were higher in HNSCC cases with high p53 or high TLR9
expression. The 5-year OS rates corresponding to high p53 or
high TLR9 expression in the tumor were 46.2% and 45.2%,
respectively. The multimarker signatures high pl16/low p53,
high pl6/low TLRY, and high p16/low p53/low TLR9 were
associated with reduced overall risk of death.

Comparable results were obtained for the probability of
DFS, which was evaluated as a secondary endpoint
(Table 4). Low p53 expression was associated with favor-
able 5-year DFS; the 5-year DFS rate corresponding to
low p53 was 63.6%. TLR9 expression statistically signifi-
cantly correlated with the 5-year DFS rate too. Patients
with tumors underexpressing TLR9 exhibited better DFS.
The 5-year DFS rate corresponding to low TLR9
was 60.5%.

Besides, we used Cox proportional hazards models

adjusted for age, smoking history, alcohol intake,
T stage, and N stage to evaluate and compare the prog-
nostic significance of the various parameters. In the multi-
variate analysis of all 85 patients, advanced regional
metastasis (N2-N3) turned out to be an independent risk
factor for poor OS and DFS (Tables 3 and 4). High pl6
expression combined with low p53 levels was found to be
an independent predictive factor of favorable OS and DFS.
For TLRY and alcohol history, the overall P value
remained nonsignificant, though differences were found

between subgroups.

Discussion

HPV-positive tumor cells overexpress the pl6 protein in
a diffuse manner. This overexpression is directly related to
the molecular process involved in carcinogenesis induced
by major HPV oncoproteins (E6 and E7). The p16 protein
is both a key element of the negative feedback mechanism
of mitosis, and is a regulator of a cell growth factor.'*'*
The 8th edition TNM classification for HNSCC distin-
guishes between OPSCC with and without HPV infection
and recommends pl6 immunostaining for the identifica-
tion of tumors with positive HPV status. This is because
pl6 overexpression is crucial for cell survival in HPV-
positive tumors, whereas pl6 overexpression is frequently
absent in HPV-negative tumors. These data make pl6
overexpression a reliable surrogate marker of transcrip-
tionally active HPV.>® Nonetheless, p16 expression alone
as a biomarker of positive HPV status may have limita-
tions due to HPV-independent mechanisms of pl6
upregulation.”’ Our study is suggestive of an additional
potential mechanism, the one involving lower p53 and
TLR9 expression in HPV-positive HNSCC.

Some investigators have evaluated the relation between
p53 and HPV in HNSCC.***! The most comprehensive
integrative genomic analysis of HNSCCs in The Cancer
Genome Atlas (http://gdac.broadinstitute.org/) has con-

firmed that p53 is the most frequently mutated gene in
HNSCC. Moreover, tumors of the larynx and hypopharynx
have the highest p53 mutation rate, tumors of the tongue
and oral cavity have an intermediate p53 mutation rate,
and tumors of the oropharynx (including the tonsils) and
of the base of tongue have the lowest p53 mutation rate.
The finding that the lowest p53 mutation rate is character-
istic of tumors of the oropharynx and tonsils is not surpris-
ing given that the vast majority of oropharyngeal cancers
are associated with HPV. In our study, among the 24 cases
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Figure 2 Kaplan—Meier curve analysis of OS and DFS. (A) HPV status, (B) pl6 expression, (C) p53 expression, (D) TLR9 expression, (E and F) two-marker signatures high
plé/low p53 and high plé/low TLR9, and (G) three-marker signature high pl6é/low p53/low TLR9 were compared using categorical data analysis, and OS and DFS were

estimated by the Kaplan—Meier method.

of HPV-associated OPSCC, only 3 primary tumors were
p53 positive. One possible explanation for this phenom-
enon is that HPV-associated OPSCC does not carry p53
gene mutations and expresses only a small amount of the
wild-type p53 protein with shorter half-life.>*> Another
possibility is that the HPV16 E6 protein promotes the
degradation of accumulated mutant p53 proteins by ubi-
quitination or other pathways.>®

HNSCC is commonly recognized as an immunosuppres-
sive disease due to the HPV activity that can abrogate the
initial steps of an innate immune response involving Toll-

like receptor signaling, thus compromising the immune

response to an invasive agent. The expression of TLRO is
reported to be altered during HPV infection. In cervical
cancer, HPV16 E7 oncoprotein induces a transcriptional
repressive complex that suppresses TLR9 expression and
induces epigenetic changes.** In addition, TLR9 expression
is downregulated by other oncogenic viruses.>> >’ On the
other hand, TLR9 was reported to be overexpressed in high-
grade cervical cancer owing to compensation for TLR defi-
ciency or via mechanisms of the host immune defense
system against tumor cells.*®**' TLR9 expression has also
been assessed in oral squamous cell carcinoma, and in that

study, Toll-like receptors were to have higher expression
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Table 3 Univariate and Multivariate Cox Regression Analyses of OS Among the 85 Patients with HNSCC

Univariate Analysis

Multivariate Analysis

Parameters % P value HR 95% CI P value HR 95% CI P value
Age(>60 y vs <60 y) 53.2/60.5 0.313 1.394 0.722-2.692 0.322
Smoking history(> 10 py vs < 10 py) 53.4/63.0 0.457 1.311 0.635-2.709 0.464
Alcohol intake(> 3U/d vs < 3U/d) 47.9/167.6 0.039 2.021 1.013—4.032 0.046 1.674 0.827-3.387 0.152
T class(T3/T4 vs T1/T2) 50.0/63.4 0.096 1.723 0.893-3.324 0.105
N class(N2/N3 vs NO/NI) 50.0/66.7 0.08 1.848 0.911-3.748 0.089 2.766 1.310-5.839 0.015
Stage(Il/1V vs I/11) 52.3/70.0 0.125 1.941 0.808—4.664 0.138
HPV(Positive vs negative) 79.2/147.5 0.003 0.28 0.109-0.720 0.006 0.498 0.169-1.564 0.078
pl6(High vs low) 77.8/46.6 0.003 0.288 0.120-0.693 0.005 0.487 0.160-0.935 0.045
p53(High vs low) 46.2/72.7 0.006 2.721 1.28-5.784 0.009 1.499 0.746-7.879 0.169
TLR9(High vs low) 45.2/67.4 0.028 2.061 1.060—4.009 0.033 1.333 0.664-3.678 0.419
High plé/low p53 vs others 81.8/47.6 0.003 0.236 0.083-0.668 0.007 0.364 0.171-0.763 0.009
High plé/low TLR9 vs others 77.8/50.7 0.029 0.338 0.119-0.956 0.041
High plé/low p53/lowTLR9 vs others 81.8/50.7 0.021 0.276 0.085-0.902 0.033

Note: P<0.05 was considered statistically significant.

Abbreviation: HR hazard ratio for death, Cl confidence interval.

Table 4 Univariate and Multivariate Cox Regression Analyses of DFS Among the 85 Patients with HNSCC

Univariate Analysis Multivariate Analysis

Parameters % P value HR 95% ClI P value HR 95% ClI P value
Age(>60 y vs <60 y) 53.2/60.5 0.313 1.394 | 0.722-2.692 0.322
Smoking history(> 10 py vs < 10 py) 44.8/51.9 0.59 1.187 0.623-2.263 0.602
Alcohol intake(> 3U/d vs < 3U/d) 39.6/56.8 0.044 1.824 | 0.988-3.366 0.054 1.544 0.879-2.960 0.193
T class(T3/T4 vs TI/T2) 40.9/53.7 0.115 1.616 | 0.899-2.941 0.131
N class(N2/N3 vs NO/NI) 42.3/54.5 0.094 1.626 | 0.867-3.012 0.105 2.661 1.394-5.863 0.021
Stage(Ill/1V vs I/11) 44.63/55.0 | 0.206 1.573 0.756-3.275 0.226
HPV(Positive vs negative) 70.8/37.7 0.003 0.328 | 0.146-0.735 0.007 0.479 0.164-2.038 0.062
pl6(High vs low) 66.7/37.9 0.003 0.361 0.174-0.753 0.005 0.436 0.206—1.002 0.032
p53(High vs low) 36.5/63.6 0.004 2518 1.296—4.893 0.006 1.799 0.712-8.879 0.078
TLR9(High vs low) 33.3/60.5 0.011 2.107 1.152-3.853 0.016 1.456 0.774-4.739 0.261
High plé/low p53 vs others 72.7/38.1 0.002 0.286 | 0.121-0.677 0.004 0.191 0.078-0.466 0.007
High plé/low TLR9 vs others 66.7/41.8 0.034 0417 | 0.176-0.986 0.046
High plé/low p53/lowTLR9 vs others 75.0/40.6 0.012 0.299 | 0.107-0.8362 | 0.021

Note: P<0.05 was considered statistically significant.
Abbreviations: HR, hazard ratio for death; Cl, confidence interval.
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levels, which were associated with oral squamous cell car-
cinoma cell proliferation.*” Whether the increased level of
TLROY is related to malignant transformation or to a reaction
of the host immune system to tumor cells is still not clear. In
our study, TLR9 was more often underexpressed in HPV-
positive HNSCC tumors (P=0.019) and was associated with
OS (P=0.028) and DFS (P=0.011).

Likewise, our findings indicate that HPV infection and
high pl6 expression significantly correlate with several
patient and disease characteristics, including younger
age, nonsmoking status, poor differentiation, regionally
advanced N class, and tumor site. HPV infection and
high pl6 expression in oropharynx tumors were different
from those in the larynx and hypopharynx tumors. The p16
positivity of oropharynx tumors (57.14%) was signifi-
cantly higher (P=0.001) than that of other cancers: laryn-
geal (13.33%), hypopharyngeal (16.67%), and oral-cavity
tumors (16.67%). Additionally, high p16 staining showed
the strongest association with HPV infection when evalu-
ated as a single marker (sensitivity 95.83%, specificity
93.44%). Besides, we observed that specificity of the two-
marker signature high pl6/low TLRY and of the three-
marker signature high p16/low p53/low TLR9 was higher,
but sensitivity was lower. According to the DOR as
a performance metric, high pl6 expression alone was the
best surrogate marker of HPV infection. The addition of
proteins p53 and TLRY did not significantly increase the
diagnostic performance of pl6 as a single marker.

Some research articles suggested that HPV DNA detec-
tion alone, combined detection of HPV DNA and protein
p16, the analysis of p16 protein expression alone, or HPV E6/
E7 mRNA expression identify patients with HNSCC with
favorable prognosis.*>** In our study, the Kaplan-Meier
method and univariate analysis revealed that improved out-
comes were associated with high p16, low p53, and low
TLR9 expression. Furthermore, the multimarker signatures
high pl6/low p53, high pl6/low TLR9, and high pl6/low
p53/low TLRY were associated with reduced risks of death
and of disease recurrence and progression. The parameter
high p16/low p53 retained prognostic significance in multi-
variate analyses. Our results indicate that high pl16/low p53
expression provides consistent prognostic information and
may therefore serve as a reliable surrogate marker of favor-
able prognosis.

In our study, we utilized HPV DNA positivity by ISH
as the gold standard for HPV infection detection. ISH even
has the advantage of direct visualization of HPV in nuclei,
indicative of HPV integration, and is used as a more

practical tool by diagnostic pathologists; HPV E6/E7
mRNA detection is also considered the best marker of
biologically relevant HPV infection. Moreover, because
the sample size here is modest, stratification by multivari-
ate analysis failed to uncover an association with other
parameters, except for advanced regional metastasis (N2—
N3) and high pl6/low p53. Consequently, we could not
draw firm conclusions concerning the survival results.

Conclusion

Our results show that the expression of pl6, p53, and
TLRY in HNSCC is associated with HPV status in the
tumor tissue. High p53 and TLRY expression may be
related to poor outcomes. The two-marker signature high
pl6/low p53 expression in tumor cells is a reliable tool for
patient survival prognostication in HNSCC.
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