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Abstract: Background/Objectives: Human Papillomavirus (HPV)-related biomarkers, specifically E6
oncoproteins and anti-E6 antibodies, have emerged as promising indicators for detecting HPV-associated oral
cavity cancers through salivary fluid analysis. This study assessed the survival outcomes of oral cancer patients
who were double positive for these candidate biomarkers. Methods: Using biosensor immunoassays, we
simultaneously detected E6 oncoprotein and anti-E6 antibodies in oral rinse fluids from patients with advanced
T3/T4 oral cancer. Results: Preliminary findings revealed that over one-third of these patients had detectable
HPV-related biomarkers in their saliva, with 37.9% testing positive for E6 oncoprotein and 31.0% showing
elevated anti-E6 antibody levels. Double positivity was observed in 24.1% of cases. Although survival rate
differences between the groups were not statistically significant, the double positivity subgroup demonstrated
a trend toward improved survival outcomes compared to single-positive or double-negative patients.
Conclusions: These initial results suggest that simultaneous detection of E6 oncoprotein and anti-E6 antibodies
could be potential saliva-based biomarkers for clinical applications. Using surface plasmon resonance (SPR)
techniques to identify double positivity may enhance early detection of HPV-related oral cancer, potentially
informing more effective treatment strategies in clinical practice.

Keywords: oral cavity cancer; human papillomavirus (HPV); E6 oncoprotein; Anti-E6 antibody; saliva-based
biomarker; surface plasmon resonance (SPR)

1. Introduction

Human Papillomavirus (HPV) infection is recognized as a significant etiological factor in
developing various cancers. HPV-related malignancies constitute a distinct subgroup of epithelial
carcinomas, commonly manifesting in anatomical sites such as the cervix, anogenital regions, and the
head and neck (H&N) area [1,2]. Epidemiological data indicate that the prevalence of HPV-associated
cervical cancer reaches 86%, while approximately 28% of head and neck cancers are attributable to
HPV infection [3]. Recent advancements have led to the development of salivary-based assays for
detecting HPV-related oral cancer [4]. Moreover, the established biological linkage between HPV and
carcinogenesis has facilitated the development of prophylactic vaccines [5] and the enhancement of
therapeutic strategies, including novel immunotherapies [6]. Reflecting the prognostic significance of
HPV-driven carcinogenesis, the revised 8th edition of the UICC/AJCC cancer staging system now
stratifies oropharyngeal cancer patients based on HPV status, distinguishing between HPV-positive
and HPV-negative cases [7]. Notably, HPV-positive tumors often exhibit increased radiosensitivity,
which is potentially linked to the retention of wild-type p53 during the oncogenic process [8].
Consequently, HPV-related tumors demonstrate improved outcomes following postoperative
radiotherapy in patients with oropharyngeal squamous cell carcinoma (OPSCC) [9].

The molecular mechanisms underlying HPV-driven carcinogenesis are well-documented.
Recognizing the potential of HPV-related biomarkers, we propose that both E6/E7 oncoproteins and
anti-E6/E7 antibodies could serve as reliable saliva-based biomarkers for simultaneous detection. The
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E6 oncoprotein plays a pivotal role in malignant transformation, primarily through the degradation
of p53 and the functional inactivation of the Rb protein by the E7 oncoprotein [10]. The expression of
E6 oncoprotein increases progressively from precancerous lesions to malignant cells, underscoring
its role in HPV-induced carcinogenesis [11]. Consequently, E6/E7 oncoproteins have been identified
as ideal targets for detecting and diagnosing HPV-related cancers [12,13]. Given the crucial role of
HPV 16-derived oncoproteins in oncogenesis, it has been suggested that detecting E6/E7 oncoproteins
may be more informative than HPV DNA detection, as oncoproteins provide direct evidence of HPV-
driven carcinogenesis [10,12,14,15].

Supporting this view, research by Holzinger et al. has shown that seropositivity for anti-HPV
antibodies is a reliable diagnostic marker for HPV 16-related head and neck cancers, demonstrating
superior sensitivity and specificity compared to traditional diagnostic methods [16,17]. Several case-
controlled studies have corroborated these findings, showing elevated levels of antibodies against
E6/E7 in both serum [18-21] and oral rinse fluid [22] of patients with cervical and OPSCC [23]. These
studies collectively indicate that higher antibody titers against E6/E7 in serum or saliva are associated
with improved treatment outcomes, thereby positioning anti-HPV antibodies as valuable biomarkers
for diagnosis and prognostication in head and neck cancer patients.

We hypothesize that dual positivity for these antigenic and antibody biomarkers may enhance
the accuracy of HPV-related cancer diagnosis and offer complementary prognostic value. To test this
hypothesis, we explored the feasibility of using a dual-panel biomarker approach in oral cancer
patients. In this study, we employed surface plasmon resonance (SPR) technology to detect these
biomarkers in saliva oral rinses using immune-based biosensor technology (Figure 1).
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Figure 1. This schematic diagram describes a biosensor technique (Surface Plasmon Resonance; SPR)
for detecting the panel HPV-related biomarkers anti-E6 antibody and E6 oncoprotein in the oral rinse
saliva of advanced oral cancer patients.

2. Materials and Methods
2.1. Subjects and Collection of Oral Rinse Saliva

This study used oral rinse samples from 13 healthy subjects and 30 patients diagnosed with oral
cancer. The samples from healthy subjects were utilized to establish the cut-off levels for
distinguishing between positive and negative results. Participants were recruited from the Division
of Oral and Maxillofacial Surgery at the Veterans General Hospital in Taichung. The inclusion criteria
for healthy subjects included individuals over 18 years old with no history of neoplastic diseases. The
oral cancer patients selected for this study were those with untreated, advanced stage III/IV disease,
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classified according to the 8th edition of the AJCC Cancer Staging Manual. Ethical approval for the
study protocol was obtained from the Ethics Committee on Human Research at Veterans General
Hospital (IRB approval #SE13339b#1). All participants provided written informed consent for sample
collection and survival outcome analysis.

The collection of oral rinse samples involved an initial gentle gargle with 20 to 30 mL of sterile
distilled water to serve as a pre-collection rinse. Subsequently, 5 mL of sterile water was used for a
second gargle, lasting one minute, and the resulting oral rinse was collected in an empty centrifuge
tube. A protease inhibitor (Protease Cocktail Inhibitor; Complete Tablets, Mini, EASYpack, Roche,
Switzerland) was added to the collected fluid, which was then centrifuged at four °C at 3,000 rpm.
The supernatant was aliquoted and stored at -80°C for subsequent analysis.

2.2. Determination of Total Protein Levels in Oral Rinse Saliva

Total protein levels in the oral rinse samples were quantified using the bicinchoninic acid (BCA)
assay. The samples were thawed on ice and centrifuged at 4°C at 3,000 rpm. Standard curves were
generated using bovine serum albumin at concentrations of 2.5, 2, 1.5, 1, 0.5, and 0.25 mg/mL. The
total protein level for each subject was estimated using the BCA assay, and all samples were diluted
to a 1.5x concentration for consistent protein level estimations. The standard curve utilized for protein
level estimation is depicted in Figure 2a.
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Figure 2. (a) Standard curve of BSA concentration with absorbance. (b) Titer concentration of anti-E6
antibody and E6 oncoprotein.

2.3. Indirect ELISA for Determination of Anti-E6 Antibody Titer

The titers of anti-E6 antibodies were measured using an indirect enzyme-linked immunosorbent
assay (ELISA). This assay employed commercially available rabbit anti-HPV16 E6 antibody and
corresponding standard E6 oncoprotein. Briefly, 100 uL of standard E6 oncoprotein and 100 pL of
chicken anti-E6 antibody were added to microtiter wells on the ELISA plate. Each well then received
100 pL of goat anti-chicken-HRP conjugate reagent, and the mixture was incubated with mechanical
shaking (750 rpm) at room temperature for 90 minutes. After incubation, the wells were rinsed five
times with 1x wash buffer and dried on paper towels. Subsequently, 100 puL of 3,3'5,5-
Tetramethylbenzidine (TMB) reagent was added to each well, mixed gently, and incubated in the
dark at room temperature for 20 minutes with mechanical shaking (750 rpm). The reaction was
stopped by adding 100 puL of 1 N hydrochloric acid, which changed the color from blue to yellow.
Absorbance at 450 nm was measured within 15 minutes using a VERSAmax™ microplate reader
(Molecular Devices, Boston, MA, USA). Antibody concentrations were determined by serially
diluting monoclonal antibodies, starting from 8 pg/mL and diluting to 4, 2, 1, and 0.5 pg/mL, followed
by ELISA detection. The linear relationship between antibody and antigen detection from 0.5 to 8
ug/mL is shown in Figure 2b, with an optimal antibody concentration of 8 ug/mL selected for further
experiments.
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2.4. Surface Plasmon Resonance (SPR) Analysis for E6 Oncoprotein and Anti-E6 Antibody in Saliva

Surface plasmon resonance (SPR) was employed to detect E6 oncoprotein in the oral rinse
samples. Initially, anti-E6 antibodies were immobilized on biochips using a two-channel SPR sensor
CMS5. The BIAcore 3000 system was used for SPR immunoassays, following the manufacturer's
guidelines (GE Healthcare Biosciences, AB. Biacore™ Assay Handbook). The assay began with pH
optimization using sodium acetate buffer at pH 3.5, and HBS buffer was used as a flow buffer at 5
pL/min. A mixture of 200 uL NHS (0.05 M) and EDC (0.2 M) (50:50, v/v) was injected to activate
carboxymethylated dextran into NHS-esters, which were subsequently deactivated with 100 pL of
ethanolamine hydrochloride (1 M, pH 8.5) to block nonspecific binding. Anti-E6 antibodies were
covalently immobilized on the sensor chip surface using EDC/NHS activation. A sensorgram was
generated by analyzing a 1:2 diluted saliva sample from each of the 43 subjects. Samples were diluted
with HBS buffer and analyzed using the Biacore 3000 at a flow rate of 20 puL/min.

Following the analysis of E6 oncoprotein in oral rinse samples, the detection of anti-E6
antibodies in saliva was performed by immobilizing E6 oncoproteins on the sensor chip. The final
concentrations of E6 oncoprotein and anti-E6 antibody were 0.03 pug/mL and 10 ug/mL, respectively.
The final ARU was calculated as the difference between SPR angles before and after sample flow
through the channel.

2.5. Competitive Enzyme-Linked Immunosorbent Assay (ELISA) for E6 Oncoprotein Verification in Oral
Rinse Samples

A competitive ELISA was performed to verify E6 oncoprotein in oral rinse samples. Antibodies
and antigens were immobilized on a 96-well plate at 4°C for at least 16 hours. The plate surface was
washed multiple times with PBS and blocked for one hour. The primary antibody (rabbit anti-HPV16
E6 antibody) was diluted 1:200 as per the manufacturer’s instructions, followed by adding the
antibody-saliva mixture. Each antibody-saliva mixture concentration was assayed in triplicate. The
remaining antibody was allowed to react with the plate surface antigen for 90 minutes at room
temperature. A secondary antibody (goat anti-rabbit-HRP) was then added to react with the primary
antibody on the well plate. After the final addition of TMB substrate, absorbance (OD450) was
measured using a microplate reader at a wavelength of 450 nm.

2.6. Statistical Analyses

The mean (x) and standard deviation (s) of SPR values from control samples were initially
calculated to assess the positivity of the two biomarkers in oral rinse samples. These values were used
to construct a box plot and interpret the differences in HPV E6 and anti-E6 antibody levels. Extreme
outliers were excluded, and a 99% confidence interval was applied to define positivity. Kaplan-Meier
survival plots were generated to represent the overall survival of oral cancer patients, and log-rank
tests were conducted to compare the two groups. Patient demographic characteristics were reviewed
and summarized. All statistical analyses were performed using Microsoft Office 2016 Excel and SAS
software version 9.4.

3. Results
3.1. Demographic and Clinical Characteristics

A total of 29 patients were included in the final analysis, with one patient excluded due to loss
of follow-up after surgical intervention (Table 1). The follow-up duration ranged from 15 to 46
months, with a mean follow-up time of 31.9. The mean age of the cohort was 55.4 years, with the
double-positive group having a mean age of 60.1 years, compared to 54.0 years in the single-positive
and negative group. Most patients were male (89.6%), with 100% of the double-positive group male
and 86.3% in the single-positive and negative group.
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Table 1. Demographic and characteristics of 29 patients between HPV biomarkers (E6 oncoprotein
and anti-E6 antibody) double positivity, single-positive and double-negative.

Patient All patients (N=29)  Double-positive  Single-positive and
Characteristic (n=7) double-
negative(n=22)
Age, mean 55.4 60.1 54.0
Sex, male (%) 26 (89.6%) 7 (100%) 19 (86.3%)
Index tumor
Buccal mucosa 41.3% 3 9
Gingiva 24.1% 2 5
Tongue 20.6% 1 5
Palate 6.9% 0 2
Floor of mouth 6.9% 1 1
Stage
III 30.1% 3 6
v 69.9% 4 16
Treatment
Surgery 11 (37.9%) 3 8
Surgery + CCRT 18 (62.0%) 4 14
Survival status 6 alive (85.7%) 17 alive (78.6%)

Regarding the primary tumor sites, 41.3% of cases involved the buccal mucosa, followed by
24.1% in the gingiva, 20.6% in the tongue, 6.9% in the palate, and 6.9% in the floor of the mouth.
Regarding clinical staging, 69.9% of the patients were in Stage IV, while 30.1% were in Stage III.
Surgical intervention was performed in all cases, with 37.9% undergoing surgery alone and 62.0%
receiving a combination of surgery with concurrent chemoradiotherapy (CCRT).

E6 oncoprotein and anti-E6 antibody levels were higher in oral cancer patients than in control
subjects. Among the 29 patients with advanced T3/T4 oral cancer, 37.9% (11/29) were positive for the
E6 oncoprotein, and 31.0% (9/29) showed increased expressions of anti-E6 antibodies. Notably, 24.1%
(7/29) of these patients exhibited double positivity in their oral rinse samples (Table 1). In contrast,
within the control group, the positivity rates for E6 oncoprotein and anti-E6 antibodies were 7.7%
and 15.4%, respectively.

3.2. Analyses of Biomarkers in Saliva Samples Using SPR (HPV E6 Oncoprotein, Anti-E6 Antibody)
3.2.1. HPV E6 Oncoprotein

After removing extreme outliers (samples N12 and N20) based on the quartile method, the mean
signal strength for E6 oncoprotein in non-oral cancer subjects was calculated as -4.109, with a
standard deviation of 7.561. The 99% confidence interval ranged from -23.617 to 15.399.
Consequently, we conservatively classified sample results as positive if the signal strength exceeded
15.399 (Figure 3a).

d0i:10.20944/preprints202409.0680.v1
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Figure 3. (a) Plot of E6 oncoprotein in oral rinse saliva; (b) Plot of anti-E6 antibody in oral rinse saliva.

3.2.2. Anti-E6 Antibody

Following a similar approach as previously described, extreme outliers (samples N20 and N26)
were excluded using the quartile method. The criterion for positivity to the anti-E6 antibody was
defined as a signal strength greater than 6.894 (Figure 3b). For non-oral cancer subjects, the average
signal strength for anti-E6 antibody was 2.184, with a standard deviation of 1.826, yielding a 99%
confidence interval of -2.526.

3.3. Verification of SPR E6 Oncoprotein Positivity by Competitive ELISA

This verification step aimed to confirm the consistency between SPR data and competitive ELISA
results. The findings demonstrated that the positive and negative results were concordant when
comparing immobilizations using E6 protein antigen and anti-E6 antibody. Specifically, the results
for saliva samples P59 and P75 (patients) and N16 and N24 (normal) were representative of this
consistency. The data trends observed for samples N16, N24, P59, and P75 aligned with the SPR
results (Figure 4).

3.0

25
2.0
1.0
0.5 '
0.0
N16 N24 P59 P75

Figure 4. Confirmation of SPR results by competitive ELISA in selective subjects. *Blue: normal, Red:
patient.
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3.4. Overall Survival Rate Comparison between Patients with Double Positivity (E6 Oncoprotein and Anti-
E6 Antibody) and Those with Single Positivity or Negative Status

Survival analysis showed that 85.7% of patients in the double-positive group were alive at the
end of the follow-up period, compared to 78.6% in the single-positive and negative group. This
preliminary study reported that six patients succumbed to treatment failure, with uncontrolled
recurrences leading to death within the three-year follow-up period. The causes of death included
metastasis to the lungs (n=1), bones (n=1), and local recurrences (n = 4). Within the double positivity
group, 1 out of 7 patients (14.3%) died. Conversely, in the combined group of single positivity and
negativity, 5 out of 22 patients (22.7%) died within three years post-treatment. Although the sample
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size is limited and lacks sufficient statistical power, an observed trend indicates that patients with
double positivity had better survival outcomes than those with single positivity or double negativity
(85.7% vs. 76.8%, p=0.870) (Figure 5).
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Figure 5. Overall Survival Rate Comparison Between Patients with Double Positivity (E6 Oncoprotein
and Anti-E6 Antibody) and Those with Single Positivity and Double Negative Status Over a 36-month
Follow-Up Period.

4. Discussion

This study demonstrated the feasibility of utilizing a dual biomarker approach —measuring both
E6 oncoprotein and anti-E6 antibodies in saliva samples —using the SPR biosensor technique. Our
findings revealed that approximately one-third of patients with advanced oral cavity cancer exhibited
significant expression levels of E6 oncoprotein (37.9%) and anti-E6 antibody (31.0%) in their oral rinse
saliva. Notably, 24.1% of these patients showed double positivity for both biomarkers, and this
subgroup exhibited a trend toward better 3-year survival outcomes compared to the combined
subgroups of single positivity or negativity. Although the limited sample size in this preliminary
study precluded statistically significant results, the observed association suggests that this saliva-
based dual biomarker assay may provide valuable prognostic information for predicting survival
outcomes in patients with advanced oral cancer.

The significance of E6 oncoproteins and anti-E6 antibodies in predicting survival outcomes can
be understood in the context of the carcinogenic pathways associated with HPV. The overexpression
of E6 oncoprotein and elevated levels of anti-E6 antibodies in patients aligns with the natural
progression of HPV-related cancers, which typically begin with a transient viral infection. Viral
oncogenes integrate into host cell DNA as the infection persists, driving the malignant
transformation. Furthermore, high anti-E6 antibody levels suggest an ongoing immune response that
began during the initial viral infection and continues through the progression to cancer. Based on
these mechanisms, we hypothesize that the observed double positivity for these HPV-related
biomarkers confers a survival advantage. This may be due to a combination of more effective
therapeutic responses, the natural radiosensitivity of HPV-positive tumors, and a robust long-term
immune response against tumor cells. Together, these factors may contribute to better therapeutic
outcomes and improved overall survival in patients exhibiting double positivity.

Previous studies have established that non-HPV-associated tumors often exhibit more
aggressive behavior, characterized by a wide range of phenotypes and diverse malignant behaviors.
In contrast, HPV-related cancer cells, marked by the overexpression of E6/E7 oncoproteins,
demonstrate distinctive genetic alterations and functional expressions compared to non-HPV-
associated cancer cells [24]. The detection of E6 oncoprotein has been suggested as a more reliable
biomarker than p16INK4a for diagnosing HPV-related cancers, as it reflects real-time overexpression
of E6 oncoprotein, which correlates with better survival outcomes in HPV-positive patients [25,26].
Clinically, HPV-positive head and neck cancer patients who retain wild-type p53 during
carcinogenesis often show increased radiosensitivity and improved survival outcomes [27]. For
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instance, Ang et al. reported that advanced HPV-positive cases had a significantly higher 3-year
overall survival rate compared to HPV-negative cases (82.4% vs. 57.1%) following intensive radiation
therapy and chemotherapy [9].

Another survival benefit linked to HPV-related biomarkers is the presence of higher levels of
anti-E6 antibodies [28]. These antibodies, typically IgA and IgG, emerge as part of the immune
response to HPV infection, persisting through HPV-associated carcinogenesis [29]. High anti-E6
antibody levels often coexist with detectable E6 oncoproteins in the tumor and surrounding tissues,
including saliva [22]. Studies have reported strong correlations between anti-E6 seropositivity and
improved survival outcomes [21,23,30], suggesting that these antibodies may contribute to an
antiviral immune response that also exerts anti-tumor effects. This concept has been explored in
studies aiming to develop monoclonal antibodies targeting E6/E7 oncoproteins to inhibit tumor
growth [31].

Given these insights, there is a compelling need to explore the clinical value of saliva-based HPV
biomarkers, particularly E6 oncoproteins and anti-E6 antibodies, in oral cancer patients [32].
Detecting E6 oncoprotein in body fluids is challenging due to its low abundance, but recent advances
in biosensor techniques, such as surface plasmon resonance (SPR), offer promising solutions [33,34].
SPR has proven to be an effective tool for detecting cancer biomarkers, and its application in "Lab-
on-a-Chip" or "Point-of-Care Testing" (POCT) models makes it a non-invasive, patient-friendly option
for real-time monitoring of biomarkers in clinical settings [25,35-37].

Traditionally, p16 and HPV DNA are the standard assays for diagnosing HPV-related cancers.
Immunohistochemical (IHC) assessment of p16 in surgical specimens is a critical surrogate biomarker
for diagnosing HPV-related cervical and oropharyngeal squamous cell carcinoma (OPSCC) [9,38].
Some studies have suggested that combining p16 and HPV DNA positivity in tumor cells offers
greater accuracy in diagnosing and predicting outcomes of HPV-related cancers [39,40]. However, in
saliva or oral rinses, HPV DNA detection has been the mainstream method for identifying HPV-
associated biomarkers [17]. Nevertheless, the presence of HPV DNA alone does not necessarily
confirm the causality of cancer [41], as it cannot distinguish between transient viral infection and
malignant transformation driven by the integration of viral genes into the host genome [11].
Therefore, the expression of HPV E6/E7 oncoproteins serves as more direct evidence of the
carcinogenic role of HPV [13]. Given this, developing saliva-based biomarker assays to detect E6/E7
proteins could provide a practical approach for diagnosing and monitoring oral cavity cancers,
particularly since HPV-related particles or exosomes can be readily obtained from saliva through oral
rinses [43].

This study has several limitations that should be acknowledged. First, there is currently no
universally accepted consensus tool for verifying HPV-related oral cavity cancer, which presents
challenges in standardizing diagnostic approaches. Although the competitive ELISA used in this
study technically provided confidence in confirming SPR results for selective patients, it is not
without its limitations. Additionally, the study was conducted with a relatively small sample size of
cancer patients and a follow-up period of only three years. To obtain more robust and statistically
significant findings, future studies will require larger sample sizes and longer observation periods.
These enhancements would help to strengthen the evidence supporting the utility of HPV-related
biomarkers in predicting survival outcomes in oral cavity cancer patients.

5. Conclusions

In this preliminary study, our findings suggest that the simultaneous detection of E6
oncoproteins and anti-E6 antibodies in saliva may serve as a valuable dual biomarker for diagnosing
and predicting the overall outcomes of HPV-related oral cancers. Given the distinct pathogenesis of
HPV-related cancers, where infectious and neoplastic processes diverge, diagnostic tests should focus
on detecting oncoproteins rather than merely identifying the presence of the virus. The observed
increase in E6 oncoproteins in cancer patients indicates that these biomarkers can help identify a
subgroup of HPV-related cases with better prognoses, likely due to increased radiosensitivity.
Moreover, elevated anti-E6 antibody levels may imply an ongoing immune response capable of
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inhibiting persistent tumor growth. Ultimately, the goal of a saliva-based HPV detection approach
extends beyond laboratory research, aiming to design and develop simple, convenient platforms
suitable for chair-side practices. We believe that oral cavity cancer, due to its accessibility for sample
collection, may be particularly well-suited for the development of such saliva-based biomarker
detection assays, offering a practical and non-invasive tool for clinical use.
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