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Abstract

:

Transmission of Human papillomavirus (HPVs) is faithfully associated with carcinogenesis of oral cavity and oropharyngeal cancers. Therefore, clinical researchers may need to generate customized antibodies for the upcoming ELISA-based analysis to discover rare but valuable biomarkers. The aim of study was to develop and generate a biosensor-based immunoassay for early screening HPV-related oral cancer via saliva rinse fluid analysis. A peptide fragment of high-risk HPV subtype 16/18 protein, E6 protein (HP-1 protein sequence 48–66), was designed and synthesized, followed by the generation of polyclonal antibodies (anti-HP1 IgY) in our university-based laboratories. The titer and specificity of antibodies were determined by enzyme-linked immunosorbent assay (ELISA), and the Surface Plasmon Resonance (SPR) biosensor-based method was developed. Kinetic analyses by SPR confirmed that this designed peptide showed a high affinity with its generated polyclonal antibodies. Saliva fluid samples of thirty oral cancer patients and 13 healthy subjects were analyzed. SPR indicated that 26.8% of oral cancer patients had higher resonance unit (ΔRU) values than normal subjects. In conclusion, we developed a biosensor-based immunoassay to detect HPV E6 oncoprotein in the saliva rinse fluid for early screening and discrimination of HPV-related oral cancer patients.
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1. Introduction


The development of new tools of biofluid technology for biomarker detection in saliva is challenging. However, saliva-based examination is potentially useful for oral cancer screening, monitoring treatment response and developing personalized medicines. Two-dimensional polyacrylamide gel electrophoresis (2-D PAGE) and Mass Spectrometry based assays may not be suitable for application in clinical settings because of analysis needed in laboratory-based facilities and it being time-consuming for data interpretation [1,2]. Therefore, it is urgent to develop more practical detection approaches of salivary biomarkers such as “Lab-on-the-Chip” or “Point-of-care testing” (POCT) [3,4,5]. Thus, some potential alternative techniques were introduced to establish better methods for detecting salivary biomarkers with non-invasive, efficient, and convenient features for clinical practice [6]. Surface Plasmon Resonance (SPR) is considered a potentially promising technique. Currently, it is an attractive biosensor approach using antibody-based immunoassay [7,8,9].



Growing evidence supports the role of HPV in the cause and response of oral cancers squamous cell carcinoma (OCSCC) and oropharynx squamous cell carcinoma (OPSCC) [10]. Latent viruses with persistent infection could be involved in the malignant transformation of OCSCC. For example, the long-term presence of such viruses in basal cells of tonsil or gingival tissues might be the reservoir for HPV in the oral cavity [11]. Additionally, HPV related oropharyngeal cancer increases the incidence steadily [12] and reveals a favorable outcome after radiotherapy treatments [13]. HPV vaccines targeting HPV 16 and 18 are effective against OPSCC [14].



Clinical researchers may need to generate customized antibodies for the upcoming ELISA-based analysis at a university-based laboratory to discover rare but valuable biomarkers. Here, we present a streamlined procedure to develop the biosensor approach of the antibody-based immunoassay using the SPR technique. First, we designed and synthesized an antigen, a novel peptide fragment (protein sequence 48–66; HP-1) of HPV 16 E6 protein [15]. Chickens were immunized to produce anti-HP-1 IgY for the biosensor-based assay. To determine the affinity between anti-HP-1 IgY and targets of HPV-related E6 protein, SPR was used for the measurement which was used to detect the E6 protein in saliva of oral cancer patients. Secondly, Saliva fluid samples of thirty oral cancer patients and 13 healthy subjects were analyzed (Figure 1).




2. Materials and Methods


Our study was approved by the Committee on Human Research of the Veterans General Hospital (IRB approval #:SE13339b#1). All participants provided written informed consent for the collection of samples and analysis. Saliva samples were collected from 30 oral cancer patients and 13 healthy subjects at the Department of Stomatology, Taichung Veterans General Hospital. For healthy subjects, inclusion criteria were aged > 18 years and with no history of neoplasm. From 2015 to 2017, we enrolled 30 advanced T3–4 oral cancer patients who were never treated according to the 7th AJCC on Cancer TNM staging system. The collected saliva was added with an enzyme inhibitor (Protease Cocktail Inhibitor; cOmplete Tablets, Mini, EASYpack, Roche, Switzerland). The collection steps were as follows: 20 to 30 mL of sterile distilled water were used to rinse the oral cavity gently and discarded. Another 5 mL distilled water was used for 1-min gargling and then spitted to collect all of the saliva, and samples were placed in ice immediately. After adding the protease inhibitor, the collected saliva sample was centrifuged at 3000 rpm at 4 °C. The supernatant of the sample was extracted and stored at −80 °C.



We designed and synthesized a peptide fragment E6 48–66 in HPV 16 E6 protein (named as HP-1 peptide) and used that as an antigen for immunization in chickens. The egg yolk polyclonal antibodies were integrated into the immunoassay to develop a biosensor using the surface plasmon resonance. HP-1 was modified and extended in length at peptide region 52 to region 62. This region is well documented and is a target for CD4 T-cell epitope [15]. Solid-phase peptide synthesis (SPPS) was used for the HP-1 peptide. The amino acid protecting group of the synthesized peptide was removed through the AM resin with a 95% trifluoroacetic acid (TFA) aqueous solution. The peptide was then cleaved from the resin to yield the crude HP-1 peptide. Afterwards, the HP-1 peptide was separated and purified with RP-HPLC, and the peptide was identified with MALDI-TOF mass spectrometry (MALDI-TOF MS).



Immunization procedures followed the terms of the Institutional Animal Care and Use Committee (IACUC). The immune response in Lai Hen chickens was that the antigen was boosted by a complete adjuvant (complete Freund’s adjuvant, CFA). The adjuvant prevents rapid disintegration of the antigen, prolonging the antigenic exposure to the immune system and enhancing the response of immune cells. The immunized injection contained an emulsified mixture of 300 μg formed by 150 μg of antigen and 150 μL of complete adjuvant (in 1:1 ratio). The second injection was given 14 days later, and consecutive immunizations were performed at 3-week intervals until reaching a stable sera titer. At each boost injection, the serum titer was checked, and the animal with the highest titer was selected, and her eggs were collected for antigen separation.



The liquid phase extraction separated antibodies from the egg yolk, following the method described by Polson [16]. First, 15 mL egg yolk was extracted from an egg and mixed with distilled water in a 50 mL centrifuge tube. Then, 15 mL of chloroform was added, followed by a slow and even shaking. Finally, the supernatant was extracted by centrifugation at 4000 rpm for 5 min. The supernatant contained the antibodies, which were stored at −20 °C. Lastly, the Smith assay determined the concentrations of chicken anti-HP-1 IgY antibodies in the egg yolk. The standard protein was bovine serum albumin.



Titers of egg yolk anti-HP-1 IgY antibodies were determined with the indirect enzyme-linked immunosorbent assay (ELISA). Briefly, into microtiter wells on the ELISA plate, 100 μL of each HP-1 peptide standard and 100 mL chicken anti-HP-1 IgY antibody were pipetted. Dispensed into each well was 100 μL of goat anti-chicken-HRP conjugate reagent. The mixture was allowed to incubate at room temperature under shaking (750 rpm) for 90 min. Next, the incubation mixture was removed by flicking plate contents into a waste container. Wells were rinsed and flicked five times with wash buffer, and the plate was struck sharply onto paper towels to remove residual water. Then, the TMB reagent (100 μL) was added to each well, gently mixed for 10 s, and allowed to incubate at room temperature in the dark with mechanical shaking (750 rpm) for 20 min. Next, hydrochloric acid (1 N, 100 μL) was added to each well and gently mixed for ~30 s to stop the enzymatic reaction (making sure that the blue color had changed to yellow completely). Within 15 min, the 450 nm absorbance was measured for each well using a VERSAmaxTM microplate reader (Molecular Devices, Boston, MA, USA).



The Kinetic/Affinity analysis was performed using the Biacore 3000 to study the kinetics (binding and dissociation rate) and affinity (binding strength) of interactions of the antigen–antibody complexes. The following experiments adopted a multi-cycle mode, in which the regeneration step was performed after dissociation of each injection sample to ensure similar conditions of chips before each sample injection. The following experiment aimed to investigate the interactions between anti-HP-1 IgY antibody and E6 protein (commercially purchased). Anti-HP-1 IgY antibodies diluted in serial concentrations were used as analytes. The highest concentration was 10.00 μg/mL, and from that diluted serially to 5.00 μg/mL, 3.33 mg/mL, 2.50 mg/mL, 2.00 mg/mL, and 1.66 μg/mL. Induction spectra were detected with the E6 protein immobilized on the biosensor chip.



Initially, EDC/NHS was used to activate the surface of the sensor chip at a final concentration of 0.2 μg/mL, and anti-HP- 1 polyclonal antibody were covalently bound to the surface of the chip (first tested with sodium acetate solution at pH of 3.5, 4.0, 4.5, 5.0, 5.5 optimal bonding conditions, and then repeated at pH 3.5). The final EA masked the remaining activating sites. A sensorgram was generated by reacting a 1⁄2 diluted saliva sample from the 43 subjects as analytes. Anti-HP-1 antibodies (IgY) were immobilized on the sensor chip, and the saliva sample was tested in the solution that flew through the channel on the chip for monitoring the to-be-detected interactions. The sample mixture was diluted with an HBS buffer and analyzed with Biacore 3000 at a flow rate of 20 μL/min.




3. Results


3.1. Synthesis, Purification, and Titer Determination of HP-1 Peptide


3.1.1. Solid Phase Synthesis of the HP-1 Peptide and Purification


The peptide sequence of HP-1 was HN2-EVYDFAFRDLCIVYRDGNP-COONH2, and the theoretical molecular weight was 2292.08 Da. RP-HPLC purified the crude peptide mixture, and the retention time (Rt) of the HP-1 peptide was determined as 14.73 min. The solution collected at 14.73 min was freeze-dried, and its molecular mass was determined as 2293.5 m/z by MALDI-TOF MS. These results indicated the successful synthesis and purification of HP-1 peptide (Figure 2a,b).




3.1.2. Determination of the Titer of Chicken Anti-HP-1 Antibody by Indirect ELISA


The highest concentration of egg yolk antibody was 250 μg/mL, which was diluted serially to 125 μg/mL, 62.5 μg/mL, 31.25 μg/mL, 15.625 μg/mL, 7.8125 μg/mL, and 3.90625 μg/mL (Figure 3).



The detected responses of egg yolk antibodies ranged from 0.25 mg/mL to 0.0625 μg/mL were found to be dose-dependent. In addition, we found an excellent linear relationship between the antibody and antigen was within the concentration of 1.953125 μg/mL. Therefore, in the following ELISA analysis, the antibody concentration was set up at 125 μg/mL.




3.1.3. Analyses of Kinetics and Affinity of E6 Protein and Anti-HP-1 Polyclonal Antibodies


E6 protein was immobilized on the sensor chip (Figure 4a). Anti-HP-1 IgY antibodies had led to changes in RU. ΔRU also tended to increase with the injected concentration of anti-HP-1 multi-strain antibody (Figure 4b). Using the “1:1 binding” model for kinetic analysis, the binding rate (ka) and dissociation rate constant (Kd) calculated were 3.406 × 102 M−1 s−1 and 1.191 × 10−4 s−1, respectively (Table 1). When the chip flowed through the anti-HP-1 polyclonal antibodies at various concentrations, the highest ΔRU value achieved was plotted against its concentration. The equilibrium dissociation constant (KD) was calculated to be 1.753 × 10−7 M (Table 2). The kinetic and affinity analysis ensured a high specificity antibody of the generated anti-HP-1 IgY for detecting biomarkers in the immunoassay.




3.1.4. Detecting E6 Protein in Saliva of Oral Cancer and Normal Subjects


Initially, the optimal pH was determined by the second channel of the CM5 sensor chip to determine the optimal pH; the maximal immobilization of antibodies was found at pH 5.0, with a ΔRU value of 24,000 RU. Samples from a total of 43 subjects (N: 13 normal subjects and P: 30 patients III + IV) were tested using half diluted saliva as analytes, in which anti-HP-1 IgY antibodies had shown immobilization at the sensor chip. The sensorgram revealed that some patients’ saliva had interacted more strongly with antibodies. This finding indicated that these few patients had E6 protein present in their saliva samples. When the value of RU was set at 18.694, we found both positive and negative results (means: −13.102; standard deviation: 12.324 RU; the range of confidence interval: −44.898 to 18.694). With the upper limit as the cutoff level, it was found that all normal subjects with values < 18.694 RU were classified as negative results, and 26.7% of oral cancer patients (stage III + IV) showed positive results (Figure 5).






4. Discussion


In this study, we designed and synthesized a specific candidate peptide, HP-1, for HPV E6 protein as a salivary biomarker for oral cancer. The kinetic analysis demonstrated a high affinity between our peptide immunized IgY antibody and the E6 protein. Thus, we anticipate that this self-generated IgY can provide a fundamental immunoassay model to develop tools for detecting salivary biomarkers at university-based laboratories, particularly for the rare but valuable peptides as candidate biomarkers.



In addition, we successfully established a biosensor/biochip immunoassay to detect the presence of HPV E6 protein in the saliva of oral cancer patients. Empirically, we analyzed 30–40 samples for testing our biomarkers and biosensor in this study. Although the small sample size can lead to a wide range of confidence intervals and inaccuracies in statistical hypotheses testing, it showed that 26.8% of advanced oral cancer patients had higher levels of E6 protein in their salivary samples when considered at a cutoff level of 18.694 ΔRU. Following this result, one-fourth of the HPV E6 positive rate is compatible with previous reports of incidence of HPV-related oral and oropharyngeal cancer patients [17,18]. The further confirmation study will precede large sample size numbers in the future.



The scheme of detecting salivary biomarkers for oral cancer is a promising step forward for individualized medicine. Bio-fluids, such as saliva, could contain tumor-related DNAs and proteins related to the diseases [19,20]. Several studies have reported that HPV DNA in the saliva of oral cancer patients could be used in a non-invasive means for assessing HPV tumor status [21,22]. For example, HPV-16/18 status of saliva and plasma is likely a screening tool for HPV-16/18-positive patients and a predicting tool for post-treatment three-year recurrence in oral cancer patients [23].



However, targeting HPV oncoproteins, as an oral cancer biomarker facilitates new approaches in salivary-based assays for early diagnosis, clinical staging, and prediction of treatment outcomes [24]. In the early stage of HPV infection, the virus first enters the upper stratified squamous epithelial cells and reproduces by multiplying in host cells to extend its life cycle. After reproducing the E6 and E7 viral proteins, a host cell loses its ability to inhibit its cell division and the normal restriction of cell differentiation. When E7 binds to pRb (retinoblastoma tumor suppressor protein), it allows E2F to dissociate and guide host cells to start protein expression required for DNA replication. Moreover, E6 inhibits p53 activities, which played a role in DNA repair, leading to apoptosis. If HPV infected DNA-damaged cells due to dysfunctions of pRb and p53, they could continue to replicate and ultimately into the malignant transformation processes [25,26].



Compared to HPV DNA, E6/E7 protein expression might be more directly associated with human cancer risk. The reason might be that the presence of HPV DNA is not enough to prove the causality of malignant transformation. Mainly HPV E6/E7 oncogene expression is considered necessary for carcinogenesis. Therefore, the lack of HPV E6/E7 oncogene expression represents the carcinogenic causality of HPV does not exist [27]. Based on this assumption, the screening threshold of E6/E7 oncoprotein should be quantified and used to detect HPV-related cancer. In 2018, Zhang tested the feasibility of human papillomavirus E6 and E7 oncoproteins as the target to diagnose cervical cancer. This study concluded that using E6/E7 assay can help diagnose the early stage of cervical cancer. Compared to the ThinPrep cytologic test (TCT) and HC2 HPV DNA test (HC2), E6/E7 assay, Western blot assay showed that it is important to diagnose CIN2+ with the moderate capability of sensitivity and specificity by a positive threshold value of 20%, which can apply in early diagnosis with cancer screening [28].



Currently, there are several tests available for diagnosing HPV-related OPSCC. HPV DNA and mRNA assess HPV-related infection or tumors by PCR and Rt-PCR in the paraffin-fixed tissue specimens. The main strength of those examinations is high sensitivity and specificity; however, they are unpractical for usage in clinical applications [29]. The alternated method is testing p16 by immunohistochemistry as a surrogate HPV-positive biomarker. Although testing p16 by IHC is the most common method used to diagnose clinically but is still recognized to have a 20% false-positive rate in HPV-negative patients. Furthermore, the diagnosis can be subjective due to the lack of a standard scoring system for differentiating HPV positive on IHC testing [30]. Regarding development of a simple and rapid test for diagnosing HPV status in HNSCC patients, detecting E6 protein for screening or diagnosis of HPV-related oral cancer by saliva fluid. Comparisons of detection and diagnosis methods of HPV in oral cancer patients are summarized in Table 3.



Application of IgY is of potential use for treatment and cancer-related research and in developing immunotherapy against surface tumor markers in cancer cells. Several studies reported on the capacity of IgY-based immunoassay for diagnostic purposes and research [31,32]. This has an essential advantage over mammalian IgG, regarding the lack of a false-positive due to them not being a crossed reaction with the rheumatoid factor. The IgY antibody provides similar reactivity to the mouse monoclonal IgG antibody in mice. Furthermore, since only eggs are collected, and no animals are sacrificed, the approach raises little moral controversy. Regarding the efficiency of antibody production, IgY antibodies from an egg can be produced as high as 10 mg/egg. In addition, housing hens is inexpensive, and affinity purification is easy to do and fast. Due to these advantages, it is interesting that avian IgY replacing mammalian IgG is more likely preferred as a diagnostic tool in ELISA assay for infectious diseases and biomarkers of cancer. For example, IgY antibodies are used in sandwich ELISA to detect breast cancer biomarkers, namely the CA 15-3 antigen in the serum [33]. Although IgY antibodies are commonly used in ELISA and immunoblotting, some new detection systems have been developed, such as fluorescence immunoassay, surface plasmon resonance (SPR) [34], and immunochromatography [35], as well as in developing immunotherapy against surface tumor markers in cancer cells [36].



Surface plasmon resonance (SPR) techniques have a high potential for clinical applications to obtain a more efficient salivary-based analysis. The primary measuring mechanism of SPR immunoassay is detecting changes in the optically refractive index of the metal chip based on interactions between antigen and antibody that immobilize products in samples. SPR showed some advantages in proteomic analysis [37]. This SPR technique can be used to measure the kinetics of interaction, with acknowledged specificity and affinity between the antibody and the target antigen [38]. SPR, compared with conventional assays, is a time-efficient method and detects biomarkers without involving labeling. After standard preparation procedures, antibodies can be applied in SPR with immobilization on the biosensor chip. We postulated an efficient assay to identify salivary biomarkers using SPR. This saliva biomarker assay method is inexpensive and has convenient pipeline procedures, which require only an hour to finish also reducing labor and cost investments to process immunoassay [39]. It is potentially applicable in clinical settings which require testing of samples with quick, chair-side, and convenient analysis procedures [40]. It also can apply to other anatomic sites, such as the cervix, to screen and test HPV-related cancer.




5. Conclusions


We reported a biosensor/biochip-based immunoassay for identifying saliva biomarkers in oral cancer patients. It is potentially helpful for oral cancer screening, monitoring treatment response, and developing personalized medicines. Furthermore, such an approach of IgY-based internal detection is also suitable for biomarker detection of new pandemic viruses (such as COVID-19), as the method is cost-effective and is fast in implementation and analysis. The primary goal is to develop a biosensor-based assay to detect salivary biomarkers of oral cancer patients, a rapid, efficient, and non-invasive diagnostic tool.




6. Patents


This manuscript builds on our study to identify salivary biomarkers based on immunoassay biosensor/biochip techniques. The U.S. patent (US 10379123) of this technique has been filed.







Author Contributions


Conceptualization, C.-S.C. and F.-D.L.; methodology, F.-D.L.; validation, C.-S.C. and F.-D.L.; formal analysis, C.-S.C.; investigation, C.-S.C. and F.-D.L.; resources, B.-R.O. and C.-S.C.; data curation, C.-S.C.; writing—original draft preparation, C.-S.C.; writing—review and editing, F.-D.L.; visualization, F.-D.L.; supervision, B.-R.O. and F.-D.L.; project administration, F.-D.L.; funding acquisition, C.-S.C. All authors have read and agreed to the published version of the manuscript.




Funding


This work was funded by the Ministry of Health and Welfare, Taiwan (Grant number: MOHW105-TDU-B-211-134002 (1-2-1).




Institutional Review Board Statement


Our study was approved by the Committee on Human Research of the Veterans General Hospital (IRB approval #: SE13339b#1).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Cheng, Y.S.; Rees, T.; Wright, J. A review of research on salivary biomarkers for oral cancer detection. Clin. Transl. Med. 2014, 3, 3. [Google Scholar] [CrossRef] [PubMed]

	



Wang, Q.; Yu, Q.; Lin, Q.; Duan, Y. Emerging salivary biomarkers by mass spectrometry. Clin. Chim. Acta 2015, 438, 214–221. [Google Scholar] [CrossRef] [PubMed]

	



Malamud, D. Saliva as a diagnostic fluid. Dent. Clin. N. Am. 2011, 55, 159–178. [Google Scholar] [CrossRef] [PubMed]

	



Sindhu, S.; Jagannathan, N. Saliva: A Cutting Edge in Diagnostic Procedures. J. Oral. Dis. 2014, 2014, 168584. [Google Scholar] [CrossRef]

	



Rogers, K.R. Principles of affinity-based biosensors. Mol. Biotechnol. 2000, 14, 109–129. [Google Scholar] [CrossRef]

	



Vashist, S.K.; Dixit, C.K.; MacCraith, B.D.; O’Kennedy, R. Effect of antibody immobilization strategies on the analytical performance of a surface plasmon resonance-based immunoassay. Analyst 2011, 136, 4431–4436. [Google Scholar] [CrossRef]

	



Malon, R.S.; Sadir, S.; Balakrishnan, M.; Córcoles, E.P. Saliva-based biosensors: Noninvasive monitoring tool for clinical diagnostics. BioMed Res. Int. 2014, 2014, 962903. [Google Scholar] [CrossRef]

	



Vashist, S.K. Point-of-Care Diagnostics: Recent Advances and Trends. Biosensors 2017, 7, 62. [Google Scholar] [CrossRef]

	



Singhal, J.; Verma, S.; Kumar, S.; Mehrotra, D. Recent Advances in Nano-Bio-Sensing Fabrication Technology for the Detection of Oral Cancer. Mol. Biotechnol. 2021, 63, 339–362. [Google Scholar] [CrossRef]

	



Mirghani, H.; Lang Kuhs, K.A.; Waterboer, T. Biomarkers for early identification of recurrences in HPV-driven oropharyngeal cancer. Oral. Oncol. 2018, 82, 108–114. [Google Scholar] [CrossRef]

	



Hormia, M.; Willberg, J.; Ruokonen, H.; Syrjänen, S. Marginal periodontium as a potential reservoir of human papillomavirus in oral mucosa. J. Periodontol. 2005, 76, 358–363. [Google Scholar] [CrossRef] [PubMed]

	



Kim, L.; King, T.; Agulnik, M. Head and neck cancer: Changing epidemiology and public health implications. Oncology 2010, 24, 915–924. [Google Scholar] [PubMed]

	



Lindel, K.; Beer, K.T.; Laissue, J.; Greiner, R.H.; Aebersold, D.M. Human papillomavirus positive squamous cell carcinoma of the oropharynx: A radiosensitive subgroup of head and neck carcinoma. Cancer 2001, 92, 805–813. [Google Scholar] [CrossRef]

	



Gillison, M.L.; Chaturvedi, A.K.; Lowy, D.R. HPV prophylactic vaccines and the potential prevention of noncervical cancers in both men and women. Cancer 2008, 113, 3036–3046. [Google Scholar] [CrossRef] [PubMed]

	



Coleman, H.N.; Wang, X.; Greenfield, W.W.; Nakagawa, M. A Human Papillomavirus Type 16 E6 52-62 CD4 T-Cell Epitope Restricted by the HLA-DR11 Molecule Described in an Epitope Hotspot. MOJ Immunol. 2014, 1, 00018. [Google Scholar] [CrossRef]

	



Polson, A. Isolation of IgY from the yolks of eggs by a chloroform polyethylene glycol procedure. Immunol. Investig. 1990, 19, 253–258. [Google Scholar] [CrossRef]

	



Klussmann, J.P.; Weissenborn, S.J.; Wieland, U.; Dries, V.; Kolligs, J.; Jungehuelsing, M.; Eckel, H.E.; Dienes, H.P.; Pfister, H.J.; Fuchs, P.G. Prevalence, distribution, and viral load of human papillomavirus 16 DNA in tonsillar carcinomas. Cancer 2001, 92, 2875–2884. [Google Scholar] [CrossRef]

	



Kreimer, A.R.; Clifford, G.M.; Boyle, P.; Franceschi, S. Human papillomavirus types in head and neck squamous cell carcinomas worldwide: A systematic review. Cancer Epidemiol. Prev. Biomark. 2005, 14, 467–475. [Google Scholar] [CrossRef]

	



SahebJamee, M.; Boorghani, M.; Ghaffari, S.R.; AtarbashiMoghadam, F.; Keyhani, A. Human papillomavirus in saliva of patients with oral squamous cell carcinoma. Med. Oral. Patol. Oral. Cir. Bucal. 2009, 14, e525–e528. [Google Scholar] [CrossRef]

	



Wang, Y.; Springer, S.; Mulvey, C.L.; Silliman, N.; Schaefer, J.; Sausen, M.; James, N.; Rettig, E.M.; Guo, T.; Pickering, C.R.; et al. Detection of somatic mutations and HPV in the saliva and plasma of patients with head and neck squamous cell carcinomas. Sci. Transl. Med. 2015, 7, 293ra104. [Google Scholar] [CrossRef]

	



Chuang, A.Y.; Chuang, T.C.; Chang, S.; Zhou, S.; Begum, S.; Westra, W.H.; Ha, P.K.; Koch, W.M.; Califano, J.A. Presence of HPV DNA in convalescent salivary rinses is an adverse prognostic marker in head and neck squamous cell carcinoma. Oral Oncol. 2008, 44, 915–919. [Google Scholar] [CrossRef] [PubMed]

	



Stephen, J.K.; Kang, M.C.; Mahan, M.; Divine, G.; Ghanem, T.A.; Worsham, M.J. HPV and methylation indicators in paired tumor and saliva in HNSCC. Cancer Clin. Oncol. 2013, 2, 42–52. [Google Scholar] [CrossRef]

	



Ahn, S.M.; Chan, J.Y.; Zhang, Z.; Wang, H.; Khan, Z.; Bishop, J.A.; Westra, W.; Koch, W.M.; Califano, J.A. Saliva and plasma quantitative polymerase chain reaction-based detection and surveillance of human papillomavirus-related head and neck cancer. JAMA Otolaryngol.–Head Neck Surg. 2014, 140, 846–854. [Google Scholar] [CrossRef] [PubMed]

	



Kang, H.; Kiess, A.; Chung, C.H. Emerging biomarkers in head and neck cancer in the era of genomics. Nat. Rev. Clin. Oncol. 2015, 12, 11–26. [Google Scholar] [CrossRef] [PubMed]

	



Doorbar, J.; Quint, W.; Banks, L.; Bravo, I.G.; Stoler, M.; Broker, T.R.; Stanley, M.A. The biology and life-cycle of human papillomaviruses. Vaccine 2012, 30, F55–F70. [Google Scholar] [CrossRef]

	



Schiffman, M.; Wentzensen, N. Human papillomavirus infection and the multistage carcinogenesis of cervical cancer. Cancer Epidemiol. Biomark. Prev. 2013, 22, 553–560. [Google Scholar] [CrossRef]

	



Gillison, M.L.; Alemany, L.; Snijders, P.J.; Chaturvedi, A.; Steinberg, B.M.; Schwartz, S.; Castellsagué, X. Human papillomavirus and diseases of the upper airway: Head and neck cancer and respiratory papillomatosis. Vaccine 2012, 30, F34–F54. [Google Scholar] [CrossRef]

	



Zhang, J.J.; Cao, X.C.; Zheng, X.Y.; Wang, H.Y.; Li, Y.W. Feasibility study of a human papillomavirus E6 and E7 oncoprotein test for the diagnosis of cervical precancer and cancer. J. Int. Med. Res. 2018, 46, 1033–1042. [Google Scholar] [CrossRef]

	



Bussu, F.; Ragin, C.; Boscolo, P.; Rizzo, D.; Gallus, R.; Delogu, G.; Morbini, P.; Tommasino, M. HPV as a marker of molecular characterization in head and neck oncology: Looking for a standardization of clinical use and of detection method(s) in clinical practice. Head Neck 2019, 41, 1104–1111. [Google Scholar] [CrossRef]

	



Robinson, M.; Schache, A.; Sloan, P.; Thavaraj, S. HPV specific testing: A requirement for oropharyngeal squamous cell carcinoma patients. Head Neck Pathol. 2012, 6, 83–90. [Google Scholar] [CrossRef]

	



Dias da Silva, W.; Tambourgi, D.V. IgY: A promising antibody for use in immunodiagnostic and in immunotherapy. Vet. Immunol. Immunopathol. 2010, 135, 173–180. [Google Scholar] [CrossRef] [PubMed]

	



Vega, C.; Bok, M.; Saif, L.; Fernandez, F.; Parreño, V. Egg yolk IgY antibodies: A therapeutic intervention against group A rotavirus in calves. Res. Vet. Sci. 2015, 103, 1–10. [Google Scholar] [CrossRef] [PubMed]

	



Grzywa, R.; Łupicka-Słowik, A.; Walczak, M.; Idzi, M.; Bobrek, K.; Boivin, S.; Gaweł, A.; Stefaniak, T.; Oleksyszyn, J.; Sieńczyk, M. Highly sensitive detection of cancer antigen 15-3 using novel avian IgY antibodies. ALTEX-Altern. Anim. Exp. 2014, 31, 43–52. [Google Scholar] [CrossRef]

	



Lung, F.D.; Tsai, J.Y.; Wei, S.Y.; Cheng, J.W.; Chen, C.; Li, P.; Roller, P.P. Novel peptide inhibitors for Grb2 SH2 domain and their detection by surface plasmon resonance. J. Pept. Res. 2002, 60, 143–149. [Google Scholar] [CrossRef]

	



Gopinath, S.C.; Tang, T.H.; Citartan, M.; Chen, Y.; Lakshmipriya, T. Current aspects in immunosensors. Biosens. Bioelectron. 2014, 57, 292–302. [Google Scholar] [CrossRef]

	



Leiva, C.L.; Gallardo, M.J.; Casanova, N.; Terzolo, H.; Chacana, P. IgY-technology (egg yolk antibodies) in human medicine: A review of patents and clinical trials. Int. Immunopharmacol. 2020, 81, 106269. [Google Scholar] [CrossRef]

	



Vergara, D.; Bianco, M.; Pagano, R.; Priore, P.; Lunetti, P.; Guerra, F.; Bettini, S.; Carallo, S.; Zizzari, A.; Pitotti, E.; et al. An SPR based immunoassay for the sensitive detection of the soluble epithelial marker E-cadherin. Nanomedicine 2018, 14, 1963–1971. [Google Scholar] [CrossRef] [PubMed]

	



Lago, S.; Nadai, M.; Rossetto, M.; Richter, S.N. Surface Plasmon Resonance kinetic analysis of the interaction between G-quadruplex nucleic acids and an anti-G-quadruplex monoclonal antibody. Biochim. Et Biophys. Acta (BBA)-Gen. Subj. 2018, 1862, 1276–1282. [Google Scholar] [CrossRef]

	



Nguyen, H.H.; Park, J.; Kang, S.; Kim, M. Surface plasmon resonance: A versatile technique for biosensor applications. Sensors 2015, 15, 10481–10510. [Google Scholar] [CrossRef]

	



Nguyen, H.H.; Yi, S.Y.; Woubit, A.; Kim, M. A Portable Surface Plasmon Resonance Biosensor for Rapid Detection of Salmonella typhimurium. Appl. Sci. Converg. Technol. 2016, 25, 61–65. [Google Scholar] [CrossRef]

	



Augustin, J.G.; Lepine, C.; Morini, A.; Brunet, A.; Veyer, D.; Brochard, C.; Mirghani, H.; Péré, H.; Badoual, C. HPV Detection in Head and Neck Squamous Cell Carcinomas: What Is the Issue? Front. Oncol. 2020, 10, 1751. [Google Scholar] [CrossRef] [PubMed]

	



Gipson, B.J.; Robbins, H.A.; Fakhry, C.; D’Souza, G. Sensitivity and specificity of oral HPV detection for HPV-positive head and neck cancer. Oral Oncol. 2018, 77, 52–56. [Google Scholar] [CrossRef] [PubMed]

	



Harlé, A.; Guillet, J.; Thomas, J.; Sastre-Garau, X.; Rouyer, M.; Ramacci, C.; Gilson, P.; Dubois, C.; Dolivet, G.; Leroux, A.; et al. Evaluation and validation of HPV real-time PCR assay for the detection of HPV DNA in oral cytobrush and FFPE samples. Sci. Rep. 2018, 8, 11313. [Google Scholar] [CrossRef] [PubMed]








[image: Jpm 12 00594 g001 550] 





Figure 1. The schematic diagram of synthesis, purification, and analysis of Chicken anti-HP1 IgY. 
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Figure 2. (a) RP-HPLC chromatography of HP-1 peptide. The gradient started at 10–90% acetonitrile (contain 0.05% TFA), and continued 48–49% acetonitrile from 10 min to 20 min, then 90–10% acetonitrile over 14 min at a flow rate of 4 mL/min. The retention time of target peptide is 14.73 min. (b) HP-1 pure peptide characterized by MALDI-TOF; the major peak of target peptide is 2293.5 Da. 
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Figure 3. Detection range of the antibody and antigen reaction showing a good linear relationship. Consequently, the ELISA analysis that followed had adopted an antibody concentration at 125 μg/mL. 
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Figure 4. Analyses of kinetics and affinity of E6 protein and anti-HP-1 polyclonal antibodies. (a) The SPR Sensorgram showed that immobilized E6 proteins on the sensor chip and variant concentrations of anti-HP-1 IgY antibodies. (b) The analytes were flowed the chip through the anti-HP-1 polyclonal antibodies at various concentrations; the highest ΔRU achieved was plotted against its concentration. 
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Figure 5. Analysis of normal and oral cancer patients of E6 with anti-HP-1 IgY antibodies. ΔRU values of normal, stage III and stage IV represented by the colors blue, yellow, and red. A total of 26.7% of oral cancer patients (stage III + IV) showed positive results. 






Figure 5. Analysis of normal and oral cancer patients of E6 with anti-HP-1 IgY antibodies. ΔRU values of normal, stage III and stage IV represented by the colors blue, yellow, and red. A total of 26.7% of oral cancer patients (stage III + IV) showed positive results.



[image: Jpm 12 00594 g005]







[image: Table] 





Table 1. Kinetic analysis of immobilized of E6 protein and anti-HP-1 IgY antibodies with different concentrations.
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	ka (1/Ms)
	kd (1/s)
	KD (M)
	Rmax (RU)
	tc
	Chi2 (RU2)





	340.6
	1.191 × 10−4
	3.497 × 10−7
	1385
	8.020 × 106
	0.524
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Table 2. Affinity analysis of immobilized of E6 protein and anti-HP-1 IgY antibodies with different concentrations.
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	KD (M)
	1.753 × 10−7



	Rmax (RU)
	52.94



	offset (RU)
	−6.557



	Chi2 (RU2)
	0.288
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Table 3. Summarization of detection and diagnosis of HPV in oral cancer.
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Source of Samples

	
Target Biomarker

	
Methods

	
Sensitivity

	
Specificity

	
Advantages

	
Disadvantages






	
Histopathological specimen [40]

	
HPV-DNA

	
polymerase chain reaction (PCR)

	
>90%

	
>90%

	
High assay sensitivity and specificity

	
Not directly indicated that cancer is induced by HPV




	
HPV-DNA

	
in situ hybridization

	
>90%

	
>90%

	
High agreement with HPV DNA assays

	
Not suitable for clinical application




	
p16INK4A

	
Immunohistochemistry

	
>80%

	
>80%

	
Reliable indicator biomarker

	
High false positive rate, and no standard scoring system available




	
Serum [28,41]

	
HPV antibody

	
E6/E7 antibody analysis

	
>80%

	
>90%

	
Indicates the presence of HPV-associated cancer

	
At any anatomic site, not specific in HNSCC




	
HPV E6/E7 oncoproteins

	
Western blot analysis

	
>65%

	
>30%

	
Indicates the presence of HPV-associated cancer

	
At any anatomic site and low sensitivity of assay




	
Saliva [42,43]

	
HPV DNA

	
polymerase chain reaction (PCR)

	
>90%

	
>70%

	
High assay sensitivity and specificity

	
Single time-point measure of HPV exposure and not directly indicated that cancer induced by HPV




	
HPV E6/E7 transcripts

	
qRT-PCR

	
>90%

	
>95%

	
Achievable in laboratories

	
Limited utility in clinical practice
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