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Natural autoantibodies play a crucial role in destruction of malignant tumors due to immune surveillance function. Epidermal growth factor receptor 2 (HER2) has been found to be highly expressed in a variety of epithelial tumors including oral squamous cell carcinoma (OSCC). The present study was thus undertaken to investigate the effect of anti-HER2 natural autoantibodies on OSCC. Compared with cancer-adjacent tissues, cancer tissues from OSCC patients exhibited higher HER2 expression especially in those with middle & advanced stage OSCC. Plasma anti-HER2 IgG levels examined with an enzyme-linked immunosorbent assay (ELISA) developed in-house showed differences between control subjects, individuals with oral benign tumor and patients with OSCC. In addition, anti-HER2 IgG-abundant plasma was screened from healthy donors to treat OSCC cells and to prepare for anti-HER2 intravenous immunoglobulin (IVIg). Both anti-HER2 IgG-abundant plasma and anti-HER2 IVIg could significantly inhibit proliferation and invasion of OSCC cells by inducing the apoptosis, and also regulate apoptosis-associated factors and epithelial-mesenchymal transition (EMT), respectively. Besides, the complement-dependent cytotoxicity (CDC) pathway was likely to contribute to the anti-HER2 IgG mediated inhibition of OSCC cells. After the HER2 gene was knocked down with HER2-specific siRNAs, the inhibitory effects on OSCC cell proliferation and apoptotic induction faded away. In conclusion, human plasma IgG, or IVIg against HER2 may be a promising agent for anti-OSCC therapy.
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INTRODUCTION
Oral squamous cell carcinoma (OSCC) is the sixth leading cancer worldwide and accounts for approximately 90% of all oral malignant tumors (Niu et al., 2020; Zheng et al., 2021). It has been estimated that there are about 400,000 new cases diagnosed as having OSCC with 170,000 OSCC-related deaths each year (Sasahira and Kirita, 2018; Sarkar et al., 2021; Yang et al., 2021). Most people with OSCC already progressed to the advanced stage when they were diagnosed (Sasahira and Kirita, 2018). About 20–30% OSCC patients experienced relapse regardless of treatment; the prognosis of OSCC is rather poor and the overall 5-years survival rate is roughly 50% across the globe (Singhvi et al., 2017; Zhao et al., 2020; Sarkar et al., 2021). Current therapies available for treatments of OSCC include surgical resection, radiotherapy, chemotherapy, immunotherapy, gene therapy as well as combination of several therapies (Gau et al., 2019; Gigliotti et al., 2019; Yang et al., 2020); however, these treatments may result in serious problems such as complications, oral cavity disorders and multi-drug resistance (MDR) to chemotherapy (Chen et al., 2016).
Human epidermal growth factor receptor (EGFR) 2, also called HER2, is a member of the EGFR family of transmembrane receptor tyrosine kinase, and has been reported to be associated with cell growth and survival (Huang et al., 2018; Mirza et al., 2020). HER2 is a non-ligand binding member and exerts its activity by heterodimerization with other EGFR family members, leading to the initiation of multiple signaling pathways involved in cellular proliferation and tumorigenesis (Huang et al., 2018; Oh and Bang, 2020). High HER2 expression due to gene amplification drives oncogenic signaling in various organs and tissues of cancer origin including esophagogastric, breast, head, and neck and other types of cancer (Cierpikowski et al., 2018; Grenda et al., 2020; Pennacchiotti et al., 2021; Sanz-Moreno et al., 2021). Meanwhile, diverse results regarding the overexpression of HER2 in OSCC have been reported (Werkmeister et al., 2000; Fong et al., 2008; Cierpikowski et al., 2018). This highlights the importance of further investigation of HER2 in OSCC development. Currently, small molecule inhibitors or antibodies targeting HER2 have been approved for treatment of patients with HER2-positive breast cancer, non-small cell lung cancer (NSCLC), and gastroesophageal cancer (Iqbal and Iqbal, 2014; Cameron et al., 2017; Kneissl et al., 2017; Liu et al., 2018; Okamoto et al., 2020). Two FDA-approved HER2 monoclonal antibodies (mAbs), namely trastuzumab, and pertuzumab, have shown anti-tumor effects by attacking HER2 signaling (Gerson et al., 2017). Trastuzumab has been used clinically for the treatment of metastatic breast cancer (Kristeleit et al., 2016; Early Breast Cancer Trialists' Collaborative, 2021). Pertuzumab is a recombinant humanized mAb binding to the extracellular dimerization domain II of HER2 to prevent the ligand-induced HER2 heterodimer formation and reduce the survival of tumor (Barthelemy et al., 2014). However, mAb-based immunotherapy has raised new questions about assessment of drug toxicity, the economics of cancer therapy, and resistance to treatments (Kristeleit et al., 2016; Dempsey et al., 2021). Hitherto, HER2-targeted medications have not been applied clinically to treat OSCC, so that there is an urgent need to develop HER2-based alternative and safe therapies.
Natural autoantibodies are defined as immunoglobulins constitutively produced by B-1 cells in the absence of external antigen stimulation (Schwartz-Albiez et al., 2009; Panda and Ding, 2015), and play a role in a number of physiological activities such as homeostatic regulation of the immune system, elimination of invading pathogens and clearance of apoptotic or cancer cells (Holodick et al., 2017). Several lines of evidence suggest that natural autoantibodies are associated with some common chronic illnesses including type-2 diabetes, atherosclerosis, and malignant tumor (Cai et al., 2017; Wang et al., 2018; Zhao et al., 2018; Liu et al., 2020). In fact, anti-tumor cytotoxicity of natural autoantibodies has been confirmed with in vitro study and catches more attention lately. In a previous study, we found that healthy individuals had remarkably high levels of natural IgG antibodies against human vascular endothelial growth factor receptor 1 (VEGFR1) and that anti-VEGFR1 IgG-abundant plasma could inhibit the proliferation of liver cancer cells (Wang et al., 2017). In this study, therefore, we investigated circulating levels of natural autoantibodies against HER2 in OSCC patients and analyzed the effects of anti-HER2 IgG-abundant plasma and its intravenous immunoglobulin (IVIg) on OSCC cells.
MATERIALS AND METHODS
Participants
A total of 88 patients with OSCC and 105 patients with oral benign tumor, who were admitted to the Beijing Stomatological Hospital of Capital Medical University in the period between December 2018 and August 2020, were recruited for this study; 120 healthy subjects were simultaneously recruited as controls from local communities. The demographic and clinical information was given in Table 1. All patients with OSCC underwent histological confirmation for their diagnosis and tumor stages; their plasma samples were obtained after diagnosis was made but prior to any anticancer treatment given. Patients with oral benign tumor and OSCC experienced clinical interview and radiographic or imaging examination to exclude those who had any other malignancy or autoimmune diseases. To explore whether plasma anti-HER2 IgG levels were altered in different stages of OSCC, these patients were divided into two subgroups based on the TNM (tumor, node, and metastasis) staging system: early stage (Tis + T1N0M0 + T2N0M0), and middle & advanced stage (stages 3 and 4). All the participants provided written informed consent to participate in the study as approved by the Research Ethics Board of the Beijing Stomatological Hospital of Capital Medical University (Approval code: 2015-92 and 2019-126) and conformed to the Declaration of Helsinki.
TABLE 1 | Demographic and clinical characteristics of control, benign-tumor and OSCC subjects.
[image: Table 1]Detection of Plasma Anti-HER2 IgG Levels
Linear peptide antigens derived from the extracellular domain of human HER2 protein (NP_004439.2) were designed using a computational epitope prediction software (http://www.iedb.org) based on the features of the target sequences such as hydrophilicity, flexibility, surface accessibility and antigenicity; they were then synthesized by solid-phase chemistry with a purity of >95%. An enzyme-linked immunosorbent assay (ELISA) was developed in-house as described previously (Wang et al., 2017; Zhao et al., 2018; Liu et al., 2020). A total of 200 plasma samples from healthy blood donors were screened at the Blood Center of Dongguan, Guangdong Province, China. To reduce inter-plate deviation, pooled plasma from >100 randomly selected individuals was used as a quality control (QC) sample to assess reproducibility of the in-house ELISA for relative quantification of plasma anti-HER2 IgG levels. All the ELISA reagents were provided by Hailanshen Biotechnology Ltd., Qingdao, China. Negative control (NC) was PBS-based assay buffer and positive control (PC) was purified IgG from human blood (G4386, Sigma-Aldrich, United States). The optical density (OD) was measured on a microplate reader at 450 nm with a reference wavelength of 620 nm. All the samples were tested in duplicate and specific binding ratio (SBR) was used to represent plasma anti-HER2 IgG levels. The SBR is calculated as follows:
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Histological Assay
OSCC and cancer-adjacent normal tissues were fixed with 10% (v/v) neutral formaldehyde, and then processed routinely for paraffin embedding, preparation of tissue sections with 4 μm serial sections, followed by deparaffinization. The slices were used for Hematoxylin-eosin (H&E) staining and immunohistochemistry (IHC) analysis. After routine deparaffinization and rehydration, the paraffin-embedded tissue slices were heated in a pressure cooker containing 10 mM citrate buffer (pH 6.0) for 10 min to repair the antigen and the endogenous peroxidase was then quenched by 3% H2O2. After blocking, the slices were incubated with the anti-HER2 antibody working solution (A2071, Abclonal, Wuhan, China) overnight at 4°C, and the secondary antibody (Maxim Biotechnologies, Beijing, China) conjugated with HRP was then incubated and stained with 3,3′-diaminobenzidine (DAB) for observation. Hematoxylin was used for a counterstain. H&E and IHC staining image acquisition was performed under the Olympus BX61 microscope (Olympus, Tokyo, Japan); the average optical density (AOD) was counted using ImageProPlus 6.0 software.
Cell Culture
Three OSCC-derived cell lines, CAL27, SCC25, and SCC15 (ATCC, United States), were cultured in Dulbecco’s Modified Eagle Medium (DMEM, Gibco, NY, United States) and RPMI 1640 Medium (Gibco), respectively, and both media contained 10% fetal bovine serum (FBS, Gibco). All cell lines were cultured in humidified atmosphere with 5% CO2 at 37°C.
Cell Proliferation Assay
Boya Bio-pharmaceutical Group Co., Ltd., China kindly provided anti-HER2 IVIg that was extracted from anti-HER2 IgG-abundant plasma and regular IVIg that was extracted from anti-HER2 IgG-deficient plasma. Cell proliferation was analyzed using the Cell Counting Kit-8 (CCK-8) reagent (Dojindo, Tokyo, Japan), and 5-ethynyl-2′-deoxyuridine (EdU) staining according to the manufacturer’s instructions. Briefly, OSCC cells were seeded in a 96-well plate and pre-incubated for 24 h with complete medium containing 10% FBS. These cells were then treated with following conditions for 48 h: 20% anti-HER2 IgG-abundant plasma only, 20% anti-HER2 IgG-deficient plasma only, 20% FBS with trastuzumab (Roche, Genentech, Inc. CA, United States), 20% anti-HER2 IgG-deficient plasma plus 200 μg/ml trastuzumab or plus regular IVIg (2.5 mg/ml or 5 mg/ml) or plus anti-HER2 IVIg (2.5 mg/ml or 5 mg/ml), respectively. Cell viability was used to present data and calculated based on the CCK-8 OD signal as follows:
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EdU staining was conducted using BeyoClick™ EdU Cell Proliferation Kit with Alexa Fluor 555 (Beyotime, Shanghai, China) according to the manufacturer’s protocol. The treated OSCC cells were incubated with EdU working solution (10 µM) in the dark at 37°C for 2 h, and then fixed with 4% paraformaldehyde for 15 min. Next, the cells were permeabilized with 0.1% Triton X100 for 15 min, and then incubated with Hoechst 33342 for 5 min. The image was captured with a fluorescence microscope, and the image was taken at 200× magnification (Olympus, Tokyo, Japan) to calculate the rate of cell proliferation. OSCC cells that underwent DNA replication during the incubation showed red fluorescence, while the nucleus showed blue fluorescence.
Analysis of Apoptosis
The percentage of OSCC cell lines in early and late apoptosis was determined by AnnexinV-FITC/ propidium iodide (PI) staining according to the instruction (BD Biosciences, United States). The cells were then analyzed through FlowJo V10 software. Apoptotic cells were detected by FITC-Annexin V staining, while PI staining was used to discriminate apoptotic, dead, and necrotic cells. Annexin V-FITC+/PI− and Annexin V-FITC+/PI+ staining was used to define early and late apoptosis.
Transwell Invasion Assay
A conventional 24-well transwell invasion system (Corning, NY, United States) was applied to analyze the ability of cell invasion/metastasis. 5 × 105 OSCC cells in serum-free medium was seeded in triplicate on the top chamber coated with Matrigel (100 µl per well, thickness: 3 mm; Becton Dickinson, San Jose, CA, United States), and then incubated for 48 h in medium containing 20% FBS added to the lower chamber as a driving factor. OSCC cells on the lower surface of the membrane were fixed with 4% formalin and stained with Giemsa (Salarbio, Beijing, China). The polycarbonate membrane was cut and mounted on the slide for preservation. Images of the cells attached to the undersurface of the membrane were captured with 200× magnification microscope (Olympus BX61).
Western Blotting Assay
Cultured OSCC cells were harvested and lysed in cell lysis reagent (Sigma-Aldrich, St. Louis, United States) to extract total cell protein. Equal amounts of proteins were separated by sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis on 4–15% gels (Bio-Rad, CA, United States) and then electrophoretically transferred to polyvinylidene difluoride membranes (Bio-Rad). The membranes were blocked at room temperature and incubated overnight at 4°C with the appropriate primary antibody; HRP-conjugated goat anti-rabbit IgG (AS014, ABclonal) was then added and incubated. Following extensive washing, the immune-reactive proteins on the membrane were visualized with Clarity Western ECL Substrate (1705060, Bio-Rad) and measured via computerized image analysis (ChemiDoc MP, Bio-Rad). All primary antibodies used are listed in Supplementary Table S1.
Quantitative Real-Time PCR
Total RNA was isolated from cultured OSCC cell lysates using the Trizol Reagent (Invitrogen, Carlsbad, United States), and Nanodrop spectrophotometer (California Santa Clara, Agilent Technologies, CA, United States) was used to measure the concentrations of RNA samples. The SuperRT cDNA synthesis kit (CWbio, Beijing, China) was used to generate cDNA, and the UltraSYBR one-step qPCR kit (Low ROX, CWbio) was used to quantify the expression of target genes. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as a housekeeping gene for normalization, and the 2−△△CT method was used to quantify relative levels of gene expression. The primary sequences used for qPCR amplification are given as follows: HER2, 5′- GAC​TGC​CTG​TCC​CTA​CAA​T-3′ (forward) and 5′-TCC​TCT​GCT​GTC​ACC​TCT​TG-3′ (reverse); GAPDH, 5′-AGG​TCG​GTG​TGA​ACG​GAT​TTG-3′ (forward) and 5′-TGT​AGA​CCA​TGT​AGT​TGA​GGT​CA-3′ (reverse).
siRNA Transfection
All siRNAs used in this study were synthesized by GenePharma (Shanghai, China). Before siRNA transfection, OSCC cells were seeded in 6-well plates and cultured for 24 h. These cells were then transfected with siRNA Oligo (100 pmol/well) against GP-transfect-Mate (GenePharma) diluted in serum-free DMEM medium according to the manufacturer’s instructions; the efficiency of knockdown was determined by qPCR and Western blot 24 and 48 h after siRNA transfection. The siRNA sequences were listed in Supplementary Table S2.
Statistical Analysis
The coefficient of variation (CV) was used to represent an inter-assay deviation estimated using the QC sample tested on every 96-well plate as mentioned above. Plasma IgG levels were expressed as the mean ± standard deviation (SD) in SBR. Because Kolmogorov–Smirnov one-sample test showed a skewed distribution of plasma IgG levels in all three groups (Supplementary Table S3), Kruskal-Wallis H test was applied to examine their differences. Binary regression analysis was applied to examine the differences in plasma anti-HER2 IgG levels between OSCC patients and control subjects or between OSCC patients and benign-tumor patients, with adjustment for gender and age. Student’s t-test (two-tailed) and one-way ANOVA were also applied to analyze the experimental data. p < 0.05 was considered to be statistically significant.
RESULTS
HER2 Expression in OSCC Cancer Tissues and Adjacent Tissues
Following pathological diagnosis of clinical cases, we randomly collected 10 individual samples of cancer and adjacent tissues from OSCC patients in early stage and middle & advanced stage, respectively, for H&E and IHC staining, and then analyzed the relationship between HER2 expression and tumor progression. H&E staining showed normal epithelial features in all cancer-adjacent tissues as compared with OSCC tissues. The cancer cells were arranged to form solid nests or strands as well as infiltrative pattern growth; the nuclear pleomorphism of cancer cells was obviously increased with abnormal mitotic nuclear (Figure 1A). The IHC staining showed higher expression of HER2 in OSCC tissues than normal adjacent tissues (p = 6.89 × 10−6 for early stage and p = 3.26 × 10−5 for middle & advanced stage), and also in cancer tissues from middle & advanced than early stage OSCC (p = 0.038) (Figure 1B), demonstrating that the level of HER2 expression was gradually increased with the progression of OSCC.
[image: Figure 1]FIGURE 1 | The expression of HER2 in OSCC tissues. (A) H&E and IHC staining of OSCC tissues and cancer-adjacent tissues in early (n = 5), middle & advanced stages (n = 5). (B) The average optical density (AOD) data of IHC staining were presented as mean ± standard deviation (SD). *p < 0.05; **p < 0.01.
Changes of Plasma Anti-HER2 IgG Levels in Patients With OSCC
The in-house ELISA developed showed a good reproducibility with a CV of 2.75% based on the anti-HER2 IgG assay with QC plasma (Supplementary Table S4). As shown in Table 2, plasma anti-HER2 IgG levels were significantly different between control subjects, oral benign tumor and OSCC patients (H = 11.820, p = 0.003). Further analysis was performed to compare plasma anti-HER2 IgG levels between subgroups and indicated that anti-HER2 IgG levels were slightly lower in patients with oral benign tumor and early stage OSCC than control subjects, while plasma anti-HER2 IgG levels showed a trend toward an increase in OSCC patients at the middle & advanced stages compared with those at the early stage (Table 2). Because the age distribution was significantly different between these three study groups (Table 1), a binary logistic regression analysis was applied to examine the differences in plasma IgG levels with adjustment for age and gender but failed to show a difference among these three groups, suggesting that this alteration might be caused by the bias in age distribution (Supplementary Table S5).
TABLE 2 | The levels of plasma IgG against HER2 among three different groups.
[image: Table 2]The Role of Anti-HER2 IgG-Abundant Plasma in Inhibiting OSCC by Induction of Cell Apoptosis
According to the analysis of plasma samples showing an increase in natural anti-HER2 IgG levels with the severity of tumors, we screened 200 plasma samples from healthy donors by the in-house ELISA to identify anti-HER2 IgG-abundant plasma; two samples with the highest anti-HER2 IgG levels were selected as the anti-HER2 IgG-abundant plasma (assigned A and B, respectively) and pooled plasma from six individual donors with the lowest anti-HER2 IgG levels was used as the anti-HER2 IgG-deficient plasma for baseline signals. Three pre-incubated OSCC cell lines, CAL27, SCC15, and SCC25 cells, were cultured in medium containing either 20% anti-HER2 IgG-deficient or 20% anti-HER2 IgG-abundant plasma for 48 h. The CCK-8 assay showed that anti-HER2 IgG-abundant plasma could significantly inhibit the proliferation of CAL27 cells treated with plasma A (p = 4.25 × 10−11), and SCC15 and SCC25 cells treated with plasma B (p = 2.02 × 10−8 for SCC15 cells and p = 5.2 × 10−8 for SCC25 cells) (Figures 2A–C). To address the mechanism behind the inhibitory effect of anti-HER2 IgG-abundant plasma on OSCC cells, we investigated cell apoptosis induced by 20% anti-HER2 IgG-abundant plasma. As shown in Figure 2D, the proportion of apoptotic cells was significantly increased in CAL27 cells (p = 0.0019 for 24 h treatment and p = 0.0063 for 48 h treatment), SCC15 cells (p = 0.0024 for 24 h treatment and p = 0.0009 for 48 h treatment), and SCC25 cells (p = 0.0046 for 24 h treatment and p = 6.29 × 10−5 for 48 h treatment). Transwell invasion assay demonstrated that anti-HER2 IgG-abundant plasma could inhibit the invasion of CAL27 cells (p = 0.021), SCC15 cells (p = 0.013), and SCC25 cells (p = 7.87 × 10−15) (Figures 2E,F). The expression of epithelial-mesenchymal transition (EMT)-related biomarkers was examined. As shown in Figure 2G, the expression of E-Cadherin was up-regulated in CAL27 and SCC25 cells treated with anti-HER2 IgG-abundant plasma, while the expression of Vimentin and Snail was down-regulated in SCC15 and SCC25 cells, suggesting that anti-HER2 IgG-abundant plasma could significantly inhibit cell proliferation and invasion, and promote the apoptosis of OSCC cells.
[image: Figure 2]FIGURE 2 | Effects of anti-HER2 IgG-abundant plasma on the proliferation of OSCC cells. (A–C) Proliferation of three OSCC cell lines treated with anti-HER2 IgG-abundant plasma for 48 h. Plasma A and plasma B obtained from two individual healthy donors were abundant in anti-HER2 IgG. The data of proliferation were expressed as mean ± SD in cell viability (%). Plasma A showed an inhibitory effect on CAL27 and plasma B on both SCC15 and SCC25 cells. (D) Apoptosis of three OSCC cell lines treated with anti-HER2 IgG-abundant and -deficient plasma for 24 and 48 h, respectively. The data were expressed as mean ± SD in proportion of apoptotic cells. (E–F) Three OSCC cell lines treated with either 20% anti-HER2 IgG-abundant or -deficient plasma for 48 h were photographed and bar chart showed the proportion of invasive cells relative to total number of seeding cells. (G) Three OSCC cell lines were cultured in 20% anti-HER2 IgG-abundant or -deficient plasma and the expression of EMT-related factors, E-cadherin, Vimentin, or Snail was then determined by Western blot with β-actin as reference. D: anti-HER2 IgG-deficient plasma; A: anti-HER2 IgG-abundant plasma; *p < 0.05; **p < 0.01.
Possible Involvement of the CDC Pathway
The complement-dependent cytotoxicity (CDC) pathway has been considered to play a critical role in anti-tumor effect of mAbs. Based on a dose-dependent curve from trastuzumab-treated OSCC cells for 48 h at the concentrations of 0, 25, 50, 100, 200 and 400 μg/ml, respectively, 200 μg/ml trastuzumab in a medium containing 20% fetal bovine serum (FBS) appeared to be the optimal concentration of inhibiting OSCC proliferation (p = 3.18 × 10−10 for CAL27 cells, p = 1.41 × 10−4 for SCC15 cells, and p = 1.1 × 10−7 for SCC25 cells) as compared with 0 μg/ml trastuzumab treatment (Figures 3A–C). When FBS was inactivated at 56°C for 30 min to destroy the complement system, trastuzumab no longer showed the inhibitory effect on OSCC cell proliferation (p = 0.0003 for CAL27 cells, p = 0.006 for SCC15 cells, and p = 6.3 × 10−9 for SCC25 cells) (Figures 3D–F). When trastuzumab was also heated at 56°C for 30 min, this mAb appeared to be stable and still had inhibitory effect on the growth of OSCC cells (p = 2.91 × 10−5 for CAL27 cells, p = 1.98 × 10−4 for SCC15 cells, and p = 1.26 × 10−10 for SCC25 cells) (Figures 3G–I). To confirm if anti-HER2 IgG-abundant plasma inhibited OSCC cell proliferation via the CDC pathway, heat-inactivated anti-HER2 IgG-abundant plasma was used to replicate the above finding. The results demonstrated that OSCC cells grew more quickly in medium containing 20% inactivated plasma than 20% normal plasma (p = 1.39 × 10−8 for CAL27 cells, p = 3.29 × 10−14 for SCC15 cells and p = 3.02 × 10−16 for SCC25 cells) (Figures 3J–L), suggesting that anti-tumor effects of natural anti-HER2 IgG autoantibodies were mediated through the CDC pathway. Since trastuzumab was mainly applied to treat patients with breast cancer that showed high expression of the HER2 gene, we performed an in vitro study to compare the difference in anti-tumor effects between anti-HER2 IgG-abundant plasma and trastuzumab on two breast cancer-derived cell lines, SK-BR-3 and BT-474, which highly express HER2 (Supplementary Materials and Methods). When SK-BR-3 and BT-474 cells were cultured in medium containing 20% anti-HER2 IgG-abundant plasma only and in medium containing 20% anti-HER2 IgG-deficient plasma and 200 μg/ml trastuzumab, respectively, trastuzumab could significantly inhibit the proliferation of BT-474 cells (p = 1.49 × 10−7) but not SK-BR-3 cells (Supplementary Figures S1A,B), whereas anti-HER2 IgG-abundant plasma could significantly inhibit the proliferation of both breast cancer cell lines (p = 0.006 for SK-BR-3 cells and p = 1.71 × 10−7 for BT-474 cells). Interestingly, the inhibitory effect on proliferation of breast cancer cells disappeared after heat-inactivated anti-HER2 IgG-abundant plasma was applied.
[image: Figure 3]FIGURE 3 | Possible involvement of complement-dependent cytotoxicity. (A–C) Inhibitory effects of trastuzumab (TZ) on proliferation of CAL27, SCC15, and SCC25 cells. A range of the TZ concentrations was used to treat OSCC cells and the concentration of 200 μg/ml TZ was considered as the optimum concentration for subsequent experiments. (D–F) Viability of CAL27, SCC15, and SCC25 cells treated with 200 μg/ml TZ in medium containing either 20% inactivated FBS or 20% activated FBS. (G–I) Viability of CAL27, SCC15, and SCC25 cells treated with inactivated 200 μg/ml TZ in medium containing either 20% inactivated FBS or 20% activated FBS. (J–L) Viability of CAL27, SCC15, and SCC25 cells treated with 20% anti-HER2 IgG-deficient plasma, 20% anti-HER2 IgG-abundant plasma and 20% inactivated anti-HER2 IgG-abundant plasma. The data of proliferation were expressed as mean ± SD in cell viability (%). Deficient, anti-HER2 IgG-deficient plasma; Abundant, anti-HER2 IgG-abundant plasma; TZ, trastuzumab; *p < 0.05; **p < 0.01.
Inhibitory Effect of Anti-HER2 IVIg on OSCC Cell Proliferation
To rule out the effect of other components in plasma on cancer cells, both anti-HER2 IgG-abundant and -deficient plasma were used to prepare for anti-HER2 IVIg and regular IVIg, respectively, and to conduct the following experiments with CAL27 and SCC25 cell lines (Supplementary Figure S2). According to the physiological IgG levels in human blood, the concentrations of 2.5 and 5 mg/ml IVIg in 20% anti-HER2 IgG-deficient plasma were chosen to treat CAL27 and SCC25 cells for 48 h with the following conditions: 20% anti-HER2 IgG-deficient plasma only, 20% anti-HER2 IgG-deficient plasma containing 200 μg/ml trastuzumab, and 20% anti-HER2 IgG-deficient plasma containing regular IVIg or anti-HER2 IVIg. The CCK-8 assay showed that both 2.5 mg/ml IVIg and 5 mg/ml anti-HER2 IVIg could significantly inhibit CAL27 cell proliferation (p = 0.007 for 2.5 mg/ml treatment and p = 0.0005 for 5 mg/ml treatment) and SCC25 cell proliferation (p = 7.84 × 10−5 for 2.5 mg/ml treatment and p = 4.63 × 10−8 for 5 mg/ml treatment), as compared with the regular IVIg. Intriguingly, 200 μg/ml trastuzumab had no effect on OSCC proliferation (Figures 4A,B). Meanwhile, EdU staining further verified the above results (Figures 4C–E), although the anti-HER2 IVIg treatment showed a significant inhibitory effect on two breast cancer cell lines (p = 6.33 × 10−7 for SK-BR-3 cells and p = 1.08 × 10−8 for BT-474 cells), as compared with regular IVIg treatment (Supplementary Figures S1C,D). It is worth noting that trastuzumab could also inhibit the proliferation of two breast cancer cell lines but its inhibitory intensity was much weaker than anti-HER2 IVIg (p = 3.05 × 10−6 for SK-BR-3 cells and p = 2.32 × 10−10 for BT-474 cells).
[image: Figure 4]FIGURE 4 | Inhibitory effect of anti-HER2 IVIg on the proliferation of OSCC cells. (A,B) Viability of CAL27 cells and SCC25cells treated with anti-HER2 IgG-deficient plasma only, anti-HER2 IgG-deficient plasma containing 200 μg/ml trastuzumab, 2.5 mg/ml regular IVIg, 2.5 mg/ml anti-HER2 IVIg, 5 mg/ml regular IVIg, and 5 mg/ml anti-HER2 IVIg, respectively. (C–E) EdU staining of CAL27 and SCC25 cells treated with anti-HER2 IgG-deficient plasma only, 200 μg/ml trastuzumab, 2.5 mg/ml regular IVIg, 2.5 mg/ml anti-HER2 IVIg, 5 mg/ml regular IVIg, and 5 mg/ml anti-HER2 IVIg, in medium containing 20% anti-HER2 IgG-deficient plasma. The data were expressed as mean ± SD in cell viability (%). Deficient, anti-HER2 IgG-deficient plasma; IVIg, intravenous immunoglobulin; *p < 0.05; **p < 0.01.
Induction of OSCC Cell Apoptosis by Anti-HER2 IVIg
To explore the mechanism by which anti-HER2 IVIg could significantly inhibit OSCC cell proliferation, cell apoptosis was examined in OSCC cells treated with anti-HER2 IVIg, regular IVIg, or trastuzumab in subsequent experiments. As shown in Figures 5A–C, the proportion of apoptotic OSCC cells was significantly increased in the 5 mg/ml anti-HER2 IVIg treatment compared with 200 μg/ml trastuzumab treatment (p = 0.0036 for CAL27 cells and p = 0.002 for SCC25 cells). In addition, regular IVIg treatment could also induce the apoptosis of OSCC cells with a weaker effect than anti-HER2 IVIg treatment (p = 0.00048 for CAL27 cells and p = 0.0017 for SCC25 cells) (Figures 5A–C). Western blot assay showed that Bcl-2 expression was significantly down-regulated in both CAL27 and SCC25 cells treated with anti-HER2 IVIg, while the expressions of Bax, Bak, cytochrome c, casepase-9, casepase-3, and cleaved casepase-3 were significantly up-regulated, compared with regular IVIg treatment (Figure 5D). However, the expression of cleaved casepase-3 was slightly increased only in SCC25 cells treated with 200 μg/ml trastuzumab.
[image: Figure 5]FIGURE 5 | The effects of anti-HER2 IVIg on OSCC cells apoptosis. (A–C) Apoptosis of CAL27 and SCC25 cells treated for 48 h with anti-HER2 IgG-deficient plasma only, 200 μg/ml trastuzumab, 5 mg/ml regular IVIg, and 5 mg/ml anti-HER2 IVIg, respectively. The data were expressed as mean ± SD in proportion of apoptotic cells. (D) CAL27 cells and SCC25 cells were treated for 48 h with anti-HER2 IgG-deficient plasma only, 200 μg/ml trastuzumab, 5 mg/ml regular IVIg, and 5 mg/ml anti-HER2 IVIg, respectively; the expression of apoptosis-related factors, including Bcl-2, Bax, Bak, cytochrome c, caspase-9, caspase-3, and cleaved caspase-3, was then determined by Western blot with β-actin as a reference. Deficient, anti-HER2 IgG-deficient plasma; IVIg, intravenous immunoglobulin; *p < 0.05; **p < 0.01.
Inhibitory Effect of Anti-HER2 IVIg on OSCC Cell Invasion
OSCC is prone to recurrence and metastasis, which possibly is the main reason for the poor prognosis of this malignancy. Therefore, transwell assay was applied to explore the inhibitory effect of anti-HER2 IVIg on OSCC invasion. The results demonstrated that 5 mg/ml anti-HER2 IVIg treatment could inhibit CAL27 cell invasion (p = 5.15 × 10−13) and SCC25 cell invasion (p = 1.86 × 10−11) compared with regular IVIg; the invasion ability was about 4 times lower than regular IVIg treatment. However, 200 μg/ml trastuzumab failed to show inhibition of OSCC invasion (Figures 6A–C). Western blotting assay demonstrated that E-cadherin expression was up-regulated and the expression of Vimentin and Snail was down-regulated in CAL27 and SCC25 cells treated with anti-HER2 IVIg compared with those treated with trastuzumab and regular IVIg (Figure 6D).
[image: Figure 6]FIGURE 6 | Inhibitory effects of anti-HER2 IVIg on OSCC cells migration. (A–C) CAL27 and SCC25 cells treated for 48 h with anti-HER2 IgG-deficient plasma only, 200 μg/ml trastuzumab, 5 mg/ml regular IVIg, and 5 mg/ml anti-HER2 IVIg, respectively, were photographed; bar chart showed the proportion of invasive cells relative to the total number of seeding cells. (D) CAL27 and SCC25 cells were cultured for 48 h with anti-HER2 IgG-deficient plasma only, 200 μg/ml trastuzumab, 5 mg/ml regular IVIg, and 5 mg/ml anti-HER2 IVIg, respectively; the expression of EMT-related factors, E-cadherin, Vimentin, or Snail was then determined by Western blot with H3 as a reference. Deficient: anti-HER2 IgG-deficient plasma; IVIg: intravenous immunoglobulin; *p < 0.05; **p < 0.01.
Effects of Anti-HER2 IVIg on Proliferation and Apoptosis of HER2-Knockdown OSCC Cells
To determine the mechanism behind anti-HER2 IVIg effect on OSCC cells, we developed a cell model with siRNA-mediated HER2 knockdown experiments. Three HER2-targeting siRNAs were transfected into CAL27 and SCC25 cells to suppress HER2 expression, in which HER2-specific siRNA-2 showed the maximum of knockdown efficiency (Figures 7A–D). The CCK-8 assay demonstrated that anti-HER2 IVIg could significantly inhibit the proliferation of CAL27 cells (p = 4.34 × 10−5) and SCC25 cells (p = 0.006) treated with control siRNAs compared with regular IVIg and 200 μg/ml trastuzumab. However, this inhibitory effect was vanished in the HER2-specific siRNA-2 transfected cells (Figures 7E,F). The apoptosis assay further confirmed that anti-HER2 IVIg could significantly promote the apoptosis of CAL27 cells (p = 0.021) and SCC25 cells (p = 0.020) treated with control siRNAs, as compared with regular IVIg and 200 μg/ml trastuzumab, although the effect of promoting apoptosis faded away in the siHER2-treated cells (Figure 7G). The above data proved that HER2 was the target of anti-HER2 IVIg exerting anti-tumor activity.
[image: Figure 7]FIGURE 7 | Inhibitory effects of anti-HER2 IVIg on HER2 knockdown OSCC cells. (A–D) Three HER2-specific siRNAs were transfected into CAL27 and SCC25 cells. The expression of HER2 mRNA and protein was then examined by qPCR and Western blot assay, respectively. (E–F) CAL27 and SCC25 cells were transfected with either HER2-specific siRNAs or control siRNAs; OSCC cells were treated for 48 h with anti-HER2 IgG-deficient plasma containing 200 μg/ml trastuzumab, 5 mg/ml regular IVIg, and 5 mg/ml anti-HER2 IVIg, respectively. The data were expressed as mean ± SD in cell viability (%). (G) CAL27 and SCC25 cells were transfected with either HER2-specific siRNAs or control siRNAs, and then treated for 48 h with anti-HER2 IgG-deficient plasma containing 200 μg/ml trastuzumab, 5 mg/ml regular IVIg, and 5 mg/ml anti-HER2 IVIg, respectively. The data were expressed as mean ± SD in proportion of apoptotic cells. IVIg, intravenous immunoglobulin; si-Ctrl, control siRNA; si-HER2, HER2-specific siRNAs; *p < 0.05; **p < 0.01.
DISCUSSION
Natural autoantibodies, including IgM, IgG, and IgA, were discovered nearly half a century ago. Of these three isotypes of natural antibodies, IgG is the most common type and abundant in human plasma (Schwartz-Albiez et al., 2009; Wang et al., 2017). It has been reported that natural autoantibodies are likely to serve as a prominent anti-tumorigenic component in the body to exert immune surveillance against transformed cells (Avrameas et al., 2007; Panda and Ding, 2015; Liu et al., 2021). Plasma levels of natural autoantibodies vary from people to people, and different stages of cancer provide the clues to the insight into risk of malignant tumors and prognostic assessment (Zhao et al., 2018). HER2 belongs to the epidermal growth factor family and plays a key role in cell growth due to high expression in several solid tumors including oral cancer (Connell and Doherty, 2017; Wang and Xu, 2019). HER2 expression has been found to be enhanced in OSCC tissues compared with their adjacent tissues, although the association between anti-HER2 natural autoantibody and OSCC has yet to be established.
In this study, we found that plasma anti-HER2 IgG levels were significantly different among control subjects, individuals with oral benign tumor and patients with OSCC. Individuals with benign tumor or early stage of OSCC had lower levels of plasma natural anti-HER2 antibodies than controls subjects, suggesting that natural anti-HER2 antibodies play a crucial role in preventing tumorigenesis by inhibiting the growth of both OSCC and benign tumors. Plasma anti-HER2 IgG levels were gradually increased with OSCC progression but were not significantly different between two subgroups of OSCC patients in different stages although histological observations also confirmed high expression of HER2 in patients with middle & advanced OSCC. It is possible that with the progression of OSCC, increased HER2 production promotes the secretion of anti-HER2 IgG to prevent further growth of tumors. Zhao et al. suggested that high anticancer autoantibody levels were associated with longer survival in patients with non-small cell lung cancer (Zhao et al., 2018). Accordingly, individuals with a decrease in anticancer autoantibody levels may be at a high risk of developing cancer due to lack of immunological surveillance to monitor transformed cells in the body.
Taken together, natural anti-HER2 IgG levels are likely to impact the tumorigenesis of OSCC based on the present findings that anti-HER2 IgG-abundant plasma could significantly inhibit the proliferation and invasion of OSCC cells, and induce the apoptosis of these cancer cells. The key pharmaco-dynamic mechanism behind anticancer activity of mAb is involved in inhibition of cell signaling, induction of apoptosis, activation of antibody-dependent cell-mediated cytotoxicity (ADCC) and the CDC pathway as well as targeting a toxic payload to tumor cells (Schwartz-Albiez et al., 2008; Schwartz-Albiez et al., 2009; Meyer et al., 2014). Interestingly, the present study demonstrated that the CDC pathway might play a major role in killing OSCC cells by anti-HER2 IgG-abundant plasma treatment. However, there are some unwanted factors present in human plasma, such as growth factors, IgA, and IgE, which may result in adverse outcomes and allergic reactions. Approximately 98% IVIg is IgG prepared from several thousands of healthy blood donors; human IVIg may be a good agent for anticancer therapy and other treatments such as primary humoral immunodeficiency, inflammation and autoimmune diseases (Corbí et al., 2016; Alonso et al., 2020). Both in vitro studies and animal models showed that IVIg could inhibit the growth and spreading of several types of solid cancer, such as melanoma, colon cancer, breast cancer and sarcoma (Fishman et al., 2002; Sapir et al., 2005; Schwartz-Albiez et al., 2009). For this reason, anti-HER2 IVIg made from anti-HER2 IgG-abundant plasma was applied to verify its anticancer effects on OSCC cells in this study. Our data suggested that anti-HER2 IVIg could significantly inhibit OSCC proliferation and promote the apoptosis of OSCC cells, and the expression of some apoptosis-associated factors was also influenced, including downregulation of Bcl-2 and upregulation of Bax, Bak, cytochrome c, casepase-9, casepase-3, and cleaved casepase-3. Although there are several therapies available for clinical treatment of OSCC, the rates of recurrence and metastasis are still very high, which is the most reasons for the poor prognosis of OSCC patients. Based on this study, anti-HER2 IVIg is much stronger to kill OSCC cells than tastuzumab that is currently recommended as a first-line treatment of patients with metastatic HER2-positive breast cancer (Rochette et al., 2015; Kristeleit et al., 2016), as our data showed that trastuzumab had almost no inhibitory effect on OSCC cells and that inhibitory effect of anti-HER2 IVIg on breast cancer cells was more powerful than trastuzumab. Since trastuzumab is produced in humanized mice, there are still 30% homologous to mice, leading to serious side effects, in which cardiotoxicity and drug resistances are the most common issues (Nemeth et al., 2017). It has been reported that trastuzumab can cause symptomatic congestive heart failure (CHF) and develop severe drug resistance within 1 year of medication (Rochette et al., 2015). However, anti-HER2 IVIg is a natural autoantibody originated from healthy individuals and is unlikely to produce serious side effects and treatment resistance. As mentioned above, IVIg is a mixture of allogeneic IgG antibodies and the inhibitory effect of anti-HER2 IVIg on OSCC cells has been confirmed by work on HER2-knockdown OSCC cells. To our knowledge, this is the first report on the role of plasma anti-HER2 IgG and anti-HER2 IVIg in inhibiting OSCC growth and invasion.
While plasma anti-HER2 IgG levels are likely to be associated with OSCC progression and anti-HER2 IVIg may have a potential for OSCC therapy because of its anti-OSCC properties, there are a few limitations of this study. First, the sample size for clinical study was too small to draw a firm conclusion; replication of this initial finding is needed with large sample collection. Second, clinical information was incomplete and the overall survival of OSCC patients with different plasma anti-HER2 IgG levels need investigating. Third, the cell model developed in this study may not be strong enough to reflect an in vivo change, so that the effect of anti-HER2 IVIg on OSCC should be replicated in patient-derived tumor xenograft (PDX) mouse model.
CONCLUSION
In summary, the present results indicate that plasma anti-HER2 IgG and anti-HER2 IVIg preparations have significantly inhibitory effects on the proliferation and invasion of OSCC cells and the CDC pathway is likely to be involved in anticancer mechanism. Anti-HER2 IVIg may be a promising agent for the treatment of OSCC.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusion of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by the Research Ethics Board of the Beijing Stomatology Hospital of Capital Medical University (Approval code: 2015-92 and 2019-126) and conformed to the Declaration of Helsinki. The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
YH and LQ initiated and directed the project. ZH and QM completed the plasma screening. LQ and YQ contributed the clinical data and samples. XL performed all assays and analysed the data. XL, LQ, and YH drafted and revised the manuscript. All authors read and approved the final version of manuscript.
FUNDING
This work was supported by the Beijing Natural Science Foundation (Grant #7162075), National Natural Science Foundation of China (Grant #81570958, Grant #82071103) and Qingdao Hailanshen Biotechnology Ltd., Qingdao, China (QHB003).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
ACKNOWLEDGMENTS
We thank all the individuals for participating in this study. We thank Qi Xu and Hui Wei from Chinese Academy of Medical Sciences and Peking Union Medical College for ELISA testing and data analysis.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2021.693989/full#supplementary-material
REFERENCES
 Alonso, W., Vandeberg, P., Lang, J., Yuziuk, J., Silverstein, R., Stokes, K., et al. (2020). Immune Globulin Subcutaneous, Human 20% Solution (Xembify®), a New High Concentration Immunoglobulin Product for Subcutaneous Administration. Biologicals 64, 34–40. doi:10.1016/j.biologicals.2020.01.004
 Avrameas, S., Ternynck, T., Tsonis, I. A., and Lymberi, P. (2007). Naturally Occurring B-Cell Autoreactivity: a Critical Overview. J. Autoimmun. 29 (4), 213–218. doi:10.1016/j.jaut.2007.07.010
 Barthélémy, P., Leblanc, J., Goldbarg, V., Wendling, F., and Kurtz, J. E. (2014). Pertuzumab: Development beyond Breast Cancer. Anticancer Res. 34 (4), 1483–1491.
 Cai, W., Qiu, C., Zhang, H., Chen, X., Zhang, X., Meng, Q., et al. (2017). Detection of Circulating Natural Antibodies to Inflammatory Cytokines in Type-2 Diabetes and Clinical Significance. J. Inflamm. (Lond) 14, 24. doi:10.1186/s12950-017-0171-6
 Cameron, D., Piccart-Gebhart, M. J., Gelber, R. D., Procter, M., Goldhirsch, A., de Azambuja, E., et al. (2017). 11 Years' Follow-Up of Trastuzumab after Adjuvant Chemotherapy in HER2-Positive Early Breast Cancer: Final Analysis of the HERceptin Adjuvant (HERA) Trial. Lancet 389 (10075), 1195–1205. doi:10.1016/s0140-6736(16)32616-2
 Chen, Y. J., Chen, S. Y., Lovel, R., Ku, Y. C., Lai, Y. H., Hung, C. L., et al. (2016). Enhancing Chemosensitivity in Oral Squamous Cell Carcinoma by Lentivirus Vector-Mediated RNA Interference Targeting EGFR and MRP2. Oncol. Lett. 12 (3), 2107–2114. doi:10.3892/ol.2016.4883
 Cierpikowski, P., Lis-Nawara, A., Gajdzis, P., and Bar, J. (2018). PDGFRα/HER2 and PDGFRα/p53 Co-expression in Oral Squamous Cell Carcinoma. Anticancer Res. 38 (2), 795–802. doi:10.21873/anticanres.12286
 Connell, C. M., and Doherty, G. J. (2017). Activating HER2 Mutations as Emerging Targets in Multiple Solid Cancers. ESMO Open 2 (5), e000279. doi:10.1136/esmoopen-2017-000279
 Corbí, A. L., Sánchez-Ramón, S., and Domínguez-Soto, A. (2016). The Potential of Intravenous Immunoglobulins for Cancer Therapy: a Road that Is worth Taking?Immunotherapy 8 (5), 601–612. doi:10.2217/imt.16.9
 Dempsey, N., Rosenthal, A., Dabas, N., Kropotova, Y., Lippman, M., and Bishopric, N. H. (2021). Trastuzumab-induced Cardiotoxicity: a Review of Clinical Risk Factors, Pharmacologic Prevention, and Cardiotoxicity of Other HER2-Directed Therapies. Breast Cancer Res. Treat. 188 (1), 21–36. doi:10.1007/s10549-021-06280-x
 Early Breast Cancer Trialists' Collaborative, g. (2021). Trastuzumab for Early-Stage, HER2-Positive Breast Cancer: a Meta-Analysis of 13 864 Women in Seven Randomised Trials. Lancet Oncol. 22 (8), 1139–1150. doi:10.1016/S1470-2045(21)00288-6
 Fishman, P., Bar-Yehuda, S., and Shoenfeld, Y. (2002). IVIg to Prevent Tumor Metastases (Review). Int. J. Oncol. 21 (4), 875–880. doi:10.3892/ijo.21.4.875
 Fong, Y., Chou, S. J., Hung, K. F., Wu, H. T., and Kao, S. Y. (2008). An Investigation of the Differential Expression of Her2/neu Gene Expression in normal Oral Mucosa, Epithelial Dysplasia, and Oral Squamous Cell Carcinoma in Taiwan. J. Chin. Med. Assoc. 71 (3), 123–127. doi:10.1016/S1726-4901(08)70003-0
 Gau, M., Karabajakian, A., Reverdy, T., Neidhardt, E. M., and Fayette, J. (2019). Induction Chemotherapy in Head and Neck Cancers: Results and Controversies. Oral Oncol. 95, 164–169. doi:10.1016/j.oraloncology.2019.06.015
 Gerson, J. N., Skariah, S., Denlinger, C. S., and Astsaturov, I. (2017). Perspectives of HER2-Targeting in Gastric and Esophageal Cancer. Expert Opin. Investig. Drugs 26 (5), 531–540. doi:10.1080/13543784.2017.1315406
 Gigliotti, J., Madathil, S., and Makhoul, N. (2019). Delays in Oral Cavity Cancer. Int. J. Oral Maxillofac. Surg. 48 (9), 1131–1137. doi:10.1016/j.ijom.2019.02.015
 Grenda, A., Wojas-Krawczyk, K., Skoczylas, T., Krawczyk, P., Sierocińska-Sawa, J., Wallner, G., et al. (2020). HER2 Gene Assessment in Liquid Biopsy of Gastric and Esophagogastric junction Cancer Patients Qualified for Surgery. BMC Gastroenterol. 20 (1), 382. doi:10.1186/s12876-020-01531-5
 Holodick, N. E., Rodríguez-Zhurbenko, N., and Hernández, A. M. (2017). Defining Natural Antibodies. Front. Immunol. 8, 872. doi:10.3389/fimmu.2017.00872
 Huang, S., Li, F., Liu, H., Ye, P., Fan, X., Yuan, X., et al. (2018). Structural and Functional Characterization of MBS301, an Afucosylated Bispecific Anti-HER2 Antibody. MAbs 10 (6), 864–875. doi:10.1080/19420862.2018.1486946
 Iqbal, N., and Iqbal, N. (2014). Human Epidermal Growth Factor Receptor 2 (HER2) in Cancers: Overexpression and Therapeutic Implications. Mol. Biol. Int. 2014, 852748. doi:10.1155/2014/852748
 Kneissl, J., Hartmann, A., Pfarr, N., Erlmeier, F., Lorber, T., Keller, S., et al. (2017). Influence of the HER Receptor Ligand System on Sensitivity to Cetuximab and Trastuzumab in Gastric Cancer Cell Lines. J. Cancer Res. Clin. Oncol. 143 (4), 573–600. doi:10.1007/s00432-016-2308-z
 Kristeleit, H., Parton, M., Beresford, M., Macpherson, I. R., Sharma, R., Lazarus, L., et al. (2016). Long-term Follow-Up Data from Pivotal Studies of Adjuvant Trastuzumab in Early Breast Cancer. Target. Oncol. 11 (5), 579–591. doi:10.1007/s11523-016-0438-5
 Liu, S., Li, S., Hai, J., Wang, X., Chen, T., Quinn, M. M., et al. (2018). Targeting HER2 Aberrations in Non-small Cell Lung Cancer with Osimertinib. Clin. Cancer Res. 24 (11), 2594–2604. doi:10.1158/1078-0432.CCR-17-1875
 Liu, S., Zhang, X., Jiang, Q., and Liang, T. (2020). Detection of Circulating Natural Antibodies against CD25, MUC1, and VEGFR1 for Early Diagnosis of Non-small Cell Lung Cancer. FEBS Open Bio 10 (7), 1288–1294. doi:10.1002/2211-5463.12878
 Liu, X., Liang, C., Meng, Q., Qu, Y., He, Z., Dong, R., et al. (2021). Inhibitory Effects of Circulating Natural Autoantibodies to CD47‐derived Peptides on OSCC Cells. Oral Dis. [Online ahead of print]. doi:10.1111/odi.13922
 Meyer, S., Leusen, J. H., and Boross, P. (2014). Regulation of Complement and Modulation of its Activity in Monoclonal Antibody Therapy of Cancer. MAbs 6 (5), 1133–1144. doi:10.4161/mabs.29670
 Mirza, S., Hadi, N., Pervaiz, S., Zeb Khan, S., Mokeem, S. A., Abduljabbar, T., et al. (2020). Expression of HER-2/neu in Oral Squamous Cell Carcinoma. Asian Pac. J. Cancer Prev. 21 (5), 1465–1470. doi:10.31557/APJCP.2020.21.5.1465
 Nemeth, B. T., Varga, Z. V., Wu, W. J., and Pacher, P. (2017). Trastuzumab Cardiotoxicity: from Clinical Trials to Experimental Studies. Br. J. Pharmacol. 174 (21), 3727–3748. doi:10.1111/bph.13643
 Niu, X., Yang, B., Liu, F., and Fang, Q. (2020). LncRNA HOXA11-AS Promotes OSCC Progression by Sponging miR-98-5p to Upregulate YBX2 Expression. Biomed. Pharmacother. 121, 109623. doi:10.1016/j.biopha.2019.109623
 Oh, D. Y., and Bang, Y. J. (2020). HER2-targeted Therapies - a Role beyond Breast Cancer. Nat. Rev. Clin. Oncol. 17 (1), 33–48. doi:10.1038/s41571-019-0268-3
 Okamoto, M., Tajiri, W., Ueo, H., Masuda, T., Ijichi, H., Koga, C., et al. (2020). Efficacy of Adjuvant Combination Therapy with Trastuzumab and Chemotherapy in HER2-Positive Early Breast Cancer: A Single Institutional Cohort Study from Clinical Practice. Anticancer Res. 40 (6), 3315–3323. doi:10.21873/anticanres.14314
 Panda, S., and Ding, J. L. (2015). Natural Antibodies Bridge Innate and Adaptive Immunity. J. Immunol. 194 (1), 13–20. doi:10.4049/jimmunol.1400844
 Pennacchiotti, G., Valdés-Gutiérrez, F., González-Arriagada, W. A., Montes, H. F., Parra, J. M. R., Guida, V. A., et al. (2021). SPINK7 Expression Changes Accompanied by HER2, P53 and RB1 Can Be Relevant in Predicting Oral Squamous Cell Carcinoma at a Molecular Level. Sci. Rep. 11 (1), 6939. doi:10.1038/s41598-021-86208-z
 Rochette, L., Guenancia, C., Gudjoncik, A., Hachet, O., Zeller, M., Cottin, Y., et al. (2015). Anthracyclines/trastuzumab: New Aspects of Cardiotoxicity and Molecular Mechanisms. Trends Pharmacol. Sci. 36 (6), 326–348. doi:10.1016/j.tips.2015.03.005
 Sanz-Moreno, A., Palomeras, S., Pedersen, K., Morancho, B., Pascual, T., Galván, P., et al. (2021). RANK Signaling Increases after Anti-HER2 Therapy Contributing to the Emergence of Resistance in HER2-Positive Breast Cancer. Breast Cancer Res. 23 (1), 42. doi:10.1186/s13058-021-01390-2
 Sapir, T., Blank, M., and Shoenfeld, Y. (2005). Immunomodulatory Effects of Intravenous Immunoglobulins as a Treatment for Autoimmune Diseases, Cancer, and Recurrent Pregnancy Loss. Ann. N. Y Acad. Sci. 1051, 743–778. doi:10.1196/annals.1361.118
 Sarkar, P., Malik, S., Laha, S., Das, S., Bunk, S., Ray, J. G., et al. (2021). Dysbiosis of Oral Microbiota during Oral Squamous Cell Carcinoma Development. Front. Oncol. 11, 614448. doi:10.3389/fonc.2021.614448
 Sasahira, T., and Kirita, T. (2018). Hallmarks of Cancer-Related Newly Prognostic Factors of Oral Squamous Cell Carcinoma. Int. J. Mol. Sci. 19 (8), 2413. doi:10.3390/ijms19082413
 Schwartz-Albiez, R., Laban, S., Eichmüller, S., and Kirschfink, M. (2008). Cytotoxic Natural Antibodies against Human Tumours: an Option for Anti-cancer Immunotherapy?Autoimmun. Rev. 7 (6), 491–495. doi:10.1016/j.autrev.2008.03.012
 Schwartz-Albiez, R., Monteiro, R. C., Rodriguez, M., Binder, C. J., and Shoenfeld, Y. (2009). Natural Antibodies, Intravenous Immunoglobulin and Their Role in Autoimmunity, Cancer and Inflammation. Clin. Exp. Immunol. 158 (Suppl. 1), 43–50. doi:10.1111/j.1365-2249.2009.04026.x
 Singhvi, H. R., Malik, A., and Chaturvedi, P. (2017). The Role of Chronic Mucosal Trauma in Oral Cancer: A Review of Literature. Indian J. Med. Paediatr. Oncol. 38 (1), 44–50. doi:10.4103/0971-5851.203510
 Wang, J., and Xu, B. (2019). Targeted Therapeutic Options and Future Perspectives for HER2-Positive Breast Cancer. Signal. Transduct Target. Ther. 4, 34. doi:10.1038/s41392-019-0069-2
 Wang, P., Zhao, H., Wang, Z., and Zhang, X. (2018). Circulating Natural Antibodies to Inflammatory Cytokines Are Potential Biomarkers for Atherosclerosis. J. Inflamm. (Lond) 15, 22. doi:10.1186/s12950-018-0199-2
 Wang, Y., Yan, Z., Huang, Y., Qiu, C., Chen, X., Hu, Y., et al. (2017). Study of Natural IgG Antibodies against Vascular Endothelial Growth Factor Receptor 1 in Hepatocellular Carcinoma. Am. J. Cancer Res. 7 (3), 603–609. 
 Werkmeister, R., Brandt, B., and Joos, U. (2000). Clinical Relevance of erbB-1 and -2 Oncogenes in Oral Carcinomas. Oral Oncol. 36 (1), 100–105. doi:10.1016/s1368-8375(99)00069-x
 Yang, R., Shui, Y., Hu, S., Zhang, K., Wang, Y., and Peng, Y. (2020). Silenced Myeloblastosis Protein Suppresses Oral Tongue Squamous Cell Carcinoma via the microRNA-130a/Cylindromatosis Axis. Cancer Manag. Res. 12, 6935–6946. doi:10.2147/CMAR.S252340
 Yang, Z., Yan, G., Zheng, L., Gu, W., Liu, F., Chen, W., et al. (2021). YKT6, as a Potential Predictor of Prognosis and Immunotherapy Response for Oral Squamous Cell Carcinoma, Is Related to Cell Invasion, Metastasis, and CD8+ T Cell Infiltration. Oncoimmunology 10 (1), 1938890. doi:10.1080/2162402X.2021.1938890
 Zhao, C., Zhang, G., Liu, J., Zhang, C., Yao, Y., and Liao, W. (2020). Exosomal Cargoes in OSCC: Current Findings and Potential Functions. PeerJ 8, e10062. doi:10.7717/peerj.10062
 Zhao, H., Zhang, X., Han, Z., Xie, W., Yang, W., and Wei, J. (2018). Alteration of Circulating Natural Autoantibodies to CD25-Derived Peptide Antigens and FOXP3 in Non-small Cell Lung Cancer. Sci. Rep. 8 (1), 9847. doi:10.1038/s41598-018-28277-1
 Zheng, Q., Gan, G., Gao, X., Luo, Q., and Chen, F. (2021). Targeting the Ido-BCL2A1-Cytochrome C Pathway Promotes Apoptosis in Oral Squamous Cell Carcinoma. Onco Targets Ther. 14, 1673–1687. doi:10.2147/OTT.S288692
Conflict of Interest: Hailanshen Biotechnology Ltd., Qingdao, China provided all the ELISA reagents for free of charge. Boya Bio-pharmaceutical Group Co., Ltd., China kindly provided anti-HER2 IVIg for free of charge.
Copyright © 2021 Liu, He, Qu, Meng, Qin and Hu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-12-693989-g005.gif





OPS/images/fphar-12-693989-g006.gif
sccas

~

Trastuzumab

Regutar v
ARz vig

12808

mos

RogularVig  Anti-HERZ Vig
A

5

:

N | T

i

~N
i,
%‘bﬁ

oz

- ——

——— [r———
- v o | | S - -
—_———

Eathern

Sl





OPS/images/fphar-12-693989-g003.gif





OPS/images/fphar-12-693989-g004.gif





OPS/images/fphar-12-693989-t002.jpg
Group Control (n) Benign (n) 0SCC (n)
TMN Subgroups®
Early stage 0.32 +0.10 (120) 0.27 + 0.11 (105) 0.31 +0.12 (39)
Middle & advanced stage 032 £ 0.10 (120) 027 £ 0.1 (108) 033 £ 0.16 (49)
Total 032 £0.10 (120) 027 + 0.1 (108) 032 +0.14 (88)

Plasma anti-HER2 IgG levels were expressed as mean + SD in SBR.
Kruskal-Walis H test

% < 0.05 was considered statistically significant as three indivicual groups were tested.

*Early stage was defined as slages Tic + TINOMO + T2NOMO, and middie & advanced siages were defined as stages 3 and 4.

H

11.91
12.49
11.82

0.003
0.002
0.003





OPS/images/fphar-12-693989-g007.gif





OPS/images/fphar-12-693989-t001.jpg
Characteristics

Gender, n (%)
Male
Female
Age (X + SD)
TNM subgroups (%)
Early stage
Middle & advanced stage

“Control vs. OSCC.
bBenign vs. OSCC.

Control (n =
120)

83 (69.2)
37 (30.8)
50222

Benign (n =
105)

52 (49.5)
53 (50.5)
465 +149

0SCC (n =
88)

50 (56.8)
38(43.2)
589+ 11.0

39 (44.3)
49 (85.7)

0.067

<0.001

0312

<0.001





OPS/xhtml/nav.xhtml
Contents

		Cover

		Circulating Natural Autoantibodies to HER2-Derived Peptides Performed Antitumor Effects on Oral Squamous Cell Carcinoma		Introduction

		Materials and Methods		Participants

		Detection of Plasma Anti-HER2 IgG Levels

		Histological Assay

		Cell Culture

		Cell Proliferation Assay

		Analysis of Apoptosis

		Transwell Invasion Assay

		Western Blotting Assay

		Quantitative Real-Time PCR

		siRNA Transfection

		Statistical Analysis





		Results		HER2 Expression in OSCC Cancer Tissues and Adjacent Tissues

		Changes of Plasma Anti-HER2 IgG Levels in Patients With OSCC

		The Role of Anti-HER2 IgG-Abundant Plasma in Inhibiting OSCC by Induction of Cell Apoptosis

		Possible Involvement of the CDC Pathway

		Inhibitory Effect of Anti-HER2 IVIg on OSCC Cell Proliferation

		Induction of OSCC Cell Apoptosis by Anti-HER2 IVIg

		Inhibitory Effect of Anti-HER2 IVIg on OSCC Cell Invasion

		Effects of Anti-HER2 IVIg on Proliferation and Apoptosis of HER2-Knockdown OSCC Cells





		Discussion

		Conclusion

		Data Availability Statement

		Ethics Statement

		Author Contributions

		Funding

		Publisher’s Note

		Acknowledgments

		Supplementary Material

		References









OPS/images/cover.jpg
* frontiers
in Pharmacology

Circulating Natural
Autoantibodies to HER2-Derived
Peptides Performed Antitumor
Effects on Oral Squamous Cell
Carcinoma





OPS/images/fphar-12-693989-g001.gif
. Early Stage Middle & Advanced Stage
Cancoradjscenttissuss  OSCCtissues _ Cancoradjacentlssues _ OSCC tssues

3

20D ofHER2 (410°)

EEE)






OPS/images/fphar-12-693989-g002.gif





OPS/images/math_qu2.gif
— ODus

Cell Viability = et






OPS/images/math_qu1.gif
SBR = ——sample ~ O7INC
SBR =~ D,









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
, frontiers
in Pharmacology





