

[image: image1]
Nimotuzumab Combined With Irradiation Enhances the Inhibition to the HPV16 E6-Promoted Growth of Cervical Squamous Cell Carcinoma
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Human papillomavirus (HPV) 16 E6 has been proved to increase the radiosensitivity and lead to the EGFR overexpression in cervical cancer cells. In this study, to investigate the inhibition of nimotuzumab-mediated EGFR blockade combined with radiotherapy, we established a C33A cervical squamous cell line overexpressed HPV16-E6 and a nude mouse model bearing these cell lines. The CCK-8 assay was used to detect the effects of various treatments on the proliferation of C33A cells. Flow cytometry was used to detect the rates of apoptosis and cell cycle arrest. Gene transcription and protein expression were detected by quantitative real-time polymerase chain reaction (qRT-PCR) and western blot, respectively. Immunohistochemical staining was used to evaluate protein expression in tumor tissue. We revealed that E6-overexpressing C33A cells grew faster and were more sensitive to radiotherapy than control cells in vitro and in vivo. The expression levels of EGFR, as well as those of downstream signaling molecules AKT and ERK 1/2, were significantly upregulated in C33A cells that overexpressed E6. We observed that nimotuzumab combined with radiotherapy could enhance the inhibition of C33A cell growth induced by E6, both in vitro and in vivo. We also observed enhanced effect after combination on G2/M cell cycle arrest and apoptosis in E6-overexpressing C33A cells. Furthermore, the combined therapy of nimotuzumab and radiation remarkably reduced the protein expression levels of EGFR, AKT, ERK 1/2 in vitro, and in vivo. In conclusion, HPV16 E6 expression is positively correlated with levels of EGFR, AKT, and ERK 1/2 protein expression. The combined treatment with nimotuzumab and radiotherapy to enhance radiosensitivity in E6-positive cervical squamous cell carcinoma was related to enhanced G2/M cell cycle arrest and caspase-related apoptosis.
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INTRODUCTION

Cervical cancer is the second most common malignant tumor and the fourth major cause of death among women worldwide. Cervical squamous cell carcinoma (CSCC) accounts for 90% of cervical cancer (1). The WHO estimates that there were 570,000 new cases in 2018, accounting for 6.6% of the total number of female cancers and representing a serious threat to women's health (2). Over the past 20 years, most patients with locally advanced cervical cancer (LACC) have been treated with concurrent chemoradiotherapy (CCRT) regimens that include concurrent treatment with radiotherapy and platinum-based treatment. The results of five randomized controlled clinical trials conducted by the Radiation Therapy Oncology Group (RTOG), the Gynecological Oncology Group (GOG), and the Southwest Cancer Group (SWOG) demonstrated that CCRT can significantly improve overall survival (OS) and progression-free survival (PFS) in patients with cervical cancer (3), making CCRT the “gold-standard” treatment for LACC. Although the 5-year survival rate of CCRT is 16% higher than that of radiotherapy alone, the treatment responses are not satisfactory, and about 50% of patients have local recurrence and distant metastasis within 2 years of the initial CCRT session (4). Specific survival data showed that the 5-year survival rate among stage III patients who receive CCRT is about 30%, while the 5-year survival rate of stage IV patients who receive CCRT is <15% (5, 6). Therefore, efforts to clarify the radiosensitivity of a given tumor type and to identify factors that contribute to insensitivity are very important for improving curative effects and prolonging survival in patients with LACC.

Human papillomavirus (HPV) is a non-enveloped DNA virus that infects human epithelial tissues. Infection with a high-risk HPV genotype is considered one of the most important causes of cervical cancer. HPV18 causes about 15% of cases; HPV16 causes about 55% of cervical cancer cases; HPV16 infection is mainly related to the occurrence of cervical squamous cell carcinoma (7, 8). In 1985, Seedorf et al. (9) published the DNA genomic sequence of HPV16. Analyses of HPV16 expression products revealed that the HPV16 genome contains six early open reading frames (ORF), including E1, E2, E4, E5, E6, and E7. To investigate which ORF plays a major role in the oncogenesis of HPV16, Yutsudo et al. (10) constructed recombinant mouse retrovirus containing various DNA fragments from the HPV16 genome and found that E6 and E7 are HPV16-transforming genes. E6 and E7 ORFs can act independently to induce malignant transformation. These two proteins are sufficient to maintain transformation status in cervical cancer cell lines (11). In addition, E6 and E7 were found to be continuously expressed in HPV-infected cervical cancer tissues (12). Additional studies demonstrated that E6 and E7 bind to tumor suppressor genes P53 and Rb, respectively, resulting in rapid degradation of P53 and the loss of Rb products. E6 and E7 thus appear to contribute to the occurrence and development of cervical cancer in different ways (13). Interestingly, HPV16 E6 can also induce telomerase activity (14). In addition, a unique feature of HPV16 E6 oncoprotein is the presence of a PDZ, namely the proteins of PSD-95 (post-synaptic density-95 kDa; also SAP90), DLG (Drosophila major disc), and ZO-1 (zonula occludens 1), binding motif (PBM) at the C-terminus. Through this motif, E6 can interact with proteins containing PDZ domains. The HPV16 E6 protein has multiple cell-binding partners, including the human homologs of DLG (hDLG), Scribble, MUPP1 (multi-PDZ protein-1), MAGI (membrane-associated guanylate kinase inverted)-1, MAGI-2, and MAGI-36 (15). Importantly, deletion analysis revealed that the PDZ domain of HPV16 E6 is not involved in p53 binding and degradation (16). So, focused on the function of HPV16 E6 could give us more hints to understand its other variants. Although, at present, the HPV vaccine is a viable means to reduce the incidence of cervical cancer, it will take decades to observe the overall effect in terms of public health. To further improve the effectiveness of treatment for HPV16-positive cervical cancer, novel strategies are needed to target the special molecular pathological status of HPV infections.

Several host proteins other than P53 have been found to play a role in oncogenesis related to E6. In 1995, Peto et al. (17) reported an interaction between epidermal growth factor receptor (EGFR) signaling and HPV16 oncogene expression. It has been known that cervical cancer with EGFR overexpression is associated with poor therapeutic efficacy and prognosis. HPV infection and the EGFR pathway have been identified as targets for cervical cancer therapy. Nimotuzumab is a humanized IgG1 isotype monoclonal antibody used in the treatment of malignant tumors (18, 19). In the present study, to investigate the combined effect of nimotuzumab-mediated EGFR blockade and radiotherapy on E6-promoted cervical cancer growth, we established an HPV-E6–overexpressing C33A cervical squamous cell line and a nude mouse model bearing these cells. We also explored the correlation between HPV6 E6, EGFR, and radiotherapy by treating one group with nimotuzumab plus radiotherapy and one group with radiotherapy alone. Possible effects on apoptosis and cell cycle regulation were also investigated.



MATERIALS AND METHODS


Cell Culture and Transduction

The HPV-negative human cervical squamous cell line C33A, which carries p53 mutations, was obtained from the Cell Resource Center, Shanghai Institute of Biochemistry and Cell Biology at the Chinese Academy of Sciences (Shanghai, China). C33A and the derived cells were cultured at appropriate density with DMEM supplemented with 10% (v/v) fetal bovine serum (FBS) and 1% antibiotics (100 μg/mL streptomycin and 100 U/mL penicillin) in a humidified incubator under 5% CO2 conditions, at 37°C. The recombinant lentivirus vector carrying the E6 overexpression cassette was constructed, and transduction was performed as described previously (20). Gene-overexpressing cell lines were established with puromycin screening and confirmed by quantitative real-time polymerase chain reaction (qRT-PCR) and western blot.



Real-Time PCR

Total RNA was isolated from whole-cell lysate with TRIzol, according to the manufacturer's instructions (Invitrogen, Thermo Fisher). RNA was reverse-transcribed, and the synthesized cDNA was subjected to qPCR using the PrimeScript RT reagent kit (TaKaRaBio, Beijing, China), according to the manufacturer's instructions. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as the internal control for normalizing the expression of target genes. The specific primers used are listed in Table 1. The melting curves and E = 2−ΔΔCt algorithm were analyzed with LightCycler software (Roche Diagnostics).


Table 1. Primers for RT-PCR.
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Western Blot

Total protein was extracted from cell lysate with RIPA lysis buffer (Beyotime Biotechnology, Shanghai, China). The protein concentration was determined using a BCA protein concentration quantification kit (Beyotime Biotechnology, Shanghai, China). Denatured proteins were separated by SDS-PAGE and transferred to PVDF membranes using the X cell Surelock system (Thermo Fisher Scientific, Shanghai, China). Membranes were blocked with 5% non-fat dry milk in Tris-buffered saline with 0.05% Tween 20 (TBST) and probed with primary antibodies overnight at 4°C. The primary antibodies used included HPV16 E6 (cat. no. ab70, 1:1,000 dilution, Abcam, USA), EGFR (cat. no. 4267S, 1:1,000 dilution, Cell Signaling Technology, USA), Akt (cat. no. 4685S, 1:1,000 dilution, Cell Signaling Technology, USA), ERK1/2 (cat. no. 9102S, 1:1,000 dilution, Cell Signaling Technology dilution, USA), Fas (cat. no. 4233S, 1:1,000 dilution, Cell Signaling Technology, USA), caspase-3 (cat. no. ab197202, 1,000 dilution, Abcam, USA), and GAPDH (cat. no. 5174S, 1:1,000 dilution, Cell Signaling Technology, USA). After washing, membranes were incubated with goat HRP-conjugated secondary antibodies at room temperature for 2 h (1:50,000 dilution, Boster Biological Technology Co., Ltd., Wuhan, China). The reactions were detected with an ECL western blot detection kit (Pierce, Waltham, MA, USA). The detected bands were visualized and semi-quantified with a Gel Image System manufactured by Tanon Fine Do X6 (Tanon Science and Technology Co., Ltd., China).



Cell Proliferation Assay

Cell proliferation rates were determined with the CCK8 assay (Beyotime Biotechnology, Shanghai, China), according to the manufacturer's instructions. Six replicates were tested for each group. Specifically, cells at a density of 4 × 104 mL−1 were seeded into 96-well-plates for 16 h, then serum-starved overnight. In treatment group, after the medium was replaced with complete medium containing 400 μg/mL nimotuzumab and incubated for 2 h, cells received 1.8 Gy X-ray irradiation for 24, 48, or 72 h, which the concentration of nimotuzumab and the dosage of X-ray irradiation were applied from the previous studies (21–23). After each well had been incubated with 10 μL CCK-8 reagent for 2 h, cells were counted by measuring absorbance at 450 nm.



Cytometry

Cells were harvested and stained with propidium iodide (PI) after pretreatment with RNase A for cell-cycle analysis. The Annexin-AbflourTM647 Apoptosis Detection Kit (Abbkine Scientific, Beijing, China) was used for detecting cell apoptosis, according to the manufacturer's instructions. The FACS Canto II instrument (BD Biosciences, San Diego, CA, USA) was used to perform cytometry experiments. FlowJo software (Version 10.0.7) was used to analyze progression through the cell cycle and apoptosis.



Tumor-Bearing Mouse Model

Four-to-six-week-old female BALB/C nude mice weighing 18–22 g were obtained from the Beijing Vital River Laboratory Animal Technology Co., Ltd., (Beijing, China). Mice were bred and housed under specific pathogen-free (SPF) conditions at the laboratory animal center of Hefei Institutes of Physical Science, Chinese Academy of Sciences. C33AE6 cells were pretreated with 400 μg/mL nimotuzumab and/or 1.8 Gy of 6MV X-ray for 2 h. To establish the implanted tumor model, 1 × 106 cells suspended in 100 μl PBS mixed with Matrigel at a ratio of 1:1 were injected subcutaneously into the dorsal sides of randomly selected nude mice (n = 5 per group). The Animal Care and Use Committee at Anhui Medical University approved all experimental procedures, which were designed to minimize animal suffering.



Measurement of Body Weight and Tumor Size

After the hard nodules appeared at the site of inoculation 7–10 days post-implantation, tumor size was measured every 3 days. Tumor volume (mm3) was measured with Vernier calipers, with the following formula: tumor volume = 1/2ab2 [a, long diameter (mm); b, transverse diameter (mm)]. Mouse weight and tumor size were recorded in detail to establish a tumor growth curve. On day 28, mice were sacrificed by cervical dislocation after chloral hydrate anesthesia. The tumors were removed, photographed, and measured.



Immunohistochemical (IHC) Staining

Briefly, mouse xenograft tumor samples fixed in 4% buffered paraformaldehyde were dehydrated in an ethanol series, cleared in xylene, and embedded in paraffin. Paraffin-embedded tissues were sectioned into 4 μm-thick slices using a rotary microtome. After pretreatment with 3% hydrogen peroxide at room temperature for 5–10 min, the slides were placed in antigen repair solution, and then incubated in a microwave. After blocking in goat serum, sections were incubated with primary antibody against caspase 3 (1:1,000) and cleaved-caspase 3 (1:200) (cat. no. 9664S, Cell Signaling Technology, USA) overnight at 4°C. Slides were washed and incubated with biotinylated secondary antibody and horseradish-labeled streptavidin working solution (ZSGB-BIO, China) at room temperature for 2 h. Stained tissues were developed in DAB colorant (ZSGB-BIO, China), then counterstained with hematoxylin. The results of IHC staining were independently evaluated by two pathologists and quantified according to the degree of staining, as follows: 0 (no staining), 1 (light yellow), 2 (light brown), and 3 (brown). Slides were graded according to the number of positive cells as follows: 0 (<0%), 1 (<30%), 2 (30–60%), and 3 (>60%). The two scores were evaluated as follows: 0–1 (−), 2 (+), 3–4 (+ +), ≥5 (+ + +). Finally, (−, +) was defined as low expression, and (+ +, + + +) was defined as high expression.



Statistical Analysis

Data were analyzed with SPSS 23.0 (IBM Corp, Armonk, NY, USA) and GraphPad Prism 8.0 software (GraphPad Software Inc., CA, USA). For data that were normally distributed, results are presented as mean ± standard deviation. One-way ANOVA was used for comparing multiple groups, and Students' t-test was used for pairwise comparisons. P < 0.05 was set to indicate a significant difference.




RESULTS


HPV16 E6 May Enhance CSCC Cell Proliferation via the Upregulation of EGFR

As shown in Figure 1A, the results of qRT-PCR demonstrated that the expression level of HPV16 E6 was significantly higher in E6-overexpressing C33A cells (C33AE6), compared with vehicle-transduced C33A cells (C33AT) (P < 0.05). There was no significant difference in E6 expression levels between C33A and C33AT cells. These results indicate that stable overexpression of E6 was established in C33AE6 cells. As shown in Figure 1B, the CCK-8 assay results revealed that the OD450 of C33AE6 cells was greater than that of C33AT cells from 48 h post-seeding onward (P < 0.05), indicating that the overexpression of E6 enhanced C33A cell growth. The results of RT-PCR (Figures 1C–E) showed that the expression levels of EGFR, AKT, and ERK 1/2 were significantly higher in C33AE6 cells than in C33AT cells (P < 0.05), indicating that the expression of EGFR and downstream molecules AKT and ERK 1/2 were upregulated by the overexpression of E6. Taken together, these data suggest that E6 may enhance the proliferation of C33A cells via activation of the EGFR signaling pathway, which can be inhibited by EGFR blockade.
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FIGURE 1. (A) Quantitative RT-PCR demonstrated that the expression level of HPV16 E6 was significantly higher in the E6-overexpressing C33A cell line, C33AE6, than in the vehicle-transduced C33A cell line, C33AT (***P < 0.001). (B) The results of a CCK-8 assay showed that the OD450 for C33AE6 became significantly higher than that of C33AT at 48 h post-seeding (*P < 0.05; **P < 0.01). (C–E) qRT-PCR results showed that the expression levels of EGFR, AKT, and ERK1/2 were significantly higher in C33AE6 cells than in C33AT cells (*P < 0.05; **P < 0.01). (F) The CCK-8 assay revealed that the OD450 value was significantly lower in C33AE6 cells treated with a single dose of irradiation (RT) or irradiation in combination with nimotuzumab (RT+Ni), compared with untreated C33AE6 cells. This effect was first observed at 72 h post-treatment and then persisted throughout the study period (*&P < 0.05). OD450 values were significantly lower in C33AE6 cells that received RT+Ni treatment, compared with C33AE6 cells treated with RT alone. This effect was first observed at 72 h post-treatment and then persisted throughout the study period (ΔP < 0.05). (#P < 0.05, Overexpression control vs. E6 overexpression; *P < 0.05, RT group vs. Control group; &P < 0.05, RT+Ni group vs. Control group; ΔP < 0.05, RT+Ni group vs. RT group).




Nimotuzumab Combined With Radiotherapy Enhances the Inhibition to the E6-Promoted Growth in C33A Cells

We conducted several experiments to determine whether EGFR blockade could enhance the irradiation-mediated inhibition of cervical cell growth associated with E6 expression. As shown in Figure 1F, the OD450 values of pretreated C33AE6 cells treated with a single session of irradiation (RT) or with irradiation in combination with nimotuzumab (RT+Ni) were significantly lower than the OD450 values of untreated C33AE6 cells, from 72 h post-treatment onward (P < 0.05). In addition, the OD450 value of C33AE6 cells that received RT+Ni treatment was also significantly lower than that of C33AE6 cells treated with RT alone; this difference was detectable from 72 h post-treatment onward (P < 0.05). These findings indicate that nimotuzumab combined with radiotherapy may enhance the inhibition to E6-promoted C33A cell growth in vitro.



Nimotuzumab Combined With Radiotherapy Increase Apoptosis and G2/M Cell Cycle Arrest in E6-Overexpressing CSCC

As shown in Figures 2A–C, the proportion of RT+Ni-treated C33AE6 cells in the G0/G1 phase was significantly lower than that of untreated cells (P < 0.05). The proportion of G2/M C33AE6 cells in the RT+Ni treatment group was higher than that in the control group, and this difference was statistically significant (P < 0.05). As shown in Figures 3A,B, the results of flow cytometry experiments showed that the apoptosis rate of C33AE6 cells was significantly higher in the RT group and the RT+Ni combination group, compared with untreated cells (P < 0.05). In addition, the rate of apoptosis in the RT+Ni group was significantly higher than in the RT group (P < 0.05; Figures 3A,B). We also performed western blot to measure protein levels of apoptosis markers. As shown in Figures 3C–E, the expression levels of Fas and caspase 3 in C33AE6 cells were significantly higher in the RT group and the RT+Ni group, compared with untreated cells (P < 0.05). The expression levels of Fas and Caspase 3 in RT+Ni C33AE6 cells were significantly higher than in the RT C33AE6 cells (P < 0.05). Collectively, these results suggest that treatment-induced G2/M arrest and apoptosis. Thus, administering nimotuzumab in combination with radiotherapy inhibited C33AE6 cell growth.
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FIGURE 2. (A–C) The proportion of G0/G1 cells among RT+Ni-treated C33AE6 cells was significantly lower than that among untreated cells (*P < 0.05). The proportion of G2/M C33AE6 cells in the RT+Ni treatment group was higher than that in the control group (*P < 0.05).
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FIGURE 3. (A,B) Flow cytometry results show that the apoptosis rate of C33AE6 cells was significantly higher in the RT group and the RT+Ni combination group, compared with untreated cells (*P < 0.05). The apoptosis rate was also significantly higher in the RT+Ni group than in the RT group (*P < 0.05). (C–E) Expression levels of Fas and caspase 3 in C33AE6 cells were measured by western blot. The results showed significantly higher levels in the RT group and the RT+Ni group, compared with untreated cells (*P < 0.05). The expression levels of Fas and Caspase 3 were significantly higher in the RT+Ni group of C33AE6 cells, compared with the RT group (*P < 0.05).




Nimotuzumab Combined With Radiotherapy Can Significantly Inhibit the Activation of EGFR, AKT, and ERK 1/2 Signaling in C33A Cells

To further elucidate the molecular mechanism of enhanced cytotoxicity of nimotuzumab combined with radiotherapy, we detected the expression levels of E6, EGFR, AKT, and ERK 1/2 in C33A cells by Western blot (Figure 4A). We observed that the expression of E6 was up-regulated in the overexpression groups and had little response to the radiotherapy (RT) or combined therapy (RT+Ni), but significantly increased compared with the overexpression control groups (Figure 4B). Compared with the control group, radiotherapy can slightly increase the expression levels of EGFR and AKT in C33A cells, while the expression levels of ERK 1/2 did not change significantly. In addition, compared with the control group and the radiotherapy group, radiotherapy combined with nimotuzumab significantly reduced the expression levels of EGFR, AKT, and ERK 1/2 (Figures 4C–E, P < 0.05). These data indicate that radiotherapy combined with nimotuzumab can significantly inhibit EGFR-related AKT and ERK 1/2 activation in C33A cells.
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FIGURE 4. (A–E) Western blot results showed that the expression levels of EGFR, AKT, and ERK1/2 were significantly higher in C33AE6 cells than in C33AT cells (*P < 0.05). In addition, compared with the control group and the radiotherapy group, radiotherapy combined with nimotuzumab significantly reduced the expression levels of EGFR, AKT, and ERK 1/2 (*P < 0.05).




Nimotuzumab Combined With Radiotherapy Enhances the Inhibition of E6-Promoted C33A Cell Growth in vivo

As shown in Figures 5A,B, in nude xenograft mice, the tumor growth of C33AE6 cells was significantly more rapid than that of C33AT cells from 4 days post-injection onward (P < 0.05). Tumor growth was significantly slower in the RT and RT+Ni treatment groups, compared with the control group, from 7 days post-injection onward (P < 0.05). Tumor growth in the RT+Ni group was significantly slower than that in the RT group from 7 days post-injection onward (P < 0.05), suggesting that nimotuzumab enhanced the tumor regression induced by irradiation. Immunohistochemical analysis revealed the changes of the expression levels of EGFR (Figures 5C,D), AKT (Figures 6A,B), and ERK 1/2 (Figures 6C,D) in the samples with different treatment from the tumor-bearing mice. Compared with the control group, radiotherapy can slightly increase the expression levels of EGFR, AKT, and ERK 1/2 in C33A cells. In addition, compared with the control group and the radiotherapy group, radiotherapy combined with nimotuzumab significantly reduced the expression levels of EGFR, AKT, and ERK 1/2 (P < 0.05). Therefore, combined with nimotuzumab significantly inhibited the growth of implanted C33A tumors in mice, which is related to the inhibition of the activation of EGFR-related AKT and ERK 1/2 signaling.
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FIGURE 5. (A,B) In nude xenograft mice, the tumor growth of C33AE6 cells was significantly more rapid than that of C33AT cells. This effect was first observed 4 days after injection and then persisted throughout the study period (#P < 0.05). From 7 days after injection until the end of the study period, tumor growth was significantly slower in the RT and RT+Ni treatment groups, compared with the control group (*&P < 0.05). Tumor growth in the RT+Ni group was significantly slower than that in the RT group from 7 days post-injection to the end of the study (ΔP < 0.05). (#P < 0.05, Overexpression control vs. E6 overexpression; *P < 0.05, RT group vs. Control group; &P < 0.05, RT+Ni group vs. Control group; ΔP < 0.05, RT+Ni group vs. RT group). (C,D) Expression levels of EGFR were slightly higher in the RT group compared with the control group. In addition, compared with the control group and the radiotherapy group, radiotherapy combined with nimotuzumab significantly reduced the expression levels of EGFR (*P < 0.05). Data are representative images (magnification × 200) from each group of tumors.
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FIGURE 6. (A–D) Expression levels of AKT and ERK1/2 were slightly higher in the RT group compared with the control group, in addition, compared with the control group and the radiotherapy group, radiotherapy combined with nimotuzumab significantly reduced the expression levels of AKT and ERK1/2 (*P < 0.05). Data are representative images (magnification × 200) from each group of tumors.


As shown in Figure 7, the expression levels of caspase 3 (Figures 7A,B) and cleaved-caspase 3 (Figures 7C,D) were significantly higher in the RT treatment group and the RT+Ni group, compared with the control group (P < 0.05). In addition, the expression of caspase 3 and cleaved-caspase 3 in the RT+Ni group was significantly stronger than that in the RT group (P < 0.05).
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FIGURE 7. Expression levels of caspase 3 (A,B) and cleaved-caspase 3 (C,D) were significantly stronger in the RT group and the RT+Ni group, compared with the control group (*P < 0.05). The expression of caspase 3 and cleaved-caspase 3 was also significantly stronger in the RT+Ni group than in the RT group (*P < 0.05). Data are representative images (magnification × 200) from each group of tumors.





DISCUSSION

As an HPV-negative and P53-deficient cell line, C33A has been widely used in research on human cervical cancer. In 2010, Hampson et al. transfected HPV E6 and E7 genes into C33A cell lines, respectively. The experimental results showed that C33A cells transfected with E6 grew faster than C33A cells transfected with E7 (24). The authors also conducted in vitro and mouse model experiments; the results of these experiments confirmed that when C33A cells were transfected with E6, the tumoricidal effect of ionizing radiation was significantly increased. In contrast, the transfected E7 gene had no significant effect on the radiosensitivity of C33A cells (24). These results suggest that E6 contributed to the enhanced radiosensitivity in a P53-independent way. In support of this assertion, our results also demonstrated that E6-overexpressing C33A cells grew faster and were more sensitive to radiotherapy than control cells, both in vitro and in vivo.

The interaction between HPV and EGFR has previously been described. HPV infection was previously reported to cause EGFR overexpression in squamous cell carcinoma (25). HPV16 E6 has also been demonstrated to induce EGFR activation in the setting of EGF stimulation. Even in the absence of EGF, E6 was found to increase EGFR phosphorylation, leading to prolonged EGFR, MAPK, and PI3K activation (26). Studies have shown E6 protein expressed by high-risk HPV upregulated EGFR transcription in cervical squamous cell carcinoma by destabilizing the histone demethylase KDM5C on super-enhancers (27). HPV16 E6 is also a target of EGF-induced signaling; its activity was found to be amplified by EGF stimulation in SiHa cervical cancer cells (28). Our results also revealed that expression levels of EGFR, as well as downstream signal molecules AKT and ERK 1/2, were significantly upregulated in C33A cells overexpressing E6. Erlotinib is a small-molecule inhibitor of EGFR that has been shown to slow the growth of locally advanced cervical cancer. In a phase II clinical trial, 36 patients were treated with erlotinib combined with cisplatin and radiotherapy (29). Among this group of patients, 34 (94.4%) achieved a complete response to treatment. The cumulative overall survival rates at 2 and 3 years were 91.7 and 80.6%, respectively; progression-free survival at 2 and 3 years was 80 and 73.8%, respectively. Woodworth et al. (30) also found that erlotinib may prevent immortalization and induce apoptosis in HPV16-positive cervical cancer cells. Collectively, these findings suggest that EGFR inhibitors may improve the efficacy of radiotherapy in cervical cancer.

Nimotuzumab is a humanized IgG1 isotype monoclonal antibody used in the treatment of malignant tumors (18, 19). Because of its ability to bind EGFR, nimotuzumab can competitively interfere with the binding of EGF to EGFR, resulting in the blockade of downstream signaling pathways, inhibiting tumor cell proliferation, promoting tumor cell apoptosis, and enhancing the efficacy of radio- and/or chemotherapy. Although nimotuzumab has been used less frequently in treating cervical cancer, several studies have shown that the combination of nimotuzumab with radio-chemotherapy for locally advanced cervical cancer has a very reliable treatment effect (31–33). Nimotuzumab is therefore a promising option for preoperative neoadjuvant treatment. In an early study by Yang et al. 80 patients with locally advanced cervical cancer were treated with cisplatin or gemcitabine in combination with nimotuzumab, followed by complete pelvic radiotherapy. The results showed that 11 patients had partial relief of symptoms; 59 patients were stable; the rate of disease control reached 88%. Drug side effects and safety were also within acceptable limits (33). In another study, 28 patients with locally advanced cervical cancer received preoperative neoadjuvant therapy. From the 1st week of intensity-modulated radiotherapy (IMRT), nimotuzumab was administered intravenously in combination with cisplatin or nedaplatin, weekly. After 1 month of neoadjuvant treatment, magnetic resonance imaging (MRI) and gynecological evaluations showed a complete clinical response rate of 28.5% and partial response rate of 71.5%. The median survival of the 24 patients who had undergone surgery was 22 months (34). Additional studies have investigated the mechanisms underlying the ability of nimotuzumab to sensitize cancer cells to radiotherapy. Lin et al. found that nimotuzumab significantly enhanced apoptosis in A549 cells irradiated with 2 Gy, compared with A549 cells treated with nimotuzumab or irradiation alone. Combining nimotuzumab with irradiation also significantly increased the number of cells arrested in the G2/M phase, compared with the use of radiotherapy or nimotuzumab treatment alone (35). In another study conducted by Gao et al. PANC-1 pancreatic cancer cells were treated with nimotuzumab, alone, or combined with radiation. The results showed that the inhibition rate, the percentage of G2/M phase arrest, and the rate of apoptosis were all significantly higher in the group treated with nimotuzumab and radiation, compared with the group treated with radiation alone (36).

Caspase 3 (cysteine-aspartate protease 3), known as cysteine protease 3, is a key enzyme for both endogenous and exogenous apoptotic pathways. This enzyme also plays an important role in regulating inflammation, cell proliferation, and cell differentiation. Once activated, caspase 3 causes irreversible cell death by degrading important cellular proteins and activating endonucleases. Caspase 3 is therefore considered to be a marker of apoptosis. However, caspases 3 exists as an inactive zymogen under normal circumstances. When cells undergo apoptosis, caspase 3 is activated to cleaved-caspase 3, which plays a role in promoting apoptosis by degrading low-molecular-weight DNA and causing nuclear translocation. Shinomiya (37) pointed out that radiation-induced apoptosis is a rapid form of apoptotic cell death, related to the activation of caspase 3. Therefore, we sought to detect treatment-induced cancer cell apoptosis in tumor-bearing nude mice with IHC staining against caspase 3 and cleaved-caspase 3. Microscopic observation revealed that most staining for these markers localized to the cytosol. In the present study, the expression levels of caspase 3 and cleaved-caspase 3 were significantly higher in the RT treatment group and the RT+Ni group, compared with the control group, which means that the apoptosis was involved in the radiotherapy and combined therapy, and more activated apoptosis could be observed in the combined therapy.

Aberrant EGF-mediated abnormal signaling plays a vital role in increasing the ability of tumor cells to proliferate and migrate during the growth process. The main downstream signaling pathways for EGFR activation include the Ras mitogen-activated protein kinase (MAPK) cascade, the phosphatidylinositol 3 kinase (PI3K) cascade, and the signal transduction and transcription activator (STAT) cascade (38). We found that radiotherapy alone can slightly increase the expression levels of EGFR and AKT in C33A cells, which may be due to accelerated tumor cell proliferation, anti-apoptosis, and radiation resistance caused by radiation (39). Importantly, nimotuzumab combined with radiotherapy significantly inhibited the activation of EGFR, AKT, and ERK 1/2 in C33A cells. In the GBM (glioblastoma multiforme) model, Nimotuzumab combined with radiotherapy also obtained similar results (40). These data indicate that the inhibitory effect of nimotuzumab on the EGFR signaling enhances the cytotoxic effect of radiation to a certain extent.

In the present study, we found that nimotuzumab combined with radiotherapy in inhibiting E6-promoted C33A cell growth in vitro and in vivo. This combined effect of nimotuzumab and radiotherapy increased the rates of G2/M cell cycle arrest and apoptosis in E6-overexpressing CSCC in vitro. Previous studies showed that, after medication or radiation is applied to tumor cells, cell cycle checkpoints will detect cellular DNA damage and induce in the number a greater proportion of cells remaining in the G2/M phase (41). G2/M arrest has two effects: First, cancer cell mitosis is discontinued, and cell proliferation is inhibited. Second, if cancer cells accumulate and fail to repair DNA damage, apoptosis will be triggered, and G2/M arrest becomes irreversible (41, 42). In addition, our data also shows that nimotuzumab combined with radiotherapy can increase the radiotherapy sensitivity of p53 mutant C33A cells. Therefore, this work broadens our preclinical understanding that EGFR inhibitors can improve radiation anti-tumor and provides an ideal choice for the treatment of p53 mutant cervical squamous cell carcinoma. However, further clinical trials are needed to confirm these findings and assess the potential toxicity of cervical squamous cell carcinoma patients.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The Animal Care and Use Committee at Anhui Medical University approved all experimental procedures, which were designed so as to minimize animal suffering.



AUTHOR CONTRIBUTIONS

QZ and YLv conceived and designed research. ZX and HS collected data and wrote the initial paper. QZ conducted research. FZ and WL analyzed and interpreted data. YLi revised the paper. YLi and JC had primary responsibility for final content. All authors read and approved the final manuscript.



FUNDING

The present study was supported by grants from the Major Project of Natural Science Foundation of Colleges and Universities in Anhui Province (No. KJ2016A754).



REFERENCES

 1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2018) 68:394–424. doi: 10.3322/caac.21492

 2. Fitzmaurice C, Akinyemiju TF, Al Lami FH, Alam T, Alizadeh-Navaei R, Allen C, et al. Global, regional, and national cancer incidence, mortality, years of life lost, years lived with disability, and disability-adjusted life-years for 29 cancer groups, 1990 to 2016: a systematic analysis for the global burden of disease study. JAMA Oncol. (2018) 4:1553–68. doi: 10.1001/jamaoncol.2018.2706

 3. Fu ZZ. Li K, Peng Y, Zheng Y, Cao LY, Zhang YJ, et al. Efficacy and toxicity of different concurrent chemoradiotherapy regimens in the treatment of advanced cervical cancer: A network meta-analysis. Medicine. (2017) 96:e5853. doi: 10.1097/MD.0000000000005853

 4. Eifel PJ. Concurrent chemotherapy and radiation therapy as the standard of care for cervical cancer. Nature clinical practice. Oncology. (2006) 3:248–55. doi: 10.1038/ncponc0486

 5. Ibeanu OA. Molecular pathogenesis of cervical cancer. Cancer Biol Ther. (2011) 11:295–306. doi: 10.4161/cbt.11.3.14686

 6. McGraw SL, Ferrante JM. Update on prevention and screening of cervical cancer. World J Clin Oncol. (2014) 5:744–52. doi: 10.5306/wjco.v5.i4.744

 7. Stanley M, Pathology and epidemiology of HPV infection in females. Gynecol Oncol. (2010) 117:S5–10. doi: 10.1016/j.ygyno.2010.01.024

 8. Munagala R, Dona MG, Rai SN, Jenson AB, Bala N, Ghim SJ, et al. Significance of multiple HPV infection in cervical cancer patients and its impact on treatment response. Int J Oncol. (2009) 34:263–71. doi: 10.3892/ijo-00000148

 9. Seedorf K, Krammer G, Durst M, Suhai S, Rowekamp WG. Human papillomavirus type 16 DNA sequence. Virology. (1985) 145:181–5. doi: 10.1016/0042-6822(85)90214-4

 10. Yutsudo M, Okamoto Y, Hakura A. Functional dissociation of transforming genes of human papillomavirus type 16. Virology. (1988) 166:594–7. doi: 10.1016/0042-6822(88)90532-6

 11. McLaughlin-Drubin ME, Munger K. Oncogenic activities of human papillomaviruses. Virus Res. (2009) 143:195–208. doi: 10.1016/j.virusres.2009.06.008

 12. Filippova M, Parkhurst L, Duerksen-Hughes PJ. The human papillomavirus 16 E6 protein binds to Fas-associated death domain and protects cells from Fas-triggered apoptosis. J Biol Chem. (2004) 279:25729–44. doi: 10.1074/jbc.M401172200

 13. Hainaut P, Hernandez T, Robinson A, Rodriguez-Tome P, Flores T, Hollstein M, et al. IARC Database of p53 gene mutations in human tumors and cell lines: updated compilation, revised formats and new visualisation tools. Nucleic Acids Res. (1998) 26:205–13. doi: 10.1093/nar/26.1.205

 14. Klingelhutz AJ, Foster SA, McDougall JK. Telomerase activation by the E6 gene product of human papillomavirus type 16. Nature. (1996) 380:79–82. doi: 10.1038/380079a0

 15. Muench P, Hiller T, Probst S, Florea A-M, Stubenrauch F, Iftner T. Binding of PDZ proteins to HPV E6 proteins does neither correlate with epidemiological risk classification nor with the immortalization of foreskin keratinocytes. Virology. (2009) 387:380–7. doi: 10.1016/j.virol.2009.02.018

 16. Elbel M, Carl S, Spaderna S, Iftner T. A comparative analysis of the interactions of the E6 proteins from cutaneous and genital papillomaviruses with p53 and E6AP in correlation to their transforming potential. Virology. (1997) 239:132–49. doi: 10.1006/viro.1997.8860

 17. Peto M, Tolle-Ersu I, Kreysch HG, Klock G. Epidermal growth factor induction of human papillomavirus type 16 E6/E7 MRNA in tumor cells involves two AP-1 binding sites in the viral enhancer. J Gen Virol. (1995) 76 (Pt 8):1945–58. doi: 10.1099/0022-1317-76-8-1945

 18. Fangzheng W, Chuner J, Zhiming Y, Tongxin L, Fengqin Y, Lei W, et al. Long-term use of nimotuzumab in combination with intensity-modulated radiotherapy and chemotherapy in the treatment of locoregionally advanced nasopharyngeal carcinoma: experience of a single institution. Oncol Res. (2018) 26:277–87. doi: 10.3727/096504017X15079846743590

 19. Mazorra Z, Chao L, Lavastida A, Sanchez B, Ramos M, Iznaga N, et al. Nimotuzumab: beyond the EGFR signaling cascade inhibition. Semin Oncol. (2018) 45:18–26. doi: 10.1053/j.seminoncol.2018.04.008

 20. Xi R, Pan S, Chen X, Hui B, Zhang L, Fu S, et al. HPV16 E6-E7 induces cancer stem-like cells phenotypes in esophageal squamous cell carcinoma through the activation of PI3K/Akt signaling pathway in vitro and in vivo. Oncotarget. (2016) 7:57050–65. doi: 10.18632/oncotarget.10959

 21. de Almeida VH, de Melo AC, Meira DD, Pires AC, Nogueira-Rodrigues A, Pimenta-Inada HK, et al. Radiotherapy modulates expression of EGFR, ERCC1 and p53 in cervical cancer. Braz J Med Biol Res. (2017) 51:e6822. doi: 10.1590/1414-431x20176822

 22. Niibe Y, Nakano T, Ohno T, Tsujii H, Oka K. Relationship between p21/waf-1/cip-1 and apoptosis in cervical cancer during radiation therapy. Int J Radiat Oncol Biol Phys. (1999) 44:297–303. doi: 10.1016/S0360-3016(99)00026-7

 23. Song H, Pan B, Yi J, Chen L. Featured article: autophagic activation with nimotuzumab enhanced chemosensitivity and radiosensitivity of esophageal squamous cell carcinoma. Exp Biol Med. (2014) 239:529–41. doi: 10.1177/1535370214525315

 24. Shin HJ, Kim JY, Hampson L, Pyo H, Baek HJ, Roberts SA, et al. Human papillomavirus 16 E6 increases the radiosensitivity of p53-mutated cervical cancer cells, associated with up-regulation of aurora A. Int J Radiat Biol. (2010) 86:769–79. doi: 10.3109/09553002.2010.484477

 25. Dong F, Kojiro S, Borger DR, Growdon WB, Oliva E. Squamous cell carcinoma of the vulva: a subclassification of 97 cases by clinicopathologic, immunohistochemical, and molecular features (p16, p53, and EGFR). Am J Surg Pathol. (2015) 39:1045–53. doi: 10.1097/PAS.0000000000000454

 26. Spangle JM. Munger K. The HPV16 E6 oncoprotein causes prolonged receptor protein tyrosine kinase signaling and enhances internalization of phosphorylated receptor species. PLoS Pathog. (2013) 9:e1003237. doi: 10.1371/journal.ppat.1003237

 27. Chen X, Loo JX, Shi X, Xiong W, Guo Y, Ke H, et al. E6 protein expressed by high-risk HPV activates super-enhancers of the EGFR and c-MET oncogenes by destabilizing the histone demethylase KDM5C. Cancer Res. (2018) 78:1418–30. doi: 10.1158/0008-5472.CAN-17-2118

 28. Narisawa-Saito M, Handa K, Yugawa T, Ohno S, Fujita M, Kiyono T. HPV16 E6-mediated stabilization of ErbB2 in neoplastic transformation of human cervical keratinocytes. Oncogene. (2007) 26:2988–96. doi: 10.1038/sj.onc.1210118

 29. Nogueira-Rodrigues A, Moralez G, Grazziotin R, Carmo CC, Small IA, Alves FV, et al. Phase 2 trial of erlotinib combined with cisplatin and radiotherapy in patients with locally advanced cervical cancer. Cancer. (2014) 120:1187–93. doi: 10.1002/cncr.28471

 30. Woodworth CD, Diefendorf LP, Jette DF, Mohammed A, Moses MA, Searleman SA, et al. Inhibition of the epidermal growth factor receptor by erlotinib prevents immortalization of human cervical cells by Human Papillomavirus type 16. Virology. (2011) 421:19–27. doi: 10.1016/j.virol.2011.09.014

 31. Cao Y, Deng L, Lian S, Jiang Y. Research on the efficacy of cisplatin and nimotuzumab combined with concurrent chemoradiotherapy on locally advanced cervical cancer. J BUON. (2019) 24:2013–19.

 32. Chen W, Li T, Wang J, Liang L, Huang D, Yan G, et al. Clinical study of nimotuzumab combined with concurrent radiochemotherapy for treatment of locally advanced cervical cancer. Cancer Manag Res. (2019) 11:8157–65. doi: 10.2147/CMAR.S191134

 33. Chen YF, Tang WB, Pan XX, Wu CR, Cao Y, Yang W. Safety and efficacy of nimotuzumab combined with chemoradiotherapy in Chinese patients with locally advanced cervical cancer. Onco Targets Ther. (2017) 10:4113–9. doi: 10.2147/OTT.S133756

 34. Lu H, Wu Y, Liu X, Jiang H, Pang Q, Peng L, et al. A prospective study on neoadjuvant chemoradiotherapy plus anti-EGFR monoclonal antibody followed by surgery for locally advanced cervical cancer. Onco Targets Ther. (2018) 11:3785–92. doi: 10.2147/OTT.S164071

 35. Lin S, Yan Y, Liu Y, Gao CZ, Shan D, Li Y, et al. Sensitisation of human lung adenocarcinoma A549 cells to radiotherapy by Nimotuzumab is associated with enhanced apoptosis and cell cycle arrest in the G2/M phase. Cell Biol Int. (2015) 39:146–51. doi: 10.1002/cbin.10342

 36. Gao C, Wu X, Yan Y, Meng L, Shan D, Li Y, et al. Sensitization of radiation or gemcitabine-based chemoradiation therapeutic effect by nimotuzumab in pancreatic cancer cells. Technol Cancer Res Treat. (2016) 15:446–52. doi: 10.1177/1533034615585209

 37. Shinomiya N. New concepts in radiation-induced apoptosis: ‘premitotic apoptosis' and ‘postmitotic apoptosis'. J Cell Mol Med. (2001) 5:240–53. doi: 10.1111/j.1582-4934.2001.tb00158.x

 38. Diaz-Miqueli A, Martinez GS. Nimotuzumab as a radiosensitizing agent in the treatment of high grade glioma: challenges and opportunities. Onco Targets Ther. (2013) 6:931–42. doi: 10.2147/OTT.S33532

 39. Schmidt-Ullrich RK, Contessa JN, Lammering G, Amorino G, Lin PS. ERBB receptor tyrosine kinases and cellular radiation responses. Oncogene. (2003) 22:5855–65. doi: 10.1038/sj.onc.1206698

 40. Diaz Miqueli A, Rolff J, Lemm M, Fichtner I, Perez R, Montero E. Radiosensitisation of U87MG brain tumours by anti-epidermal growth factor receptor monoclonal antibodies. Br J Cancer. (2009) 100:950–8. doi: 10.1038/sj.bjc.6604943

 41. Lobrich M, Jeggo PA. The impact of a negligent G2/M checkpoint on genomic instability and cancer induction. Nat Rev Cancer. (2007) 7:861–9. doi: 10.1038/nrc2248

 42. Chen H, Landen CN, Li Y, Alvarez RD, Tollefsbol TO. Enhancement of cisplatin-mediated apoptosis in ovarian cancer cells through potentiating G2/M arrest and p21 upregulation by combinatorial epigallocatechin gallate and sulforaphane. J Oncol. (2013) 2013:872957. doi: 10.1155/2013/872957

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Xu, Shu, Zhang, Luo, Li, Chu, Zhao and Lv. 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/fonc-10-01327-g005.gif
s overepression

= w = Ouerexpression contol

W=~ s overerpression

e L —

T < esoveroxpression

W~ Overexpresion contrl

EorR
Oversapression contol €6 ovsrexpresson

7

= greepesonconal

B ey

= OwbpresoncomoRT

= EBoverexressonsRT
Overoprtason conaHRTN:

P e

Tumor volume(mma)
§ 5888

EorRecatarov,
g2288

Contol

£ R





OPS/images/fonc-10-01327-g006.gif
Control

RT

RT+Ni

AKT

Overexpression control E6 overexpression

ERK1Z2
Overexpression control E6 overt

expression

120

ERK112+ callsiFOV

= overexpression control
EB overexpression

contrl A RTTM

== overoxprossion control
= E6 overoxprossion

Control A RN





OPS/images/fonc-10-01327-g003.gif





OPS/images/fonc-10-01327-g004.gif
Rron Overepresson contc
= § 10, = Coommperton
[ ppepp——— LT St PPN
£on
cor| = == = = s §
-— 60KD ‘g s
Zos
= zaurog
o §“
Zoo
Comol AT RTo

HE :

H

Fos ——

Soof =2

Soe

£ o

H

HE %
s [ R ———
H

T —

§oe = s

H —

fo) ==

Lou.

-

Comrol AT RToN





OPS/images/fonc-10-01327-g007.gif
Caspase3
Overexpression control _ E6 ove

Cleaved-caspase 3

Overexprossion cantr

E6 overoxprossion

Caspase 3+ ollsFOV _
3 g 3 8

== Querexpression control

=6 overexpression

Conrol  RT RN

= Ovoroxprossion contal
= B iatexprossion

Conrol  RT  RTeN





OPS/images/fonc-10-01327-t001.jpg
Genes

HPV16 E6

EGFR

ATK

ERK1/2

GAPDH

Sequences

FORWARD:
CAGGAGCGACCCAGAAAGTT
REVERSE:
CTGTTGCTTGCAGTACACACA
FORWAROD:
ACCCATATGTACCATCGATGTC
REVERSE:
GAATTCGATGATCAACTCACGG
FORWARD:
TGACCATGAACGAGTTTGAGTA
REVERSE:
GAGGATCTTCATGGCGTAGTAG
FORWARD:
ATGGTGTGCTCTGCTTATGATA
REVERSE:
TCTTTCATTTGCTCGATGGTTG
FORWARD:
AATGAAGGGGTCATTGATGG
REVERSE:
AAGGTGAAGGTCGGAGTCAA

size (bp)

206

97

110

188

108

GenBank
Accession

NM.152686.4

NM.001346897.2

NM.001382431.1

NM.002745.5

NM.001357943.2





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Nimotuzumab Combined With Irradiation Enhances the Inhibition to the HPV16 E6-Promoted Growth of Cervical Squamous Cell Carcinoma



		Introduction



		Materials and Methods



		Cell Culture and Transduction



		Real-Time PCR



		Western Blot



		Cell Proliferation Assay



		Cytometry



		Tumor-Bearing Mouse Model



		Measurement of Body Weight and Tumor Size



		Immunohistochemical (IHC) Staining



		Statistical Analysis







		Results



		HPV16 E6 May Enhance CSCC Cell Proliferation via the Upregulation of EGFR



		Nimotuzumab Combined With Radiotherapy Enhances the Inhibition to the E6-Promoted Growth in C33A Cells



		Nimotuzumab Combined With Radiotherapy Increase Apoptosis and G2/M Cell Cycle Arrest in E6-Overexpressing CSCC



		Nimotuzumab Combined With Radiotherapy Can Significantly Inhibit the Activation of EGFR, AKT, and ERK 1/2 Signaling in C33A Cells



		Nimotuzumab Combined With Radiotherapy Enhances the Inhibition of E6-Promoted C33A Cell Growth in vivo







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
, frontiers
in Oncology

Nimotuzumab Combined With
Irradiation Enhances the Inhibition
to the HPV16 E6-Promoted Growth

of Cervical Squamous Cell Carcinoma





OPS/images/fonc-10-01327-g001.gif
aaona- -+~ Overexpression control
§ sson- o] = Eowmpessen
f fo
s o
Fo
e o
i
E o0
P e W
e
. .
P —— [ —
§a, = ATIRER PP -t
H 2 .
g3 g,
HE H
E Tt e
fel H
& — g .
g, £
H ]
i o
[T S— v [T o—————
PR O—
] JR——
$0, O Somin (o o T
e I,
£ — P
I e
Z 12 06- H
H
E . ,
Saf —— os
E] T2
£. o
]
. o
2 O aorsny Radiotorspy S





OPS/images/fonc-10-01327-g002.gif
Count

Oncrespresion conteal 6 ovcrespress

- %6152 b
= | §s:242 5k
- B,
S FEE

- e,
o

g
Sl

[—

Y I s
=
3
fo

N










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Oncology





