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Verteporfin Is a Promising Anti-Tumor Agent for Cervical Carcinoma by Targeting Endoplasmic Reticulum Stress Pathway












	 
	ORIGINAL RESEARCH
published: 03 September 2020
doi: 10.3389/fonc.2020.01781





[image: image]

Verteporfin Is a Promising Anti-Tumor Agent for Cervical Carcinoma by Targeting Endoplasmic Reticulum Stress Pathway

Meng Wang1, Chang Liu1, Yuehan Li1, Qiulin Zhang1,2, Lixia Zhu1, Zishui Fang1* and Lei Jin1*

1Reproductive Medicine Center, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China

2Department of Reproductive Medicine, Maternal and Child Health Hospital of Hubei Province, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China

Edited by:
Eduardo López-Urrutia, National Autonomous University of Mexico, Mexico

Reviewed by:
Swathi U. Lekshmi, Danaher, United States
Viviane Aline Oliveira Silva, Barretos Cancer Hospital, Brazil

*Correspondence: Zishui Fang, fangzsh@mail2.sysu.edu.cn; Lei Jin, leijintongjih@qq.com

Specialty section: This article was submitted to Molecular and Cellular Oncology, a section of the journal Frontiers in Oncology

Received: 12 May 2020
Accepted: 11 August 2020
Published: 03 September 2020

Citation: Wang M, Liu C, Li Y, Zhang Q, Zhu L, Fang Z and Jin L (2020) Verteporfin Is a Promising Anti-Tumor Agent for Cervical Carcinoma by Targeting Endoplasmic Reticulum Stress Pathway. Front. Oncol. 10:1781. doi: 10.3389/fonc.2020.01781

Accumulated evidence has shown that the photosensitizer Verteporfin (VP) may be an ideal agent for various cancer types. However, the effect and mechanism of VP on human cervical carcinoma remain rudimentary. The aim of this study was to investigate the effect of VP on human cervical carcinoma cells (HeLa and SiHa cells) and to elucidate the possible mechanism. CCK-8, wound healing assay, flow cytometry analysis, western blotting, TUNEL staining were performed to evaluate the effects of VP on HeLa and SiHa cells in vitro as well as in vivo on a xenograft model. In addition, the role of endoplasmic reticulum (ER) stress in VP-induced apoptosis was investigated using RT-qPCR and western blotting. The results showed that the viability of HeLa and SiHa cells was suppressed by VP in dose- and time-dependent manners. Compared with the control group, apoptosis rates were higher with stronger TUNEL fluorescence signals in the experimental group, which substantiated that VP induced apoptosis at both 2D and 3D cell levels. Besides, VP can squelch the growth of tumors in both sizes and weights on the xenograft models without impairing ovarian reserve. Mechanism studies demonstrated that VP activated ER stress by upregulating the expression of GRP78, CHOP, and Caspase-12, and VP-induced apoptosis can be alleviated when ER stress pathway was inhibited. Our results provided a foundation for repurposing VP as a promising agent for cervical cancer patients without obvious reproductive toxicity by targeting ER stress pathway, and more researches are required to support its application in clinical practice.
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INTRODUCTION

An annual mortality of 266,000 with 528,000 incidence cases worldwide made cervical cancer the most common carcinoma in female reproductive system (1). The data showed that approximately 90% of cervical cancer deaths were from developing countries (2), and the incidence rate of cervical cancer in China, the biggest developing country, has showed an upward and younger trend (3). Currently, cisplatin-based sequential chemo-radiation therapy is the standard approach for patients in FIGO stage IIB to IVA (4). However, various studies have indicated that the development of resistance to cisplatin substantially compromised the efficacy of cisplatin to treat advanced or recurrent cervical cancer (5). Moreover, cisplatin also induces severe reproductive toxicity and genotoxicity in mammals (6). Therefore, the existing chemotherapy strategy is quite inappropriate for cervical cancer patients with imperative procreation desire. It is necessary to find a new type of chemotherapy agent with less reproductive toxicity on cervical cancer.

Photodynamic therapy (PDT) is a photosensitizer-based non-invasive novel therapy, utilized in the treatment of various diseases including tumors of assorted types (7). The photosensitizer was targeted in pathological tissues and activated by light of a specific wavelength, inducing selective cell death, but sparing the surrounding normal tissues (8). Verteporfin (VP), a hydrophobic photosensitizer, can combine with low density lipoprotein (LDL) and be transferred into cytoplasm through LDL receptors on proliferative cells such as malignant cells (9). Recently, some studies reported that VP could still induce apoptosis in cancer cells without light activation (10). It can also inhibit interaction of the key components in Hippo pathway, which is related to cell growth, proliferation and differentiation (11). In addition, continuous injection of VP into mammals showed no negative effect on the reproductive systems (12). Therefore, VP is a potential anti-tumor agent without obvious reproductive toxicity, although the exact mechanism remains unclear.

Endoplasmic reticulum (ER) stress is a condition that unfolded or misfolded proteins anomalously accumulate in cytoplasm, leading to ER homeostasis restoring or cell self-destruction, which depends on the intensity and duration of stressor (13). ER stress, which can be caused by any substances affecting cell homeostasis, is considered to play a vital role in the occurrence and development of various diseases (14). Thus, we speculated that VP might induce apoptosis in tumor cells via ER stress pathway, resulting in anti-tumor effect on human cervical carcinoma.

This study intended to investigate the therapeutic effect of VP on human cervical carcinoma and to explore its possible mechanism to provide theoretical evidence for the promotion of the photosensitizer represented by VP for oncological diseases treatment in the clinic.



MATERIALS AND METHODS


Agents and Cell Culture

Human cervical cancer cell lines HeLa and SiHa were gifts from Cancer Biology Research Center of Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology. Cells were cultured in DMEM/F12 medium (Hyclone, Logan, UT, United States) supplemented with 10% (v/v) fetal bovine serum (FBS, Gibco, Carlsbad, CA, United States), 100 U/mL penicillin G and 100 μg/mL streptomycin (Boster, Wuhan, China) in a 37°C incubator with 5% CO2.

Phosphate buffer saline (PBS) and Trypsin-EDTA solution were purchased from Promoter (Wuhan, China). VP (S1786, Selleck, Shanghai, China) was dissolved in DMSO (Promoter, Wuhan, China) to prepare the stock solution at a concentration of 10 mM, as the manufacturer’s instructions recommended. Then, the stock solution was diluted to suitable concentrations by the medium in different experimental groups. Thapsigargin (TG) (T9033, Sigma, St. Louis, MO, United States) of 1 μM was used to induce ER stress as a positive control. Cells were pretreated with 5 mM 4-phenyl butyric acid (4-PBA, an ER stress inhibitor) (S4125, Selleck, Shanghai, China) dissolved in PBS for 2 h to inhibit ER stress. The following primary antibodies were diluted at a ratio of 1:1000 unless stated otherwise. Anti-GRP78 and anti-CHOP were purchased from CST (Danvers, MA, United States); anti-Cleaved Caspase-3 from R&D (United States); anti-Bcl-2, anti-Bax (1:2000) and anti-Caspase-12 from Proteintech (Wuhan, China); and anti-β-actin from ABclonal (Wuhan, China). HRP-conjugated secondary antibodies (1:2000) were purchased from Servicebio (Wuhan, China). Each experiment was performed for three times independently.



Cell Viability Assay

The viability of cells was detected by CCK-8 kit (MCE, Shanghai, China). HeLa and SiHa cells were suspended in the serum-free medium and seeded in the 96-well plates at a density of 5000 cells per well overnight for cells to attach. Various concentrations (0.5, 1.0, 5.0, and 10.0 μM) of VP or DMSO (vehicle control group) was added into the medium and incubated with cells for 0 h, 24 h, 48 h, and 72 h at 37°C with 5% CO2. Then, 10 μL CCK-8 reagent was added into each chamber, and incubated for 2 h under the same condition. Cell viability was obtained at the absorbance of 450 nm using a spectrophotometer (BioTek Instruments, Inc., Winooski, VT, United States).



Wound Healing Assay

After overspreading the chambers in 6-well plates, well-attached HeLa and SiHa cells were scratched by a pipette tip to generate a scratch wound after experiencing serum starvation for 12 h. Then, the confluent cells were washed in sterile PBS for three times to remove the debris and replenished with serum-free medium. In the experiment group, cells were incubated with 1 μM VP for 48 h. The wound areas were measured every 24 h using a microscope (Axio Observer A1, Carl Zeiss, Germany). The percentages of wound closure were calculated by ImageJ software (NIH, Bethesda, MD, United States).



Flow Cytometry Analysis

The rate of apoptosis was measured by flow cytometry using Annexin V-FITC/PI kit (Cat. No. 556547, BD Biosciences, United States). Cells were pre-treated with 1 μM VP for 12 h, 24 h, 36 h, 48 h, respectively, and 0.1% DMSO (v/v) as control group. Pre-treated cells were washed and re-suspended using 1× Binding buffer (1 mL 10 × Binding buffer in 9 mL ddH2O), and subsequently stained with 5 μL Annexin V-FITC as well as 5 μL PI for 20 min away from light at room temperature. Apoptotic cells were analyzed by flow cytometry (BD FACSCalibur Cell Sorting System, United States).



Reverse Transcription-Quantitative PCR (RT-qPCR) Analysis

Cells were treated as mentioned above. NucleoZol reagent (Macherey-Nagel, Germany) was used for total RNA extraction from the cells. Then, 500 ng isolated RNA was immediately converted into cDNA using cDNA synthesis kit (RR036A, Takara, Tokyo, Japan) according to manufacturer’s instructions. The qPCR reaction mixture contained 10 μL TB Green Premix Ex Taq (RR420A, Takara, Tokyo, Japan), 1 μL PCR Forward Primer (10 μM), 1 μL PCR Reverse Primer (10 μM), 1 μL prepared cDNA and 7 μL RNase-free water. qPCR was performed in a condition including 40 cycles of denaturation at 95°C for 5 s, annealing at 60°C for 20 s, and extension at 72°C for 30 s. The sequences of the primers utilized were designed as follows: GRP78: 5′-GACGCTGGAACTATTGCTGGC-3′ (F), 5′-AGCTGCCGT AGGCTCGTT-3′ (R), CHOP: 5′- GCACCTC CCAGAGCCCTCACTCTCC-3′ (F), 5′-GTCTACTCCAAGCC TTCCCCCTGCG-3′ (R) and β-actin: 5′- TGACGTGGACAT CCGCAAAG-3′ (F), 5′-CTGGAAGGTGGACAGCGAGG-3′ (R). The relative quantification of RNA expression level was calculated by using the 2–Δ Δ ct method and normalized to β-actin.



Western Blotting Analysis

Endoplasmic reticulum stress was induced by the incubation with 1 μM TG for 48 h in positive control. Cells after treatment were collected and total proteins were isolated by RIPA lysis buffer (Servicebio, Wuhan, China) with 2% Protease inhibitor cocktail (MCE, Shanghai, China). The concentration of protein was determined by BCA assay (Vazyme, Nanjing, China). The proteins were separated by 10% SDS-PAGE and then transferred to 0.45 μm PVDF membranes (Millipore, Billerica, MA, United States). Subsequently, the membranes were blocked by 5% skim milk (Servicebio, Wuhan, China) for 1 h at 37°C and incubated with primary antibodies at 4°C overnight. Before being detected by ECL kit (HY-K1005, MCE, China), the membranes were incubated with corresponding secondary antibodies for 1 h in a 37°C shaker. The protein expression level was quantified by densitometry with the use of ImageJ software (NIH, Bethesda, MD, United States).



TUNEL Assay of 3D Cell Model

The 3D cell models of HeLa and SiHa cells were established in Matrigel Basement Membrane Matrix (BD, Franklin Lakes, NJ, United States). Cell suspensions were mixed with Matrigel, and 300 μL mixture was added into per chamber in 24-well culture plate, which was pre-coated with Matrigel according to manufacturer’s instructions. Each well contained 5 × 105/ml cells with 90% (v/v) Matrigel and then incubated for 30 min at 37°C before another 500 μL culture medium added into the chambers. The medium was replaced every 2 days, and the cells were cultured for 10 days until they gathered and formed spheres. After treatment with 1 μM VP or DMSO (vehicle control) for 48 h, 3D cells in the Matrigel were washed and fixed in 4% paraformaldehyde for 1 h at room temperature. Samples were incubated with reaction mixtures in TUNEL kit (Roche, Shanghai, China) in dark for 1 h and were stained with DAPI for 5 min. The images were captured using a fluorescence microscope (Axio Observer A1, Carl Zeiss, Germany).



Tumorigenicity Assay

The tumorigenicity assay of nude mice was approved by the Ethics Committee of Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology. Cervical squamous carcinoma is most common cervical carcinoma type in clinical, thus we established xenograft models using SiHa cells. Three-week-old female BALB/c nude mice (n = 5 per group) were purchased from Charles River, Beijing, China. The animals were kept on 12 h light/12 h darkness regimen and free to food and water in the SPF Animal Laboratory of Tongji Hospital. After 1-week suiting period, the mice were subcutaneously injected with 1 × 107 SiHa cells suspended in 100 μL PBS. Tumor growth was measured every day, and when the diameters of tumors reached 0.5 cm, the mice were randomly divided into two groups. In the experimental group, the animals were intraperitoneally injected with 100 mg/kg VP (dissolved in DMSO and diluted by normal saline) every 3 days for five times as previously described (15), and the animals in control group received the equal volume of vehicles (DMSO in normal saline). The mice were sacrificed 2 days after the last injection, and the three mutually orthogonal diameters (d1, d2, d3) as well as the weights of the tumors were measured. The tumor volumes were determined according to the formula: [image: image].



Morphological Classification of Follicles

After VP or vehicle treatment, ovaries xenograft mice were collected, and the all left ovaries were fixed in 4% paraformaldehyde (Servicebio, Wuhan, China) overnight and then embedded in paraffin wax. The paraffin-embedded ovaries were sectioned into 4-μm slides completely, followed by the stain of hematoxylin and eosin (H&E) (Biosci, Wuhan, China). The number of follicles in every 10th serial section was counted using a light microscope. The follicle categories were classified according to the morphology of oocytes and granulosa cells as previously described (16). Briefly, follicles were defined as primary if the oocyte was surrounded by a single layer of cuboidal granulosa cells. Secondary follicles possessed an oocyte surrounded by more than one layer of cuboidal granulosa cells without visible antrum. Antral follicles were exhibited as a defined cumulus granulosa cell layer with a clearly antral space. The zona pellucida and oocyte in atresia follicles were deformed and readily recognized. The total number of follicles in every 10th serial section was summed and the percentage of each category was calculated.



Serum Anti-müllerian Hormone Measurement

Following VP or vehicle treatment, the whole blood of xenograft mice was collected via retro-orbital bleeding. Mouse anti-müllerian hormone (AMH) ELISA kit (CSB-E13156m, CUSABIO, Wuhan, China) was used to measure serum AMH level. Whole blood was rest at room temperature for 1 h, and then centrifuged for 30 min at 1000 g at 4°C to isolate serum. A mixture of 50 μL standard or sample and 50 μL HRP-conjugate mixed solution was added into each well. After incubating for 1 h at 37°C, each well was washed three times using 200 μL Wash Buffer. Then 50 μL of Substrate A and 50 μL of Substrate B were added to each well for 15 min incubation in darkness at 37°C prior to the additional 50 μL Stop Solution. The optical density of each wells was determined within 10 min at 450 nm using a spectrophotometer (BioTek Instruments, Inc., Winooski, VT, United States).



Statistical Analysis

Statistical analyses were performed by using Statistical Product and Service Solutions 22.0 (SPSS, IBM, Armonk, NY, United States). Experimental results were presented as the mean ± standard deviation (SD). Student’s independent t-test were used for statistical comparisons between two groups. Two-tailed hypothesis tests were performed. P < 0.05 was considered as significantly statistical differences.



RESULTS


VP Suppressed Cell Viability and Cell Migration in vitro

CCK-8 assay was performed to evaluate the effect of VP on the viability of cervical carcinoma cells. HeLa and SiHa cells were treated with various concentrations of VP (0.5, 1.0, 5.0, 10.0 μM) or DMSO (vehicle control) for 0 h, 24 h, 48 h, and 72 h. As shown in Figures 1A,B, cell viability was inhibited by VP in dose- and time-dependent manners. Based on the CCK-8 viability assay, 1.0 μM concentration was chosen for the subsequent experiments.


[image: image]

FIGURE 1. VP suppressed cell viability and migration in human cervical cancer cells. HeLa (A) and SiHa (B) cells were treated with 0.5 μM, 1.0 μM, 5.0 μM, 10.0 μM VP or DMSO (vehicle control group), respectively. Cell viability was assessed by CCK-8 assay. Scratched HeLa (C) and SiHa (D) cells were incubated with DMSO or 1 μM VP for 48 h. The percentage of wound closure was calculated every 24 h. Data were presented as mean ± SD. Scale bar = 200 μm. Each experiment was performed for three times independently. Data were significantly different from respective control group (*P < 0.05; **P < 0.01; ***P < 0.001). VP, verteporfin; DMSO, dimethyl sulfoxide.


The effect of VP on the cell migration was assessed by wound healing assay. Scratched HeLa and SiHa cells were treated with 0.1% DMSO (v/v) or 1.0 μM VP for 48 h, and images were captured every 24 h. The results showed that compared with the control group, the proportion of wound closures in the VP group was significantly decreased in both 24 h and 48 h (Figures 1C,D), which indicated that VP could significantly inhibit the migration of human cervical carcinoma cells.



VP Efficiently Induced Cell Apoptosis in vitro

Apoptosis induced by VP was investigated in human cervical carcinoma cells at both 2D and 3D cell levels. HeLa and SiHa cells were treated with 1.0 μM VP for 0 h, 12 h, 24 h, 36 h, and 48 h, respectively. Then, the percentage of apoptotic cells was assessed by Annexin V-FITC/PI flow cytometry analysis. Signals can be detected in PI channels in all VP-treated groups because of the photosensitivity of colored VP, apoptotic cells were, therefore, referred to only FITC-positive cells. It was obvious that the apoptosis rates increased dramatically in a time-dependent manner in both cell types (Figure 2A).
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FIGURE 2. VP induced apoptosis in human cervical cancer cells in vitro. HeLa and SiHa cells were incubated with 1 μM VP for 12 h, 24 h, 36 h and 48 h, DMSO (vehicle control group) or 1 μM TG (positive control group) for 48 h. (A) Apoptosis was detected using flow cytometry. (B) Apoptosis-related proteins were investigated by western blotting in the VP-treated HeLa and SiHa cells. (C) Matrigel-embedded 3D HeLa and SiHa cells were incubated with DMSO (vehicle control) or 1 μM VP for 48 h, then, the apoptosis was detected by TUNEL staining kit and the representative images were captured using a fluorescence microscope. Data were presented as mean ± SD. Scale bar = 100 μm. Each experiment was performed three times independently. Data were significantly different from respective control group (*P < 0.05; **P < 0.01). DMSO, dimethyl sulfoxide; VP, verteporfin; DAPI, diamidino-2-phenylindole; Ctrl, control group.


Subsequently, the protein expression levels of Cleaved Caspase-3, Bcl-2, and Bax, which were critical apoptosis-related molecules, were measured by western blotting. The results showed that the expression of Cleaved Caspase-3 was significantly upregulated and the ratio of Bcl-2 and Bax was decreased with the extension of VP exposure time (Figure 2B). These data indicated that VP was able to induce cell apoptosis in the 2D level. In addition, Matrigel-embedded 3D models of SiHa cells were established. The results showed that the intensity of TUNEL fluorescence signals was higher in the experimental group in both HeLa and SiHa cells (Figure 2C), which indicated that cell apoptosis can be induced by VP at 3D cell level.



VP Activated ER Stress Pathway in vitro

To explore the mechanism of human cervical carcinoma cell apoptosis induced by VP, the RNA and protein expression levels of several key molecules of ER stress pathway were measured by RT-qPCR and western blotting. The results showed that VP can up-regulate the RNA (Figure 3A) and protein expression (Figures 3B,C) of not only GRP78, the marker for activated ER stress pathway, but also apoptosis-related CHOP and Caspase-12 in ER stress pathway in a time-dependent manner in human cervical carcinoma cells.
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FIGURE 3. VP activated ER Stress in human cervical cancer cells in vitro. HeLa and SiHa cells were incubated with 1 μM VP for 12 h, 24 h, 36 h, and 48 h, DMSO (vehicle control group) or 1 μM TG (positive control group) for 48 h. (A) RNA levels of GRP78 and CHOP were assessed by RT-qPCR. (B,C) Protein expression of GRP78, CHOP, and Caspase-12 was assessed by western blotting. Data were presented as mean ± SD. Each experiment was performed for three times independently. Data were significantly different from the control (DMSO) group (*P < 0.05; **P < 0.01; ***P < 0.001). DMSO, dimethyl sulfoxide; VP, verteporfin.




Inhibition of ER Stress Alleviated VP-Induced Apoptosis in vitro

To further demonstrate VP-induced apoptosis through ER stress pathway, HeLa and SiHa cells were pre-treated with 5 mM 4-PBA or PBS (vehicle control) for 2 h before 1.0 μM VP administration. The results of Annexin V-FITC/PI flow cytometry analysis (Figures 4A,B) showed that 4-PBA efficiently alleviated VP-induced apoptosis, which was further confirmed by the decreased protein expression level of Cleaved Caspase-3 in 4-PBA-treated group (Figures 4C,D). Moreover, the protein expression levels of GRP78 and CHOP were significantly decreased in the 4-PBA-treated group, which indicated the inhibition of ER stress (Figures 4C,D).
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FIGURE 4. VP-induced Apoptosis can be alleviated when ER stress was inhibited in vitro. HeLa and SiHa cells were pre-treated with 5 mM 4-PBA or PBS (vehicle control) for 2 h before 1 μM VP administration. (A,B) Apoptosis was detected using flow cytometry. VP-induced apoptosis can be alleviated when cells were pre-treated with 4-PBA. (C,D) Protein expression of GRP78, CHOP, and Cleaved Caspase-3 was alleviated in the 4-PBA (+) groups, comparing with 4-PBA (-) groups. Data were presented as mean ± SD. Each experiment was performed for three times independently. Data were significantly different between the two linked groups (*P < 0.05; **P < 0.01, ***P < 0.001). VP = Verteporfin; 4-PBA = 4-phenyl butyric acid.




VP Inhibited the Growth of Tumor in vivo Without Impairing Ovarian Reserve

To further investigate the effect of VP on human cervical carcinoma cells in vivo, SiHa-xenograft mice models were established. Nude mice in the VP group were intraperitoneally injected with 100 mg/kg VP every 3 days until the sacrifice day, and the animals in control group were treated with vehicle (DMSO in normal saline) of the same volume. After five doses of VP, significant retardation of tumor growth was observed in vivo in the VP group. The diameters and weights of dissected tumors were measured (Figure 5A), and the tumor volumes (cm3) and weights (g) were dramatically decreased in the VP group, compared with the vehicle group (0.41 ± 0.18 cm3, 0.16 ± 0.08 cm3, P = 0.023; 0.29 ± 0.09 g, 0.46 ± 0.08 g, P = 0.011, respectively).
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FIGURE 5. VP induced apoptosis in human cervical cancer cells in vivo without impairing ovarian reserve. (A) SiHa-based xenograft mice (n = 5 per group) were intraperitoneally injected with 100 mg/kg VP or normal saline (vehicle control group) every 3 day for five times when xenograft tumors (arrow) were constructed. The weight and volume of dissected tumors in the VP-treated group significantly decreased. Primary follicle [(B), arrow] was exhibited as an oocyte with a single layer of cuboidal granulosa cells. Secondary follicle [(C), arrow] possessed an oocyte surrounded by multi-layers of cuboidal granulosa cells without visible antrum. Antral follicle [(D), arrow] was presented as a defined cumulus granulosa cell layer with a clearly antral space. The zona pellucida and oocyte in atresia follicles [(E), arrow] were deformed and readily recognized. (F) Follicle constitution in ovaries of xenograft models was calculated, and there were no significant differences in all sorts of follicle types. (G) The serum AMH levels of xenograft mice were detected using ELISA, and no significant difference can be observed. Data were presented as mean ± SD. Scale bar = 50 μm. Each experiment was performed for three times independently. Data were significantly different from the control group (*P < 0.05). Ctrl, control; VP, verteporfin; AMH, anti-müllerian hormone.


The ovarian reserve was evaluated by the proportion of follicular composition and the level of serum AMH. The morphological classification of follicles in these two groups was performed and follicles in different types were exhibited in Figures 5B–E. There were no significant differences in the proportions of all sorts of follicles in the control group and VP group (Figure 5F), including primary follicle (18.82 ± 1.31% vs. 18.24 ± 4.22%, P = 0.774), secondary follicle (13.22 ± 2.12% vs. 10.00 ± 2.53%, P = 0.105), antral follicle (31.04 ± 4.39% vs. 27.06 ± 6.88%, P = 0.307) and atresia follicle (36.92 ± 4.34% vs. 43.47 ± 4.46%, P = 0.068). The serum AMH level of xenograft mice was detected using ELISA (Figure 5G). The serum AMH level in the control group was 0.433 ± 0.097 ng/mL and 0.408 ± 0.111 ng/mL for the VP group. There was no significant difference (P = 0.728). The concentration of AMH in each sample was all above the detection level of the ELISA kit.



DISCUSSION

In this study, we investigated the effect of the photosensitizer VP on human cervical carcinoma cells and elucidated its possible mechanism of action. VP was proved to suppress cell viability and induced apoptosis in human cervical carcinoma via ER stress without obvious reproductive toxicity, and may be a promising agent for cervical cancer patients with fertility desire.

HPV vaccine, which is an effective precaution against HPV infection and cervical carcinoma, decreases the incidences of this oncological disease significantly in high-income countries. However, cervical carcinoma is still the second most common cancer and the most frequent cancer inducing the death of female in 42 middle- and low-income countries (17). A great deal of attention has been paid to the fertility problems of cancer patients at child-bearing age (18), including cervical carcinoma. Although platinum-based chemotherapy strategy, like cisplatin, can alleviate the condition of cervical cancer, it still causes significant side effects (19) and accompanies with obvious reproductive toxicity and genotoxicity, such as a significant decrease and maturation arrest in germ cells (20), oocyte apoptosis in human ovary (21), amenorrhea or azoospermia (22). Therefore, it is urgently required to seek novel therapeutic strategies with lower reproductive toxicity for these patients. In this study we established xenograft models of SiHa cells, and we found that VP administration did not impair follicle constitution and serum AMH level of xenograft nude mice, which indicated that VP had no obvious reproductive toxicity and might be a promising agent for cervical carcinoma patients with fertility desire, compared with cisplatin.

Photodynamic therapy, a photosensitizer-based therapy strategy, has shown great potentiality in the treatment of various cancer types, including lung cancer (23), skin cancer (24) and so on (25). VP, a photosensitizer clinically applied to the treatment of age-related macular degeneration, has also been proved to have a potential effect on the treatment of oncological diseases without light activation (26, 27). VP is a lipoprotein-delivered benzoporphyrin derivative and can be selectively absorbed by proliferating cells such as cancer cells and neovascular endothelial cells through LDL receptors (28). This characteristic has provided VP bright prospects for application to targeted cancer treatments. In this study, we found that VP showed an outstanding suppressive effect on the viability and migration of cervical carcinoma cells through apoptosis, which was similar with the results of other studies (29). Cell apoptosis induced by VP was assessed in vitro (cells at both 2D and 3D levels) and in vivo (xenograft models). Compared with vehicle group, the apoptosis rates of cells in VP group dramatically increased in time dependency as previously reported (30). These findings provided ample evidences that VP was a promising agent for human cervical cancer.

Although VP has been tested but not yet approved as a light-based therapeutic modality for several human cancers, including fibrosarcoma-1 tumor (31), carcinoid tumor (32), and breast cancer (33). However, in these studies, the anti-tumor effects of VP must be activated by non-thermal laser at a wavelength of 693 nm, and the process of laser treatment is complicated and hard to control for non-ophthalmologists, such as gynecologists. Moreover, it is not easy to perform such a laser treatment on deep-seated tumors. The utilization of PDT against deep tumors has been greatly limited by insufficient luminous flux and the occurrence of peripheral tissue damage (34). Recently, it has been proposed that VP exerts the therapeutic effects on the malignancies not only through its light-activated destruction of neovascular vessels, but also via inducing the apoptosis or autophagy in malignant cells (35). Studies have demonstrated that, VP may still inhibit certain tumor cell lines, including ovarian cancer (36) and hepatocarcinoma (37) even without photo-activation. Therefore, in this study, we explored to attest the anti-tumor effects of VP on the cervical cancer without light activation.

No consensus has been reached on the concrete anti-tumor mechanism of VP so far. Some literatures found that the binding of free iron induced by VP can contribute to the increase of reactive oxygen species and eventually result in glioma cell deaths (38). While some other studies indicated that VP can inhibit the expression of the Yes-associated protein (YAP), a cell-growth-related molecule, to impact cell survival in ovarian cancer (36). ER stress is regarded as a crucial mechanism of many pathological process and diseases (13), and numerous studies have reported that ongoing ER stress occurred in many forms of cancer (39). In addition, it was further reported that cell apoptosis and proliferation were regulated by ER stress (40). ER chaperone GRP78, the marker of ER stress, was reported to be upregulated in cancer at levels that were in relation with disease progression (41). Prolonged activation of ER stress may initiate cell apoptosis via the overexpression of CHOP (42) as well as Caspase-12 (43), and CHOP can alter the expression of many apoptosis-related genes (44), inducing apoptosis through mitochondria-dependent pathway (45).

In this study, we found a precipitous transcriptional and translational response that the expression of GRP78, CHOP and Caspase-12 were significantly upregulated in VP group, and VP induced cell apoptosis can be alleviated when ER stress were inhibited by 4-PBA. These results indicated that VP can activate ER stress pathway and the observed apoptotic changes in VP-treated cervical cancer cells were dependent on ER stress pathway. Similar conclusion was drawn in the study exploring the relationship between ER stress and heart failure (46). Although no other researches have ever reported that VP can induce cell apoptosis in cancer via ER stress, our results suggested that the effect of ER stress in the process cannot be ignored.

There are still several limitations in this study. Firstly, the exact mechanism of VP-induced apoptosis needs to be further explored. The apoptosis rates of cervical cancer cells cannot only be reversed completely after the inhibition of ER stress pathway in our study, which indicated that ER stress may be an important but not the only pathway. Besides, we only focused on several crucial molecules involved in ER stress and apoptosis, which may be not comprehensive and convincing enough. In fact, the relationship of ER stress and apoptosis is intricate and interwoven with each other, more studies are required to reinforce our results and conclusion. In addition, in this study experiments were only carried out in cells in vitro and in animals, further studies about the safety of VP are required before clinical implementation for cervical cancer treatment.



CONCLUSION

In summary, our study suggested that VP was able to suppress cell viability, migration and eventually induce apoptotic cell death in human cervical carcinoma via ER stress pathway without impairing ovarian reserve. This finding may provide novel insights into the promising application of VP in the treatment of cervical cancer patients with fertility desire. More comprehensive studies and in-depth analysis are required for novel VP-based approaches for cervical cancer patients.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



ETHICS STATEMENT

The animal study was reviewed and approved by the Ethics Committee of Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology.



AUTHOR CONTRIBUTIONS

LJ, ZF, and LZ designed the research. MW, CL, YL, and QZ performed the research. MW and CL analyzed the data. MW wrote the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

This work was supported by the National Key Research and Development Project (2018YFC1002103).


ACKNOWLEDGMENTS

We are appreciative for the supports from our colleagues, especially Zhen Tang from the SPF Animal Laboratory of Tongji Hospital.


REFERENCES

1. Fidler MM, Gupta S, Soerjomataram I, Ferlay J, Steliarova-Foucher E, Bray F. Cancer incidence and mortality among young adults aged 20-39 years worldwide in 2012: a population-based study. Lancet Oncol. (2017) 18:1579–89. doi: 10.1016/S1470-2045(17)30677-0

2. Ekwunife OI, O’Mahony JF, Gerber Grote A, Mosch C, Paeck T, Lhachimi SK. Challenges in cost-effectiveness analysis modelling of HPV vaccines in low- and middle-income countries: a systematic review and practice recommendations. Pharmacoeconomics. (2017) 35:65–82. doi: 10.1007/s40273-016-0451-7

3. Chen WQ, Li H, Sun KX, Zheng RS, Zhang SW, Zeng HM, et al. Report of cancer incidence and mortality in China, 2014. Zhonghua Zhong Liu Za Zhi. (2018) 40:5–13. doi: 10.3760/cma.j.issn.0253-3766.2018.01.002

4. Kumar L, Harish P, Malik PS, Khurana S. Chemotherapy and targeted therapy in the management of cervical cancer. Curr Probl Cancer. (2018) 42:120–8. doi: 10.1016/j.currproblcancer.2018.01.016

5. Zhu H, Luo H, Zhang W, Shen Z, Hu X, Zhu X. Molecular mechanisms of cisplatin resistance in cervical cancer. Drug Des Devel Ther. (2016) 10:1885–95. doi: 10.2147/DDDT.S106412

6. Zhang K, Weng H, Yang J, Wu C. Protective effect of Liuwei Dihuang Pill on cisplatin-induced reproductive toxicity and genotoxicity in male mice. J Ethnopharmacol. (2020) 247:112269. doi: 10.1016/j.jep.2019.112269

7. Dolmans DEJGJ, Fukumura D, Jain RK. Photodynamic therapy for cancer. Nat Rev Cancer. (2003) 3:380–7. doi: 10.1038/nrc1071

8. Kwiatkowski S, Knap B, Przystupski D, Saczko J, Kędzierska E, Knap-Czop K, et al. Photodynamic therapy – mechanisms, photosensitizers and combinations. Biomed Pharmacother. (2018) 106:1098–107. doi: 10.1016/j.biopha.2018.07.049

9. Scott LJ, Goa KL. Verteporfin. Drugs Aging. (2000) 16:139–46. doi: 10.2165/00002512-200016020-00005

10. Al-Moujahed A, Brodowska K, Stryjewski TP, Efstathiou NE, Vasilikos I, Cichy J, et al. Verteporfin inhibits growth of human glioma in vitro without light activation. Sci Rep. (2017) 7:7602. doi: 10.1038/s41598-017-07632-8

11. Wei H, Wang F, Wang Y, Li T, Xiu P, Zhong J, et al. Verteporfin suppresses cell survival, angiogenesis and vasculogenic mimicry of pancreatic ductal adenocarcinoma via disrupting the YAP-TEAD complex. Cancer Sci. (2017) 108:478–87. doi: 10.1111/cas.13138

12. Gibault F, Corvaisier M, Bailly F, Huet G, Melnyk P, Cotelle P. Non-photoinduced biological properties of verteporfin. Curr Med Chem. (2016) 23:1171–84. doi: 10.2174/0929867323666160316125048

13. Oakes SA, Papa FR. The role of endoplasmic reticulum stress in human pathology. Annu Rev Pathol. (2015) 10:173–94. doi: 10.1146/annurev-pathol-012513-104649

14. Wang M, Kaufman RJ. Protein misfolding in the endoplasmic reticulum as a conduit to human disease. Nature. (2016) 529:326–35. doi: 10.1038/nature17041

15. Liao T, Wei WJ, Wen D, Hu JQ, Wang Y, Ma B, et al. Verteporfin inhibits papillary thyroid cancer cells proliferation and cell cycle through ERK1/2 signaling pathway. J Cancer. (2018) 9:1329–36. doi: 10.7150/jca.21915

16. Myers M, Britt KL, Wreford NGM, Ebling FJP, Kerr JB. Methods for quantifying follicular numbers within the mouse ovary. Reproduction. (2004) 127:569–80. doi: 10.1530/rep.1.00095

17. Canfell K, Kim JJ, Brisson M, Keane A, Simms KT, Caruana M, et al. Mortality impact of achieving WHO cervical cancer elimination targets: a comparative modelling analysis in 78 low-income and lower-middle-income countries. Lancet. (2020) 395:591–603. doi: 10.1016/S0140-6736(20)30157-4

18. Irene Su H, Lee YT, Barr R. Oncofertility: meeting the fertility goals of adolescents and young adults with cancer. Cancer J. (2018) 24:328–35. doi: 10.1097/PPO.0000000000000344

19. Rabik CA, Dolan ME. Molecular mechanisms of resistance and toxicity associated with platinating agents. Cancer Treat Rev. (2007) 33:9–23. doi: 10.1016/j.ctrv.2006.09.006

20. Ilbey YO, Ozbek E, Simsek A, Otunctemur A, Cekmen M, Somay A. Potential chemoprotective effect of melatonin in cyclophosphamide- and cisplatin-induced testicular damage in rats. Fertil Steril. (2009) 92:1124–32. doi: 10.1016/j.fertnstert.2008.07.1758

21. Bildik G, Acılan C, Sahin GN, Karahuseyinoglu S, Oktem OC.. Abl is not activated in DNA damage-induced and Tap63-mediated oocyte apoptosıs in human ovary. Cell Death Dis. (2018) 9:943. doi: 10.1038/s41419-018-1026-7

22. Meistrich ML. Male gonadal toxicity. Pediatr Blood Cancer. (2009) 53:261–6. doi: 10.1002/pbc.22004

23. Simone CB, Cengel KA. Photodynamic therapy for lung cancer and malignant pleural mesothelioma. Semin Oncol. (2014) 41:820–30. doi: 10.1053/j.seminoncol.2014.09.017

24. Christensen E, Warloe T, Kroon S, Funk J, Helsing P, Soler AM, et al. Guidelines for practical use of MAL-PDT in non-melanoma skin cancer. J Eur Acad Dermatol Venereol. (2010) 24:505–12. doi: 10.1111/j.1468-3083.2009.03430.x

25. Agostinis P, Berg K, Cengel KA, Foster TH, Girotti AW, Gollnick SO, et al. Photodynamic therapy of cancer: an update. CA Cancer J Clin. (2011) 61:250–81. doi: 10.3322/caac.20114

26. Pan W, Wang Q, Zhang Y, Zhang N, Qin J, Li W, et al. Verteporfin can reverse the paclitaxel resistance induced by YAP over-expression in HCT-8/T cells without photoactivation through inhibiting YAP expression. Cell Physiol Biochem. (2016) 39:481–90. doi: 10.1159/000445640

27. Morishita T, Hayakawa F, Sugimoto K, Iwase M, Yamamoto H, Hirano D, et al. The photosensitizer verteporfin has light-independent anti-leukemic activity for Ph-positive acute lymphoblastic leukemia and synergistically works with dasatinib. Oncotarget. (2016) 7:56241–52. doi: 10.18632/oncotarget.11025

28. Robertson CA, Evans DH, Abrahamse H. Photodynamic therapy (PDT): a short review on cellular mechanisms and cancer research applications for PDT. J Photochem Photobiol B. (2009) 96:1–8. doi: 10.1016/j.jphotobiol.2009.04.001

29. Chen M, Zhong L, Yao SF, Zhao Y, Liu L, Li LW, et al. Verteporfin inhibits cell proliferation and induces apoptosis in human leukemia NB4 cells without light activation. Int J Med Sci. (2017) 14:1031–9. doi: 10.7150/ijms.19682

30. Ma YW, Liu YZ, Pan JX. Verteporfin induces apoptosis and eliminates cancer stem-like cells in uveal melanoma in the absence of light activation. Am J Cancer Res. (2016) 6:2816–30.

31. Pogue BW, O’Hara JA, Demidenko E, Wilmot CM, Goodwin IA, Chen B, et al. Photodynamic therapy with verteporfin in the radiation-induced fibrosarcoma-1 tumor causes enhanced radiation sensitivity. Cancer Res. (2003) 63:1025–33.

32. Harbour JW. Photodynamic therapy for choroidal metastasis from carcinoid tumor. Am J Ophthalmol. (2004) 137:1143–5. doi: 10.1016/j.ajo.2004.01.009

33. Isola V, Pece A, Pierro L. Photodynamic therapy with verteporfin of choroidal malignancy from breast cancer. Am J Ophthalmol. (2006) 142:885–7. doi: 10.1016/j.ajo.2006.06.008

34. Zhang Q, Li L. Photodynamic combinational therapy in cancer treatment. J BUON. (2018) 23:561–7.

35. Kessel D, Vicente MGH, Reiners JJ.Jr. Initiation of apoptosis and autophagy by photodynamic therapy. Lasers Surg Med. (2006) 38:482–8. doi: 10.1002/lsm.20334

36. Feng J, Gou J, Jia J, Yi T, Cui T, Li Z. Verteporfin, a suppressor of YAP-TEAD complex, presents promising antitumor properties on ovarian cancer. Onco Targets Ther. (2016) 9:5371–81. doi: 10.2147/OTT.S109979

37. Liu-Chittenden Y, Huang B, Shim JS, Chen Q, Lee S, Anders RA, et al. Genetic and pharmacological disruption of the TEAD-YAP complex suppresses the oncogenic activity of YAP. Genes Dev. (2012) 26:1300–5. doi: 10.1101/gad.192856.112

38. Eales KL, Wilkinson EA, Cruickshank G, Tucker JHR, Tennant DA. Verteporfin selectively kills hypoxic glioma cells through iron-binding and increased production of reactive oxygen species. Sci Rep. (2018) 8:14358. doi: 10.1038/s41598-018-32727-1

39. Moenner M, Pluquet O, Bouchecareilh M, Chevet E. Integrated endoplasmic reticulum stress responses in cancer. Cancer Res. (2007) 67:10631–4. doi: 10.1158/0008-5472.CAN-07-1705

40. Gundamaraju R, Vemuri R, Chong WC, Bulmer AC, Eri R. Bilirubin attenuates ER stress-mediated inflammation, escalates apoptosis and reduces proliferation in the LS174T colonic epithelial cell line. Int J Med Sci. (2019) 16:135–44. doi: 10.7150/ijms.29134

41. Luo B, Lee AS. The critical roles of endoplasmic reticulum chaperones and unfolded protein response in tumorigenesis and anticancer therapies. Oncogene. (2013) 32:805–18. doi: 10.1038/onc.2012.130

42. Li Y, Guo Y, Tang J, Jiang J, Chen Z. New insights into the roles of CHOP-induced apoptosis in ER stress. Acta Biochim Biophys Sin (Shanghai). (2014) 46:629–40. doi: 10.1093/abbs/gmu048

43. Zhang Q, Liu J, Chen S, Liu J, Liu L, Liu G, et al. Caspase-12 is involved in stretch-induced apoptosis mediated endoplasmic reticulum stress. Apoptosis. (2016) 2:432–42. doi: 10.1007/s10495-016-1217-6

44. Bromati CR, Lellis-Santos C, Yamanaka TS, Nogueira TCA, Leonelli M, Caperuto LC, et al. UPR induces transient burst of apoptosis in islets of early lactating rats through reduced AKT phosphorylation via ATF4/CHOP stimulation of TRB3 expression. Am J Physiol Regul Integr Comp Physiol. (2011) 300:R92–100. doi: 10.1152/ajpregu.00169.2010

45. Hu H, Tian M, Ding C, Yu S. The C/EBP homologous protein (CHOP) transcription factor functions in endoplasmic reticulum stress-induced apoptosis and microbial infection. Front Immunol. (2019) 9:3083. doi: 10.3389/fimmu.2018.03083

46. Yao Y, Lu Q, Hu Z, Yu Y, Chen Q, Wang QK. A non-canonical pathway regulates ER stress signaling and blocks ER stress-induced apoptosis and heart failure. Nat Commun. (2017) 8:133. doi: 10.1038/s41467-017-00171-w

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 Wang, Liu, Li, Zhang, Zhu, Fang and Jin. 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-10-01781-g001.jpg
>

e Viability (OD 450nm)

SiHa+DMSO
SiHa+VP 0.5uM
SiHa+VP 1uM
SiHa+VP 5uM
SiHa+VP 10uM

SERE

*kk

—— HelLa+DMSO B
1.5- -= HeLa+VP 0.5uM 1.5
—— HeLa+VP 1uM T
-+ HeLa+VP 5uM =
—— HeLa+VP 10uM L
1.0 a 1.0+
=
£
0.5 .'.§ 0.5
! >
3
*kk ok &}
0.0 T T | 0.0
0 24 48 72 0
Hours

24h 48h

% of wound closure

% of wound closure

24 48
Hours

Wound healing assay of HeLa

1.0
e = Ctrl

= VP

0.8

24h 48h

Wound healing assay of SiHa

1.0
= Cul

0.8 = VP

0.6

0.4

0.2

0.0-
24h 48h





OPS/images/fonc-10-01781-i000.jpg
% d1d2d3





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Verteporfin Is a Promising Anti-Tumor Agent for Cervical Carcinoma by Targeting Endoplasmic Reticulum Stress Pathway



		INTRODUCTION



		MATERIALS AND METHODS



		Agents and Cell Culture



		Cell Viability Assay



		Wound Healing Assay



		Flow Cytometry Analysis



		Reverse Transcription-Quantitative PCR (RT-qPCR) Analysis



		Western Blotting Analysis



		TUNEL Assay of 3D Cell Model



		Tumorigenicity Assay



		Morphological Classification of Follicles



		Serum Anti-müllerian Hormone Measurement



		Statistical Analysis







		RESULTS



		VP Suppressed Cell Viability and Cell Migration in vitro



		VP Efficiently Induced Cell Apoptosis in vitro



		VP Activated ER Stress Pathway in vitro



		Inhibition of ER Stress Alleviated VP-Induced Apoptosis in vitro



		VP Inhibited the Growth of Tumor in vivo Without Impairing Ovarian Reserve







		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		REFERENCES

















OPS/images/fonc-10-01781-g003.jpg
>

RNA expression

GRP78 CHOP GRP78 CHOP

S
S
»
b
o
S

£ £ £
g 15 S 30
2420 I3 *k -
w w w
o S 10 S 20
z z i z
10
& & & 10
0
DMSO 12h 24h 36h 48h TG DMSO 12h 24h 36h 48h TG DMSO 12h 24h 36h 48h TG DMSO 12h 24h 36h 48h TG
VP treated HeLa VP treated HeLa VP treated SiHa VP treated SiHa
HelLa SiHa
DMSO 12h 24h 36h 48h TG DMSO 12h 24h 36h 48h TG
CHOP — — — o= [27kD
Caspasel2 e — . — — e — — | 50 | D
B-actin | ——— "> = o= - - — e e e w= e | 42 KD
GRP78 CHOP Caspase-12
0.8 "
= = =
= = 0.6 =
g g g
= = 0.4+ =
g @ @
2 & &
3 3 02+ 3
& & &
0.
DMSO 12h  24h  36h 48h TG DMSO 12h  24h  36h 48h TG DMSO 12h  24h  36h  48h TG
VP-treated HeLa VP-treated HeLa VP-treated HeLa
GRP78 CHOP Caspase-12

Relative Expression
Relative Expression
Relative Expression

DMSO  12h 24h 36h  48h TG
VP-treated SiHa VP-treated SiHa VP-treated SiHa

DMSO  12h 24h 36h  48h TG

DMSO  12h 24h 36h  48h TG





OPS/images/fonc-10-01781-g002.jpg
DMSO

A VP 12h VP 24h VP 36h
® T LY 3 %
HeLa
e 102 107 ot 105 100 102 0 10% 10 10° s 4o T 7 e " $ Py 4 49 10 10 10t i 0
Ll % > * =
¥ iz = y = ‘
! SiHa
T i T i T Tt SO P T I N R R T
B Annexin V-FITC
Cleaved Caspase-3
109
HeLa SiHa £ 08
DMSO 12h 24h 36h 48h TG DMSO 12h 24h 36h 48h TG E;“-“'
2 044
Bcl-2 |———'—' — ||—-— -— - |26kD 2 024
S0 NSo b 2h dh b T
VP-treated HeLa
Bax — — — ey e — e Smm a m w|2] kKD
Bcl-2/Bax
159
Cleaved Caspase-3 —— — — C— a— | | e — — — — |17kD <
g 1.04
B-actin _—————H—--——— 42 kD EM_ c
E4
- DMSO  12h 24h 36h  48h T¢

VP-treated HeLa

FITC

VP-treated HeLa

Apoptosis rate (%)

DMSO VP 12h VP 24h VP 36h VP 48h

VP-treated SiHa
80—

a
]
1

20

Apoptosis rate (%)

= L1

DMSO VP 12h VP 24h VP 36h VP 48h

Cleaved Caspase-3

Relative Expression

DMSO 12h  24h 36k
VP-treated SiHa

G

48h

Bcl-2/Bax

Relative Expression

DMSO  12h 4sh

ho 24h h
VP-treated SiHa





OPS/images/fonc-10-01781-g005.jpg
Follicle constitution (%)

N
=
1

-
>
1

w
=
1

[
=
1

—
=
1

»

v
3.
A¥ 4

7 jo
Ve

= 2

Follicle constitution in ovaries

= Ctrl
= VP

0 44

primary

secondary

antral

T
atresia (follicle types)

Concentration (ng/mL)

1T

0.4

0.2

Volume of tumor (cm3)

cul

0.69

Weight of tumor (g)

0.0

Serum AMH level
0.6
0.4 —|_
0.2
0.0

T
Ctrl






OPS/images/fonc-10-01781-g004.jpg
A HeLa DMSO VP 48h SiHa DMSO
cE Q1-UL(0.17%) Q1-UR(1.74%) ?2 Q1-UL(18.41%) Q1-UR(11.76%) ‘é Q1-UL(6.82%) Q1-UR(50.96%) = Q1-UL(0.19%) Q1-UR{(2.54%)| = Q1-UL(25.45%) Q1-UR(7 14%) = Q1-UL(7.53%) Q1-UR(63.60%)
= s 24 b b E=E 82
4-PBA(-) 4-PBA(-)
E - “ - t,v‘»' od " d = o g e
Q1-LL(96.34%) Q1-LR(1.75%) Q1-LL(0.86%) & Q1-LR(41.36%) Q1-LL(95.38%) Q1-LR(1 Sm 1-LR(1.94%) Q1-LL(1.11%) i Q1-LR(27.76%)
102 0 PR P ™ w0 0010 1 100 R T 100 00 0 10 10 T T
i ® 3 = < %
A~ T J01-UL(0.46%) Q1-UR(2.57%) T J01-ULE.01%) Q1-UR@30%)| T J01-UL(43569%) Q1-UR(13.06%) R T Jo1-uL028% Q1-UR(2.02%)] T Jat-uLeasn Q1-UR(4.89%) T Ja1-UL42.06%) Q1-UR(8.79%)
e i, i ® s |y ]
4-PBA(+) 4-PBA(+)
_Q1-LL(95 90%) Q\-ERG 07%) G|—LL(96I04%7 014‘.R(‘\ 66%) _01—LL(8§ 79&“ + Q1 l'.R(U B‘::u 3 ; O1—LIR(26 98%)
102 10° 10* 10° 10° 107 10° 10* 10° 10° 107 10° 104 10° 10° 10 10° 10* 10° 1
Annexin V-FITC Annexin V-FITC
B VP-treated HeLa G
100 e
= E= 4-PBA()
S % =3 4-PBA(+) HelLa SiHa
2 4 h
2 4
2 a0 DMSO VP 24h VP 48h DMSO VP 24h VP 48h
]
2
g ® = GRP78 — — e J— s 78 kD
< 10
0
DMSO VP 24h VP 48h CHOP | - — — | | —_— — w27 KD
VP-treated SiHa
100 sk
= == 4-PBA() Cleaved Caspase-3 | — S— - | I - - s I 17 kD
< 9 i B3 4-PBA(H)
<
E R B-actin 42 kD
40 = 2
2 30
£ 2
2 4-PBA -+ -+ -4 -+ - 4+ - 4
w0
0
DMSO VP 24h VP 48h
D GRP78 CHOP Cleaved Caspase-3
0.8 " . 0.8 05
= == 4-PBA() = ki == 4-PBA() = * —*_  =Em 4-PBA()
£ i =3 4-PBA(+) £ i =3 4-PBA(+) £ 04 =3 4-PBA(+)
2 0. % 0. A
2 i 2
2. =3 2 03
5 04 5 04 N o]
2 £ £
502 F 02 = 01
@D @ @D -
& &~ &
0.0 0.0
DMSO VP 24h VP 48h DMSO VP 24h VP 48h DMSO VP 24h VP 48h
VP-treated HeLa VP-treated HeLa VP-treated HeLa
GRP78 CHOP Cleaved Caspase-3
0.8 " o 0.6 0.6
= =3 4-PBA() = d == 4-PBA() = — == 4-PBA()
2 e = 4-PBAM) £ = 4-PBA() £ B== 4-PBA(H)
g 5 04 5 04 .
= 04 = =
@ [} @
2 2 02 Z 02
5 02 k= =
o} = o}
o & ]
DMSO VP 24h VP 48h DMSO VP 24h VP 48h DMSO VP 24h VP 48h

VP-treated SiHa

VP-treated SiHa

VP-treated SiHa





OPS/images/cover.jpg
, frontiers
in Oncology

Verteporfin Is a Promising
Anti-Tumor Agent for Cervical
Carcinoma by Targeting
Endoplasmic Reticulum Stress
Pathway









OPS/images/logo.jpg
, frontiers
in Oncology





