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Trabeculectomy can effectively reduce intraocular pressure (IOP) in glaucoma patients, the long-term surgical failure is due to the excessive proliferation and fibrotic response of conjunctival fibroblasts which causes the subconjunctival scar and non-functional filtering bleb. In this study, we demonstrated that AZD6738 (Ceralasertib), a novel potent ataxia telangiectasia and Rad3-related (ATR) kinase inhibitor, can inhibit the fibrotic response of conjunctival fibroblasts for the first time. Our in vitro study demonstrated that AZD6738 inhibited the level and the phosphorylation of checkpoint kinase 1 (CHK1), reduced TGF-β1-induced cell proliferation and migration, and induced apoptosis of human conjunctival fibroblasts (HConFs) in the high-dose group (5 μM). Low-dose AZD6738 (0.1 μM) inhibited the phosphorylation of CHK1 and reduce fibrotic response but did not promote apoptosis of HConFs. Further molecular research indicated that AZD6738 regulates survival and apoptosis of HConFs by balancing the CHK1/P53 and PI3K/AKT pathways, and inhibiting TGF-β1-induced fibrotic response including myofibroblast activation and relative extracellular matrix (ECM) protein synthesis such as fibronectin (FN), collagen Ⅰ (COL1) and collagen Ⅳ (COL4) through a dual pharmacological mechanism. Hence, our results show that AZD6738 inhibits fibrotic responses in cultured HConFs in vitro and may become a potential therapeutic option for anti-subconjunctival scarring after trabeculectomy.
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INTRODUCTION
Glaucoma, characterized by elevated intraocular pressure and progressive dysfunction and death of retinal ganglion cells and their axons, is the second leading cause of blindness after cataracts (Davis et al., 2016). At present, lowering intraocular pressure (IOP) remains the primary clinical treatment although IOP is not the only factor contributing to glaucoma (Quigley and Broman, 2006). Laser or surgery is still required with the effective interventions for glaucoma when drug therapy does not achieve sufficient IOP reduction and manageable retinal ganglion cell damage (Weinreb et al., 2014; Lusthaus and Goldberg, 2019). Although minimally invasive glaucoma surgeries (MIGS) or gene therapy have shown to be effective interventions for glaucoma (King et al., 2018; Tan et al., 2019; Mathew and Buys, 2020; Tan et al., 2020), glaucoma filtration surgeries remain the first-choice and standard surgical treatment for many types of glaucoma, which are widely implemented in clinical (Cairns, 1968; Eldaly et al., 2014). Trabeculectomy, a type of glaucoma filtration surgery, is the most commonly used surgical procedure for reducing IOP in patients with glaucoma (Gedde et al., 2018).
The success of trabeculectomy mainly depends on the functional filtering bleb formed during the postoperative wound-healing process (Addicks et al., 1983), but the long-term successful rate of this operation is not always satisfactory due to the excessive proliferation of fibroblasts or subconjunctival fibrosis during the healing period that causes the tissue to scar and leads subsequently to the function loss of the filtering bleb (Addicks et al., 1983; Schlunck et al., 2016; Zada et al., 2018). The underlying mechanism of subconjunctival fibrosis is currently not fully elucidated. Conjunctival fibroblasts differentiate into myofibroblasts after surgery, migrate and proliferate, and synthesize extracellular matrix (ECM) proteins including several types of collagen (COL) fibers, laminins (LN), and fibronectin (FN), which lead to the formation of scar tissue at the surgical site (Shu and Lovicu, 2017; NikhalaShree et al., 2019). At present, antiproliferative agents such as mitomycin C (MMC) and 5-fluorouracil (5-FU) have been used to counteract the proliferative activity of cells to prevent subconjunctival fibrosis after trabeculectomy (Kitazawa et al., 1991; Green et al., 2014; Cabourne et al., 2015; Bell et al., 2021). However, such drugs can cause serious complications related to non-specific cytotoxicities (e.g. blepharitis, keratitis, bleb leakage, endophthalmitis, or bleb-related infections) (Franks and Hitchings, 1991; Mearza and Aslanides, 2007). Therefore, a more targeted and safer anti-fibrotic drug that can be used after glaucoma filtration surgery is critical to ensure the preservation of bleb function and a healthy ocular state postoperation.
AZD6738 (Ceralasertib), a novel potent ataxia telangiectasia and Rad3-related (ATR) kinase inhibitor, can lead to cell death and senescence in several cancer cells including non-small cell lung cancer cell lines and human breast cancer cell lines, and down-regulates DNA damage-and cell proliferative-related genes (Vendetti et al., 2015; Kim et al., 2017). ATR and ATM belong to a family of kinases that respond to DNA strand breaks caused by destructive or normal processes. ATR or ATM can phosphorylate and activate a variety of substrates after being activated, including checkpoint kinase 1 (CHK1), checkpoint kinase 2 (CHK2), tumor suppressors such as P53, DNA repair factors such as Rad50, GADD45. CHK1, a major substrate of ATR, is required for checkpoint-mediated cell cycle arrest and activation of DNA repair in response to the presence of DNA damage or unreplicated DNA. Cell cycle arrest in the G1 phase is mediated by P53, which is a substrate of CHK1 and ATR (Feijoo et al., 2001; Heffernan et al., 2002). Recent research showed that CHK1 is a key regulator of lung fibrosis and CHK1 inhibition is considered as a potential novel therapeutic option for idiopathic pulmonary fibrosis (Wu et al., 2022). Based on the clue, we hypothesized that CHK1 inhibitors have a potential role in subconjunctival fibrosis after trabeculectomy.
Therefore, this study was to determine the effects of AZD6738 on cultured primary human conjunctival fibroblasts (HConFs) in vitro and whether it could counteract TGF-β1-induced fibrosis in HConFs. To accomplish this, we examined the morphological and biological activities of HConFs induced by different concentrations of AZD6738 and TGF-β1.
MATERIALS AND METHODS
Cell culture and treatment paradigms
Primary HConFs (Cat NO. 6570; ScienCell Research Laboratories, Inc., Carlsbad, CA, United States) were isolated from human conjunctiva and grown at 37°C in a humidified atmosphere of 95% air and 5% CO2 incubator and were maintained in DMEM/F12 1:1 medium (PM150314; Procell Life Science and Technology Co., Ltd., Wuhan, China) with 10% FBS which was replaced once on alternate days. The cultured HConFs passed the short tandem repeat (STR) identification carried out by Sixin Biotechnology Co., Ltd. (Shanghai, China). The specific detection protocol is as follows: DNA was extracted by using an Axygen genome extraction kit, amplified by 21-STR amplification protocol, and the STR loci and the Amelogenin sex gene were detected on an ABI 3730XL STR genetic analyzer. Cells in passages 3 to 6 were used in all experiments. The cells were treated with 0.1, 0.25, 0.5, 1, 2, 5 and 10 μM AZD6738 (Cat No. HY-19323; MedChemExpress, NJ, United States), 0.1% dimethyl sulfoxide (DMSO; diluted with cell culture medium) and 10 ng/ml TGF-β1 (PeproTech, NJ, United States) for 24 or 48 h. For the group treated with 0.1 and 5 μM AZD6738, cells were treated with 10 ng/ml TGF-β1 (Willard et al., 2020; Correia-Sá et al., 2021), treatment for 48 h simultaneously. The blank control group was set in all experiments, cells were treated with a culture medium only. AZD6738 was dissolved in DMSO, while TGF-β1 was dissolved in distilled water. All the drugs were diluted in the cell culture medium to achieve their working concentrations. The morphology images of HConFs were taken under a Leica DM4 microscope (DM400B; Leica, Wetzlar, Germany). The same number of HConFs seeded in 96-well plates were counted under a 100 × inverted microscope every 12 h after being treated with 1 and 5 μM AZD6738. Six replicate wells were repeated for each group and the average value was calculated for drawing the cell growth curve.
Cell viability analysis
Cell Counting Kit-8 (CCK-8) assay kit (Dojindo Molecular Technologies, Kumamoto, Japan) and CytoTox 96 Non-Radioactive Cytotoxicity Assay (Promega, Fitchburg, WI) were used to detect the viability and cell metabolic ability. HConFs were seeded in 96-well plates at 5×103 cells per well and treated with 0.25, 0.5, 1, 2, 5 and 10 µM AZD6738 or 10 ng/ml TGF-β1 for 24 or 48 h respectively. Six replicate wells were repeated for each group. 50μL original culture medium was transferred to a new 96-well plate for LDH release test according to the manufacturer’s instructions, the absorbance was measured at 492 nm using a flame atomic absorption spectrophotometry (PerkinElmer, Boston, MA, United States). The surplus original culture medium was discarded and a new culture medium containing 10 µL CCK-8 reagent was added to each well. After incubation for 3 h, the absorbance was measured at 450 nm.
Migration assay
HConFs were seeded in 24-well plates at 2×104 cells per well for 24 h to reach about 80%–90% confluence. The cells were scratched with the tip of the sterilized 1 ml pipette and washed the debris after being treated with 5 μM AZD6738 and 10 ng/ml TGF-β1. Images were taken at 0 h, 24 h, and 48 h after scratching respectively, and analyzed by ImageJ (National Institutes of Health, Maryland, United States). The percentage of wound healing was calculated with the following formula: (initial wound area - unhealed wound Area)/initial wound area × 100% (Santos et al., 2015).
Assay of collagen gel contraction
HConFs were harvested by exposure to trypsin-EDTA, washed twice, and resuspended in serum-free DMEM/F12 medium. Type I collagen from rat tail tendon (C8062, 5 mg/ml; Solarbio Science and Technology Co., Ltd., Beijing, China), 10× PBS, 0.06 × 0.1 mol/L NaOH, and HConFs suspension were mixed on ice in an appropriate volume ratio (final concentration of type I collagen, 1 mg/ml; final cell density, 2.5 × 105 cells/ml). A portion (0.5 ml) of the mixture was added to each well of the 24-well culture plates and allowed to solidify by incubation at room temperature for 20 min. The collagen gels were freed from the sides of the wells with a sterilized 10-μL pipette. Serum-free medium (0.5 ml) containing 10 ng/ml TGF-β1 or 5 µM AZD6738 was added to the surface of each corresponding gel. Represent images of collagen gel contraction were photographed by a Fluor ChemE (92–14860–00; ProteinSimple, San Jose, CA, United States). The gel size was measured by ImageJ. The percentage of contraction area of each group was calculated as follows: (initial gel area - gel area at each time point)/initial gel area × 100% (Lan et al., 2021).
Measurement of reactive oxygen species
Reactive oxygen species (ROS) was detected using a OxiSelect™ In Vitro ROS/RNS Assay Kit (LOT: 7081363, Cell Biolabs, Inc., San Diego, CA, United States). HConFs were cultured and treated in 24-well plates, and then stained with DCFH-DA at 37 °C for 30 min. After three washes with PBS, the intensity of the fluorescence was measured using a fluorescence microscope (DM400B; Leica, Wetzlar, Germany), the result were analyzed by ImageJ and quantified by relative fluorescence intensity.
Immunofluorescence and TUNEL analysis
Cells climbing slices were fixed with 4% PFA at room temperature (RT) for 10 min and further incubated with 5% BSA and 0.5% Triton X-100 at RT for 1 h. For immunofluorescence, cells were incubated at 4°C overnight with the primary antibodies against FN (TA502601, mouse monoclonal antibody, 1:200; OriGene Technologies Inc., Rockville, MD, United States), α-SMA (ab7817, mouse monoclonal antibody, 1:100; Abcam, Cambridge, MA, United States), COL1A1 (ab6308, mouse monoclonal antibody, 1:250; Abcam, Cambridge, MA, United States), COL4A3 (ab111742, rabbit polyclonal antibody, 1:250; Abcam, Cambridge, MA, United States) and Cleaved-Caspase3 (9,661, rabbit monoclonal antibody, 1:200; Cell Signaling Technology, Danvers, MA, United States) followed by incubation with Alexa Fluor 488 goat anti-mouse or Alexa Fluor 488 goat anti-rabbit (1:1,000; Invitrogen, Carlsbad, CA, United States). For F-actin staining, cells were incubated with Rhodamine-phalloidin (PHDR1, 1:1,000; Cytoskeleton, Denver, CO, United States) at room temperature for 30 min. Subsequently, the cell climbing slices were taken out and counterstained with DAPI (F6057-20ML, Sigma, MO, United States) for 5 min, and visualized under a fluorescence microscope. The results were analyzed by ImageJ and quantified by relative fluorescence intensity.
For terminal deoxynucleotidyl transferase-mediated Nick end labeling (TUNEL) staining, after being treated with 1 and 5 μM AZD6738 and 10 ng/ml TGF-β1, cells were processed with a TUNEL kit (11684817910; Roche, Switzerland) according to the product manual and further counterstained with DAPI for 5 min.
Western blot
HConFs seeded in two 12-well plates were collected after being treated with 0.1 and 5 μM AZD6738 and 10 ng/ml TGF-β1 for 48 h. Total proteins were extracted from HConFs using radio immunoprecipitation assay (RIPA) lysis buffer (CWBio, Beijing, China) containing 1% protease inhibitor cocktail (Sigma-Aldrich). After incubation on ice for 30 min, debris was removed by centrifugation (12,000 g) at 4 C and protein concentration was quantified by BCA assay. Proteins were diluted in 5× loading buffer and denatured at 98 C for 3 min 20 μg protein samples were fractionated by SDS-PAGE using the commercial polyacrylamide gel (Bio-Rad, Hercules, CA, United States) and transferred onto polyvinylidene fluoride membrane (Millipore, Burlington, MA, United States). Membranes were blocked in 5% nonfat dried milk in 1× Tris-buffered saline with 0.1% Tween-20 (TBS-T) at room temperature for 1 h. Subsequently, membranes were incubated with the indicated primary antibodies against CHK1 (ab32531, rabbit monoclonal antibody, 1:1,000; Abcam, Cambridge, MA, United States), p-CHK1 (ab283261, phospho S345, rabbit monoclonal antibody, 1:1,000; Abcam, Cambridge, MA, United States), MMP9 (ab76003, mouse monoclonal antibody, 1:1,000; Abcam, Cambridge, MA, United States), SMAD3 (#9523, Rabbit monoclonal antibody, 1:1,000; Cell Signaling Technology, Danvers, MA, United States), p-SMAD2/3 (#8828, Rabbit monoclonal antibody, 1:1,000; Cell Signaling Technology, Danvers, MA, United States), p-eNOS (9,574, phospho T495, rabbit monoclonal antibody, 1:1,000; Cell Signaling Technology, Danvers, MA, United States), RhoA (2,117, rabbit monoclonal antibody, 1:1,000; Cell Signaling Technology, Danvers, MA, United States), FN (ab6328, mouse monoclonal antibody, 1:1,000; Abcam, cambridge, MA, United States), CDC2 (9116S, mouse monoclonal antibody, 1:1,000; Cell Signaling Technology, Danvers, MA, United States), C-MYC (ab32072, rabbit monoclonal antibody, 1:1,000; Abcam, cambridge, MA, United States), α-SMA (ab7817, mouse monoclonal antibody, 1:1,000; Abcam, Cambridge, MA, United States), β-Catenin (ab32572, rabbit monoclonal antibody, 1:1,000; Abcam, cambridge, MA, United States), GAPDH (AF5718, goat polyclonal antibody, 1 mg/ml; R&D Systems, Minneapolis, MN, United States), and α-Tubulin (ab176560, rabbit monoclonal antibody, 1:1,000; Abcam, Cambridge, MA, United States) overnight at 4 °C. After washing with 1 × TBS-T for 30 min, membranes were incubated with corresponding secondary antibodies (1:10,000; ZSGB-Bio) at room temperature for 1 h. Bands were visualized with a Fluor ChemE (ProteinSimple) and ImageJ was used to analyze the gray value of each protein band. All experiments were done were done in a single time with at least three replicates.
Quantitative PCR
HConFs seeded in two 24-well plates were collected after being treated with 0.1 and 5 μM AZD6738 and 10 ng/ml TGF-β1 for 48 h. Total RNA was extracted from cultured HConFs with Trizol Reagent (Invitrogen, CA, United States). The absorbance values of RNA at OD 260 and OD 280 were detected using a spectrophotometer (Biophotometer plus, Eppendorf, Germany) to calculate the RNA content, and reverse transcription reaction was conducted using a kit (RevertAid First Strand cDNA Synthesis Kit; Fermentas, Thermo Fisher Scientific, Pittsburgh, PA, United States). SYBR Green Real-Time PCR Master Mix (Toyobo, Osaka, Japan) was used for quantitative real-time PCR on a Rotor-Gene Q cycler (QIAGEN, Germantown, MD, United States). Each reaction was run in triplicate. Transcript abundance was reported as relative to Gapdh levels and was calculated using the 2−ΔΔCt method. qPCR was performed in three technical replicates on each biological replicate. All experiments were done were done in a single time with at least three replicates. The primer pairs used in this study are listed as follows: CHK1 sense, ATA​TGA​AGC​GTG​CCG​TAG​ACT; antisense, TGC​CTA​TGT​CTG​GCT​CTA​TTC​TG; FN sense, CGG​TGG​CTG​TCA​GTC​AAA​G; antisense, AAA​CCT​CGG​CTT​CCT​CCA​TAA; α-SMA sense, GGC​ATT​CAC​GAG​ACC​ACC​TAC; antisense, CGA​CAT​GAC​GTT​GTT​GGC​ATA​C; VEGFA sense, AGG​GCA​GAA​TCA​TCA​CGA​AGT; antisense, AGG​GTC​TCG​ATT​GGA​TGG​CA; MMP9 sense, TGT​ACC​GCT​ATG​GTT​ACA​CTC​G; antisense, GGC​AGG​GAC​AGT​TGC​TTC​T; P53 sense, CAG​CAC​ATG​ACG​GAG​GTT​GT; antisense, TCA​TCC​AAA​TAC​TCC​ACA​CGC; AKT sense, AGC​GAC​GTG​GCT​ATT​GTG​AAG​T; antisense, GCC​ATC​ATT​CTT​GAG​GAG​GAA​GT; Caspase3 sense, CAT​GGA​AGC​GAA​TCA​ATG​GAC​T; antisense, CTG​TAC​CAG​ACC​GAG​ATG​TCA; BAX sense, CCC​GAG​AGG​TCT​TTT​TCC​GAG; antisense, CCA​GCC​CAT​GAT​GGT​TCT​GAT; BCL2 sense, GGT​GGG​GTC​ATG​TGT​GTG​G; antisense, CGG​TTC​AGG​TAC​TCA​GTC​ATC​C; GAPDH sense, ACA​GTC​AGC​CGC​ATC​TTC​TT; antisense, ACG​ACC​AAA​TCC​GTT​GAC​TC.
Statistics
All data were analyzed using SPSS 26 software (IBM-SPSS 26. 0. 0. 0; Chicago, IL, United States). Experiments involving 2 groups were compared using an unpaired, 2-tailed t-test. One-way ANOVA was used for comparison among three or more groups, followed by an LSD post hoc test for homogeneous variances or a Games-Howell post hoc test for non-homogeneous variances. A value of p < 0.05 was considered statistically significant. Variation is expressed as SEM.
RESULTS
AZD6738 inhibited phosphorylation of checkpoint kinase 1 and reduced cell proliferation in cultured human conjunctival fibroblasts
AZD6738 was a potent inhibitor of ATR kinase activity that can lead to a time- and dose-dependent decrease of cell viability in various cancer cell types (Barnieh et al., 2022; Jo et al., 2022). To verify whether AZD6738 can reduce the proliferation of HConFs in a time- and dose-dependent manner, we determined the cell growth curve of cultured HConFs and the viability of cells treated with 1 and 5 μM AZD6738, and the confirmed IC50 of AZD6738 that could be used to establish an in vitro model of the inhibited ATR kinase activity of HConFs. There was a decrease in cell proliferation after HConFs were exposed to 1 μM AZD6738 for 24 h, with the shape of cells becoming round and pseudopodia shrunken. As the concentration of AZD6738 was increased to 5 μM, cell proliferation was inhibited earlier to 12 h after exposure (Figures 1A,B). When treated with different concentrations (0.25–10 μM) of AZD6738 for 48 h, the proliferation of HConFs was decreased in a dose-dependent manner (IC50 = 7.4 μM; Figure 1C). Moreover, to exclude the effects of drug toxicity from AZD6738 on HConFs, the LDH release was determined by LDH release assay. As shown in Figure 1D, AZD6738 at concentrations up to 10 μM did not increase LDH release in the culture HConFs (Figure 1D). ATR directly mediates the phosphorylation and activity of CHK1. Further, we measured the level of CHK1 and p-CHK1. The results showed that compared to the blank control group, the expression of CHK1 and p-CHK1 and the ratio of p-CHK1/CHK1 was significantly down-regulated following treatment with 5 µM AZD6738 for 48 h (Figure 1E). Accordingly, the concentration of 5 μM AZD6738 was employed for subsequent experiments.
[image: Figure 1]FIGURE 1 | AZD6738 inhibited the expression of CHK1 and reduced the proliferation of HConFs. (A) HConFs became round and pseudopodia shrunken with 1 μM AZD6738 treatment, and this phenotype was more obvious on cells with 5 μM AZD6738 treatment. Scale bar: 100 μM. (B,C) AZD6738 decreased HConFs viability in a time- and dose-dependent manner. HConFs were treated with 1 and 5 μM of AZD6738 for different hours in (B) (n = 6), and were treated with different concentrations of AZD6738 for 48 h in (C), the value of IC50 was shown by a red dotted line (n = 6). (D) HConFs were treated with different concentrations of AZD6738, and closed LDH release was detected in the culture medium. (E) HConFs were treated with 5 μM of AZD6738 for 48 h, which decreased the level of CHK1 and p-CHK1 and decreased the ratio of p-CHK1/CHK1 (n ≥ 3). *p < 0.05, **p < 0.01, and ***p < 0.001 versus the blank control group (B,C,E); †††p < 0.001 versus the blank control and AZD6738 (1 μM) group (B). n. s., no significance (D). Results were shown as mean ± SEM.
AZD6738 reduced TGF-β1-induced cell proliferation, migration and collagen utilization in human conjunctival fibroblasts
To further investigate the effects of AZD6738 in HConFs, we conducted a TGF-β1-treated model (10 ng/ml) in cultured HConFs, which was a well-established model for inducing cellular proliferation, migration, and fibrosis in vitro (Vaamonde-Garcia et al., 2019; Willard et al., 2020; Correia-Sá et al., 2021). After 10 ng/ml TGF-β1 stimulation, HConFs became aggregated and protrude more pseudopodia, which was inhibited by AZD6738 (Figure 2A). CCK-8 assays were performed to detect the cellular proliferation after HConFs were treated with 5 μM of AZD6738 and 10 ng/ml TGF-β1 for 48 h, the result showed an increased proliferation ability in the TGF-β1 group, and the proliferation ability of HConFs was significantly decreased in the 5 µM AZD6738 groups with or without TGF-β1 respectively (Figure 2B). Moreover, the LDH release exhibited no marked increase in HConFs treated with TGF-β1 and/or AZD6738 (Figure 2C). The cellular migration ability was detected by wound healing assay. The rate of cell migration treated with 5 μM AZD6738 was significantly decreased at 24 and 48 h after scratching compared with the cells with or without TGF-β1 respectively. However, compared to the blank control group, the TGF-β1 group did not show an increased migration ability (Figures 2D,E). Additionally, increased HConFs death was observed after cells were treated with 5 μM AZD6738 for 48 h.
[image: Figure 2]FIGURE 2 | AZD6738 reduced TGF-β1-induced cell proliferation and migration in HConFs. (A) HConFs become aggregated and protrude more pseudopodia after TGF-β1 (10 ng/ml) induction, and this phenotype could be inhibited by AZD6738. Scale bar: 200 μM. (B,C) HConFs were treated with 5 μM of AZD6738 and 10 ng/ml TGF-β1 for 48 h, the accelerated cell proliferation induced by TGF-β1 was inhibited by AZD6738, and closed LDH release was detected in the culture medium (n = 6). (D,E) AZD6738 significantly inhibited the migration of HConFs. Migration assay in HConFs at 0 h, 24 h, and 48 h after treatment, edges of the migrated cells were dotted with red lines (n = 4). Scale bar: 200 μM (D). (F,G) Representative images and quantitative analysis of gel contraction of HConFs in the four groups at 0 h, 24 h, and 48 h after treatment. The percentage (%) of contraction area was calculated according to the ratio of contracted area compared to the initial area (n = 3). *p < 0.05, **p < 0.01, and ***p < 0.001 versus the blank control group; †††p < 0.001 versus the TGF-β1 group (B,E,G). n. s., no significance (C). Results were shown as mean ± SEM.
The effects of AZD6738 on HConFs-mediated collagen gel contraction with or without TGF-β1 were detected using a three-dimensional (3D) collagen gel system (Figure 2F). Compared with the control group, the mean contraction area (%) of HconFs was significantly increased in the TGF-β1 group while obviously reduced in the AZD6738 group at 24 and 48 h. Moreover, the mean contraction area was decreased over 24 and 48 h of stimulation in the AZD6738+TGF-β1 group compared with the TGF-β1-only group (Figure 2G).
To further verify the molecular mechanisms of AZD6738-reduced cell proliferation and migration, we quantify the changes in protein levels of total CDC2 and C-MYC, two key regulators of cell cycle (Qiao et al., 2006; Hu et al., 2007; Shi et al., 2014; Kim et al., 2015), by using Western Blot. After treatment with 5 μM AZD6738 for 48 h, the protein levels of total CDC2 in HConFs were significantly decreased in the 5 μM AZD6738 group with or without TGF-β1 compared with the blank control and TGF-β1 group (Figure 5B).
Moreover, we verified the morphology and the expression of total CDC2 in HConFs treated with lower concentrations of AZD6738 (0.1 μM), which was verified to against ATR kinase-dependent CHK1 phosphorylation (p-CHK1) in HConFs but not affect the level of CHK1 protein compared to blank control and TGF-β1-only groups (Figure 6B). We confirmed again that HConFs became aggregated and protrude more pseudopodia after 10 ng/ml TGF-β1 stimulation, and similar to the HConFs treated with 1 μM AZD6738, the TGF-β1-treated HConFs become round and pseudopodia shrunken but not affected the proliferation and aggregation after being treated with 0.1 μM AZD6738 for 48 h, while 5 μM AZD6738 reduced the proliferation, aggregation and protruded pseudopodia in the TGF-β1-treated HConFs model (Figure 6A). The results of Western Blot showed that both 0.1 and 5 μM AZD6738 could significantly reduce the expression of CDC2 protein after being treated with different concentrations of AZD6738 and TGF-β1 compared to blank control and TGF-β1 groups (Figure 6B). Additionally, we found that β-Catenin, a key factor for cell growth and adhesion junction (Lillehoj et al., 2007; Peng et al., 2010), was significantly increased in the 0.1 μM AZD6738 group compared to the blank control and TGF-β1-only groups, however, in the 5 μM AZD6738 group, the β-Catenin level was reduced to close to that of the blank control and TGF-β1 groups (Figure 6B).
AZD6738 caused oxidative damage and regulated apoptosis in human conjunctival fibroblasts by equilibrating the checkpoint kinase 1/P53 and PI3K/AKT pathways in a dose-dependent manner
To determine whether AZD6738 can induce oxidative stress in HConFs, we measured the intracellular ROS level. The results showed that 5 μM AZD6738 promoted the generation of intracellular ROS, which indicated possible mitochondrial inner membrane damage (Figures 3A,B). It has been reported that AZD6738 can significantly increase apoptosis (Leonard et al., 2019; Nam et al., 2019). TUNEL and immunofluorescence were performed to further verify whether AZD6738 can induce apoptosis in HConFs. We found that AZD6738 started to induce TUNEL+ cells at a concentration of 1 μM, and significantly increased the number of TUNEL+ cells at a concentration of 5 μM, which presented in a dose-dependent manner. However, low concentrations of AZD6738 (0.25 μM) did not induce apoptosis of HConFs (Figures 3C,D). Consistently, in the TGF-β1-treated HConFs model, the TUNEL+ cells increased significantly in the 5 μM AZD6738 group with or without TGF-β1, respectively (Figures 3E,F). The expression of cleaved Caspase3 significantly increased in HConFs treated with 5 μM AZD6738 with or without TGF-β1 compared with that in the blank control and TGF-β1-only groups (Figures 3G–I), which was shown that AZD6738 can induce the activation of Caspase3.
[image: Figure 3]FIGURE 3 | AZD6738 caused oxidative damage and induced apoptosis in HConFs. (A,B) AZD6738 increased intracellular ROS generation in HConFs (n = 6). Scale bar: 100 μM (A). (C,D) AZD6738 induced TUNEL+ cells, and the TUNEL+ cells increased while upregulated the dose of AZD6738 (n = 4). Scale bar: 100 μM (C). (E,F) AZD6738 also increased the number of TUNEL+ cells in TGF-β1 induced HConFs (n = 4). Scale bar: 100 μM (E). (G–I) Representative images of HConFs immunofluorescence stained with DAPI (blue) and cleaved Caspase3 (green) in different groups after being treated with 5 μM of AZD6738 and 10 ng/ml TGF-β1 for 48 h (G). The results were quantified as the number of cleaved Caspase3+ cells (H) and relative fluorescence intensity normalized to the blank control group (I; n = 3), showing that AZD6738 induces the activation of Caspase3. Scale bar: 25 μM (A). (J) Quantitative analysis of mRNA expression of Caspase3, BAX and BCL2 among the groups after being treated with 5 μM of AZD6738 and 10 ng/ml TGF-β1 for 48 h. The expression of each mRNA level was relative to GAPDH and was normalized to the blank control group (n ≥ 3). *p < 0.05, **p < 0.01, and ***p < 0.001 versus the blank control group; †p < 0.05, ††p < 0.01 and †††p < 0.001 versus the TGF-β1 group (B,D,F,H,I,J); ‡‡p < 0.01 versus the blank control group and AZD6738 (1 μM) group (D). n. s., no significance (J). Results were shown as mean ± SEM.
To explore the molecular mechanisms and underlying effects of AZD6738, qPCR was used to quantify the mRNA levels of apoptosis-related factors in HConFs after being treated with 5 μM AZD6738 and 10 ng/ml TGF-β1 for 48 h. The mRNA level of Caspase3, BAX, BCL2 and AKT in HConFs was significantly decreased, while P53 was significantly increased in the 5 μM AZD6738 group with or without TGF-β1 compared with the blank control and TGF-β1 groups (Figure 3J and Figure 5B). Interestingly, due to the simultaneously occurring decrease in the levels of BAX and BCL2, the ratio of BAX/BCL2 did not differ between groups (Figure 3J).
To further clarify the mechanism of AZD6738-induced apoptosis of HConFs, two different concentrations of AZD6738 (0.1 and 5 μM) were set up and used in the TGF-β1-treated HConFs model, and the lower concentration of AZD6738 (0.1 μM) could inhibit CHK1 phosphorylation in HConFs but not reduced the level of CHK1 protein as mentioned above. Similarly, we used qPCR to quantify the changes in mRNA levels of P53, AKT, BAX and BCL2 in the TGF-β1-treated HConFs model after being treated with 0.1 and 5 μM AZD6738 for 48 h, and we validated the up-regulation of P53 and the down-regulation of AKT, BAX and BCL2 mRNA levels in the TGF-β1 + 5 μM AZD6738 group compared to the blank control and TGF-β1 groups. However, in the TGF-β1 + 0.1 μM AZD6738 group, the mRNA level of P53 and BCL2 was significantly increased, while there was no change in the level of AKT and BAX, compared to the blank control and TGF-β1 groups (Figure 6C).
AZD6738 reduced TGF-β1-induced myofibroblast activation and extracellular matrix protein synthesis in human conjunctival fibroblasts by inhibiting checkpoint kinase 1/P53 and PI3K/AKT pathways
CHK1 plays a key role in lung fibrosis (Wu et al., 2022). The TGF-β1-treated HConFs, a model for inducing cellular fibrosis in vitro as mentioned above, were used to investigate the antifibrotic effects of AZD6738 in HConFs. We used immunofluorescence to detect the level of fibrosis factors including FN, α-SMA, COL1 and COL4 in HConFs after being treated with 5 μM AZD6738 and 10 ng/ml TGF-β1 for 48 h. The results showed that the fluorescence intensity of FN, α-SMA, COL1 and COL4 was significantly increased in the TGF-β1 group versus the blank control group, and 5 μM AZD6738 significantly inhibited the fluorescence intensity of these fibrotic factors activated by TGF-β1 (Figures 4A–H). Moreover, the immunofluorescence of F-actin also showed a decreased expression after being treated with 5 μM AZD6738 for 48 h compared to the TGF-β1 group (Figures 4B–D).
[image: Figure 4]FIGURE 4 | AZD6738 reduced TGF-β1-induced myofibroblast activation and ECM protein synthesis in HConFs. (A–D) Representative images of HConFs immunofluorescence stained with DAPI (A, B, G and H; blue), FN (A), α-SMA (B), COL1 (C), COL4 (D; green), and F-actin cytoskeleton (B, C and D; red) in different groups after being treated with 5 μM of AZD6738 and 10 ng/ml TGF-β1 for 48 h, showing the TGF-β1-induced fibrosis was inhibited by AZD6738. Versus the TGF-β1 group, the immunofluorescence of F-actin also showed a decreased expression after being treated with 5 μM AZD6738 for 48 h. Scale bar: 50 μM (A) and 25 μM (B–D). (E–H) The fluorescence intensity of each group was normalized to blank control group (n = 4). *p < 0.05, **p < 0.01, and ***p < 0.001 versus the blank control group; †p < 0.05, ††p < 0.01 and †††p < 0.001 versus the TGF-β1 group (E–H). Results were shown as mean ± SEM.
The effects of AZD6738 on the expression of the profibrotic genes including FN, α-SMA and MMP9 were further tested by qPCR and Western Blot. Compared to the blank control group, AZD6738 significantly decreased the expression of FN at the protein level, and α-SMA at both mRNA and protein levels in cultured HConFs. On the contrary, 10 ng/ml TGF-β1 significantly increased the mRNA and protein levels of FN, α-SMA and MMP9. In the AZD6738 + TGF-β1 group, the TGF-β1-induced high FN, α-SMA and MMP9 level in mRNA and protein were inhibited by AZD6738 (Figures 5A,B). Additionally, factors including RhoA, VEGFA and p-eNOS relative to actin cytoskeleton regulation, angiogenesis and cell proliferation were detected by qPCR and Western Blot. At the mRNA level, the VEGFA was significantly increased in the TGF-β1 group compared with the blank control group, and inhibited by AZD6738 in the AZD6738 + TGF-β1 group compared with the TGF-β1 group (Figure 5A). At the protein level, AZD6738 + TGF-β1 group showed a down-regulation of RhoA and p-eNOS compared to the TGF-β1 group, but these two factors had not to be up-regulated in the TGF-β1 group compared with the blank control group. Furthermore, TGF-β1 induced a fibrotic response by phosphorylating SMAD3. However, compared with the TGF-β1-only group, the 5 μM AZD6738+TGF-β1 group did not show significant changes in the ratio of p-SMAD2/3/SMAD3. (Figure 5B).
[image: Figure 5]FIGURE 5 | AZD6738 down-regulated the expression of genes related to fibrosis induced by TGF-β1 through CHK1/P53 and PI3K/AKT pathways. (A) Quantitative analysis of mRNA expression of CHK1, FN, α-SMA, VEGFA, MMP9, P53 and AKT among the groups after being treated with 5 μM of AZD6738 and 10 ng/ml TGF-β1 for 48 h. The expression of each mRNA level was relative to GAPDH and was normalized to the blank control group (n ≥ 3). (B) Western blot images and quantitative analysis of CHK1, p-CHK1, FN, α-SMA, MMP9, RhoA, CDC2, p-eNOS, and C-MYC proteins among the groups after being treated with 5 μM of AZD6738 and 10 ng/ml TGF-β1 for 48 h (n ≥ 3). GAPDH and α-Tubulin was used as a loading control, and each protein level was normalized to the blank control group (n ≥ 3). *p < 0.05, **p < 0.01, and ***p < 0.001 versus the blank control group; †p < 0.05, ††p < 0.01 and †††p < 0.001 versus the TGF-β1 group (A,B). Results were shown as mean ± SEM.
As mentioned above, 5 μM AZD6738 inhibited both ATR kinase and PI3Kδ and affected the CHK1/P53 and PI3K/AKT pathways at the same time. To further explore the mechanism of AZD6738 inhibiting HConFs fibrosis, we also used high (5 μM) and low (0.1 μM) concentrations of AZD6738 to treat the TGF-β1-activated HConFs. The protein level of FN and MMP9 were quantified by Western Blot. The result showed that the FN level was decreased in the TGF-β1 + 0.1 μM AZD6738 group compared to the TGF-β1 group, and was also significantly decreased in the TGF-β1 + 5 μM AZD6738 group compared to the TGF-β1 + 0.1 μM AZD6738 group, which presented in a dose-dependent manner (Figure 6B). Notably, the protein level of MMP9 was significantly decreased both in the TGF-β1 + 0.1 μM AZD6738 and TGF-β1 + 5 μM AZD6738 group compared to the TGF-β1 group, but showed no distinction between the two groups (Figure 6B). Furthermore, there were no distinction in RhoA and p-eNOS protein levels among the blank control, TGF-β1 and TGF-β1 + 0.1 μM AZD6738 groups, while these protein levels were significantly decreased in the TGF-β1 + 5 μM AZD6738 group versus the other three groups (Figure 6B).
[image: Figure 6]FIGURE 6 | AZD6738 regulated CHK1/P53 and PI3K/AKT pathways and the expression of genes related to fibrosis and apoptosis in a dose-dependent manner. (A) After treatment for 48 h, 0.1 μM AZD6738 inhibited the protruded pseudopodia of HConFs induced by TGF-β1 (10 ng/ml) but not affected the proliferation and aggregation, while 5 μM AZD6738 reduced all the proliferation, aggregation and protruded pseudopodia induced by TGF-β1. Scale bar: 200 μM. (B) Western blot images and quantitative analysis of FN, MMP9, CHK1, p-CHK1, p-eNOS, RhoA, β-Catenin, and CDC2 proteins among the groups after being treated with 0.1 or 5 μM of AZD6738 and 10 ng/ml TGF-β1 for 48 h (n ≥ 3). GAPDH and α-Tubulin was used as a loading control, and each protein level was normalized to the blank control group (n ≥ 3). (C) Quantitative analysis of mRNA expression of P53, AKT, BAX and BCL2 among the groups after being treated with 0.1 or 5 μM of AZD6738 and 10 ng/ml TGF-β1 for 48 h. The expression of each mRNA level was relative to GAPDH and was normalized to the blank control group (n ≥ 3). *p < 0.05, **p < 0.01, and ***p < 0.001 versus the blank control group; †p < 0.05, ††p < 0.01 and †††p < 0.001 versus the TGF-β1 group; ‡‡p < 0.01 and ‡‡‡p < 0.001 versus the TGF-β1 group and the TGF-β1 + 0.1 μM AZD6738 group; §p < 0.05 versus the TGF-β1 + 0.1 μM AZD6738 group (B,C). Results were shown as mean ± SEM.
DISCUSSION
In this study, we revealed the effects and detailed mechanism of AZD6738 on cultured HConFs in vitro and confirmed the anti-fibrotic efficacy of AZD6738 in the TGF-β1-induced HConFs model, providing basic evidence for further studies on anti-subconjunctival fibrosis.
Oncogenic mutations lead to errors in DNA replication that cannot be repaired. Therefore, ATR inhibitors, a protein considered to be responsible for DNA repair, are of wide interest in the antitumor field. In several published clinical trials, patients with advanced bowel cancer and ovarian cancer benefited from ATR inhibitor therapy (Konstantinopoulos et al., 2020; Yap et al., 2020). Notably, AZD6738 could inhibits PI3Kδ and affect the PI3K/AKT pathway at high doses (IC50 = 6.8 μM) which was close to the IC50 we measured affecting the proliferation of HconFs. This may indicate the effect of AZD6738 on the cell proliferation was not merely by inhibiting the activity of ATR kinase. Therefore, follow-up experiments would further verify the detailed mechanism of the effect of AZD6738 on HConFs. Indeed, we apply ATR inhibitor AZD6738 to ocular cells for the first time and found that it affects HConFs through a dual pharmacological mechanism of CHK1/P53 and PI3K/AKT pathways, which differs from previously observed effects of AZD6738 on several cancer cells.
CHK1 plays a key role in DNA replication stress response or DNA damage repair (Zhao et al., 2002; Chen et al., 2003). It is of great significance to the regulation of phosphorylated CHK1. Consistent with our findings, a recent report described that AZD6738 reduced CHK1 phosphorylation in sensitive cell lines. However, these AZD6738-sensitive cell lines all exhibited low expression of P53 (Nam et al., 2019). Our study found that AZD6738 was also able to reduce the phosphorylation of CHK1 in normal HConFs and the level of total CHK1 and phosphorylated CHK1 changed with the dose of AZD6738. HConFs responded to a low concentration of AZD6738 (0.1 μM) by only reducing the level of phosphorylated CHK1. As the concentration of AZD6738 increased to 5 μM, the level of total CHK1 also decreased significantly, while the mRNA expression of P53 was up-regulated with an increasing concentration of AZD6738. Similarly, the expression of AKT also showed a significant correlation with the concentration of AZD6738. This result shows that AZD6738 may have different mechanisms of action on HConFs at different concentrations. We propose a potential mechanism by which AZD6738 regulates the proliferation, migration, myofibroblast activation and ECM protein synthesis of HConFs through further observation of this phenomenon.
Although research showed the ability of AZD6738 to induce apoptosis (Nam et al., 2019; Leonard et al., 2019; Barnieh et al., 2022), our study founds that low concentrations of AZD6738 (0.1 μM) seems to protect HConFs from apoptosis. We first used 5 μM AZD6738 to treat HConFs and identified possible oxidative stress and mitochondrial membrane damage by detecting intracellular ROS generation in HConFs. We confirmed that HConFs underwent apoptosis in response to the treatment of 5 μM AZD6738 in further TUNEL assays. To further explore whether mitochondrial membrane permeability is altered in the presence of AZD6738, we evaluated the expression levels of BAX and BCL2, two mitochondrial membrane integrins that play a critical role in the apoptotic pathway (Eguchi et al., 1992; Schmitt er al., 2000; Ruvolo et al., 2001). Interestingly, unlike the classical mitochondrial pathway of apoptosis (Feng et al., 2008; Kakarla et al., 2010), 5 μM AZD6738 down-regulated both BAX and BCL2 levels. Moreover, we used a low concentration of AZD6738 (0.1 μM), which caused down-regulation of phosphorylated CHK1 expression and up-regulation of P53 expression, respectively, but did not change the expression of AKT and induce apoptosis in HConFs. The result showed that the expression of BAX did not change under the influence of 0.1 μM AZD6738, while that of BCL2 was significantly up-regulated, which is considered improving cell survival and inhibit apoptosis.
Based on this result, we propose that AZD6738 controls the survival and apoptosis of HConFs in a dose-dependent manner by balancing the CHK1/P53 and PI3K/AKT pathways. Low-dose AZD6738 inhibited the phosphorylation of CHK1 and further inhibited the phosphorylation of P53 and lost its function, and the non-functional P53 up-regulated the mRNA level of P53 in the form of negative feedback. On the one hand, the non-functional P53 cannot induce the expression of BAX in DNA, and up-regulates the expression of BCL2 through pathways like P53/Siva1 on the other hand to protect HConFs from apoptosis (Du et al., 2009; Wang et al., 2013). When the concentration of AZD6738 was increased, the PI3K/AKT pathway was inhibited, the expression of BCL2 was down-regulated through the AKT/BAD and AKT/CREB pathways (Liu et al., 2020; Huang et al., 2021; Xu et al., 2021), and the apoptosis of HConFs was induced with the changed BAX/BCL2 ratio.
In recent years, CHK1, a major substrate of ATR as mentioned above, is proved to involve in the accumulation of activated myofibroblasts and secrete elevated levels of growth factors that stimulate cell proliferation and ECM production in both autocrine and paracrine manners, which underscores the pivotal role of CHK1 in myofibroblast activation (Wu et al., 2022). However, the mechanism by altered ATR/CHK1 expression affects the activation of myofibroblasts and the synthesis of ECM protein is still unclear. We have successfully used a well-established TGF-β1-induced rabbit tenon’s fibroblasts (RTFs) in vitro model in a previous study, which can increase RTFs proliferation, migration, collagen utilization, ECM protein synthesis and myofibroblast activation (Lan et al., 2021). In this study, we used the TGF-β1-treated HConFs model and observed whether AZD6738 inhibited TGF-β1-induced myofibroblast activation and ECM protein synthesis in HConFs.
Our findings suggest that AZD6738 has significant efficacy in reducing myofibroblast activation as indicated by the synthesis of α-SMA and ECM-related proteins such as FN, COL1 and COL4 in a TGF-β1-induced HConFs model. By comparing the antifibrotic effects of low (0.1 μM) and high (0.5 μM) AZD6738 on HConFs, we found that low doseAZD6738 showed good antifibrotic effects, including reversal of TGF-β1-induced elevation of FN and MMP9, and high-dose AZD6738 further downregulated FN expression. This suggests that AZD6738 regulates the level of MMP9 through the CHK1/P53 pathway and jointly regulates the expression of FN in HConFs through the CHK1/P53 and PI3K/AKT pathways, while the expression level of MMP9 is close to the expression level after low-dose AZD6738 treatment. Different from in vivo, MMP9 is secreted from intracellular to extracellular in the form of the zymogen, and the activation of MMP9 in vitro needs to react with organic Mercury preparations (Yang et al., 2010; Khan et al., 2017). Therefore, the down-regulation of MMP9 in vitro under the action of different doses of AZD6738 verified the dual pharmacological mechanism of AZD6738 against fibrosis, which was caused by the negative feedback caused by the down-regulation of the target proteins like COL4 and COL5 (Tschesche et al., 1992). Further, we revealed that AZD6738 reduces the expression of VEGFA in HConFs possible by down-regulating the phosphorylation level of eNOS through AKT/eNOS pathway (Guo et al., 2021; Ninchoji et al., 2021), which shows the potential of AZD6738 in the treatment of neovascular eye diseases. Although TGF-β1 did not induce the up-regulation of RhoA level in HConFs in our research, the administration of high-dose AZD6738 still reduced the expression of RhoA to a certain extent, which indicating the potential effect of AZD6738 on the cytoskeleton.
In our research, the phosphorylation level of SMAD3 did not change in HConFs after AZD6738 intervention. The addition of TGF-β1 also did not significantly affect the expression of CHK1 and AKT and change the phosphorylation level of CHK1. Our results indicated that TGF-β1 induced the occurrence and development of fibrotic response through the canonical TGF-β1/SMAD2/3 signal pathway, and AZD6738 did not directly affect the phosphorylation of SMAD3. P53, the substrate of CHK1, plays an important role in the fibrosis process. P53-SMAD3 transcriptional cooperation downstream of TGF-β1 orchestrates induction of fibrotic factors, ECM accumulation, and pathogenic renal cell communication (Overstreet et al., 2022). Decreased PI3K expression and AKT phosphorylation can delay renal fibrosis through the PI3K/AKT/mTOR signaling cascade in HN rat renal hypertrophy model (Zhou et al., 2022). Changes in the expression of P53 and AKT were also associated with liver fibrosis (Zhang et al., 2022). We interpret the underlying molecular mechanism by which AZD6738 inhibited TGF-β1-induced fibrotic response in HConFs based on the existing evidence mentioned above.
The safety of ophthalmic medication is one of the major concerns. Although high-dose AZD6738-induced apoptosis of HConFs is beneficial to anti-subconjunctival scarring and the LDH release assay also proved the safety of AZD6738 on HConFs, the possibility of non-specific cytotoxicity to other cells in the eye cannot be ignored. Compared with other antiproliferative agents that have been applied in ophthalmic at present, the special dual pharmacological mechanism of AZD6738 enables it to work at a low dose without affecting cell proliferation, not inducing or even fighting apoptosis. We found that the expression of total CDC2 was significantly down-regulated after being treated with a low concentration (0.1 μM) of AZD6738 due to inhibition of CHK1 phosphorylation, which indicated the dephosphorylated and functional of CDC2. However, in the cell proliferation assay, low concentrations of AZD6738 showed no inhibitory effects on proliferation of HConFs, indicating the existence of a possible cell cycle checkpoint compensation mechanism. Anyway, the safety of AZD6738 in ophthalmic applications needs to be evaluated in further in vivo experiments. Furthermore, AZD6738 can enhance the sensitivity of cancer cells to 5-FU (Suzuki et al., 2022), which provides the possibility of AZD6738/5-FU combination to fight subconjunctival scarring in the eye, implying lower dosage, higher safety, and better efficacy.
AZD6738 can simultaneously affect both CHK1/P53 and PI3K/AKT signaling pathways. Although the results in this study suggest that AZD6738 affects HConFs in a dual pharmacological mechanism at different concentrations, more associated signaling pathway inhibitors such as specific CHK1 kinase or PI3K inhibitors should be used in future studies to determine whether other inhibitors can phenocopy these results, which will suggest that they are generic features of inhibition of these pathways. The underlying signaling pathway for the anti-fibrotic effect by inhibiting CHK1 remains an interesting research direction. In addition, this study was performed in vitro, preclinical models will be used in future studies to further evaluate the anti-fibrotic effects of AZD6738 in vivo.
In conclusion, our results indicate that AZD6738 affects the survival and apoptosis of HConFs by regulating the CHK1/P53 and PI3K/AKT pathways, and inhibits TGF-β1-induced fibrosis including myofibroblast activation and relative ECM protein synthesis, which demonstrates the anti-fibrotic response efficacy of AZD6738 in cultured HConFs in vitro and may become a potential therapeutic option for anti-subconjunctival scarring after trabeculectomy.
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