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Objectives

Curdione is one of the active ingredients of a traditional Chinese herbal medicine-Curcuma zedoary and established anti-tumor effects. Uterine leiomyosarcoma (uLMS) is a rare gynecological malignancy, with no standard therapeutic regimen at present. The aim of this study was to explore the potential anti-tumor impact of curdione in uLMS and elucidate the underlying mechanisms.



Methods

In vitro functional assays were performed in the SK-UT-1 and SK-LMS-1 cell lines. The in vivo model of uLMS was established by subcutaneously injecting SK-UT-1 cells, and the tumor-bearing mice were intraperitoneally injected with curdione. Tumor weight and volume were measured at specific time points. The biosafety was evaluated by monitoring changes of body weight and the histopathology in the liver and kidney. The expression levels of relevant proteins were analyzed by western blotting and immunohistochemistry.



Results

Curdione decreased the viability and proliferation of uLMS cells in a concentration and time-dependent manner. In addition, the curdione-treated cells exhibited significantly higher rates of apoptosis and autophagic death. Curdione also decreased the tumor weight and volume in the SK-UT-1 xenograft model compared to the untreated control without affecting the body bodyweight or pathological injury of liver and kidney tissues. At the molecular level, the anti-tumor effects of curdione were mediated by indoleamine-2, 3-dioxygenase-1 (IDO1).



Conclusion

Curdione exhibited an anti-uLMS effect in vitro and in vivo; the underlying mechanism involved in IDO1 mediate apoptosis, autophagy, and G2/M phase arrest.
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Introduction

Uterine leiomyosarcoma (uLMS) is a rare and aggressive gynecological malignancy, which is characterized by high recurrence rate, low mortality rate, distant metastases, and poor prognosis (1, 2). It is the most common subtype of uterine sarcoma, and clinical manifestations are abnormal uterine bleeding, palpable pelvic mass, and lower abdominal pain. Since these symptoms mimic uterine leiomyoma, uLMS is often misdiagnosed (3–5).

In addition, no standardized therapeutic regimen has been available for uLMS due to its rare occurrence and rapid progression (6, 7), effective and standardized therapy is urgently needed.

Herbal medicine exhibits broad-spectrum antibacterial, anti-inflammatory, and anticancer activity with tolerable toxicity, which plays a pivotal role in preventing and treating disease. Currently, chemotherapy is one of the main strategies against cancer; herbal medicine gained considerable interest in recent years as an alternative to chemotherapy drugs. For instance, Curcuma zedoary has been reported with an anti-tumor effect (8–11), and its bioactive compounds of the essential oils including β-elemene, curcumol, curcumin, curdione, furanodiene, furanodienone, and germacrone exhibit anti-thromboric (12, 13), anti-inflammatory, (14) antibacterial (15), neuroprotective properties (16), cardio-protective (17), and anti-tumor effects (18). The therapeutic effects of curdione have been reported in breast cancer (19), while the potential anti-tumor effect in uLMS is still unclear.

Evading death and uncontrolled proliferation are hallmarks of the tumor. The death forms of tumor cells include but not limited to apoptosis, autophagy, and necrosis. Apoptosis is a form of programmed cell death (20), and the most common type of tumor cell death induced by natural plant-derived compounds in tumor cells (21). It can initiate cascade of caspases reaction through both intrinsic (mitochondrial) or extrinsic (death receptor) pathways, and eventually cell death (22). The intrinsic apoptosis pathway is commonly triggered by hypoxia, chemotherapy, and radiation. Phytochemicals have multi-target effects on tumor; in addition to activating apoptosis, they can also induce autophagy through epigenetic mechanisms (23). It is a self-catabolic process that is activated in response to stress and maintains cellular homeostasis by degrading unnecessary substances such as misfolded proteins or damaged organelles. In addition, autophagy is the second-most common form of tumor cell death induced by phytochemicals (24). Nevertheless, autophagy acts as a double-edged sword in tumor cells by fulfilling their nutrient and energy requirements in the hypoxic or energy shortage environment on one hand and inducing cell death after sustained hyper-activation on the other hand (25). Cell death is a complex and sophisticated process; typically, it may not be limited to a single form but involves multiple forms (24).

Indoleamine-2, 3-dioxygenase-1 (IDO1) is an immune checkpoint and a key rate-limiting enzyme that breaks down tryptophan into kynurenine, which plays an important regulatory effect in tumor immunity (26). It is overexpressed in many tumor types, but not all. Liu et al. (27) reported significantly higher expression of IDO1 in uterine carcinosarcoma and uterine corpus endometrial carcinoma tissues compared to the paired normal tissues. In addition, IDO1 overexpression is related to increased tumor progression and poor prognosis of tumors, which makes it a promising therapeutic strategy for malignant tumors (28). Generally, the effect of IDO1 on tumors depends on its mediate immunoregulatory effect; however, Thaker (29) found that IDO1 directly mediates the proliferation and progression of colon cancer independent of its immunoregulatory effects. In our preliminary experiments as well, we detected high IDO1 expression in uLMS cell lines. We speculated whether the effect of curdione on uLMS is through targeting IDO1. If so, how does IDO1 mediate the suppression effect of curdione on uLMS?

Thus, the goal of this study was to analyze the effect of curdione on uLMS cells and the possible mechanistic role of IDO1. In this work, curdione inhibited the growth of SK-UT-1 and SK-LMS-1 cells by inducing cell cycle arrest at the G2/M phase, as well as apoptosis and autophagic death. Intrinsic apoptosis induced by curdione was demonstrated by the increased levels of cleaved caspases 3, 6, and 9 but that of pro-and cleaved-caspase 8. In vivo, curdione suppressed the tumor growth in the SK-UT-1 xenograft model without adverse effects. In addition, it significantly down-regulated IDO1 expression in a dose and time-dependent manner. Pharmacological inhibition of IDO1 with epacadostat or its siRNA-mediated knockdown restored the viability of cells following curdione treatment. Likewise, co-treatment with epacadostat and curdione attenuated the curdione-induced apoptosis, autophagy, and G2/M phase arrest. This demonstrated that the suppressive effect of curdione on uLMS via targeting IDO1.



Material and Methods


Reagents and Materials

Curdione was purchased from Solarbio Science&Technology Co. Ltd. (Beijing, China). Modified Eagle’s medium (MEM), Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine serum (FBS), Non-Essential Amino Acids (NEAA), Pymvate Sodium (NaP), and penicillin–streptomycin (PS) were purchased from Gibco (Waltham, MA, USA). The IDO1 inhibitor epacadostat was purchased from Selleck (S7910, Texas, USA) and autophagy inhibitor 3- Methyladenine was purchased from Selleck (S2767, Texas, USA), CCk8 was purchased from Dojindo (CK04, Kumamoto, Japan), Beyo Click™ Edu-594 Cell Proliferation Kit was purchased from Beyotime (C0078S, Shanghai, China), and Annexin V-fluorescein isothiocyanate (FITC) cell apoptosis kit was purchased from Invitrogen (V13241, New York, California, USA).



Cell Culture

SK-UT-1 and SK-LMS-1 cells were obtained from American Type Culture Collection (Manassas, VA, USA). The SK-UT-1 cells were cultured in MEM, supplemented with 10% FBS, 1% NEAA, 1% NaP, and 1% penicillin–streptomycin. The SK-LMS-1 cells were grown in DMEM supplemented with 10% FBS and 1% penicillin–streptomycin. Both cell lines were incubated in a humidified atmosphere with 5% CO2 at 37°C.



Cell Viability Assay

The viability of the suitably treated cells was detected by the CCK-8 kit. Briefly, the SK-UT-1 and SK-LMS-1 cells were starved with serum-free and then incubated with gradient concentrations of curdione for 24 h, or with 100 μM curdione for 24, 48, and 72 h. In another experiment, the serum-starved cells were pre-treated with 3-MA or eapacadostat for 2 h, and then with curdione or not for 24 h. 10μl CCK8 solution was added into each well, the cells were incubated for 2 h at 37°C. The optical density (OD) at 450 nm was measured at a microplate spectrophotometer (BioTek, USA).



Immunofluorescence

EdU assay was performed using Beyo ClickTM Edu-594 Cell Proliferation Kit (Beyotime, Shanghai, China), according to the manufacturer’s instructions. Briefly, curdione-treated cells were incubated with EdU, fixed with 4% paraformaldehyde, and then permeabilized with 0.3% Triton X-100. Following incubation with click additive solution, the nucleus was counterstained with Hoechst33342 for 15 min. To detect Ki67 expression levels, the cells were incubated with the anti-Ki67 primary antibody (ab15580, Cambridge, UK) and then with fluorophore-conjugated secondary antibody for 1 h, followed by counterstaining with 4,6-diamino-2-phenyl indole (DAPI, Genview, Florida, USA) for 10 min. For the TUNEL assay, the cells were stained with the reagents provided with the TUNEL kit (KGA7072, KeyGen, Nanjing, China) according to the manufacturer’s instructions. The stained cells were observed under laser confocal microscope (Leica DM60008, Kyoto, Japan) at a magnification of ×40, and the number of EdU, Ki67, and TUNEL positive cells from six random fields was used for quantitative analysis by Image J software.



Flow Cytometry Analysis

The serum-starved cells were exposed to curdione for 24 h and then were harvested and co-stained with Annexin V-FITC & PI cell apoptosis kit according to the manufacturer’s instruction. In addition, the cell cycle distribution was analyzed using the Cell Cycle and Apoptosis Analysis Kit (C1052, Beyotime, Shanghai, China) according to the manufacturer’s instructions. Briefly, the cells were fixed with 70% cold ethanol for 24 h and then incubated with 5 µl PI staining solution and 45 µl RNase water. Subsequently, all stained samples were analyzed by flow cytometry (BD Biosciences, CA, USA).



Transient Transfection

IDO1-specific siRNA (5′-GGATGTTCATTGCTAAACA-3′) was designed and synthesized by RiboBio Co. Ltd. (C10511-05, Beijing, China). The SK-UT-1 and SK-LMS-1 cells were transfected according to the manufacturer’s instructions. The stably transfected cells were confirmed by analyzing the IDO1 protein and mRNA expression levels.



Western Blotting

Total protein was extracted from tumor tissues and uLMS cells and quantified by the BCA Protein Assay kit (Beyotime, Shanghai, China). Equal amounts of proteins (30 μg) per sample were separated by SDS-PAGE (Solarbio, Beijing, China) and then transferred to polyvinylidene fluoride microporous membranes (PVDF) (XLL093-3, Millipore, MA, USA). After blocking with 5% skimmed dry milk, the blots were incubated overnight with primary antibodies against: IDO1 (ab211017), caspase-3 (ab13847), cleaved-caspase-3 (ab2302), caspase-6 (ab185645), cleaved-caspase-6 (ab2326), caspase-9 (ab32539), cleaved-caspase-9 (ab2324), caspase-8 (ab108333), cleaved-caspase-8 (CST#9496), LC3 (ab48394), Beclin1 (ab210498), P62 (ab109012), and GAPDH (ab181602) at 4°C. Next, the membranes were then probed with HRP-conjugated secondary antibodies, and the positive bands were visualized using the enhanced Chemiluminescence (ECL) detection kit (GE2301-25ML, Genview, USA) on an imaging system (Bio-Rad, USA). The band densities were analyzed using Image J software, and the relative protein expression levels were normalized to that of GAPDH.



Real-Time Quantitative PCR

Total RNA was extracted from the uLMS cells using ES-science RNA-Quick Purification Kit, cDNA synthesized with the Fast All-in-One RT Kit, and RT-PCR was performed using 2×Super SYBR Green qPCR Master Mix (PN001, YiShan Biotech, Shanghai, China) according to the manufacturer’s instructions on the ABI-7500 Sequence Detection System (Applied Biosystems, Foster City, CA, USA) with the following program: pre-incubation at 95°C for 5 min, followed by 40 cycles of denaturation at 95°C for 10 s, and then annealing and extension at 60°C for 30 s. The primers were designed as follows: IDO1 F: GCCAGCTTCGAGAAAGAGTTG; R: ATCCCAGAACTAGACGTGCAA, GAPDH F: GAGCGAGATCCCTCCAAAAT; R: GGCTGTTGTCAACTTCTCATGG. The comparative cycle threshold (Ct) method (2−ΔΔCt) was used to calculate the fold change in RNA expression. The relative mRNA levels of IDO1 were normalized to that of GAPDH. Experiments were independently performed in triplicates.



Mouse Xenograft Tumor Model

BALB/c nude mice (6–7 weeks, female, 18 ± 2 g) were purchased from Beijing Vital River Laboratory Animal Technology (Beijing, China). Approximately 1 × 107 SK-UT-1 cells were suspended and injected subcutaneously into their right flanks and once the tumor volume reached approximately 0.5 cm3, the mice were randomly divided into three groups (n = 5 per group) and injected intraperitoneally (i.p.) with 100 mg/kg or 200 mg/kg curdione or the same volume physiological saline (control) every day. The tumor volume (length × width2/2) and body weight were calculated every three days. 21 days later, the mice were euthanized, and the tumor tissues were harvested for immunohistochemical staining and western blotting. All experimental protocols were performed according to the Guidelines for the Care and Use of Laboratory Animals by the National Institute of Health, and approved by the Ethics Committee of Capital Medical University.



Histopathology and Immunohistochemistry

The tumor, liver, and kidney tissues were harvested and embedded in 4% paraformaldehyde, dehydrated across an ethanol gradient, and cleared in xylene. The liver and kidney tissues were fixed with 4% formaldehyde, embedded with paraffin, sectioned, and stained with hematoxylin and eosin (H&E). The tumor tissue sections were heated in citrate buffer for antigen retrieval and blocked with 10% bovine serum albumin (BSA, C1052, Beyotime, Shanghai, China). After incubating overnight with primary antibodies, the sections were probed with species-specific HRP-labeling secondary antibody. The stained cells were observed by a light microscope (Leica DM60008, Kyoto, Japan) at a magnification of ×200. The positive staining was scored according to the following criteria: (1) The positive rate: 0, less than 5%; 1, 5–25%; 2, 26–50%; 3, 51–75% and 4, greater than 75%. (2) The staining intensity: 0, negative; 1, low positive; 2, positive and 3, high positive. The expression score is the multiplication of the positive rate score and staining intensity score.



Statistical Analysis

Statistical analysis was performed using SPSS version 19.0 software (SPSS Inc., IL, USA) and GraphPad Prism 7.0 software. One-way analysis of variance ANOVA was used for comparative analysis of the significant differences among groups. Data are presented as mean ± SD of three independent experiments. P <0.05 was considered statistically significant.




Results


Curdione Decreased the Viability of uLMS Cells

The effect of curdione on uLMS cells’ viability was detected by CCK8 assay. As shown in Figures 1A, B, curdione significantly decreased cell viability in a concentration and time-dependent manner at a dose higher than 10 μM. Its half-maximal inhibitory concentration (IC50) and the corresponding 95% confidence intervals for (Figure 1C) SK-UT-1 were 327.0 (297.7–362.8) μM and (Figure 1D) SK-LMS-1 cells were 334.3 (309.9–362.5) μM respectively. Accordingly, less than one-third of IC50 curdione (100 μM) were used for the subsequent experiments. The chemical structure of curdione is shown in Figure 1E.




Figure 1 | Effect of curdione on the viability in uLMS cells. The dose and time response of curdione in (A) SK-UT-1 and (B) SK-LMS-1 cells. The viability of cells treated with varying concentrations of curdione for 24 h, or 100 μM curdione for 12, 24, 48 and 72 h were detected by CCK8. Accordingly, IC50 of (C) SK-UT-1 and (D) SK-LMS-1 cells were calculated by non-linear regression using GraphPad Prism7. (E) Chemical structure of curdione. All values were expressed as the mean ± SD, n = 3. *P < 0.05, **P < 0.01 compared with control.





Curdione Inhibited the  Proliferation of uLMS Cells

The anti-proliferative effect of curdione on SK-UT-1 and SK-LMS-1 cells were assessed by EdU incorporation, and ki67 expression levels using immunofluorescent techniques. As shown in Figures 2A, B, curdione decreased the expression of both EdU and ki67 positive of SK-UT-1 and SK-LMS-1 cells in a concentration-dependent manner.




Figure 2 | Effect of curdione on the proliferation of uLMS cells. Immune fluorescence detection of the proliferation effect of curdione in uLMS cells. Cultured SK-UT-1 and SK-LMS-1 cells were treated with 0, 25, 50, and 100 μM curdione for 24h, and stained with (A) EdU and (B) Ki67, the stained cells were observed by fluorescence microscope (×40 magnification). Quantitative analysis of the positive fluorescence density by Image J, Independent experiments were performed three times. Data were presented as mean ± SD, n = 3. *P < 0.05, **P < 0.01 compared with control.





Curdione Induced G2/M Phase Arrest in uLMS Cells

Flow cytometry analysis and Western blotting were performed on uLMS cells to explore the effect of curdione on the cell cycle. As shown in Figure 3A, in SK-UT-1 cells, the G2/M phase proportion of the control, 25, 50, and 100μM curdione groups were 10.34 ± 1.54%, 14.03 ± 1.28%, 17.70 ± 1.48%, and 22.27 ± 1.05%; in SK-LMS-1 cells, the G2/M phase proportion of the control, 25, 50, and 100μM curdione groups were 9.84 ± 0.83%, 14.47 ± 0.97%, 19.10 ± 1.16% and 22.27 ± 1.05%; at the same time, the G1 phase proportion of both cell lines decreased. These data revealed that, curdione markedly increased the proportion of uLMS cells in the G2/M phase and decreased that in the G1 stage, compared with control. Consistent with this, curdione also up-regulated the cell cycle checkpoint proteins P21 and CyclinB1 and down-regulated Cdc2 in a concentration-dependent manner (Figure 3B). These results indicated that curdione arrested uLMS cells in the G2/M phase.




Figure 3 | Curdione induces G2/M phase arrest in uLMS cells. (A) Flow cytometry analyzes the cell cycle distribution in SK-UT-1 and SK-LMS-1 cells treated with 0, 25, 50, and 100 μM curdione for 24 h. (B) Western blotting detection of the P21, CylinB1, and Cdc2 expression in SK-UT-1 and SK-LMS-1 cells treated with 0, 25, 50, and 100 μM curdione for 24 h. Independent experiments were performed three times. All data were presented as mean ± SD, n = 3. *P < 0.05, **P < 0.01 compared with control.





Curdione Induced Apoptosis in uLMS Cells

The apoptosis of SK-UT-1 and SK-LMS-1 cells exposed to varying concentrations of curdione was evaluated by Annexin V-FITC/PI and TUNEL assays. As shown in Figure 4A, in SK-UT-1 cells, the early apoptosis rates of the control, 25, 50, and 100μM curdione groups were 1.90 ± 0.25%, 2.77 ± 0.21%, 4.57 ± 0.39%, and 5.93 ± 0.77%, the late apoptosis rates of the control, 25, 50, and 100μM curdione groups were 1.70 ± 0.36%, 3.10 ± 0.16%, 4.83 ± 1.05% and 4.97 ± 1.08%; in SK-LMS-1 cells, the early apoptosis rates in the control, 25, 50, and 100μM curdione groups were 1.50 ± 0.29%, 5.20 ± 0.01%, 6.40 ± 1.01% and 6.87 ± 0.09%, the late apoptosis rates in the control, 25, 50, and 100μM curdione groups were 1.00 ± 0.36%, 2.67 ± 0.12%, 3.40 ± 0.80% and 4.77 ± 0.09% respectively. These data indicated that curdione markedly increased the percentage of both early and late apoptotic cells in a concentration-dependent manner. Likewise, the TUNEL assay further confirmed that curdione induced apoptosis (Figure 4B). Furthermore, curdione increased cleaved-caspase 3, 6, and 9 in a concentration-dependent manner without affecting that of caspase 8 (Figure 4C). Thus, curdione induced caspases mediate apoptosis through the intrinsic pathway.




Figure 4 | Curdione induces caspases-mediate apoptosis in uLMS cells. SK-UT-1 and SK-LMS-1 cells were treated with 0, 25, 50, and 100 μM curdione for 24 h, (A) Flow cytometry with Annexin V-FITC/PI staining was conducted to analyze the apoptosis ratio. (B) Immunofluorescent analysis with TUNEL staining was performed to detected apoptosis using laser confocal microscopy (×40 magnification), Scale bars = 100 μm. (C) Western blotting detection of the pro-and cleaved-caspase 3, 6, 8, and 9 expressions. The relative protein expression level was normalized to that of GAPDH. Independent experiments were repeated three times, all data were present with means ± SD, n = 3. *P < 0.05, **P < 0.01 compared with control.





Curdione Induced Autophagy in uLMS Cells

To examine whether curdione induced autophagy in SK-UT-1 and SK-LMS-1 cells, we analyzed the levels of characteristic markers including LC3, Beclin-1, and P62 by Western blotting. As shown in Figure 5A, curdione up-regulated LC3 and Beclin-1 and down-regulated P62 in a dose-dependent manner. To further clarify the autophagy was pro-survival or pro-death, CCK8 assay was performed in uLMS cells pre-treated with 3-MA for 2 h followed with curdione for 24 h. The viability of the curdione alone group and 3-MA pre-treated group was 71.21 ± 4.27% and 87.96 ± 1.44% in SK-UT-1 cells, 73.44 ± 2.11% and 82.94 ± 0.73% in SK-LMS-1 cells. This suggests that 3-MA partly alleviated the suppressive effect of curdione on the uLMS cells (Figure 5B). Taken together, the inhibitory effect of curdione on uLMS cells can also be attributed to autophagic death.




Figure 5 | Curdione induces autophagic death in uLMS cells. (A) Curdione induced autophagy. Beclin1, LC3, and P62 expression in SK-UT-1 and SK-LMS-1 cells treated with 0, 25, 50, and 100 μM curdione for 24 h were determined by Western blotting. (B) The autophagy induced by curdione was pro-death. The viability of SK-UT-1 and SK-LMS-1 cells treated with 3-MA (2 mM) for 2 h following with curdione (100 μM) for 24 h was detected by CCK8. Statistical analysis data were present with means ± SD, n = 3. *P < 0.05, **P < 0.01 compared with control; #P < 0.05; ##P < 0.01 compared with curdione alone group.





IDO1 Mediated the Suppressive Effect of Curdione in uLMS Cells

Western blotting was performed to evaluate the effect of curdione on IDO1 expression, the results showed that, curdione significantly down-regulated IDO1 expression of uLMS cells in a dose and time-dependent manner (Figures 6A, B). To study the effect of IDO1 on the proliferation of curdione, we transfected SK-UT-1 and SK-LMS-1 cells with siRNA to silence IDO1 expression. The stable transfection of IDO1 was confirmed by the mRNA (Figure 6C) and protein (Figure 6D) expression. In addition, the effect of IDO1 on uLMS cell viability was assessed by CCK8. The viability of the epacadostat pre-treated group and curdione alone group was 72.89 and 82.04% in SK-UT-1 cells, 75.26 and 89.41% in SK-LMS-1 cells. Similarly, IDO1-siRNA restored the viability reduced by curdione from 73.05 to 90.09% in SK-UT-1 cells, from 75.26 to 90.60% in SK-LMS-1 cells. These results suggested that, both pharmacological inhibitor epacadostat and IDO1-siRNA reversed the suppressive effect of curdione on uLMS cells (Figures 6E, F). Briefly, the suppressive effect of curdione on uLMS cells is mediated by IDO1.




Figure 6 | IDO1 knockdown reversed the anti-proliferation effect of curdione in uLMS cells. (A) Curdione down-regulated IDO1 expression in a dose-dependent manner. IDO1 expression of SK-UT-1 and SK-LMS-1 cells treated with 0, 25, 50, 100 μM curdione for 24 h were analyzed by Western blotting. (B) Curdione down-regulated IDO1 expression in a time-dependent manner. IDO1 expression of uLMS cells treated with 100 μM curdione for 24, 48, 72 h was analyzed by Western blotting. (C) mRNA levels of IDO1 in uLMs cells after transfections with IDO1-siRNA was detected by RT-PCR, (D) Protein levels of IDO1 in uLMs cells after transfections with IDO1-siRNA was detected by Western blotting. (E) Epacadostat attenuated the suppressive effect on uLMS cells. The viability of uLMS cells pre-treated with IDO1 inhibitor epacadostat (25 nM) following with curdione was detected by CCK8. (F) IDO1-siRNA reversed the suppressive effect on uLMS cells. The viability of uLMS cells transfected with IDO1-siRNA was detected by CCK8. All data were present with means ± SD, n = 3. *P < 0.05, **P < 0.01 compared with control; #P < 0.05, ##P < 0.01 compared with curdione group.





IDO1 Mediated Apoptosis, Autophagy, and G2/M Phase Arrest Induced by Curdione in uLMS Cells

To clarify the mechanism underlying the ability of IDO1 to mediate the suppressive effect of curdione in uLMs cells, western blotting was performed. The result showed that, epacadostat markedly attenuated the curdione-induced changes in cleaved-caspase 3, cleaved-caspase 6, and cleaved-caspase 9 (Figure 7A), LC3, Beclin1, P62 (Figure 7B); P21, CyclinB1, and Cdc2 (Figure 7C), indicating that IDO1 mediates the suppressive effect of curdione in uLMs cells through regulating apoptosis, autophagy, and G2/M phase arrest.




Figure 7 | IDO1 mediates apoptosis, autophagy, and G2/M phase arrest induced by curdione in uLMS cells. Western blotting detection of (A) cleaved caspase 3, 6, 9; (B) Beclin1, LC3, and P62; (C) P21, CylinB1, and Cdc2 expression in SK-UT-1 and SK-LMS-1 cells pre-treated with epacadostat (25 nM) for 2 h following with curdione for 24 h. All data were presened with mean ± SD, n = 3. *P < 0.05; **P < 0.01 compared with control; #P < 0.05, ##P < 0.01 compared with curdione alone group.





Curdione Suppressed the Growth of uLMS In Vivo

To further explore the anti-uLMS effect of curdione in vivo, we established the subcutaneous xenograft models and administered them with (1) the control group: same value saline, (2) 100 mg/kg/day curdione, (3) 200 mg/kg/day curdione for 21 days. The anti-tumor effects were evaluated by tumor volume and tumor weight, and the in vivo safety was assessed in terms of body weight and histopathological changes. As shown in Figures 8A–E, after 21 days treatment, tumor weight of the control group, 100 mg/kg/day curdione and 200 mg/kg/day curdione group was (0.75 ± 0.18) g, (0.41 ± 0.11) g. and (0.10 ± 0.02) g, respectively; tumor volume of the control group, 100 mg/kg/day curdione and 200 mg/kg/day curdione group was (0.70 ± 0.07) cm3, (0.29 ± 0.08) cm3, and (0.17 ± 0.09) cm3. These results indicated that curdione markedly reduced tumor volume and weight without affecting body weight. Furthermore, no histopathological lesions were observed in the liver and kidney tissues (Figure 8F). Thus, curdione exhibited anti-uLMS growth efficacy with minimal systemic toxicity in vivo.




Figure 8 | Anti-growth effect of curdione in the SK-UT-1 xenograft tumor model. SK-UT-1 xenograft tumor models were established, and randomly divided into three groups (n = 5), and then injected intraperitoneally (i.p.) with 100 or 200 mg/kg/d curdione, or same volume saline. Tumor volume and body weight were measured every three days. 21 days later, all mice were sacrificed. Representative images of (A) tumor-bearing nude mice and (B) subcutaneous dissection of tumor tissue were photographed, (C) tumor weight, (D) tumor volume, and (E) body weight was determined and recorded. (F) The pathological injury of liver and kidney tissues was assessed by the H&E staining (×200 magnification). Scale bars = 100 μm. All data were presented with mean ± SD, n = 3. *P < 0.05, **P < 0.01 compared with control.





IDO1 Mediated the Anti-Growth Effect of Curdione in the SK-UT-1 Xenograft Tumor Model

To determine the mechanism involved in the inhibitory effect of curdione on uLMS in vivo, western blotting and histological immunohistochemistry assay were performed. Consistent with the in vitro results, curdione down-regulated IDO1, ki67, and p62, and up-regulated the cleaved caspase-3, Beclin1 and LC3 in tumor tissues (Figures 9A–C). The above results showed that curdione suppressed the growth of uLMS in vivo by targeting IDO1 and activating apoptosis and autophagy.




Figure 9 | IDO1 mediates the suppressive effect of curdione in the SK-UT-1 xenograft tumor model. (A) Western blotting detection of protein expression of IDO1, cleaved caspase-3, Beclin1, LC3, p62 in tumor tissue. (B) Immunohistochemistry staining of Ki67, IDO1, LC3, p62, cleaved caspase-3, and TUNEL in tumor tissue (×200 magnification), Scale bars = 100 μm. (C) Expression scores of Ki67, IDO1, LC3, p62, cleaved caspase-3, and TUNEL was calculated according to immunostaining intensity and positive expression rate. All statistical analysis data were present with mean ± SD, n = 3. *P < 0.05, **P < 0.01 compared with control.






Discussion

Chemotherapy is a widely accepted strategy for treating cancers. However, conventional chemotherapeutic drugs have the disadvantages of high costs and adverse effects. Characteristiced by high efficacy, low toxicity, and relatively lower costs, natural plant derived compounds are favored in the field of cancer treatment, especially after the successful clinical application of paclitaxel and vinblastine (24). In fact, 80% of the chemotherapeutic drugs approved by the United States Food and Drug Administration in the past 30 years are either plant-derived compounds or their synthetic derivatives (30). Curcuma zedoary, a traditional Chinese medicine formulation that promotes blood circulation, removes blood stasis, and alleviates pain, has been widely used for treating gynecological diseases. Curcumin is one of the bioactive compounds of Rhizoma Curcumae with anti-proliferation effects on uterine sarcoma (18, 31), and uterine leiomyosarcoma (32, 33). Curdione is an active component of Rhizoma Curcuma; it has the same family and genus source with curcumin and structurally similar to curcumin, which leads us to hypothesize that it might have an analogous effect on uLMS.

Based on the hypothesis, we first determined the effect of curdione on cell viability. Indeed, curdione inhibited the viability of SK-UT-1 and SK-LMS-1 cells in a dose and time-dependent manner. Accordingly, the IC50 was observed, and less than a third of IC50 was used in the subsequent experiment to ensure fidelity and reliability. The anti-proliferative effect of curdione was further confirmed by the decreased EdU and Ki67-positive fluorescence images in uLMS cells. In addition, curdione contributed to the alleviation of tumor load in vivo with few adverse effects. These data overwhelmingly illustrated that curdione has anti-tumor effect on uLMS. Cell proliferation is regulated by cell cycle checkpoints, thus, cell cycle progression is often used to evaluate the efficacy of anti-tumor drugs. In this study, curdione increased the cell population of the G2/M phase in a concentration-dependent manner, indicating that curdione suppressed the proliferative effect of uLMS cells by inducing cell cycle arrest at G2/M.

Apoptosis and autophagy are the two common death types induced in tumor cells by chemotherapeutic drugs and various plant-derived compounds (24). Apoptosis is crucial for maintaining the dynamic balance between cell survival and death (21). It is initiated through the intrinsic (mitochondrial) pathway or extrinsic (death receptor) pathways depending on the triggering factor, and then starts caspases mediated cascade reaction, and eventually leads to cell death (22). The cleaved caspases 3, 6, and 9 mainly participate in the intrinsic pathway. Curdione enhanced the apoptosis in vitro and in vivo in a dose-dependent manner, which was associated with an increase in the levels of cleaved caspases 3, 6, and 9 but that of pro-and cleaved-caspase 8, which suggested that curdione induces caspase-mediated apoptosis through the intrinsic pathway. This is associated with Li’s (34) reported that β-elemene induced caspase-mediated mitochondrial cell apoptosis. Autophagy is a self-digestion process that is activated in response to various stresses and ensures cell survival by recycling proteins and organelles, which play an important role in the growth and proliferation of various sarcoma as well (35), and autophagic death is the mechanistic basis of the action of several phytochemicals. We found that curdione increased the autophagic flux in uLMS by up-regulating LC3 and Beclin-1 and degrading p62. Interestingly, the suppressive effect of curdione on the uLMS cells was completely abrogated by the autophagy inhibitor 3-MA, indicating that curdione induced autophagic cell death in uLMS.

Tumor immunotherapy has been proved to be successful in clinical application, for instance, the immune checkpoint inhibitors have greatly improved the clinical prognosis of a subset of melanoma patients (36). The immune checkpoint IDO1 is highly expressed in many tumor types and is associated with poor overall survival and worse outcome (26, 37–39), indicating its potential as a therapeutic target (40). In the current study, curdione suppressed uLMS proliferation and down-regulated IDO1 expression. To further explore the correlation between them, the viability of uLMS cells pre-treated with IDO1 siRNA or IDO1 specific inhibitor epacadostat was detected. Surprisingly, the inhibitory effect of curdione on the uLMS cells was markedly weakened by blocking IDO1 through pharmacological or genetic means, which also reversed apoptosis, autophagy, and G2/M phase arrest induced by curdione. Thus, curdione exerts its anti-neoplastic effects on uLMS through targeting IDO1.

The limitation of this study should be addressed. Acting as a “brake” or “accelerator” in tumor immune regulation, IDO1 induces immunosuppressive tumor microenvironment and enables cancer cells to escape immune surveillance by catabolizing tryptophan into tryptophan (41). However, Thaker (29) reported that IDO1 promotes colon cancer growth directly independent of T cell-mediated immune regulation. We found that IDO1 mediated the anti-proliferative effect of curdione on uLMS, further research is needed to evaluate whether the immunomodulatory effects of IDO1 play a role in inhibiting uLMS growth. Analyzing the tryptophan and kynurenine levels, as well as the immune landscape of tumors can provide more insights.

Furthermore, the focus of this study is to investigate the efficacy of curdione on uterine leiomyosarcoma and analyze its mechanism. Therefore, a series of experiments of uLMS cell lines were performed to detect the anti-tumor effect of curdione, two cell lines mutual authentication, which strongly illustrates the anti-uLMS effect of curdione. In this work, we preliminarily explore the efficiency of curdione on uLMS, it does not involve the influence on normal cells. It is indisputable that including the normal cells would be more convincing to investigate the adverse effect of curdione in vitro. A great majority of experiments will be needed to further verify its effectiveness and safety, in the subsequent experimental research on the toxicity and safety evaluation of curdione, including the non-cancerous cell study will be necessary.

To summarize, we have demonstrated the anti-uLMS effect of curdione in vitro and in vivo, and elucidated the underlying mechanisms. In vitro, curdione suppressed uLMS cell proliferation by inducing G2/M phase arrest, apoptosis, and autophagy via targeting IDO1. In vivo, it markedly reduced the tumor growth in subcutaneous xenograft tumor models by down-regulating IDO1 and activating apoptosis and autophagy. Briefly, curdione inhibited uLMS through IDO1 mediated apoptosis, autophagy, and G2/M phase arrest, it is a promising drug for treating uLMS that warrants clinical investigation.



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 author.



Ethics Statement

The animal study was reviewed and approved by the Ethics Committee of Capital Medical University.



Author Contributions

CW and DL conceived and designed the experiments. CW performed the experiments and wrote the manuscript. YL, WW, and TQ contributed to the experimental study design, preparation, and review of this manuscript. DL was responsible for manuscript revision and financial support. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the National Natural Science Foundation of China (no. 81774072, 81373812, 81073096), the Natural Science Foundation of Beijing Municipality (no. 7202015).



References

1. Ricci, S, Stone, RL, and Fader, AN. Uterine leiomyosarcoma: Epidemiology, contemporary treatment strategies and the impact of uterine morcellation. Gynecol Oncol (2017) 145:208–16. doi: 10.1016/j.ygyno.2017.02.019

2. Roberts, ME, Aynardi, JT, and Chu, CS. Uterine leiomyosarcoma: A review of the literature and update on management options. Gynecol Oncol (2018) 151:562–72. doi: 10.1016/j.ygyno.2018.09.010

3. Bogani, G, Fuca, G, Maltese, G, Ditto, A, Martinelli, F, Signorelli, M, et al. Efficacy of adjuvant chemotherapy in early stage uterine leiomyosarcoma: A systematic review and meta-analysis. Gynecol Oncol (2016) 143:443–47. doi: 10.1016/j.ygyno.2016.07.110

4. Bogani, G, Cliby, WA, and Aletti, GD. Impact of morcellation on survival outcomes of patients with unexpected uterine leiomyosarcoma: a systematic review and meta-analysis. Gynecol Oncol (2015) 137:167–72. doi: 10.1016/j.ygyno.2014.11.011

5. Cantrell, LA, Blank, SV, and Duska, LR. Uterine carcinosarcoma: A review of the literature. Gynecol Oncol (2015) 137:581–8. doi: 10.1016/j.ygyno.2015.03.041

6. Pritts, EA, Parker, WH, Brown, J, and Olive, DL. Outcome of occult uterine leiomyosarcoma after surgery for presumed uterine fibroids: a systematic review. J Minim Invasive Gynecol (2015) 22:26–33. doi: 10.1016/j.jmig.2014.08.781

7. Lin, KH, Torng, PL, Tsai, KH, Shih, HJ, and Chen, CL. Clinical outcome affected by tumor morcellation in unexpected early uterine leiomyosarcoma. Taiwan J Obstet Gyne (2015) 54:172–77. doi: 10.1016/j.tjog.2015.03.001

8. Zhong, Z, Chen, X, Tan, W, Xu, Z, Zhou, K, Wu, T, et al. Germacrone inhibits the proliferation of breast cancer cell lines by inducing cell cycle arrest and promoting apoptosis. Eur J Pharmacol (2011) 667:50–5. doi: 10.1016/j.ejphar.2011.03.041

9. Lu, JJ, Dang, YY, Huang, M, Xu, WS, Chen, XP, and Wang, YT. Anti-cancer properties of terpenoids isolated from Rhizoma Curcumae - A review. J Ethnopharmacol (2012) 143:406–11. doi: 10.1016/j.jep.2012.07.009

10. Zhou, Y, Xie, M, Song, Y, Wang, WP, Zhao, HR, Tian, YX, et al. Two Traditional Chinese Medicines Curcumae Radix and Curcumae Rhizoma: An Ethnopharmacology, Phytochemistry, and Pharmacology Review. Evid-Based Compl Alt (2016) 2016:4973128. doi: 10.1155/2016/497312

11. Zheng, J, Zhou, Y, Li, Y, Xu, DP, Li, S, and Li, HB. Spices for Prevention and Treatment of Cancers. Nutrients (2016) 8:495. doi: 10.3390/nu8080495

12. Xia, Q, Wang, X, Xu, DJ, Chen, XH, and Chen, FH. Inhibition of platelet aggregation by curdione from Curcuma wenyujin essential Oil. Thromb Res (2012) 130:409–14. doi: 10.1016/j.thromres.2012.04.005

13. Fang, H, Gao, B, Zhao, Y, Fang, X, Bian, M, and Xia, Q. Curdione inhibits thrombin-induced platelet aggregation via regulating the AMP-activated protein kinase-vinculin/talin-integrin alphaIIbbeta3 sign pathway. Phytomedicine (2019) 61:152859. doi: 10.1016/j.phymed.2019.152859

14. Oh, OJ, Min, HY, and Lee, SK. Inhibition of inducible prostaglandin E2 production and cyclooxygenase-2 expression by curdione from Curcuma zedoaria. Arch Pharm Res (2007) 30:1236–9. doi: 10.1007/BF02980264

15. Song, Z, Wei, D, Chen, Y, Chen, L, Bian, Y, Shen, Y, et al. Association of astragaloside IV-inhibited autophagy and mineralization in vascular smooth muscle cells with lncRNA H19 and DUSP5-mediated ERK signaling. Toxicol Appl Pharmacol (2018) 364:45–54. doi: 10.1016/j.taap.2018.12.002

16. Li, XJ, Liang, L, Shi, HX, Sun, XP, Wang, J, and Zhang, LS. Neuroprotective effects of curdione against focal cerebral ischemia reperfusion injury in rats. Neuropsychiatr Dis Treat (2017) 13:1733–40. doi: 10.2147/NDT.S139362

17. Wu, Z, Zai, W, Chen, W, Han, Y, Jin, X, and Liu, H. Curdione Ameliorated Doxorubicin-Induced Cardiotoxicity Through Suppressing Oxidative Stress and Activating Nrf2/HO-1 Pathway. J Cardiovasc Pharmacol (2019) 74:118–27. doi: 10.1097/FJC.0000000000000692

18. Hashem, S, Nisar, S, Sageena, G, Macha, MA, Yadav, SK, Krishnankutty, R, et al. Therapeutic Effects of Curcumol in Several Diseases; An Overview. Nutr Cancer (2020) 73:1–15. doi: 10.1080/01635581.2020.1749676

19. Li, J, Bian, WH, Wan, J, Zhou, J, Lin, Y, Wang, JR, et al. Curdione inhibits proliferation of MCF-7 cells by inducing apoptosis. Asian Pac J Cancer Prev (2014) 15:9997–10001. doi: 10.7314/apjcp.2014.15.22.9997

20. Elmore, S. Apoptosis: a review of programmed cell death. Toxicol Pathol (2007) 35:495–516. doi: 10.1080/01926230701320337

21. Knight, T, Luedtke, D, Edwards, H, Taub, JW, and Ge, Y. A delicate balance - The BCL-2 family and its role in apoptosis, oncogenesis, and cancer therapeutics. Biochem Pharmacol (2019) 162:250–61. doi: 10.1016/j.bcp.2019.01.015

22. Van Opdenbosch, N, and Lamkanfi, M. Caspases in Cell Death, Inflammation, and Disease. Immunity (2019) 50:1352–64. doi: 10.1016/j.immuni.2019.05.020

23. Vidoni, C, Ferraresi, A, Secomandi, E, Vallino, L, Dhanasekaran, DN, and Isidoro, C. Epigenetic targeting of autophagy for cancer prevention and treatment by natural compounds. Semin Cancer Biol (2020) 66:34–44. doi: 10.1016/j.semcancer.2019.04.006

24. Braicu, C, Zanoaga, O, Zimta, AA, Tigu, AB, Kilpatrick, KL, Bishayee, A, et al. Natural compounds modulate the crosstalk between apoptosis- and autophagy-regulated signaling pathways: Controlling the uncontrolled expansion of tumor cells. Semin Cancer Biol (2020) S1044-579X(20):30111–5. doi: 10.1016/j.semcancer.2020.05.015

25. Singh, SS, Vats, S, Chia, AY, Tan, TZ, Deng, S, Ong, MS, et al. Dual role of autophagy in hallmarks of cancer. Oncogene (2018) 37:1142–58. doi: 10.1038/s41388-017-0046-6

26. Schafer, CC, Wang, Y, Hough, KP, Sawant, A, Grant, SC, Thannickal, VJ, et al. Indoleamine 2,3-dioxygenase regulates anti-tumor immunity in lung cancer by metabolic reprogramming of immune cells in the tumor microenvironment. Oncotarget (2016) 7:75407–24. doi: 10.18632/oncotarget.12249

27. Liu, M, Wang, X, Wang, L, Ma, X, Gong, Z, Zhang, S, et al. Targeting the IDO1 pathway in cancer: from bench to bedside. J Hematol Oncol (2018) 11:100. doi: 10.1186/s13045-018-0644-y

28. Li, F, Zhang, R, Li, S, and Liu, J. IDO1: An important immunotherapy target in cancer treatment. Int Immunopharmacol (2017) 47:70–7. doi: 10.1016/j.intimp.2017.03.024

29. Thaker, AI, Rao, MS, Bishnupuri, KS, Kerr, TA, Foster, L, Marinshaw, JM, et al. IDO1 metabolites activate beta-catenin signaling to promote cancer cell proliferation and colon tumorigenesis in mice. Gastroenterology (2013) 145:416–25 e1-4. doi: 10.1053/j.gastro.2013.05.002

30. Afrin, S, Giampieri, F, Gasparrini, M, Forbes-Hernandez, TY, Cianciosi, D, Reboredo-Rodriguez, P, et al. Dietary phytochemicals in colorectal cancer prevention and treatment: A focus on the molecular mechanisms involved. Biotechnol Adv (2020) 38:107322. doi: 10.1016/j.biotechadv.2018.11.011

31. Ning, L, Ma, H, Jiang, Z, Chen, L, Li, L, Chen, Q, et al. Curcumol Suppresses Breast Cancer Cell Metastasis by Inhibiting MMP-9 Via JNK1/2 and Akt-Dependent NF-kappaB Signaling Pathways. Integr Cancer Ther (2016) 15:216–25. doi: 10.1177/1534735416642865

32. Wong, TF, Takeda, T, Li, B, Tsuiji, K, and Yaegashi, N. Curcumin targets the AKT–mTOR pathway for uterine leiomyosarcoma tumor growth suppression. Int J Clin Oncol (2014) 19:354–63. doi: 10.1007/s10147-013-0563-4

33. Wong, TF, Takeda, T, Li, B, Tsuiji, K, Kitamura, M, Kondo, A, et al. Curcumin disrupts uterine leiomyosarcoma cells through AKT-mTOR pathway inhibition. Gynecologic Oncol (2011) 122:141–48. doi: 10.1016/j.ygyno.2011.03.001

34. Li, QQ, Wang, G, Huang, F, Banda, M, and Reed, E. Antineoplastic effect of beta-elemene on prostate cancer cells and other types of solid tumour cells. J Pharm Pharmacol (2010) 62:1018–27. doi: 10.1111/j.2042-7158.2010.01135.x

35. Min, L, Choy, E, Pollock, RE, Tu, C, Hornicek, F, and Duan, Z. Autophagy as a potential target for sarcoma treatment. Biochim Biophys Acta (2017) 1868:40–50. doi: 10.1016/j.bbcan.2017.02.004

36. Qu, J, Jiang, M, Wang, L, Zhao, D, Qin, K, Wang, Y, et al. Mechanism and potential predictive biomarkers of immune checkpoint inhibitors in NSCLC. BioMed Pharmacother (2020) 127:109996. doi: 10.1016/j.biopha.2020.109996

37. Kolijn, K, Verhoef, EI, Smid, M, Bottcher, R, Jenster, GW, Debets, R, et al. Epithelial-Mesenchymal Transition in Human Prostate Cancer Demonstrates Enhanced Immune Evasion Marked by IDO1 Expression. Cancer Res (2018) 78:4671–79. doi: 10.1158/0008-5472.CAN-17-3752

38. Lindstrom, V, Aittoniemi, J, Jylhava, J, Eklund, C, Hurme, M, Paavonen, T, et al. Indoleamine 2,3-dioxygenase activity and expression in patients with chronic lymphocytic leukemia. Clin Lymphoma Myeloma Leuk (2012) 12:363–5. doi: 10.1016/j.clml.2012.06.001

39. Cheong, JE, and Sun, L. Targeting the IDO1/TDO2-KYN-AhR Pathway for Cancer Immunotherapy - Challenges and Opportunities. Trends Pharmacol Sci (2018) 39:307–25. doi: 10.1016/j.tips.2017.11.007

40. Ricciuti, B, Leonardi, GC, Puccetti, P, Fallarino, F, Bianconi, V, Sahebkar, A, et al. Targeting indoleamine-2,3-dioxygenase in cancer: Scientific rationale and clinical evidence. Pharmacol Ther (2019) 196:105–16. doi: 10.1016/j.pharmthera.2018.12.004

41. Sharma, P, Hu-Lieskovan, S, Wargo, JA, and Ribas, A. Primary, Adaptive, and Acquired Resistance to Cancer Immunotherapy. Cell (2017) 168:707–23. doi: 10.1016/j.cell.2017.01.017



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 © 2021 Wei, Li, Liu, Wang and Qiu. 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.


OEBPS/Images/fonc.2021.637024_cover.jpg
, frontiers
in Oncology

Curdione Induces Antiproliferation
Effect on Human Uterine
Leiomyosarcoma via Targeting IDO1





OEBPS/Images/fonc-11-637024-g001.jpg
SK-UT-1

. i SKUT1
P - o
B L =
2 | 2"
£ o £y
H H
g « g
20f > 2|
o 0 01 1 10 25 50 100 200 400 500 =0 12 24 48 72
Concentration(uM) Time (h)
3 s M-
120, SK-LMS-1 2 SK-LMS-1
g 21 5
123 < 80} .
g g
H 5
] g 4«
H L
d
L 0 01 1 10 25 50 100 200 400 500 ° 2 A 872
Concentration(uM) Thna: (1)
c SK-UT-1 o SK-LMS-1 E
- coH,
£ He
E
csomsasamy | £ 1e50327.3600 °
E El 1 2 Z T 0 T ; 2 3 CH,

LogConcentration LogConcentration curdione





OEBPS/Images/fonc-11-637024-g006.jpg
o) R — R
e
o ———
5 5
i —
i s,
8, fs 8. i B
-g- i
dod R 8 1 R R
ool e
o A PO LA
g Ve st sist 5] - -
LT o e || )
e — |1
I Iy = X
M £ 5

COSKUT1 EERSKLNS

i

Control Curdione NC-siRNA _Curdione
IDO1-SIRNA






OEBPS/Images/fonc-11-637024-g008.jpg
8%
2o
o QaAf® o -
04
Curdione 5
(ioomgia) @@ F ] F 5oz -
00
Control 100 200
Curdione s —" 1
o 3 S o8 ey Curdone (maie)
T 10,= Cusoationora
3 § o] cusmmzomore
H
Control 5 08]
H
\ Sof 1
g o2 o
Curdione B IR
(100mglkg) Time (d)
241 <= Curdione(100mgg)
= Cutregoonsra
. 22|
Curdione g
(200mga) Ex
% 18]
&1
B R T ]
§ Time (d)
Curdione(mg/kg)
Control 100 200
g
2

Kidney






OEBPS/Images/fonc-11-637024-g003.jpg





OEBPS/Images/fonc-11-637024-g004.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Curdione Induces Antiproliferation Effect on Human Uterine Leiomyosarcoma via Targeting IDO1

      

        		

          Objectives

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Material and Methods

        

          		

            Reagents and Materials

          



          		

            Cell Culture

          



          		

            Cell Viability Assay

          



          		

            Immunofluorescence

          



          		

            Flow Cytometry Analysis

          



          		

            Transient Transfection

          



          		

            Western Blotting

          



          		

            Real-Time Quantitative PCR

          



          		

            Mouse Xenograft Tumor Model

          



          		

            Histopathology and Immunohistochemistry

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Curdione Decreased the Viability of uLMS Cells

          



          		

            Curdione Inhibited the Proliferation of uLMS Cells

          



          		

            Curdione Induced G2/M Phase Arrest in uLMS Cells

          



          		

            Curdione Induced Apoptosis in uLMS Cells

          



          		

            Curdione Induced Autophagy in uLMS Cells

          



          		

            IDO1 Mediated the Suppressive Effect of Curdione in uLMS Cells

          



          		

            IDO1 Mediated Apoptosis, Autophagy, and G2/M Phase Arrest Induced by Curdione in uLMS Cells

          



          		

            Curdione Suppressed the Growth of uLMS In Vivo

          



          		

            IDO1 Mediated the Anti-Growth Effect of Curdione in the SK-UT-1 Xenograft Tumor Model

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-11-637024-g007.jpg
Curdons
cpacadostat
ccaps

o [l | - -

e

comp3  comps  comn

Cursions
cpacacostat

Bactint

—=== prae) - s

° 5. i ]
scuns PO g, -
s+ - ¥ T+ - ¥ i
e P |
T e e
s

Cycing1 [ - — | [ ————

G2 [ e e ]

————

GAPOH [ o |

-






OEBPS/Images/fonc-11-637024-g005.jpg
Lol

skt s
e T w
) [ ]| ]
@ E===
v ———]
o [ | | -

;
i
£ &
:






OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-11-637024-g002.jpg
= scun EEscvet
=

L

- Concentration(uM)

scn g s

Ki67 oxpression
° -
4
. 3
he
He

w0
Concentration(uM)






OEBPS/Images/fonc-11-637024-g009.jpg
R T R —
cons [Emmme—] 5 l2iM.  ad A
2 8808 B
e
o [ 5504
¢ 02
rey [———] 0
oo [——

o3 P2 cCaspd  TUNEL

Curdane
1o0mghg

Immunotistochenistry

12, 8 Control s Curdione 100mgkg = Curdione 200mgg

score

onso@d

Ki67  IDO1  LC3 P62 c-Casp.3 TUNEL





