Supplemental Materials
Materials and Methods
Cell culture and reagents
The breast cancer cell line MDA-MB-231 was a kind gift from Peking University Center for Human Disease Genomics (originally purchased from American Type Culture Collection, USA). Breast cancer 4T1 cells and normal MCF10A breast cells were obtained from the Cell Resource Center, Peking Union Medical College (China). MCF-10A cells were cultured in a special culture medium for MCF10A (Procell Life Science & Technology Co. Ltd., China). 4T1 and MDA-MB-231 cells were cultured in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc., China) with 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc., China), 2.00 mM glutamine (Beijing Solarbio Science & Technology Co., Ltd., China), 100.00 U/mL penicillin (Beijing Solarbio Science & Technology Co., Ltd., China), and 100.00 g/mL streptomycin (Beijing Solarbio Science & Technology Co., Ltd., China). Cells were maintained in an incubator (37C, 5% CO2).
SCL extraction and ESC preparation
Stellera chamaejasme L. roots were harvested in the Sichuan province of China and authenticated by researchers. Stellera chamaejasme L. (1006.54 g) was soaked in ethanol and then extracted three times under reflux (70C, each 7.50 L, 3 h). The liquids were combined and concentrated into an extract on a rotary vacuum evaporator (RE 2000, Shanghai Hongxuan Instrument Co., Ltd., China), with a yield of 11.20%. The extract (110.80 g) was further purified using HPD-100 macroporous absorbent column chromatography and polyamide resin elution with an ethanol solvent system (40–100%). Furthermore, the fractions (ESC, 35.00 g) were dried to a constant weight in vacuo and crushed into a powder.
Subcutaneous xenograft tumor model
[bookmark: OLE_LINK1]A total of 21 female BALB/c mice (20 g) aged 6–8 weeks were purchased from Beijing Vital River Laboratory Animal Technology Co., Ltd. (Beijing, China). The animals were bred in a specific pathogen-free (SPF) facility at the Institute of Chinese Materia Medica, Chinese Academy of Traditional Chinese Medicine. After 1 week of adaptive feeding, mice were divided into three groups (negative control, 0.10 mg/kg ESC, and 1.00 mg/kg ESC) according to weight. All mice were inoculated with 4T1 cells on the right armpit (1  104/100 L). The sizes of subcutaneous tumors and the body weights of mice were recorded once per week. After 5 weeks of tumor formation, mice were sacrificed by exsanguination, and tumors were removed and weighed. The data were statistically analyzed and plotted using SPSS Statistics v.21.0 (IBM SPSS Statistics Version 21.0, IBM Corp.) and GraphPad Prism 7 (GraphPad Software, San Diego, CA, USA).
[bookmark: _Hlk104077863]Mammary fat pad xenograft model
A total of 30 female BALB/c mice (20 g) aged 6–8 weeks were purchased from Beijing Vital River Laboratory Animal Technology Co., Ltd. (Beijing, China). The animals were bred in an SPF facility at the Institute of Chinese Materia Medica, Chinese Academy of Traditional Chinese Medicine. Luciferase-expressing 4T1 cells were resuspended in sterile phosphate-buffered saline (1  106/100 L) and implanted subcutaneously under the 4th breast fat pad of all female BALB/c mice. After tumor formation (7th day), all mice were randomized into three groups (negative control, 0.10 mg/kg ESC, and 1.00 mg/kg ESC) and administered saline, 0.10 mg/kg, or 1.00 mg/kg ESC via intraperitoneal injection daily. Primary tumors and metastatic foci were dynamically quantified weekly using the IVIS Spectrum system (Caliper Life Sciences, USA). Before detection, 200 L of D-luciferin potassium salt (15.00 mg/mL, Dalian Meilun Biotech Co., Ltd., China) were injected subcutaneously into each mouse. Ten minutes later, the mice were anesthetized using isoflurane and imaged. The concentration of isoflurane was 3% for induction and 1.5% for maintenance. Bioluminescence signals were quantified using Living Image software (Caliper Life Sciences, USA). On the 42nd day, mice were anesthetized by intraperitoneal injection of pentobarbital (40 mg/kg), anesthesia was maintained using 1.5% isoflurane, and primary tumors were surgically removed. During the postoperative period (3–5 days after surgery), mice were given gentamicin in their water, and the surgical wound was locally sterilized to prevent infection. Then, mice continued to receive medications (saline, 0.10 mg/kg, or 1.00 mg/kg ESC) as described before. At 21 days after the operation, mice were sacrificed by exsanguination, and their lungs were harvested. The data were statistically analyzed and plotted using SPSS Statistics v.21.0 and GraphPad Prism 7.
MTT assay
4T1 cells, MDA cells, and MCF 10A cells were seeded into 96-well plates (4000 cells/well). MCF 10A cells were cultured in complete medium and treated with different doses of ESC (0.00 g/mL, 1.56 g/mL, 3.62 g/mL, 6.25 g/mL, 12.50 g/mL, and 25.00 g/mL). 4T1 and MDA-MB-231 cells were cultured in RPMI 1640 and treated with different doses of ESC (0.00 g/mL, 1.56 g/mL, 3.62 g/mL, 6.25 g/mL, 12.50 g/mL, and 25.00 g/mL). After 24 h, 10 L MTT (Beijing Solarbio Science & Technology Co., Ltd., China) per well was added, followed by further incubation at 37C for 2 h, and dimethyl sulfoxide (100 L/well, Beijing Solarbio Science & Technology Co., Ltd., China) was used to dissolve the formazan crystals. Staining intensities were determined using a microplate reader (SpectraMax Plus 384, Molecular Devices, USA) at 570 nm. Each cellular experimental group was repeated five times. The data were statistically analyzed and plotted using SPSS Statistics v.21.0 and GraphPad Prism 7.
Cell morphology
4T1 and MDA-MB-231 cells were treated with or without ESC (1.00 g/mL). After 24 h, the cell morphology was examined under a light microscope (Nikon ECLIPSE Ts2, Japan). Five fields of view were randomly selected for each group at 200 magnification.
Transwell migration assay and Matrigel invasion assay
4T1 cells and MDA-MB-231 cells were serum-starved for 24 h in the presence or absence of ESC (1.00 g/mL) and then inoculated into Transwell chambers (24-well, 8-m pore size; BD Falcon, USA) at a cell density of 1  105. Uncoated Transwell chambers were used for the migration assay. Transwell chambers precoated with basement membrane matrix (Matrigel; BD Falcon, USA) were used for the invasion assay. Serum-free medium was added to the upper chamber, and 10% fetal bovine serum was added to the lower chamber. According to the different groups, 1.00 g/mL ESC was either added or not to the cell culture system. After being cultured for 24 h, the cells of the top surface of the upper chamber were removed with a cotton swab, and cells on the lower surface of the membrane were fixed with 4% paraformaldehyde for 10 min. After staining with 0.1% crystal violet, five visual fields were randomly selected and counted under an optical microscope (magnification, 200). The number of migration/invasion cells was measured using ImageJ software. The data were statistically analyzed and plotted using SPSS Statistics v.21.0 and GraphPad Prism 7.
Semi-quantitative reverse transcription-polymerase chain reaction (PCR) assay
[bookmark: TBK1]4T1 cells and MDA-MB-231 cells were seeded into 6-well plates (105 cells/well) with or without ESC (0.25 g/mL, 1.00 g/mL, or 4.00 g/mL) for an additional 24 h. Total mRNA was extracted using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc., USA) following the manufacturer’s instructions. Then, using the RevertAid First Strand cDNA Synthesis Kit (Fermentas; Thermo Fisher Scientific, Inc., USA), total mRNA was further reverse-transcribed to obtain cDNA: 45C for 1 h followed by 70C for 5 min to inactivate the reverse transcriptase. After PCR amplification, the PCR products were separated on 1.5% agarose gels in 1 Tris Acetate-EDTA buffer (Beijing Solarbio Science & Technology Co., Ltd., China) at 160 V for 20 min. PCR amplicons were visualized on the gel image analyzing system (ChampGel 5000; Saizhi Innovation Technology Co. Ltd., Beijing, China). The primer sequences and size of products were shown in Supplementary Table 1. The images of the PCR amplicons were measured using ImageJ software. The data were statistically analyzed and plotted using SPSS Statistics v.21.0 and GraphPad Prism 7.
Cell aspect ratio
4T1 and MDA-MB-231 cells were treated with TGF-1 (10.00 ng/mL, PeproTech, China) or TGF-1 (10.00 ng/mL)  ESC (1.00 g/mL). After 24 h, the cell morphology was examined under a light microscope (Nikon ECLIPSE Ts2, Japan). Five fields of view were randomly selected for each group at 200 magnification, and 20 cells were randomly selected for each field of view. The cell aspect ratio (largest radius/smallest radius) was calculated. The data were statistically analyzed and plotted using SPSS Statistics v.21.0 and GraphPad Prism 7.
Western blot analysis and antibodies
4T1 cells were seeded into 6-well plates (105 cells/well), and treated with TGF-1 (10.00 ng/mL) or TGF-1 (10.00 ng/mL)  ESC (0.25 g/mL, 1.00 g/mL, or 4.00 g/mL) for an additional 36 h. The protein concentration was quantified using a BCA Protein Assay Kit (Beijing ComWin Biotech Co., Ltd., China). Next, 10% Sodium dodecyl sulfate (SDS)-Polyacrylamide gel electrophoresis (PAGE) was used to separate equal amounts of protein from different samples, and the gel was electroblotted onto polyvinylidene fluoride (PVDF) membranes (Millipore Sigma, USA). The membranes were blocked with 5% bovine serum albumin (Beijing Solarbio Science & Technology Co., Ltd., China) and incubated. Next, the membrane was incubated with the primary antibodies. After washing with Tris buffered saline with Tween-20 (TBST) (0.05% Tween-20, Beijing Solarbio Science & Technology Co., Ltd., China), the membranes were incubated with a secondary antibody conjugated with horseradish peroxidase (rabbit, 1:2000, ZB-5301; mouse, 1:2000, ZB-5301; Zhongshan Golden Bridge Biotechnology, China). Chemiluminescence detection reagents (Thermo Fisher Scientific, Inc., China) were used to visualize the bands.
Anti-beta-actin (ACTB, mouse, 1:5000, HRP-66009) expression was used as the internal control. Anti-P38 (rabbit, 1:1000), anti-phosphorylated (p-)P38 (rabbit, 1:1000), anti-VIM (rabbit, 1:2000), and anti-CDH1 (rabbit, 1:2000) antibodies were purchased from Cell Signaling Technology, Inc. (China). Anti-FAK (rabbit, 1:800) and anti-p-FAK (rabbit, 1:800) antibodies were purchased from Santa Cruz Biotechnology, Inc. (USA). Anti-ACTB was purchased from ProteinTech Group, Inc. (China). The blot images were measured using ImageJ software. The data were statistically analyzed and plotted using SPSS Statistics v.21.0 and GraphPad Prism 7.
Statistical analysis
The results were statistically analyzed using SPSS Statistics v.21.0 and expressed as the arithmetic mean  standard deviation. Data were analyzed with unpaired Student’s t-test or one-way analysis of variance (ANOVA) followed by Fisher’s Least-SignificantDifference (LSD) post hoc comparisons, where appropriate. P  0.05 was considered to indicate statistically significant differences.



Supplementary Figure 1: Effects of low-dose ESC (0.10 mg/kg or 1.00 mg/kg) in a subcutaneous xenograft tumor mouse model. (A) Body weight changes in tumor-bearing mice. (B) Weight of primary tumors in tumor-bearing mice. (C) Approximate volumes of primary tumors in tumor-bearing mice. (D) Image of the excised subcutaneous tumors. *P  0.05. 0.1 mg/kg or 1 mg/kg ESC, mice were treated with 0.10 mg/kg or 1.00 mg/kg ESC. NC: Negative control group; ns: Not significant.


[bookmark: _Hlk104076592]Supplementary Figure 2: Low-dose ESC suppressed the motility of tumor cells. (A) The proliferation of MCF 10A cells after treatment with gradient concentrations of ESC (0.00–25.00 g/mL) was measured using MTT assays. (B) The proliferation of 4T1 cells after treatment with gradient concentrations of ESC (0.00–25.00 g/mL) was measured using MTT assays. (C) Proliferation of MDA-MB-231 cells after treatment with gradient concentrations of ESC (0.00–25.00 g/mL) was measured using MTT assays. (D) ESC at a dose of 1.00 g/mL altered the morphology of 4T1 cells. (E) ESC at a dose of 1.00 g/mL altered the morphology of MDA-MB-231 cells. (F) ESC at a dose of 1.00 g/mL suppressed the migration of 4T1 cells in Transwell assays. (G) Matrigel invasion assay was used to detect the effect of 1.00 g/mL ESC on the invasiveness of 4T1 cells. (H) ESC at a 1.00 g/mL dose suppressed the migration of MDA-MB-231 cells in Transwell assays. (I) Matrigel invasion assay was used to detect the effect of 1.00 g/mL ESC on the invasiveness of MDA-MB-231 cells. ***P  0.001; ****P  0.0001. 1 g/mL ESC, 4T1/MDA-MB-231 cells were treated with 1.00g/mL ESC. *P  0.05; **P  0.01; ***P  0.001; ****P  0.0001. NC: Negative control group; ns: Not significant.


Supplementary Figure 3: Low-dose ESC inhibited the EMT of tumor cells. (A) 4T1 cells were treated with ESC (0.25 g/mL, 1.00 g/mL, or 4.00 g/mL) for 24 h and then analyzed for CDH1, VIM, and Snail1 expression by reverse transcription PCR. (B) MDA-MB-231 cells were treated with ESC (0.25 g/mL, 1.00 g/mL, or 4.00 g/mL) for 24 h and then analyzed for CDH1, VIM, and Snail1 expression by reverse transcription PCR. (C) ESC at a 1.00 g/mL dose reversed the TGF-1-induced fibroblast-like morphological changes in MDA-MB-231 cells. *P  0.05; **P  0.01; ***P  0.001; ****P  0.0001. 0.25/1/4 g/mL ESC, 4T1/MDA-MB-231 cells were treated with 0.25 g/mL, 1.00 g/mL, or 4.00 g/mL ESC. EMT: Epithelial–mesenchymal transition; NC: Negative control group.


Supplementary Figure 4: Low-dose ESC inhibited FAK signaling. (A) ESC at a 1.00 g/mL dose reversed the TGF-1-induced fibroblast-like morphological changes in 4T1 cells. (B) 4T1 cells were treated with ESC (0.25 g/mL, 1.00 g/mL, or 4.00 g/mL) or TGF-1 (10.00 ng/mL) for 36 h. Cells were then analyzed for FAK, p-FAK, CDH1, vimentin, and p-P38 expression by western blotting. *P  0.05; **P  0.01; ***P  0.001; ****P  0.0001. M: Model group, 4T1 cells were treated with TGF-1; 0.25/1/4 g/mL ESC, 4T1 cells were treated with TGF-1  0.25 g/mL, 1.00 g/mL, or 4.00 g/mL ESC. FAK: Focal adhesion kinase; NC: Negative control group; ns: Not significant.


Supplementary Table 1: Primer sequences of PCR products for each gene analyzed.
	Gene
	Species
	Forward (5–3)
	Reverse (5–3)
	Length (bp)

	CDH1
	Mouse
	GGAACCCACAGCCTCATA
	CCACCTCCTTCTTCATCATAG
	469

	VIM
	Mouse
	CGGCTGCGAGAGAAATTGC
	CCACTTTCCGTTCAAGGTCAAG
	124

	Snail-1
	Mouse
	CCG ATG AGG ACA GTG GCA
	CAGTGGGAGCAGGAGAATGG
	364

	CDH1
	Homo sapiens
	TGAAGGTGACAGGCCTCTGGAT
	TGGGTGAATTCGGGCTTGTT
	150

	VIM
	Homo sapiens
	CCTTGAACGCAAAGTGGA ATC
	GACATGCTGTTCCTGAATCTGAG
	106

	Snail-1
	Homo sapiens
	CGA GTG GTT CTT CTG CGC TA
	CTGCTGGAAGGTAAACTCTGGA
	157

	GAPDH
	Mouse; Homo sapiens
	CAAGGTCATCCATGACAACTTTG
	GTCCACCACCCTGTTGCTGTAG
	496


CDH1: E-cadherin; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; PCR: Polymerase chain reaction; Vim: Vimentin.
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