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Purpose: Erianin is a small chemical compound extracted from Dendrobium chrysotoxum 
and has excellent antineoplastic effects against a variety of cancers. Combretastatin A-4 
(CA4) is the most effective member of natural phenolic stilbene compounds isolated from the 
African willow tree Combretum caffrum. Ecust004 (Chemical Formula: C18H21NO7S) is 
a drug candidate optimized from structure–activity relationship studies of the sulfamate 
derivatives of Erianin and CA4, which has better bioavailability and pharmacokinetic profiles 
than Erianin and CA4.
Methods: To investigate the antitumor activity of Ecust004 in different types of breast 
cancer cells, MDA-MB-231 and MCF7 cells were treated with Ecust004. MTT and CCK8 
were used to determine the effects of Ecust004 on cell proliferation. Wound-healing and 
Transwell assays were used to evaluate the migration and invasion level of cells treated with 
Ecust004. The expression of genes and proteins associated with epithelial–mesenchymal 
transition was detected by RT-PCR and Western blotting. In vivo studies further clarified the 
functional effects of Ecust004.
Results: Ecust004 treatment decreased the growth and proliferation of MDA-MB-231 and 
MCF7 cells at a lower dosage than Erianin. In addition, compared to Erianin and CA4, 
Ecust004 can better inhibit the invasion and migration of MDA-MB-231 and MCF7 cells. 
Accordingly, the expression of genes associated with epithelial–mesenchymal transition, 
such as E-cadherin and vinculin, was increased. Finally, compared with Erianin and CA4, 
Ecust004 exhibited a better anti-tumor activity in vivo.
Conclusion: Ecust004 inhibits the proliferation, invasion, and migration of breast cancer 
cells, and therefore represents a potential agent for development as an antitumor drug.
Keywords: Ecust004, Erianin, breast cancer, EMT

Introduction
Breast cancer is the most frequently diagnosed cancer in women.1 Surgery, che-
motherapy, hormone therapy and radiation therapy are commonly used to treat 
breast cancer patients.2 However, these therapies are not effective for treating 
metastasis of breast cancer, which is the main cause of cancer-related mortality. 
Epithelial-mesenchymal transition (EMT) plays an essential role in the promotion 
of breast cancer metastasis. EMT is characterized with downregulation of the 
expression level of epithelial cell marker genes, including epithelial-cadherin 
(CDH1), and upregulation of the expression level of mesenchymal cell marker 
genes, including neuronal-cadherin (CDH2) and vimentin (VIM), which are regu-
lated by multiple transcription factors such as zinc finger E-box-binding homeobox 
1, 2 (ZEB1, ZEB2) and snail family transcriptional repressor 2 (SLUG).3–6 Correspondence: Xin Hu; Fanhong Wu  
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Furthermore, E-cadherin serves as an invasion suppressor 
that suppresses metastasis, and N-cadherin has been asso-
ciated with the increased invasiveness of breast cancer 
cells.7,8 The upregulation of EMT markers CDH2, Vim, 
SLUG, ZEB1 and ZEB2 is related to poor prognosis in 
breast cancer patients.9,10

Erianin is a small chemical compound extracted from 
the Chinese medicine Dendrobium chrysotoxum.11 Erianin 
demonstrates therapeutic potentials on various types of 
tumors. Erianin results in extensive tumor necrosis and 
inhibition of angiogenesis in hepatoma and melanoma 
cells.12 Furthermore, Erianin treatment inhibits the migra-
tion of T47D cells by regulating the steady-state expres-
sion of MPP and TIMP.13 In HL-60 cells, Erianin 
demonstrates potent inhibitory activity on cell prolifera-
tion, which is induced by apoptosis caused by the altered 
expression of Bax and Bcl-2 genes.14 In human osteosar-
coma, Erianin induces autophagy, apoptosis, and cell cycle 
arrest through the ROS/JNK signaling pathway.15

Combretastins are natural phenolic stilbene compounds 
isolated from the bark of the African bush willow tree 
Combretum caffrum (Combretaceae).16 Combretastatin 
A-4 (CA4) is the most effective compound of these natural 
stilbenes.17 By inhibiting tubulin polymerization, CA4 
increases vascular permeability and disrupts tumor blood 
flow.18

Ecust004 is a drug candidate optimized from the struc-
ture-activity relationship studies of sulfamate derivatives 
of Erianin and CA4. It is a potent dual inhibitor on both 
tubulin and steroid sulfatase and shows strong antiproli-
ferative activity on tumor cells at low nanomolar concen-
tration. The sulfamate modification improves the 
bioavailability and pharmacokinetic profiles of the parent 
natural compounds.19–21 In this study, we evaluated the 
tumor inhibitory effects of Ecust004 on breast cancer cells 
and explored the molecular mechanisms underlying such 
effects.

Materials and Methods
Chemicals
Ecust004, Erianin, and CA4 were synthesized by Prof. 
Fanhong Wu (Shanghai Institute of Technology, 
Shanghai).

Cell Culture
MDA-MB-231 and MCF7 cells were kindly provided by 
the Cell Bank, Chinese Academy of Sciences. MDA- 

MB-231 and MCF7 cells were maintained using 
Dulbecco’s modified Eagle’s medium (DMEM) with 
10% fetal bovine serum and 100 IU/mL penicillin- 
streptomycin supplied by Solarbio. The MDA-MB-231 
and MCF7 cell lines were cultured at 37 °C and 5% 
carbon dioxide.

MTT Assays
For the MTT assays, cells with different concentrations of 
Ecust004, Erianin, and CA4 were cultured in 96-well 
plates at 5000 cells per well for 48 hours. MTT (BestBio 
BB-4201-500T) solution was used to measure MDA-MB 
-231 and MCF7 cell proliferation. A volume of 10 μL of 
5 mg/mL MTT solution was added to 96-well plates, 
which was then cultured at 37 °C in a 5% CO2 atmosphere 
for 4 hours. The culture medium was removed after the 
treatment, and 150 μL dissolving solution was added as 
provided by the kit (BestBio). A microplate reader (HBS- 
1096; Detie) was used to measure the absorbance at 490 
nm. The conditions were repeated three times for each test.

CCK8 Assays
For the CCK8 assay, cells with different concentrations of 
Ecust004, Erianin, and CA4 were cultured in 96-well 
plates at 5000 cells per well for 72 hours. CCK8 (Bioss 
BA00208) solution were used to measure MDA-MB-231 
and MCF7 cells proliferation. A volume of 10 μL of CCK8 
solution was added to 96-well plates, which was then 
cultured at 37°C at 5% CO2 atmosphere for 4 hours. 
A microplate reader (HBS-1096; Detie) was used to mea-
sure the absorbance at 450 nm. The conditions were 
repeated three times for each test.

Immunofluorescence Staining
MDA-MB-231 and MCF7 cells were seeded on slides 
and treated with Ecust004, Erianin, and CA4 for 24 
hours. Cells were incubated in 4% formaldehyde at 
room for 15 min and 0.1% Triton X-100 in PBS was 
added into the fixed cells for 20 min. Next, 100 µL of 
Phalloidin conjugate working solution (Abcam, 
ab176756; 1:1000) was added to each well of fixed 
cells. Cells were incubated at room temperature for 90 
minutes. DAPI was used to stain DNA. The cytoskele-
ton (red) and DAPI (blue) were examined by fluores-
cence microscopy (Olympus IX51).
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Wound-Healing Assays
For the wound-healing assay, MDA-MB-231 and MCF7 
cells were cultured in 6-well plates at 6×105 cells per well 
upon reaching confluence. The cells were starved for 6 
hours and 200 μL sterile pipette tips were used to make 
scratches. Scratches were observed and photographed 
under fluorescence microscope (Olympus IX51) at 0 h, 
24 h, and 48 h after scratching. Three images of each 
group were used to calculate the areas of scratch with 
Image J. The conditions were repeated three times for 
each test.

Transwell Assay
For the Transwell assay, MDA-MB-231 and MCF7 cells 
were starved for 6 hours. Matrigel (Corning 356234) 
was diluted in serum-free medium (1:3). The mem-
branes of Transwell chambers (Corning 3422) were 
coated with 40 μL diluted Matrigel at 37 °C for 
1 hour and then 5×104 MDA-MB-231 and MCF7 cells 
were plated with serum-free medium. Inserts were 
placed in DMEM medium containing 20% serum. 
After 48 hours, the cells on the upper layer of the 
chambers were removed. The cells that invaded on the 
lower layer of the chambers were fixed and stained with 
paraformaldehyde and Giemsa’s stain (Solarbio G1010). 
Five Photos were taken of each group and the numbers 
of stained cells were counted.

Cell Cycle Assay
For the cell cycle assay, MCF7 cells were treated with 
Ecust004, Erianin, and CA4 for 48 hours. A total of 5×106 

MCF7 cells were collected and stained with cell cycle 
detection kit (BestBio, BB-4104-3) at 4°C for 1 hour. 
The stained cells were detected by flow cytometry (BD 
FACSCalibur™ Cell Analyzer).

Apoptosis Assay
For the apoptosis assay, MCF7 cells were treated by 
Ecust004, Erianin, and CA4 for 48 hours. Next, 1×106 

MCF7 cells were collected and stained with Annexin 
V-FITC apoptosis detection kit (BestBio, BB-4101-3). 
The stained cells were detected by flow cytometry (BD 
FACSCalibur™ Cell Analyzer).

Quantitative RT-PCR
For quantitative RT-PCR analysis, MDA-MB-231 and 
MCF7 cells were treated by Ecust004 for 48 hours. 
Total RNA was extracted with TaKaRa RNAiso Plus 
Reagent (TaKaRa, 9109), and cDNA was generated 
with TaKaRa PrimeScript™RT reagent kit and gDNA 
eraser (TaKaRa, RR047A). The expressions of CDH1, 
CDH2, ZEB1, ZEB2, VIM, CLDN3, and β-actin were 
analyzed by real-time PCR with the 2×EasyTaq® PCR 
SuperMix (-dye) (AS111-01). Data were normalized 
against β-actin. mRNA expression levels were analyzed 
by paired t-test and results were represented as mean ± 
SEM, with p<0.05 as statistically significant difference. 
The sequences of real-time PCR primers are listed in 
Table 1.

Western Blotting Assay
For Western blotting assays, MDA-MB-231 and MCF7 
cells were treated with Ecust004 for 48 hours. Cells were 
lysed in pre-cooled RIPA and the whole protein lysate was 
collected. The BCA Protein Assay Kit (Solarbio PC0020) 
was applied to determine the protein concentration. A total 
of 10 μg protein of each group was separated on 10% 
Polyacrylamide gels under 140 V and transferred to 
PVDF blotting membrane. Next, 5% skim milk was used 
as a blocking agent and to dilute primary antibodies 
(E-cadherin: CST 14472S, 1:1000; α-catenin: Abcam 
ab51032, 1:1000; Slug: CST 9585S, 1:1000; vinculin 

Table 1 Quantitative RT-PCR Primer Sequences (All Sequences from 5′ to 3′)

RT-PCR Primers Forward Reverse

ZEB1 GATGACCTGCCAACAGACCA GCCCTTCCTTTCCTGTGTCA

ZEB2 CCTCTGTAGATGGTCCAGTGAA GTCACTGCGCTGAAGGTACT

CDH1 CAGTGAACAACGATGGCATT CTGGGCAGTGTAGGATGTGA
CDH2 CAATCCTCCAGAGTTTACTGCCATG GATTGGTTTGACCACGGTGACTAAC

VIM ATTGAGATTGCCACCTACAG ATCCAGATTAGTTTCCCTCAG

CLDN3 GACCAACCTGCATGGACTGT CGACGGGGTGGTCAAGTATT
β-actin ACCAACTGGGACGACATGGA GGTCTCAAACATGATCTGGGTCAT
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[VCL]: Abcam ab18058, 1:1000; GAPDH: Bioworld 
AP0063, 1:5000), which was used to probe membranes 
overnight at 4°C. All the primary antibodies were detected 
with HRP-conjugated goat anti mouse or goat anti rabbit 
antibodies and developed using Chemiluminescent 
Analysis System (Tanon-5200 Tanon Science & 
Technology).

In vivo Assays
Five-week old female BALB/c nude mice (Beijing 
Vital River Laboratory Animal Technology Co. Ltd, 
China) were injected with 1.0⨰107 MCF7 cells sus-
pended in 100 µL PBS per mouse into the flank. 
When the tumor size reached about 100 mm3, all 
mice were divided into four groups (n=5) and 
treated with placebo, 50 mg/kg Ecust004, 50 mg/kg 
Erianin, or 50 mg/kg CA4. All mice received an intra-
peritoneal injection every other day for a total of seven 
injections. Animals were weighed and the tumor size 
was measured at the indicated times and calculated as 
follows: length (mm) × (width (mm))2 /2. All animal- 
related procedures were approved by the Animal 
Care and Use Committee of the Changchun Veishi 
Testing Technology Service (approval number: 
20210528–01) and performed following the National 
Standard (GB/T 35892–2018) for Laboratory Animals 
Care and Use.

Results
Ecust004 Inhibited the Growth of Breast 
Cancer Cells
The chemical structure of Ecust004 is shown in 
Figure 1A. To study the effects of Ecust004, Erianin 
and CA4 on the proliferation, the viability of MDA-MB 
-231 and MCF7 cells was evaluated by CCK8 assays. 
Ecust004, Erianin, and CA4 inhibited the proliferation 
of MDA-MB-231 and MCF7 cells in a dosage- 
dependent manner. Ecust004 caused a significant 
decrease in the viability of MCF7 and MDA-MB-231 
cells at even 20 nM (Figure 1B and E), while Erianin 
and CA4 started to decrease the viability of MCF7 and 
MDA-MB-231 cells at 40 nM (Figure 1C, D, F and G), 
demonstrating that Ecust004 had a better inhibitory 
effect on cell proliferation than Erianin and CA4 at 
low doses. In addition, the viability of MDA-MB-231 
and MCF7 cells treated with Ecust004, Erianin, and 
CA4 was detected by the MTT assay, which showed 

that Ecust004 was more effective on the inhibition of 
cell growth at a lower dosage (ie, 20 nM) than Erianin 
and CA4. (Figure S1). Higher concentrations of 
Ecust004 and Erianin were also used to treat MCF7 
and MDA-MB-231 cells (Figure S2), and the result 
showed that higher concentrations of the drug did not 
lead to better inhibition.

Ecust004 Suppressed the Migration of 
Breast Cancer Cells
We first observed the morphology of breast cancer cells 
treated with Ecust004, Erianin and CA4. Phalloidin- 
iFluor 555 staining was used to observe the cytoskeleton 
more clearly. While untreated and 20 nM Erianin treated 
MCF7 cells demonstrated many mesenchymal features, 
MCF7 cells treated with Ecust004 showed some distinct 
epithelial cell morphology, such as a spherical-shaped 
appearance, indicating that Ecust004 altered the mobility 
of the treated cells (Figure 2A). Consistently, while 
untreated and 20 nM Erianin treated MDA-MB-231 
cells showed mesenchymal features, Ecust004 treatment 
suppressed these mesenchymal features (Figure 2B). 
Since Ecust004 changed the morphology of the breast 
cancer cells, we next investigated whether Ecust004 
could affect MDA-MB-231 and MCF7 cell migration 
using wound healing assays. The migration of MCF7 
cells (Figure 2C and D) and MDA-MB-231 cells 
(Figure 2E and F) treated with Ecust004, Erianin, and 
CA4 were suppressed compared with the negative con-
trol cells, and Ecust004 showed better inhibition of 
migration.

Ecust004 Suppressed the Invasion of 
Breast Cancer Cells
To investigate whether Ecust004 affected breast cancer 
cell invasion, MDA-MB-231 and MCF7 cells were 
treated with Ecust004, Erianin, and CA4 and tested 
using Transwell assays. Treatment with Ecust004, 
Erianin, and CA4 at 20 and 40 nM reduced the inva-
sion of MCF7 cells (Figure 3A and B). Similarly, 
treatment with Ecust004, Erianin, and CA4 at 20 and 
40 nM also suppressed the invasion of MDA-MB-231 
cells (Figure 3C and D). Overall, in both types of 
breast cancer cells, Ecust004 had the strongest 
effect on inhibiting invasion compared with Erianin 
and CA4.
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Figure 1 Ecust004 decreases the viability of MDA-MB-231 and MCF7 cells. (A) Chemical structure of Ecust004. Cell viability was determined using CCK8 assay after 
72 h treatment with Ecust004 (B), Erianin (C) and CA4 (D) in MCF7 cells, and Ecust004 (E), Erianin (F) and CA4 (G) in MDA-MB-231 cells. The viability of untreated cells 
was set as 100%. Data were compared using paired t-test and presented as mean ± SEM, ***Indicates p < 0.001 (n=3).
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Figure 2 Ecust004 inhibits the migration of MDA-MB-231 and MCF7 cells. Representative images of the morphology of MCF7 (A) and MDA-MB-231 (B) cells treated with 
20 and 40 nM Ecust004, Erianin and CA4. Immunostaining showing the Phalloidin (red) labeled cytoskeleton. Scale bars represent 100 μm. Representative images of the 
MCF7 (C) and MDA-MB-231 (E) cells treated with 0, 20 and 40 nM Ecust004, Erianin and CA4 in wound-healing assay. Scale bars represent 100 μm. The relative migration 
level of MCF7 (D) and MDA-MB-231 (F) were quantified from (C and E). Data were compared using paired t-test and presented as mean ± SEM, *Indicates p < 0.05, 
**Indicates p < 0.01, ***Indicates p < 0.001 (n=9).
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Figure 3 Ecust004 inhibits the invasion of MDA-MB-231 and MCF7cells. Representative images of the MCF7 (A) and MDA-MB-231 (C) cells treated with 0, 20, and 40 nM 
Ecust004, Erianin, and CA4 in Transwell assays. Scale bars represent 20 μm. The relative invasion level of MCF7 (B) and MDA-MB-231 (D) quantified in (A and C). Data 
were compared using paired t-test and presented as mean ± SEM, ***Indicates p < 0.001 (n=5).
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Ecust004 Induced Cell Cycle Arrest and 
Apoptosis of Breast Cancer Cells
We also assayed the cell cycle and apoptosis of breast 
cancer cells treated with Ecust004, Erianin and CA4. 
The results showed that all three compounds 
increased the proportion of cells at the G2/M phase 
(Figure S3A and B) and many cells treated with 
Ecust004, Erianin, and CA4 underwent apoptosis 
(Figure S3C and D).

Ecust004 Treatment Influenced the 
Expression of EMT Marker Genes
To investigate the mechanisms underlying the inhibitory 
effects of Ecust004 on the invasion and migration of 
MDA-MB-231 and MCF7 cells, the expression of genes 
involved in EMT and cell adhesions were examined in 
MDA-MB-231 and MCF7 cells. RT-PCR results showed 
that Ecust004 treatment increased the transcription of 
CDH1 in MCF7 and decreased the transcription of 
CDH2, ZEB1, ZEB2, VIM, and CLDN3 in both MDA- 
MB-231 and MCF7 cells. Since these genes were 
involved in the inhibition of EMT and promotion of 
cell adhesion, our results indicated that the inhibition 
on migration and invasion of Ecust004 was caused by 
the altered expression of genes that regulated EMT and 
cell adhesion (Figure 4A and B). Furthermore, the 
expression of these genes was examined by Western 
blotting. The expression of E-cadherin, VCL and α- 
catenin was increased in MCF7 and MDA-MB-231 
cells treated with Ecust004 (Figure 4C–F). The expres-
sion of SLUG, a transcription factor that promotes EMT 
process by inhibiting the expression of epithelial mar-
kers was decreased in both MCF7 and MDA-MB-231 
cells treated with Ecust004 (Figure 4C–F). These results 
suggested that the inhibitory effect of Ecust004 on 
migration and invasion was caused by the decreased 
expression of SLUG.

Ecust004 Inhibited Tumor Growth in vivo
To investigate the effects of Ecust004 on tumors in vivo, 
we generated a xenograft tumor model using MCF7 
cells and immune-compromised mice. MCF7 cells 
were injected subcutaneously into the mice to form 
tumors, and after 7 times of treatments with placebo, 
Ecust004, Erianin, or CA4, the tumor sizes and weight 
were analyzed from the treated mice. The tumor size 
and weight of the Ecust004 treated mice were 

significantly lower than the tumor size and weight of 
other three groups, which demonstrated that Ecust004 
had much stronger inhibitory effects on the growth of 
tumors in vivo than the other chemicals (Figure 5A–C). 
In addition, the weights of the Ecust004 treated mice 
showed no significant changes with other mice, indicat-
ing that the treatment of Ecust004 did not affect the 
growth of mice (Figure 5D).

Discussion
Our previous study showed that Erianin inhibited the 
proliferation of tumor cells.13 However, due to its poor 
water solubility and low bioavailability, Erianin pre-
sents certain limitations as an anti-cancer treatment. 
The sulfamate modification is a well-established 
method to improve the bioavailability and pharmacoki-
netic profiles of chemical compounds,19–22 and 
Ecust004, the sulfamate modification of Erianin and 
CA4 presented improved bioavailability and pharmaco-
kinetic profiles.

Our results indicated that the treatment of Ecust004 
could inhibit the proliferation of tumor cells in vitro 
and in vivo. More importantly, Ecust004 could inhibit 
the cell viability, invasion, and migration of MDA-MB 
-231 and MCF7 cells at low dosages. Further research 
is needed to clarify the mechanisms involved in 
Ecust004 treatment inhibition of the growth and metas-
tasis of breast cancer cells at lower dosage than 
Erianin.

The invasion and migration of MDA-MB-231 and 
MCF7 cells were significantly inhibited by the treatment 
of Ecust004. E-cadherin plays an important role as an 
invasion suppressor, suggesting that it should suppress 
metastasis.23 α-Catenin is an important protein in adhe-
sions junctions and is responsible for maintaining inter-
cellular adhesion and cellular polarity.24 Vinculin (VCL) is 
found in focal adhesion plaques, and is associated with the 
actin cytoskeleton in the process of ECM.25 SLUG has 
been reported to be a master transcription factor in regu-
lating EMT.26 Interestingly, the expression of SLUG was 
decreased in MDA-MB-231 and MCF7 cells treated with 
Ecust004. Future investigation is needed to elucidate the 
mechanism involved in Ecust004-suppression of SLUG 
expression.

In conclusion, the sulfamate modification improved the 
inhibitory effects of Erianin on breast cancer cells; and 
thus, Ecust004 might be a potential candidate for the 
development as an antitumor agent. The effects of 
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Figure 4 Ecust004 affects the expression of genes associated with EMT. (A) Real-time PCR analysis of the expression of ZEB1, ZEB2, VIM, CDH1 and CLDN3 in MCF7 cells 
treated with 0, 20, and 40 nM Ecust004. (B) Real-time PCR analysis of the expression of ZEB1, ZEB2, CDH2, VIM, and CLDN3 in MDA-MB-231 cells treated with 0, 20, and 
40 nM Ecust004. (C) Western blotting assays of the expression of VCL, E-cadherin, α-catenin, SLUG, and GAPDH in MCF7 cells treated with 0, 20, and 40 nM Ecust004. (D) 
Quantification of the expression of VCL, E-cadherin, α-catenin, and SLUG from (C). (E) Western blotting assays of the expression of VCL, E-cadherin, SLUG, and GAPDH in 
MDA-MB-231 cells treated with 0, 20, and 40 nM Ecust004. (F) Quantitation of the expression of E-cadherin, α-catenin, and SLUG from (E). Data were compared using 
paired t-test and presented as mean ± SEM, *Indicates p < 0.05, **Indicates p < 0.01, ***Indicates p < 0.001 (n=3).
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Ecust004 on angiogenesis and autophagy need to be inves-
tigated in the future study.
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