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Abstract: Angelicin is a furocoumarin found in Psoralea corylifolia L. fruit and the Chinese herb Angelica archangelica.
It exerts antitumor activities, including apoptosis, antiproliferation and anti-metastasis activities, in several types of
cancers. However, its effects on human triple-negative breast cancer (TNBC) remain unclear. In this study, we evaluated
the anticancer activity of angelicin in vitro in the TNBC cell line MDA-MB-231 and investigated the related molecular
mechanisms. To determine the anticancer activity of angelicin, MTT assay and flow cytometric analysis were performed
to measure the cytotoxicity, cell proliferation and cell cycle. Wound healing assay and trans well assay were used to analyze
the migration and invasion of breast cancer cells. The effect of angelicin on the expression of proteins was analyzed by
western blotting. The results revealed that angelicin (50, 100, 150uM) had no effect on cytotoxicity. However, angelicin
(at 100 uM) could inhibit cell proliferation by reducing cyclin B1 and cdc2 and increasing p21 and p27 expression levels,
thereby resulting in G2/M phase arrest. Additionally, angelicin at a concentration of 150 uM inhibited the migration and
cell invasion of MDA-MB-231 cells, partially by downregulating MMP-2 protein levels. Together, these results suggest

that angelicin may serve as an adjuvant chemotherapeutic agent for patients with TNBC.

Keywords: furocoumarin, angelicin, triple-negative breast cancer (TNBC), migration, bioactivity

INTRODUCTION

Cancer poses a substantial health and economic burden,
requiring proactive procedures for prevention and
treatment. Its incidence continues to rise and it is one of the
main causes of mortality worldwide; the number of
incident cases of cancer per year is estimated to reach 21
million by 2030. An efficient anticancer treatment is
lacking (Ahmed et al., 2020; Ashraf, 2020; Singh et al.,
2016). The high mortality of cancer is primarily because
tumor cells have the abilities of locoregional invasion and
distant metastases. Chemotherapy and radiotherapy are the
main clinical approaches to cancer treatment, but both are
associated with many adverse effects (Khan et al., 2020;
Khattak and Khan, 2016; Rauf et al., 2015; Spector, 2018).
Therefore, many studies have focused on effective
anticancer therapy with minimal adverse effects.

Furanocoumarins are phytochemicals formed by the
combination of coumarin and a furan ring. They have
promising therapeutic potential in terms of anti-bacterial,
antifungal, antiviral, anti-inflammatory, antiallergic,
antioxidant and anticancer properties (Carbone et al., 2019;
Olomola et al., 2014; Pynam and Dharmesh, 2018;
Sumorek-Wiadro et al., 2020). The furanocoumarin
angelicin is an active ingredient extracted from the plants
of Leguminosae (Fabaceae), Apiaceae (Umbelliferae) and
Moracea families (Kavli et al., 1983; Mahendra et al.,
2020). It has  anticancer,  anti-inflammation,
antiperiodontitis and pro-osteogenesis functions (Ge et al.,
2019; Li et al., 2018; Wei et al., 2016). Angelicin
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suppresses tumor growth and malignant behavior in
various human cancers, such as liver cancer (Wang et al.,
2017), lung carcinoma A549 (Li et al., 2016), cervical
carcinoma (HelLa), cervical squamous cell carcinoma
(SiHa) (Wang et al., 2019), epithelioma (Hep2), colorectal
carcinoma (HCT116), rhabdomyosarcoma (RD), breast
adenocarcinoma (MCF-7) cell lines (Mira and Shimizu,
2015) and prostate cancer (PC-3) (Wang et al., 2015).

Breast cancer is the most common cancer and the leading
cause of cancer mortality among women worldwide. Thus,
many studies, particularly those on cancer immunotherapy,
have focused on the role of the antitumor response in breast
cancer (Schneider et al., 2008). Triple-negative breast
cancer (TNBC) is a distinct pathological subtype of
epithelial breast tumor that is immunohistochemically
negative for the protein expression of estrogen receptor
(ER) and progesterone receptor (PgR) and it does not
overexpress human epidermal growth factor receptor 2
(HER2) (Carey et al., 2007; O'Reilly et al., 2015).
Approximately, 15%-20% of invasive breast cancers are
triple negative (Wang et al., 2022). In Taiwan, breast
cancer has the highest incidence of all cancers (Chien et al.,
2017; Wang et al., 2022). Patients with TNBC not only
have a poor prognosis and high incidence of relapse and
metastasis but also frequently develop chemoresistance,
urgently necessitating novel therapeutic candidate drugs
for TNBC (Hsieh et al., 2014; Marra et al., 2020).

In this study, we evaluated the effects of angelicin on the
growth, migration and invasion in a breast cancer cell line
to determine whether angelicin can serve as a promising
compound for treating TNBC.
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MATERIALS AND METHODS

Materials

Angelicin was purchased from Chem Faces and dissolved
in DMSO (Sigma, USA) to prepare a master stock solution
at a concentration of 1 mg/mL and stored at -20°C before
use. The working solution was freshly prepared from the
complete culture medium.

Cell lines and culture conditions

Two human invasive TNBC cell lines, MDA-MB-231 and
Hs 578T and mouse embryo fibroblasts, NIH-3T3, were
obtained from American Type Tissue Culture Collection
(ATCC, Manassas, VA, USA). The cells were grown in
DMEM/F12 (Gibco; Thermo Fisher  Scientific)
supplemented with 100 pg/mL streptomycin, 100 U/mL
penicillin and 10% FBS (Gibco) and maintained in a
humidified incubator (NuAire) at 37°C and 5% CO,. The
cells were washed with phosphate-buffered saline (PBS)
and subcultured as required with trypsin/EDTA (0.25%).
The growth and morphology of each cell line were
routinely monitored by light microscope.

MTT cytotoxic assay

Cell suspension (100 pL) at a density of 1.0x10° /well was
seeded in a 96-well flat-bottomed plate. Following
overnight adherence, the cells were treated with DMSO
alone or with angelicin (50, 100 and 150uM) for 48 h. Next,
MTT reduction assays were conducted according to a
previously described method (Razak et al., 2019). For the
proliferation assay, the cells were seeded in 96-well plates,
allowed to adhere for 24h and then treated with various
concentrations (0, 50, 100 and 150uM) of angelicin for 24,
48, 72 and 96h. Next, 20pL of MTT solution (Bio Basic,
Canada) was added to each well and mixed. After 4 h, the
supernatants were removed and 100uL of DMSO was
added to each well to dissolve the precipitates. Cell
viability was estimated by measuring absorbance at 570 nm
on an ELISA plate reader (Bio-Tek Instruments, USA).
The percentage of cell viability was calculated using the
following formula: % Viability = (OD of treated cells/fOD
of control cells)x100. All the experiments were conducted
in triplicate and in 3 independent tests.

Flow cytometry for cell cycle analysis

The breast cancer cells were treated with angelicin at 0, 50,
100 and 150 uM for 72h and fixed with 70% ethanol for 20
min. Both adherent and suspended cells were collected,
centrifuged and washed twice with PBS. Thereafter, the
cells were stained with 5uL of PI (2 mg/mL) with 0.5 pL
of Tritone X-100 (0.1%) and 20uL of RNase A (4mg/mL)
and then incubated for 30 min at room temperature. The
cellular DNA content was analyzed using a FACS caliber
cytometer (BD Accuri).

Monolayer wound-healing assay

The cells were seeded at a high density of 1x10° cells/well
in 6-well plates and allowed to form a confluent
monolayer. A vertical wound was created using a sterile

200 pL pipette tip across the cell layer. Next, the cells were
incubated in complete growth medium (10% FBS) in the
absence or presence of angelicin (0, 100, or 150uM) for
24h. The migration of the cells to the wound site was
visualized under a microscope at 0, 5, 14 and 24h. The
representative fields were photographed at 3 independent
sites per well in 3 independent replicates. The ratio of cell
migration was calculated as the percentage of the
remaining cell-free area in the initial scratched area.

Transwell migration and invasion assays

Cell migration and invasion were assayed using transwell
(BD Biosciences, USA), with PET track-etched
membranes at the bottom with a pore size of 8 um. For the
invasion assay, the PET membranes were coated with a
thin layer of Matrigel. In brief, 2 x 10° cells with or without
angelicin treatment were resuspended in serum-free
medium and transferred into the upper chamber of each
trans well. The chemo attractant (10% FBS) was placed in
each bottom well. After incubation for 24h, the cells
remaining on the upper surface of the membrane were
removed using a cotton swab. The migrated cells on the
lower membrane surface were fixed with 100% methanol
for 20 min and then stained with 0.5% crystal violet for 15
min. The stained cells were photographed and counted
using a microscope (Nikon, Japan) at a magnification of
200x. Five randomly selected fields were photographed
and counted per well.

Western blot analysis

The MDA-MB-231 cancer cells were treated with
angelicin at 0, 50, 100, or 150uM for 24h, washed twice
with cold PBS and lysed on ice in a lysis buffer containing
protease inhibitors. The lysates were centrifuged at 12000
g for 15 min and the supernatant fractions were collected.
Sample proteins (30pg/well) were separated using SDS-
PAGE and transferred to nitrocellulose membranes. The
membrane was blocked with 5% skim milk for 60 min and
incubated with the primary antibody (B-Actin, 1:5000; p21,
1:1000; p27, 1:1000; MMP-2, 1:1000) overnight at 4°C.
The membrane was incubated with HRP-conjugated
secondary antibody at 4°C for 1h and then washed with
TBST buffer. The immunoreactive bands were developed
using a Super Signal West Pico Chemiluminescent
Substrate kit and the molecular weight of the bands was
confirmed.

STATISTICAL ANALYSIS

Data are presented as the mean +standard deviation. The
statistical significance of the difference among groups was
assessed by student's t test using GraphPad Prism 5.0
software. P<0.05 was considered as statistically significant
difference.

RESULTS

Cytotoxicity of angelicin on TNBC cells
The chemical structure of angelicin in presented in fig. 1A.
To investigate the effects of angelicin in TNBC cells
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(MDA-MB-231, Hs 578T) and comparison with non-
cancer cell line (NIH-3T3), cells viabilities were
determined using MTT assay following treatment with
angelicin at the concentrations of 50, 100 and 150 uM for
48h. No cytotoxicity was observed in any of the cell lines.
(fig. 1B).
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Fig. 1: Effect of angelicin on the cell viability of triple-
negative breast cancer cells. (A) Chemical structure of
angelicin. (B) Cell viability was measured by performing
MTT assay following angelicin treatment (50,100,150 uM)
for 48h. No cytotoxicity was observed in two TNBC cell
lines (MDA-MB-231, Hs 578T) and mouse embryonic
fibroblasts-NIH-3T3 cells.

Angelicin inhibited MDA-MB-231 cell proliferation
through cell cycle arrest

Angelicin (100 uM) inhibited the growth of MDA-MB-231
cells (fig. 2). Compared with the control (0 puM), the
number of living healthy cells decreased markedly after
treatment with an increased concentration of angelicin for
72h compared with the control.
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Fig. 2: Angelicin inhibits cell proliferation of MDA-MB-
231 breast cancer cells. Cell proliferation was determined
by MTT assay following treatment of angelicin
(50,100uM) by the time course indicated. ***p<0.001 as
compared with the control group (OuM).
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Angelicin induced cell cycle arrest in the G2/M phase after
72-h treatment in a concentration-dependent manner (fig.
3). The ratio of cells in the G2/M phase following angelicin
treatment increased significantly compared with control
cells.
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Fig. 3: Angelicin induces cell cycle arrest at the G2/M
phase in MDA-MB-231 breast cancer cells. The cells were
treated with angelicin at 0, 50, 100 and 150uM for 72h and
cell cycle distribution was measured by flow cytometry
following PI staining. Angelicin induced cell cycle arrest
in the G2/M phase in a concentration-dependent manner.

To evaluate whether the regulatory proteins responsible for
the cell cycle arrest, cyclin B1, cdc2 and cyclin-dependent
kinase inhibitors (CKIs) participated in the angelicin-
mediated G2/M phase arrest, p21 and p27 protein
expression was investigated in MDA-MB-231 cells
following 24- h treatment with angelicin. As shown in fig.
4, the levels of cyclin B1 and cdc2 were significantly down
regulated in the angelicin-treated cells. A marked dose-
dependent increase in the protein expression levels of p21
and p27 was observed following angelicin administration
(fig. 4). These results suggest that angelicin inhibits MDA-
MB-231 cell proliferation through G2/M phase arrest, at
least partially by reducing cyclin B1 and cdc2 and
increasing p21 and p27 protein levels.
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Fig 4: Effect of Angelicin on cell cycle protein expression
of cyclin B1, cdc2, p21 and p27 by western blotting. (A)
The MDA-MB-231 cells were treated with angelicin at
different concentrations (0, 50,100,150uM) for 24h and
expression of proteins was analyzed. B-actin was used as
an internal control. (B) Quantitation data of (A). Columns,
means of 3 independent experiments; bars, SD. ns,
nonsignificant; *P<0.05, **P<0.01, ***P<0.001 compared
with DMSO (0uM)

Angelicin inhibited MDA-MB-231 cell mobility

To evaluate the biological function of angelicin in MDA-
MB-231 cells, we performed wound-healing and transwell
migration and invasion assays. Scratch distances and width
closure were obtained through software comparison

between images from 0 to 24h. The results revealed that
150 uM angelicin, but not 100 uM angelicin, suppressed
the migration of MDA-MB-231 cells compared with
mock-treated cells (fig. 5). In line with the wound- healing
assay, transwell assays revealed that angelicin inhibited the
migration (fig. 6A) and invasion (fig. 6B) of MDA-MB-
231 cells.
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Fig. 5: Angelicin inhibits cell mobility of MDA-MB-231
cells by wound healing assay. (A) Confluent monolayers
of MDA-MB-231 cells were scratched with a pipette tip,
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then treated with DMSO (control) or Angelicin (100, 150
puM) and recovering of wounded areas (marked by white
lines) at different time points. Images were recorded using
an inverted microscope at indicated periods. (B) Dark field
is defined the areas lacking cells (wound area, Image J
software) and the percentage of scratch wound coverage
was determined by Image J software (C). *P<0.05 vs.
control group.
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Fig. 6: Angelicin inhibits cell mobility in vitro. The MDA-
MB-231 cells were treated with angelicin at 150uM for 24h
and cell migration (A) and invasion ability (B) were
analyzed using trans well assays. The bar graph represents
the results of 3 independent experiments. **P<0.01 vs. the
control group.
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Fig. 7: Angelicin decreases the expression of MMP-2 in
MDA-MB-231 cells. The cells were treated with angelicin
at different concentrations (0, 50, 100 and 150 pM) for 24
h and the level of MMP-2 expression was determined by
western blot analysis. B-actin was used as an internal
control.

Angelicin down regulated MMP-2 expression in MDA-
MB-231 cells

MMP-2 and MMP-9 are important for cancer cell
migration and invasion (Lemieux et al., 2009). Thus, in this
study, we determined the effect of angelicin on MMP-2
expression in MDA-MB-231 breast cancer cells. Angelicin
(0, 50, 100, or 150 M) was added to the cells, followed by
incubation for 24h. As presented in fig. 7, 150uM angelicin
significantly decreased MMP-2 expression in MDA-MB-
231 cells compared with control cells.

DISCUSSION

The furanocoumarin angelicin has been reported to possess
anticancer and antitumor properties (Ahmed et al., 2020;
Mahendra et al., 2020). In liver cancer, angelicin treatment
induces mitochondrial-dependent apoptosis (Wang et al.,
2017). In the non-small cell lung cancer cell line A549 and
its multidrug-resistant cell line Ab549/D16, angelicin
promoted chemotherapy-induced apoptosis (Hsieh et al.,
2014). It also induces A549 cell apoptosis by inducing
caspase-3 and caspase-9 activation and increasing the ratio
of Bax to Bcl-2 (Li et al.,, 2016). It has also been
demonstrated to induce cervical cancer cell apoptosis
(Wang et al., 2019). In breast cancer, studies evaluating the
anticancer effects of angelicin and the underlying
mechanisms thereof have focused on ER positive cancer
cell line MCF-7 (Acharya et al., 2019; Mira and Shimizu,
2015). Therefore, in the present study, we assessed its
anticancer effects on the TNBC cell line MDA-MB-231
and the possible molecular mechanisms underlying its
action.

In this study, angelicin (50, 100, 150 pM) was not
cytotoxic to TNBC cell lines (MDA-MB-231 and Hs-
578T) (fig. 1B) but inhibited the proliferation of MDA-
MB-231 cells at 100uM after 72h treatment (fig. 2). Cell
cycle dysregulation contributes to cancer cell growth; thus,
cell cycle arrest is considered effective in inhibiting cancer
cell proliferation. Angelicin induced cell cycle arrest in the
G2/M phase after 72-h treatment in a dose-dependent
manner (fig. 3). Studies have demonstrated that angelicin
can inhibit lung carcinoma A549 cell growth through
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G2/M phase arrest and cervical cancer cell proliferation
through G1 phase arrest (Li et al., 2016; Wang et al., 2019).
Additionally, cell cycle progression is closely related to
various cyclins, cyclin-dependent kinases and CKls. We
observed that cyclin B1, cdc2, p21 and p27, key regulators
of the cell cycle, were modulated by angelicin (fig. 4).
These results indicate that angelicin could retard cell
proliferation by regulating cyclin B1, cdc2, p21 and p27
protein levels, thereby arresting the cell cycle in the G2/M
phase.

Tumor metastasis is a major cause of death in patients with
cancer. In this study, we observed that 150 uM angelicin
significantly inhibited MDA-MB-231 cell migration and
invasion compared with mock-treated cells after 24h
treatment (fig. 5 and 6), whereas no effect on cell viability
was observed after 24h treatment of angelicin at 150puM
(fig. 1). The results agreed well with reports that angelicin
significantly inhibits the migration and invasion of cervical
cancer cells (Wang et al., 2019) and non-small cell lung
carcinoma cell line A549 by regulating the JNK and ERK
pathways (Li et al., 2016). MMP-2 and MMP-9 expression
levels play key roles in regulating cancer cell invasion and
metastasis (Lemieux et al., 2009). Our results revealed that
150 uM angelicin markedly decreased MMP-2 expression
after 24h treatment (fig. 7). Overexpression of MMPs in
tumor cells enhances their migration and invasion abilities,
thus promoting cancer metastasis (Qin et al., 2008).
Therefore, angelicin inhibited MDA-MB-231 cell invasion
in vitro at least partly by down regulating MMP-2.

CONCLUSION

We demonstrated that angelicin exerted anticancer activity
by arresting the cell cycle in the G2/M phase and by
inhibiting the migration and invasion of human TNBC
MDA-MB-231 cells. The mechanisms underlying these
effects are associated with decreased cyclin B1, cdc2,
increased p21, p27 and down regulated MMP-2; however,
further studies are required to elucidate the exact
underlying molecular mechanisms. Together, our data
imply that angelicin is a potential adjuvant therapeutic
agent against TNBC.
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