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Harmine suppresses the malignant phenotypes and PI3K 
activity in breast cancer
Pengmei Yaoa, Penghua Yaob, Xiaoxia Kub and Jing Yangc

Breast cancer remains a serious threaten to the women’s 
health, discovery of potent treatment would help to 
improve the outcomes of breast cancer patients. Harmine 
extracted from Peganum harmala L, has been reported to 
exert tumor suppressive activity in several malignancies. 
Our objective was to demonstrate the effects of harmine 
on the malignant phenotypes of breast cancer cells. Breast 
cancer cell lines (MDA-MB-231, SKBR3, and MCF-7) and 
human normal breast cell line MCF-10A were employed 
in the present study. The MTT and colony formation 
assays were applied to the detection of cell viability and 
proliferation. Wound healing and transwell assays were 
performed to evaluate the alterations of cell migration 
and invasion after harmine treatment. Flow cytometry 
was applied to assess the effect of harmine in inducing 
cell apoptosis. Furthermore, western blotting assay was 
used to detect the biomarkers of epithelial-mesenchymal 
transition and phosphatidylinositol 3 kinase (PI3K) 
signaling pathway. The tumorigenesis ability was detected 
by subcutaneous implantation. Harmine dose-dependently 
suppressed the viability and proliferative capacity of 
breast cancer cells. Flow cytometry showed that harmine 
induced apoptosis in MCF-7 and MDA-MB-231 cells. In 
addition, harmine effectively inhibited the migration and 

invasion abilities of breast cancer cells. Western blotting 
indicated harmine significantly promoted E-cadherin 
and PTEN expression, while suppressed N-cadherin, 
vimentin, PI3K, p-mTOR, and AKT levels. Interfering the 
PTEN expression by siRNA partly rescued the activity of 
PI3K signaling pathway. Moreover, harmine injection also 
suppressed the tumorigenesis of breast cancer cells. 
Our results suggested that Hermine could suppress 
multiple malignant phenotypes and inhibit PI3K signaling, 
which supports that harmine might be a potential tumor-
suppressive natural compound against breast cancer. 
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Introduction
As one of the most common cancers, breast cancer pos-
sesses a high mortality, which seriously endangers the 
health of women worldwide [1,2]. As reported, approxi-
mately 1.7 million breast cancer patients are diagnosed, 
and over 500 000 patients died from breast cancer world-
wide annually [1,3]. Thanks to the development of early 
screening and diagnostic technologies, the mortality of 
breast cancer have declined in developed areas such as 
North America and European Union in recent years [4]. 
Meanwhile, its incidence and mortality remain high in 
most developing areas like Africa and South America 
[1,2]. At present, surgery is the mainstream therapy for 
early-stage breast cancer, and the following systemic ther-
apy helps improve prognoses. However, metastatic breast 
cancer is usually considered incurable, and the treatment 
purpose is to prolong survival and improve life quality 

[1,5]. Therefore, discovering effective drugs to inhibit 
breast cancer progression and metastasis is significant for 
the development of breast cancer therapy.

Harmine is a sort of β-carboline alkaloid extracted from 
Peganum harmala L, a traditional Chinese herb used to 
relieve cough and rheumatism [6]. According to modern 
pharmacological studies, P. harmala L has been proven 
to possess therapeutic effects against malignant tumors, 
and harmine maybe the key active component for its 
anti-cancer effect [7]. It is reported that harmine inhib-
its the progression of various malignant tumors, such as 
breast cancer [8], lung cancer [9], gastric cancer [10] and 
liver cancer [11]. Hamsa et al. demonstrated that harmine 
could act as a strong angiogenesis inhibitor by suppress-
ing key factors such as vascular endothelial growth factor 
and matrix metalloproteinases [12]. However, the mech-
anism of the anti-tumor effects of harmine remains not 
fully revealed.

Epithelial–mesenchymal transition (EMT) is a cru-
cial event in involved in multiple biological processes 
such as individual growth, wound healing, and organism 
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development etc [13–15]. In addition, EMT also promotes 
the invasion and metastasis of malignant tumor cells, 
characterized by polarity disappearance, the destruction 
of the cytoskeleton, and the recombination of mesenchy-
mal-like features [16,17]. Furthermore, the EMT process 
is often accompanied by changes in the expression lev-
els of multiple biomarkers, such as the overexpression 
of mesenchymal markers, N-cadherin, and vimentin, as 
well as the downregulated epithelial markers, E-cadherin 
[18,19]. The dysregulation in these biomarkers would 
trigger a series of changes in cell behaviors, which are 
closely related to metastasis breast cancer.

In this study, several phenotypic and molecular experi-
ments were performed to detect the impact of harmine 
on the proliferation, invasion, and EMT process, and 
evaluated the alteration of phosphatidylinositol 3 kinase 
(PI3K) signaling pathway in breast cancer cells. The 
purpose of our work was to evaluate the tumor suppres-
sive effects of harmine against breast cancer cells and to 
reveal its impact on cell signaling.

Material and methods
Cell culture
The breast cancer cell lines (MDA-MB-231, SKBR3, and 
MCF-7) and human normal breast cell line MCF-10A were 
obtained from the Institute of Shanghai Biochemistry and 
Cell Biology (Shanghai, China). And the cells were cul-
tured in Dulbecco’s Modified Eagle’s Medium (DMEM) 
contained with 10% fetal bovine serum (FBS; HyClone 
Laboratories, Utah, USA). All the cells were maintained in 
a humidified incubator with 5% CO

2
 at 37°C.

MTT assays for cell viability
The MTT assay was applied to detect cell viability. 
The MDA-MB-231 and MCF-7 cells were seeded into 
96-well plates, respectively, at a density of 1 × 104 cells 
per well. After incubation for 24 h, cells were treated 
with a gradient concentration of harmine (0, 40, 80, 120, 
160, 200, and 240 μM), and then cultivated for another 
48 h or 72 h. After treatment, the harmine-containing 
medium was replaced with DMEM supplemented with 
MTT (0.50 mg/mL). Cells were then incubated at 37°C 
for 4 h. And then, the solution was removed and replaced 
with 150 μL of dimethyl sulphoxide (DMSO). Finally, 
the absorbances at 490 nm in each well were detected 
by Multiskan Ascent plate reader (Thermo, Waltham, 
Massachusetts, USA).

Wound healing assay for cell migration
Wound healing assay was performed to evaluate the cell 
migration. The MDA-MB-231 and MCF-7 cells were 
seeded into 24-well plates, respectively, and then scraped 
with the 20-μL pipette tips. After being washed with PBS, 
the scratches were photographed under a microscope 
(Olympus, Tokyo, Japan). Then, cells were cultured in 
FBS-free medium containing a gradient concentration of 

Harmine (0, 50, 100, and 150 μM) for 24 h. Followingly, 
the scratches were observed again at 100X magnification 
field. The migration distances and wound healing rate 
were measured and analyzed by Image J software (NIH, 
Bethesda, Maryland, USA).

Transwell assay
The effect of Harmine in suppressing the invasion of 
breast cancer cells was quantified via transwell assay. 
After being treated with harmine (0, 50, 100, and 150 μM) 
for 24 h, cells were harvested and resuspended in DMEM 
without serum. Cells (1 × 104/well) were re-seeded into 
each upper chamber pre-coated with 50 μL 1:1 mixture 
of Matrigel and DMEM, while the DMEM containing 
20% FBS was added into each lower chamber. Followed 
by culturing in incubator at 37°C for 48 h, the non-in-
vaded cells on the membrane upper surface were wiped, 
and the invaded cells were fixed by paraformaldehyde, 
followed by staining with 0.1% crystal violet for 10 min. 
After being washed with PBS, the results of the invasion 
were photographed under a microscope.

Protein extraction and western blot
After harmine treatment, cells were collected and lysed 
by RIPA lysis buffer (Beyotime, Nantong, China) contain-
ing 1% PMSF. And then the protein concentration was 
assessed by the bicinchoninic acid kit (Keygen, Nanjing, 
China). Equal quality of protein samples was separated 
by 10% SDS-PAGE, followed by transfer onto PVDF 
membranes using an electro-transfer system (Bio-Rad, 
Hercules, California, USA). After being blocked in 5% 
skim milk for 1 h at room temperature, the membranes 
were incubated with different primary antibodies at 
4°C overnight. After being washed with TBST solution 
three times, the membranes were incubated with perox-
idase-conjugated secondary antibodies (cat. no. ab6721; 
1:3000; Abcam, Cambridge, UK) for 0.5 h at 37°C. Finally, 
the blots were detected using Chemiluminescent ECL 
assay kit (Advasta, Menlo Park, California, USA) with the 
Bio-Rad Gel imaging system. In this research, GAPDH 
was employed as the internal reference for different pro-
tein expressions, and Image J software was used to quantify 
protein expression. The primary antibodies used are listed 
below: anti-E-cadherin (cat. no. ab40772; 1:1000; Abcam), 
anti-N-cadherin (cat. no. ab18203; 1:1500; Abcam), anti-vi-
mentin (cat. no. ab92547; 1:1000; Abcam), anti-PI3K(cat. 
no. ab32089; 1:1500; Abcam), anti-phosphatase and tension 
homologue deleted from chromosome 10 (PTEN, cat. no. 
ab267787; 1:1500; Abcam), anti-protein kinase B (AKT, cat. 
no. 10176-2-AP;1:1500; Proteintech) anti-p-AKT-s473 (cat. 
no.66444-1-Ig; 1:1500; Proteintech, Wuhan, China), and 
anti-GAPDH (cat. no. ab16891; 1:2000; Abcam).

Colony formation assay
To check the effect of harmine in breast cancer cells, a 
soft agar colony formation assay was applied in this study. 
The MDA-MB-231 and MCF-7 cells were processed 
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as 2.3 described, and then harvested and re-seed in six-
well plates, followed by culturing for two weeks at 37°C. 
Finally, the colonies in each well were photographed 
under a microscope.

Cell apoptosis by flow cytometry
Flow cytometry was performed to assess the function 
of harmine in promoting cell apoptosis. After incubated 
with a gradient concentration of harmine (0, 50, 100, 
and 150 μM) for 24 h, cells were collected and washed 
using cold PBS three times, followed by re-seeding in 
0.2 mL buffer at a final density of 1 × 106 cells/mL with 
the DMEM containing Annexin V-FITC and PI (BD 
Biosciences, USA) for staining. After being incubated in a 
dark room for 15 min, cells in different stages were identi-
fied using an Accuri C6 flow cytometer (BD Biosciences) 
and analyzed using FloaJo 7.6.2 software. Finally, the 
apoptotic rate was expressed by GraphPad Prism 7.0 
software.

Small interfering RNA transfection
siRNA-PTEN and siRNA-control were synthesized by 
Sangon Biotech Co., Ltd. (Shanghai, China). Cells were 
plated into six-well plates at a density of 1 × 105 cells/
well in DMEM and followingly treated with si-NC or 
si-PTEN with the assistance of Lipofectamine 2000 
reagent (Invitrogen Corporation, Carlsbad, California, 
USA) according to the manufacturer’s instructions. After 
transfection for 24 h, the medium was removed and the 
cells were washed and then treated with 240 μM PCB for 
72 h. Then, the cells were treated with or without 100 μM 
harmine, and the PI3K signaling activity was subse-
quently detected.

Tumorigenesis assay
A total of 12 female Balb/C nude mice at 4-week-old 
were obtained from the Laboratory Animal Centre, 
Jinzhou Medical University. Then six mice were injected 
with 5 × 106 MDA-MB-231 and the other six mice were 
injected with MCF-7 cells subcutaneously. Followingly, 
mice were injected with harmine (50 mg/kg) or DMSO in 
the same volume every 3 days, respectively. After 3 weeks, 
the mice were sacrificed and the sizes of the tumors were 
measured. The Ki-67 expression was detected by immu-
nohistochemical analysis.

Immunohistochemical analysis
Immunohistochemical analysis was employed to detect 
the expression of Ki-67, PI3K, and PTEN in subcutane-
ous tumors. Sections were first deparaffinized and were 
heated in citrate buffer (pH 6.0) for antigen retrieval, 
and subsequently blocked using 3.0% hydrogen perox-
ide and 10% goat serum. After incubated with anti-Ki67 
(1:200; Proteintech), primary antibody at 4°C overnight, 
sections were incubated with the biotinylated secondary 
antibodies, then the sections were counterstained with 

hematoxylin, dehydrated, mounted on glass slides, and 
photographed using a microscope (Olympus) at 200× 
magnification.

Statistical analysis
Because the sample size was small and subjected to 
t-test, then the Student’s t-test was used for the signif-
icance analysis between the two groups. However, the 
t-test would cause multiple comparisons during compar-
ing the average values between multiple groups. In order 
to avoid the occurrence of false-positive results, the data 
comparison between the three groups and the four groups 
was analyzed using one-way analysis of variance followed 
by Tukey’s post-hoc test at the 95% confidence interval. 
The results were expressed using GraphPad Prism 7.0 
software (San Diego, USA). A significant difference was 
considered as P < 0.05. In this research, each experiment 
was independently performed three times.

Results
Harmine suppresses the proliferation activity of breast 
cancer cells
The structure of harmine is provided in Fig. 1a. As shown 
in Fig. 1b, the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-
2-H-tetrazolium bromide (MTT) results revealed that 
the proliferation capacity of breast cancer cells (MCF-7, 
MDA-MB-231, and SKBR3) was suppressed by harmine, 
and the inhibitory effect was time and dose-dependent. 
However, the inhibition in normal breast cell MCF-10A 
was relatively minor compared with breast cancer cells. 
In addition, we performed a colony formation assay to 
further confirm the inhibition of harmine on the prolif-
eration of breast cancer cells. Data in Fig. 1c suggested 
that the numbers of MCF-7 and MDA-MB-231 colonies 
decreased with the increased dose of harmine, which was 
consistent with the results in MTT assay. These results 
demonstrated that harmine could suppress the prolifera-
tion of breast cancer cells.

Harmine promotes apoptosis in breast cancer cells
To further explore the anti-cancer role of harmine in breast 
cancer, a flow cytometry assay was applied in this research. 
The results are shown in Fig. 2. After being treated with 
a gradient dose (0, 50, 100, or 150 μM) of harmine, MCF-7 
and MDA-MB-231 cells were stained with Annexin V/
PI. As the flow cytometry results shown, the percentage 
of apoptotic rates in MCF-7 and MDA-MB-231 were 
8.3% and 8.6% (0 μM), 22.2% and 12% (50 μM), 30.5% 
and 21.8% (100 μM), and 43.7% and 43.1% (150 μM). The 
results of the flow cytometry assay suggested that harmine 
could induce apoptosis in breast cancer cells.

Harmine inhibits the migration, invasion, and 
epithelial–mesenchymal transition in breast cancer 
cells
To determine the migration and invasion capacities, tran-
swell and wound healing assays were applied. As shown 
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in Fig. 3a, the migration distance at 24 h of both cell lines 
decreased with the increasing harmine concentration. 
The invasion capacity was evaluated with transwell assay 
using the chambers coated with Matrigel solution, and 
the number of invaded cells was decreased by harmine 
treatment in a dose-dependent manner. Thence, the 
transwell and wound healing assays demonstrated that 
harmine could suppress the migration and invasion in 
MCF-7 and MDA-MB-231 cells dose-dependently. Since 

it was well known that the EMT process is critical for 
tumor invasion and metastasis, we further detected the 
alteration of EMT biomarkers (E-cadherin, N-cadherin, 
and vimentin,) after treatment with western blotting 
assay. As shown in Fig. 4, with the increase of harmine 
dose, E-cadherin expression increased, while N-cadherin 
and Vimentin decreased in MCF-7 and MDA-MB-231 
cells. These data indicated that harmine could suppress 
the EMT process in breast cancer cells.

Fig. 1

Harmine suppresses the proliferation activity of breast cancer cells. (A) The structure of harmine. (B) MTT results showed that harmine suppressed 
the proliferation capacity of breast cancer cells (MCF-7, MDA-MB-231, and SKBR3) in time- and dose-dependent manners. (C) Colony formation 
assay indicated that harmine suppressed the proliferation capacity of MCF-7, MDA-MB-231, and SKBR3. * indicates P < 0.05; ** indicates P < 0.01. 
MTT, 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide.
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Harmine suppresses the activity of PI3K signaling 
pathway in breast cancer cells
PI3K, a key signaling pathway correlated with cell pro-
liferation, and especially, it is well-known dysregulation 
of PI3K activity is closely associated with the carcino-
genesis of multiple malignant diseases. Previous studies 
found that harmine could inhibit PI3K signaling in lung 
cancer. Thus, we were curious about if harmine could 
suppress the PI3K activity in breast cancer. The expres-
sion of PTEN, PI3K, Akt, phosphorylated Akt, mTOR, 
and phosphorylated mTOR were detected via western 
blotting assay, as shown in Fig.  5, after harmine treat-
ment, PTEN was increased while PI3K was decreased. 
The phosphor-AKT (p-AKT Ser473 and p-AKT Thr308) 
were decreased but the total Akt level showed no sig-
nificant alteration. Similarly, phosphor-mTOR (mTOR 
S2448 and mTOR S2481) were also decreased without a 
significant alteration of total mTOR level. Furthermore, 
siRNA targeting PTEN was introduced for verifying 

the impact on PI3K signaling of harmine. Compared to 
si-NC, si-PTEN transfection partly rescued the phos-
phorylation of Akt and mTOR, yet did not change the 
total Akt and mTOR levels (Fig. 6). These results sug-
gest that harmine suppresses the malignant phenotypes 
at least by inhibiting the PI3K signaling.

Harmine suppresses the tumorigenesis of breast 
cancer cells in vivo.
To further detect the anti-tumor effect of harmine in 
vivo, BALB/C nude mice were implanted with MCF-7 or 
MDA-MB-231 cells. As shown in Fig. 7a, the tumor sizes 
in the harmine groups were significantly smaller than 
control groups. Followingly, the tumors were subjected 
to immunohistochemical staining to detect the expres-
sion, which represents cellular proliferation. As shown in 
Fig.  7b, harmine markedly decreased Ki-67 expression. 
These results indicate that injection of harmine effec-
tively suppresses the tumorigenicity of breast cancer cells.

Fig. 2

Harmine promotes apoptosis in breast cancer cells. Flow cytometry assay data showed that harmine induces apoptosis in MCF-7 and MDA-MB-231 
cells. The percentage of apoptotic rates in MCF-7 were 8.3% (0 μM), 22.2% (0 μM), 30.5% (0 μM) and 43.7% (0 μM); in MDA-MB-231 were 8.6% 
(0 μM), 12% (50 μM), 21.8% (100 μM) and 43.1% (150 μM).
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Discussion
Although a part of patients suffered from breast cancer 
and received better recovery after surgery, a large amount 
of breast cancer patients still face the risk of cancer 
relapse and metastasis [20]. Therefore, there is still an 
urgent need of finding suitable drugs against breast can-
cer. At present, multiple monomer compounds isolated 
from herbal medicines have been proven to suppress 
various biological events of tumor cells such as prolifera-
tion, invasion, and angiogenesis. For instance, baicalein, 
a flavone extracted from roots of Scutellaria baicalensis, 
has been reported to inhibit the metastasis of multiple 
cancers, such as hepatocellular carcinoma [21] and breast 
cancer [22]. Ma et al. proved baicalein inhibits the inva-
sion of MDA-MB-231 cells via downregulating SATB1 
and Wnt/β-catenin pathways [23]. Liu et al. proved that 

acetyl-keto-beta-boswellic acid, derived from Boswellia 
serrata, could inhibit the formation of small tubular struc-
tures via suppressing proliferation and migration of vascu-
lar endothelial cells, and therefore inhibit prostate cancer 
progression [24]. Harmine, the main effective component 
of P. harmala L, has also been shown to possess a can-
cer-suppressive function in several malignant tumor cells 
including breast cancer [8,25,26]. However, its influence 
on cell invasion of breast cancer remains not discovered. 
In this study, we further verified the ability of hermine in 
inhibiting cell proliferation, invasion, and EMT in breast 
cancer cell lines MCF-7 and MDA-MB-231, and further 
explored its impact on the PI3K signaling.

Under normal conditions, cell proliferation and apoptosis 
are subject to balanced regulation by relative genes [27]. 

Fig. 3

Harmine inhibits the migration, and invasion of breast cancer cells. (a) Wound healing assay results indicated that harmine suppressed the migration 
in MCF-7 and MDA-MB-231 cells in a dose-dependent manner. (b) transwell demonstrated that harmine suppresses the invasion of MCF-7 and 
MDA-MB-231 cells in a dose-dependent manner. Magnification 200x.
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Uncontrolled proliferation and unstable programmed cell 
apoptosis are crucial features of malignant tumor cells. In 
addition, parts of tumor cells could break the extracel-
lular matrix, detach from the primary focus, and spread 
to the surrounding tissues or distant organs [28]. In our 
study, harmine dose-dependently suppressed the prolif-
eration, induced apoptosis, and inhibited migration and 
invasion in MCF-7 and MDA-MB-231 cells, indicating 
it may exert multiple tumor-suppressive effects against 
breast cancer. Therefore, we further explored the alter-
ations in several important proteins which are crucial for 
tumorigenesis and metastasis.

EMT indicates a biological process in which the epithe-
lial cells gain the properties of mesenchymal cells when 
cells undergo embryonic development or pathological 
processes [14,29]. During the EMT process, lots of alter-
ations happen in cellular phenotypes and gene expres-
sions. Epithelial cells usually possess epical-base polarity 
and tightly attached to each other, while mesenchymal 
cells are lack this attachment and could migrate freely 
[15]. Therefore, EMT process gains cancer cells the abil-
ity to break the cellular matrix to invade and metastasize 
[14]. EMT is a dynamic process, there are several bio-
markers that could monitor the EMT level. E-cadherin 
and N-cadherin are the most common EMT markers, the 
E/N-cadherin switching is a key property of EMT [30], 
and vimentin is another typical mesenchymal biomarker 
[31]. In our research, after harmine treatment, the epithe-
lial biomarker E-cadherin dose-dependently increased 

while mesenchymal biomarker N-cadherin and Vimentin 
decreased. Therefore, it could be indicated that harmine 
could reverse the EMT of breast cancer cells.

PI3K/AKT signaling pathway is indispensable for the reg-
ulation of multiple cellular phenotypes such as prolifer-
ation [32], survival [33], and autophagy [34]. Mountains 
of evidence support PI3K/Akt pathway is abnormally 
overactivated in multiple cancer types including breast 
cancer [35]. Moreover, small molecular drugs targeting 
PI3K/AKT pathway have been put into clinical trials 
and provided good efficacies [30]. For example, a phase 
III clinical trial suggested buparlisib, a pan-PI3K inhibi-
tor, combined with fulvestrant effectively prolonged the 
progression-free survival for 1.9 months in comparison 
with a placebo [36]. Harmine has been proven to inhibit 
PI3K/Akt pathway in gastric cancer cells [10]. We consid-
ered whether it could exert a similar function in breast 
cancer. Therefore, we detected several biomarkers of this 
pathway, the results indicated that harmine significantly 
increased the expression of the typical cancer-suppressive 
gene PTEN, and suppressed the phosphorylation of Akt, 
moreover, interfering PTEN using siRNA transfection 
partly rescued the phosphorylation of Akt and mTOR, 
which further confirmed harmine suppresses the PI3K 
signaling activity at least partly by upregulation of PTEN.

There are some limits in this study, our work has only evi-
denced that harmine exerts tumor suppressive function, 
and its safety and efficacy will further be demonstrated. 
Moreover, whether harmine impacts the activity of other 

Fig. 4

Harmine inhibits the EMT in breast cancer cells. Western blot assay showed that E-cadherin expression increased, while N-cadherin and vimentin 
decreased in MCF-7 and MDA-MB-231 cells in a dose-dependent manner, which indicated that harmine suppressed EMT process in MCF-7 and 
MDA-MB-231 cells. EMT, epithelial–mesenchymal transition.



380 Anti-Cancer Drugs  2023, Vol 34 No 3

Fig. 5

Harmine suppresses the activity of PI3K signaling pathway in breast cancer cells. Western blotting assay showed that PTEN expression increased, 
while PI3K, p-Akt, and p-mTOR were decreased in a dose-dependent manner. Furthermore, total Akt and total mTOR levels showed no significant 
alteration. Akt, protein kinase B; PTEN, phosphatase and tension homolog deleted from chromosome 10; PI3K, phosphatidylinositol 3 kinase.
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Fig. 6

Harmine suppresses the PI3K signaling by upregulating PTEN. Compared to si-NC, si-PTEN transfection partly rescued the phosphorylation of Akt 
(p-Akt) and mTOR which were decreased by harmine treatment, yet did not change the total Akt and mTOR levels. Akt, protein kinase B; PTEN, 
Phosphatase and tension homolog deleted from chromosome 10; PI3K, phosphatidylinositol 3 kinase.
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signaling pathways is another question we are going to 
answer in future works.

In conclusion, our results confirmed the effect of Hermine 
in suppressing breast cancer cell proliferation, invasion, 
migration, and promoting apoptosis. Furthermore, we 
demonstrated that hermine could inhibit EMT pro-
cess and PI3K/AKT signaling. All the data supports 
that Hermine might be a potential monomer compound 
against breast cancer. The underlying mechanism of its 
anticancer effect and its safety and efficacy need to be 
further in-vivo investigated.
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