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A R T I C L E  I N F O A B S T R A C T

Article type:
Original

Objective(s): Breast cancer is the most prevalent cancer among females with different molecular 
subtypes. Corosolic acid is a pentacyclic triterpenoid with anti-cancer properties. 
Materials and Methods: The MTT assay was used to assess the cytotoxic activity of corosolic acid on 
MDA-MB-231 and MCF7 cell lines. To determine the apoptotic cells, the flow cytometry technique was 
utilized. The expression levels of apoptosis-related genes and proteins were quantified using quantitative 
real time-PCR (qRT-PCR) and Western blotting methods. The activity of caspase enzymes was measured by 
spectrophotometry.  
Results: Corosolic acid significantly inhibited the proliferation of both cell lines compared with 
controls. This agent markedly induced apoptosis in MDA-MB-231 cells but did not affect MCF7 
cells compared with controls. Treating the MADA-MB-231 and MCF7 cell lines with corosolic 
acid showed an inducing effect on apoptosis-associated caspases, including Caspase-8, 9, and -3, 
in MADA-MB-231 cells with no effect on apoptotic markers in MCF7 cells. Further experiments 
uncovered corosolic acid-induced apoptosis in MADA-MB-231 cells by decreasing the expression of 
the phosphorylated form of JAK2 and STAT3 proteins.
Conclusion: The present data suggested that corosolic acid is an apoptosis-inducing phytochemical 
in triple-negative breast cancer MADA-MB-231 cells. Also, corosolic acid triggered apoptosis in these 
cells by stimulating both pathways of apoptosis and inhibiting the JAK/STAT signaling. Furthermore, 
corosolic acid was found to inhibit MCF7 cell proliferation by a non-apoptotic mechanism.
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Introduction
Breast cancer is the most prevalent type of cancer among 

females and ranks as the second cause of cancer-dependent 
death in women worldwide (1). Breast cancer has different 
molecular subtypes that are generally subcategorized 
based on the expression or lack of three cellular receptors, 
including estrogen receptor (ER), progesterone receptor 
(PR), and human epidermal growth factor receptor 2 
(HER2) (2). Triple-negative breast cancer (TNBC) is a 
specific subtype of this cancer with no expression of ER, 
PR, and HER-2 (3). This subtype of breast cancer is highly 
metastatic with aggressive features and poor prognosis 
leading to unfavorable clinical outcomes (4). TNBC tumors 

don’t respond to endocrine therapy or HER2 treatment 
approaches due to the lack of receptors, and thus no standard 
treatment has been developed for TNBC (5). Therefore, the 
need to develop novel and effective therapeutic modalities 
for the treatment of TNBC has become an urgent clinical 
requirement.

Plant-derived natural products have been shown 
to act as new and effective anti-cancer agents (6, 7). 
Corosolic acid, also known as 2α-hydroxyursolic acid, is 
a pentacyclic triterpenoid found in Lagerstroemia speciosa 
with anti‑inflammatory, anti‑obesity, anti‑diabetic, 
anti‑hyperlipidemic, anti-cancer, and anti‑viral activities 
(8). The leaves of L. speciosa, a tropical plant grown in 
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different countries such as Malaysia, Vietnam, Philippines, 
China, Europe, and South America, are rich in corosolic acid 
(8). Corosolic acid has shown anti-tumor, anti-proliferative, 
apoptotic, and non-apoptotic activities against different 
human cancer cells by acting on various molecular pathways 
(9). This terpenoid significantly triggered apoptosis in 
the human colon cancer cell line, HCT116, by activating 
Caspase-8, -9, and -3 in these cancer cells (10). Corosolic 
acid suppresses the progression of hepatocellular carcinoma 
in vitro and hampers tumorigenesis in a xenograft model 
of this cancer in vivo (11). This compound also acts as an 
enhancer of some chemotherapy agents. For example, the 
combination of corosolic acid and 5‑Fluorouracil (5‑FU) 
more significantly blocked the mammalian target of 
rapamycin (mTOR) signaling pathway in SNU‑620 human 
gastric carcinoma cells and induced apoptosis in these 
cancer cells (12). 

Apoptosis is known as a process of programmed cell 
death in multicellular organisms and can be targeted 
as a strategy for the treatment of cancer (13). Aberrant 
alterations in the normal function of this process may result 
in abnormal cell growth and uncontrolled cell division, 
which may render a cancerous state to the normal tissue 
(14). Apoptosis is generally triggered by the induction of 
two signaling cascades, including the intrinsic and extrinsic 
pathways (15). A variety of cellular signaling pathways 
is implicated in the regulation of different components of 
apoptotic cell death (16). The activation of the Janus kinase/
signal transducer and activator of the transcription (JAK2/
STAT3) signaling pathway promotes the proliferation, 
migration, and invasion of cancer cells (17). It has been 
evidenced that the inhibition of the JAK2/STAT3 pathway 
potentiates apoptosis in cancer cells (18). In the present 
study, we aimed to explore the effects of corosolic acid on 
the viability and apoptosis of an invasive triple-negative 
breast cancer cell line, MDA-MB-231, and a non-invasive 
breast cancer cell line, MCF-7. Moreover, we investigated 
the possible mechanism of corosolic acid in inducing 
apoptosis in MDA-MB-231 cells. 

Materials and Methods 
Cell culture and treatments

Both MCF7 and MDA-MB-231 cell lines were purchased 
from National Center for Cell Science (Pune, India). The 

cells were then cultured and incubated in a humidified 
incubator at 37 °C and 5% CO2. All the materials used for 
cell culture were purchased from Gibco, UK. Corosolic 
acid was purchased from Sigma-Aldrich (Germany). Both 
MCF7 and MDA-MB-231 cell lines were seeded at the 
density of 2×104 cells/well into 96-well cell culture plates. 
Subsequently, the seeded cells were treated with different 
concentrations of corosolic acid (5, 10, 15, 20, 25, 30, 40, 50 
μM) for 24, 48, and 72 hr.

Cell viability 
After incubation of the cell lines with increasing 

concentrations of corosolic acid, the viability of the cells 
was quantified using Vybrant 3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) cell proliferation 
assay kit (Thermo Fischer Scientific, USA) according to 
the manufacturer’s instructions. Briefly, the cell lines were 
incubated with 5 mg/ml MTT solution for 4 hr to evaluate the 
influence of corosolic acid on their viability. Subsequently, 
the MTT solution was removed and 200 µl of dimethyl 
sulfoxide (DMSO) solution was added to each well. After 
15 min, the quantity of formazan product was detected by 
measuring the absorbance at 570 and 630 nm using a plate 
reader spectrophotometer (PerkinElmer, USA).

Real-time PCR
The primary primer sequences were extracted from the 

NCBI database and the specific primers were designed by 
using Primer Express software v1.5 (Applied Biosystems). 
The total RNA content of both cell lines was extracted 
using an RNeasy mini kit (Qiagen, Korea). To synthesize 
the complementary DNA (cDNA) from 1 µg/ml of single-
stranded RNA, the oligo-d (T) 15 primer (Roche Applied 
Sciences, Germany) and M-MLV reverse transcriptase were 
used. Real-time PCR analyses were carried out on cDNA 
samples by using SYBR-green master mix (Ampliqon, 
Denmark) on ABI PRISM 7900HT (Applied Biosystems, 
USA) under thermocycling conditions. Furthermore, 
melt curve analysis was carried out for each gene to prove 
the specificity of the primers and the lack of non-specific 
products. The expression levels of all genes were analyzed 
using the 2-ΔΔCt method and the GAPDH transcript was used 
as the housekeeping gene. The primer sequences used in the 
present study are shown in Table 1.

Table 1. Primer sequences used in this study of gene expression analysis
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Flow cytometry
The effect of corosolic acid on apoptosis was studied using 

a FITC/annexin-V-propidium iodide (PI) kit (apoptosis 
detection kit; R&D Systems) according to the manufacturer’s 
protocol. Briefly, MCF7 and MDA-MB-231 cells were treated 
with corosolic acid at concentrations equal to IC50 and IC25 
for 48 hr. Then, the treated cells were centrifuged (1000 g) at 
room temperature (18-24 °C) for 5 min, washed once with 5 
ml of a phosphate-buffered saline (PBS), and resuspended 
in the binding buffer. Afterward, 5 µl of PI and 5 µl of FITC-
annexin V were added to the cell suspension and incubated 
in the dark for 15 min at room temperature. Analysis of 
FITC-annexin V binding was carried out on a FAC scan flow 
cytometer (BD Biosciences) with an excitation wavelength of 
488 nm and an emission wavelength of 350 nm. PI-negative/
Annexin V-positive cells were presented as early apoptotic 
cells and the cells with positive PI and Annexin V were 
reported as late apoptotic cells. 

Western blot analysis
To measure the expression of proteins by Western 

blotting technique, both MCF7 and MDA-MB-231 cell lines 
were seeded in 6-well culture plates at the density of 2×105 
cells/well and allowed to adhere to the plates overnight. The 
following day the cultured cells were treated with IC50 and 
IC25 concentrations of corosolic acid for 48 hr. The cultured 
cells were subsequently harvested through centrifugation 
for 10 min, washed twice with PBS, and incubated in a RIPA 
lysis buffer (Thomas Scientific Inc., USA) to prepare the 
whole-cell lysates. The lysates were then centrifuged and the 
supernatants were utilized for Western blot analysis.

A bicinchoninic acid (BCA) assay kit (Thermo Fisher 
Scientific, UK) was used to estimate the total protein 
content of the samples. 40 µg of the total protein was loaded 
onto 10% SDS-PAGE and transferred onto a polyvinylidene 
fluoride (PVDF) membrane (Millipore, USA) through 
electroblotting. The membranes were blocked with 5% 
non-fat milk for 1 hr at room temperature. Subsequently, 
the membranes were exposed to Caspase-8, Caspase-9, 
Caspase-3, Bax, Bcl-2, STAT3, JAK2, Phosphorylated STAT3, 
Phosphorylated JAK2, and GAPDH primary antibodies 
overnight at 4 °C. All membranes were then incubated 
with horseradish peroxidase (HRP)-conjugated secondary 
antibody in the dark for 1 hr at room temperature. All 
antibodies were purchased from Santa Cruz Biotechnology, 
Santa Cruz, CA, USA. Finally, the immunoblots were 
developed by using an enhanced chemiluminescent kit 
(SuperSignal, Thermo Fisher Scientific, UK) followed by 
exposure to autoradiography film.

Measurement of the activity of caspase enzymes
To measure the activity of Caspase-8, -3, and -9, both 

MCF7 and MDA-MB-231 cell lines were lysed in the lysis 
buffer (1% Triton X-100, 0.02 M Tris HCl pH 7.4, 1 mM 
EGTA, 250 mM sucrose, 1 mM EDTA, 150 mM NaCl, and 1 
mM DTT) with vortexing for 30 min at 4 °C. Subsequently, 
200 μg of the total protein content of the cell lysate was 
mixed with the assay buffer (5% sucrose, 25 mM HEPES pH 
7.5, 2 mM EDTA, 5 mM DTT, and 0.1% CHAPS) to a final 
volume of 100 μl. Then, 20 μl of each substrate (Caspase-9; 
Ac-LEHD-pNA, Sigma, USA), (Caspase-8; Z-IETD-pNA, 
Sigma, USA), (Caspase-3; Z-DEVDpNA, Sigma, USA) 
was added to the mixture. The reaction mixtures were 

incubated for 30 min at 37 °C and the absorbance of the 
enzyme products was measured at 405 nm using an Epoch 
microplate spectrophotometer.

 
Statistical analysis

All experiments were repeated at least three times and the 
obtained data were expressed as mean±standard deviation 
(SD). The results were analyzed using the one-way analysis 
of variance (ANOVA) test followed by Duncan’s multiple 
range tests as the post hoc test. These statistical analyses were 
done using SPSS software version 19 (SPSS Inc., Chicago, 
IL, USA). The statistical difference between the data was 
considered significant at P<0.05.

Results 
Effect of corosolic acid on the viability of MDA-MB-231 
and MCF7 cell lines

The results of the MTT assay revealed that treating 
both MDA-MB-231 and MCF7 cell lines with increasing 
concentrations of corosolic acid for 48 and 72 hr could 
mitigate the proliferation of these breast cancer cell lines 
in a dose-dependent manner compared with the untreated 
control cells. Corosolic acid treatment for 24 hr had no 
significant effects on either cancer cell line (Figures 1A 
and 2A). As presented in Figures 1B and C, corosolic acid 
significantly reduced the viability of the MDA-MB-231 cell 
line at the dose of 15 µM and more with a calculated IC50 
value of 20.12 µM. However, corosolic acid hampered the cell 
viability in the MCF7 cell line at higher concentrations. The 
morphology of MDA-MB-231 cells treated with different 
concentrations of corosolic acid (0, 10, and 20 µM; 48 hr) 
was shown in Figure 1D. The figure indicates that IC25 
and IC50 concentrations of corosolic acid lead to apoptotic 
death in the MDA-MD-231 cells with the characteristics of 
shrinkage and rounding of the cells. As shown in Figures 
2B and C, treatment of MCF7 cells with corosolic acid at 
concentrations more than 25 µM significantly resulted in a 
considerable decrease in cell survival of these cancer cells in 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D 

Figure 1. Anti-proliferative effect of corosolic acid on the MDA-MB-231 
cell line. Different concentrations of corosolic acid (5, 10, 15, 20, 25, 
30, 40, and 50 µM) were used to treat MDA-MB-231 cells for 24 (A), 48 
(B), and 72 (C) hr. The morphology of the cells was shown in different 
groups (D). The MTT method was utilized to assess the viability of 
the cells. The data are expressed as mean±SD of three independent 
experiments. *P<0.05 was considered statistically significant
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comparison with untreated controls. The IC50 value of the 
antiproliferative effect of corosolic acid on the MCF7 cell 
line for 48 hr was 28.50 µM. The morphology of MCF7 cells 
treated with different concentrations of corosolic acid (0, 14, 
and 28 µM; 48 hr) was shown in Figure 2D. Cell shrinkage 
and rounding were also observed but in less extent. This can 
suggest the involvement of a non-apoptotic mechanism in 
corosolic acid-induced cell death of MCF-7 cells.

Effects of corosolic acid on apoptosis induction in MDA-
MB-231 and MCF7 cell lines

To evaluate the apoptosis-inducing activity of corosolic 
acid on MDA-MB-231 and MCF7 cell lines, the cells were 
treated with IC25 and IC50 concentrations of this natural 
compound. In the MDA-MB-231 cell line, a marked increase 
in the late and early stages of apoptosis was observed after 
treatment of the cell line with 10 μM (IC25) and 20 μM 
(IC50) of corosolic acid for 48 hr (Figure 3A). Corosolic 
acid at 20 μM resulted in a non-significant elevation in 
the number of apoptotic cells in comparison with 10 μM 

corosolic acid. Treatment of the MCF7 cell line with 14 μM 
(IC25) and 28 μM (IC50) doses of corosolic acid did not 
change either late- or early-stage apoptotic cell populations 
as compared with the untreated control cells (Figure 3B).

Effects of corosolic acid on caspase enzyme activity in 
MDA-MB-231 and MCF7 cell lines

After corosolic acid treatment, the activity of three key 
caspase enzymes, Caspase-8, -3, and -9 was measured 
in MDA-MB-231 and MCF7 cell lines to evaluate the 
activation and function of these enzymes in the presence 
of this compound. As depicted in Figure 4A, corosolic acid 
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Figure 2. Anti-proliferative effects of corosolic acid on the MCF7 cell 
line. The cells were treated with different concentrations of corosolic 
acid (5, 10, 15, 20, 25, 30, 40, and 50 µM) for 24 (A), 48 (B), and 72 
(C) hr. The morphology of the cells was shown in different groups (D). 
The cell viability was determined using an MTT assay. The data are 
expressed as mean±SD of three independent experiments. *P<0.05 
was considered statistically significant

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. (A) Apoptosis-inducing effect of corosolic acid on MDA-MB-231 cell line at the doses of 10 (IC25) and 20 (IC50) µM for 48 hr. (B) 
Apoptosis-inducing effect of corosolic acid on MCF7 cell line at the doses of 14 (IC25) and 28 (IC50) µM for 48 hr.  The data represented as 
means±SD for the three independent experiments (data were considered significant at *P<0.05 and #P<0.05, compared with the controls)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. (A) Effect of corosolic acid treatment at the doses of 10 
(IC25) and 20 (IC50) µM for 48 hr on the activity of Caspase-8, -9, and 
-3 in the MDA-MB-231 cell line. (B) Effect of corosolic acid treatment 
(14 (IC25) and 28 (IC50) µM for 48 hr) on the activity of Caspase-8, 
-9, and -3 in the MCF7 cell line (#P<0.05 and *P<0.05, compared with 
the corresponding controls). The experiments were performed in 
triplicate. The results are representative of means±SD. #P<0.05 and 
*P<0.05 were considered statistically significant
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significantly elevated the enzyme activity of Caspase-8, -3, 
and -9 in the MDA-MB-231 cell line in comparison with the 
untreated control cells. Treating this cell line with both 10 
µM and 20 µM corosolic acid showed its enhancing effects 
on the function of all three caspase enzymes. Nonetheless, 
the treatment of MCF7 cells with 14 µM and 28 µM of 
corosolic acid had no significant effect on the activity of the 
mentioned caspase enzymes as compared with the control 
cells (Figure 4B). 

Effects of corosolic acid on expression of apoptosis-related 
factors in MDA-MB-231 cell line

To assess the possible effect of corosolic acid on key 
factors involved in the apoptosis of MDA-MB-231 cells, 
the expression levels of some apoptosis-related genes 
and proteins were measured. The results of quantitative 
real time-PCR analyses provided evidence to show that 
corosolic acid, at concentrations equal to IC25 and IC50 
for 48 hr treatment, considerably elevated the transcript 
levels of CASP-8, -9, and -3 in the MDA-MB-231 cell line 
in comparison with untreated control cells. However, it had 
no significant effect on the expression levels of JAK2 and 
STAT3 genes compared with the controls (Figure 5A). The 
results of western blotting showed that the activated form of 
Caspase-3 protein was enhanced after treating the cells with 
the mentioned concentrations of corosolic acid, indicating 
the apoptosis-inducing activity of this natural compound 
in the MDA-MB-231 cell line. Additionally, the protein 
expression results showed that corosolic acid could hinder 
the activation of both JAK2 and STAT3 proteins within 
these cancer cells by inhibiting the phosphorylation and 
activation of these proteins. However, it had no remarkable 
effect on the expression levels of JAK2 and STAT3 proteins 
(Figure 5B).

Effects of corosolic acid on expression of apoptosis-related 
factors in MCF7 cell line

To unravel the potential effect of corosolic acid on 
apoptosis markers in MCF7 cells, the gene and protein 
expression of these markers were quantified using real time-
PCR and western blotting. The results of gene expression 
analysis uncovered that corosolic acid treatment of MCF7 
cells with IC25 (14 µM) and IC50 (28 µM) concentrations of 
this agent for 48 hr did not alter the transcript expression of 
CASP-8, -9, and -3 as well as BAX and BCL-2 as compared 
with the untreated control cell line (Figure 6A). The results 
of western blotting also affirmed that corosolic acid had 
no remarkable activity in the augmentation of the anti-
apoptotic Bal-2 marker, activation of Caspase-8, Caspase-9, 
and Caspase-3 as well as the suppression of pro-apoptotic 
marker Bax in MCF7 cells (Figure 6B).

Discussion 
As described before, TNBC is the most aggressive type of 

breast cancer and develops resistance to treatment methods 
due to the absence of ER, PR, and HER-2 receptors (3). 
Although some therapies are available, therapy resistance is 
the major problem in the treatment of TNBC (19). However, 
hormone-positive subtypes of breast cancer may benefit 
from hormone therapy methods and have better survival 
rates (20). Consequently, new research should focus on the 
discovery of novel and effective therapeutic modalities for 
TNBC. Apoptosis is an important programmed cell death 
process that can be an effective and ideal target for cancer 
therapy (21). Therefore, the present study was designed 
to evaluate the potential effect of corosolic acid on the 
induction of apoptosis in an invasive, MDA-MB-231, and a 
non-invasive, MCF7, subtype of breast cancer.

 

 
Figure 5. (A) Effect of corosolic acid treatment on the expression of 
CASP8, CASP9, CASP3, JAK2, and STAT3 genes in the MDA-MB-231 
cell line.  (B) Effect of corosolic acid treatment on the expression and 
phosphorylated and unphosphorylated forms of JAK2 and STAT3 
in the MDA-MB-231 cell line. #P<0.05 and *P<0.05 were considered 
statistically significant

 

 

 

Figure 6. (A) Effect of corosolic acid treatment on the mRNA expression 
of CASP8, CASP9, CASP3, BAX, and BCL-2 genes in the MCF7 cell line. 
(B) Effect of corosolic acid on the protein expression of Caspase-8, 
-9, -3, Bax, and Bcl-2 in the MCF7 cell line. The data represented as 
means±SD for the three separate experiments. #P<0.05 and *P<0.05 
were considered statistically significant
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In the first step, MDA-MB-231 and MCF7 cell lines were 
treated with increasing concentrations of corosolic acid for 
24, 48, and 72 hr. Corosolic acid treatment of both MDA-
MB-231 and MCF7 cell lines led to a significant decrease 
in the viability of the cells in a dose- and time-dependent 
manner. Of note, this triterpenoid hindered the MDA-
MB-231 cell proliferation rate at lower concentrations 
(IC50=20.12 µM, 48 hr) than those in the MCF7 cell line 
(IC50=28.50 µM, 48 hr). This suggests that the TNBC cell 
line, MDA-MB-231, is more sensitive to corosolic acid than 
the PR- and ER-positive MCF7 cell line. Additionally, it can 
be implied that the anti-breast cancer effect of corosolic acid 
is not necessarily receptor-dependent. 

In the second step, we hypothesized that the 
antiproliferative activity of corosolic acid may arise from 
its effect on the induction of apoptosis in both cell lines. 
Hence, the cell lines were treated with IC50 and IC25 
concentrations of corosolic acid. The results clarified that 
corosolic acid considerably augmented both early and 
late apoptotic cell populations of the MDA-MB-231 cell 
line, however, it showed no remarkable pro-apoptotic 
activity against MCF7 cells. To affirm the role of the key 
caspase enzymes in this effect, the cell lines were exposed 
to IC50 and IC25 concentrations of corosolic acid, and 
then the activity of Caspase-8, -9, and -3 was measured. 
The obtained findings confirmed the elevated activity of all 
three caspases in the MDA-MB-231 cell line due to corosolic 
acid treatment. However, the compound did not affect the 
activity of the enzymes in the MCF7 cell line. The process of 
apoptosis functions through two main pathways that include 
mitochondria-dependent (intrinsic) and death receptor-
mediated (extrinsic) pathways. The former pathway initiates 
apoptosis via activating Caspase-9 and the latter induces 
apoptosis by stimulating Caspase-8. These activated caspases 
trigger the activation of Caspase-3, as the executioner in 
apoptosis (22). Accordingly, it seems that corosolic acid 
induces apoptosis in MDA-MB-231 cells by triggering both 
pathways of apoptosis, indicating a potential mechanism of 
action for the anti-TNBC activity of corosolic acid. 

In the third step, the effect of corosolic acid treatment 
on the expression levels of some apoptosis-related genes 
and proteins was quantified in MDA-MB-231 and MCF7 
cell lines. The results of real-time PCR and western blotting 
methods evidenced that corosolic acid had no marked effect 
on the expression levels of Caspase-8, -9, -3, Bax, and Bcl-2 at 
either mRNA or protein levels. However, treating the MDA-
MB-231 cell line with IC50 and IC25 concentrations of 
corosolic acid significantly amplified the levels of Caspase-8, 
-9, and -3 in comparison with untreated control cells. 

To the best of our knowledge, only three studies in the 
literature investigated the effect of corosolic acid on breast 
cancer. For example, the results of an investigation showed 
that corosolic acid inhibited the proliferation of MCF7 cells 
by blocking factor-kappa B (NF-κB) activity. However, they 
did not study the apoptosis-inducing activity of corosolic 
acid in this cell line (23). Son et al. identified that corosolic 
acid decreased the proliferation and increased apoptosis 
of MDA-MB-231 cells in a dose-dependent manner. They 
revealed that the apoptosis-inducing effect of corosolic acid 
on MDA-MB-231 cells was mediated by a mechanism that 
involves reactive oxygen species (ROS) (24). However, they 
did not describe which pathway of apoptosis is involved 
in the apoptosis-inducing effect of corosolic acid on this 

cell line. Jiang et al. demonstrated that corosolic acid 
displayed anticancer capacity against MDA-MB-231 cells by 
inhibiting cell proliferation and inducing apoptosis through 
a mechanism that regulates the p38/MAPK signaling 
pathway (25). They measured Caspase-3 expression and 
Bax/Bcl-2 ratio and concluded that corosolic acid triggers 
apoptosis in MDA-MB-231 cells via the intrinsic pathway. 
However, they did not determine the levels or activity of 
Caspase-8 and -9, which are pivotal markers of extrinsic 
and intrinsic apoptosis, respectively. On the contrary, the 
present study estimated the activity and levels of all three 
key caspase enzymes and then concluded that corosolic 
acid induces both pathways of apoptosis in MDA-MB-231 
cells. A study proved that treating osteosarcoma MG-63 
cells with corosolic acid led to the activation of caspase-8, 
-9, and -3, suggesting the stimulation of both the intrinsic 
and extrinsic pathways in these cancer cells (26). Sung 
and colleagues reported that corosolic acid promoted 
apoptosis in HCT116 human colon cancer cells by acting 
on both pathways of apoptosis (10). However, some studies, 
which have evaluated the effect of corosolic acid on cervix 
adenocarcinoma, lung adenocarcinoma, and NCI-N87 
gastric cancer cell lines, showed that this compound triggers 
apoptosis in these cells by activating the intrinsic pathway 
(27-29). It seems that the controversy between the results 
of these studies arises from the difference between the types 
of cancer cells. Therefore, corosolic acid may use different 
mechanisms in various types of cancer.

An increasing body of evidence in the literature shows 
that targeting the JAK/STAT signaling pathway in TNBC cell 
lines is a novel and efficient approach to stimulating apoptotic 
cell death in these cancer cells (30-32). Consequently, 
the expression levels of JAK2 and STAT3 as well as their 
phosphorylated forms were measured in the MDA-MB-231 
cell line. The obtained findings evidenced that corosolic acid 
did not affect the expression of unphosphorylated forms of 
JAK2 and STAT3. However, it diminished the levels of their 
phosphorylated forms as compared with the control cells. 
These data are in line with the previous studies. Fujiwara 
et al. demonstrated that corosolic acid suppressed the 
proliferation of glioblastoma cells and tumor-associated 
macrophages by blocking STAT3 and NF-κB in these cells 
(33). It has been reported that the inhibition of the JAK/
STAT pathway in cancer cells could lead to the induction of 
apoptosis in these cells and may result in tumor suppression 
(34). Corosolic acid, in the present investigation, played 
a role as an inhibitor of the JAK/STAT signaling pathway. 
Thus, inhibition of the JAK/STAT pathway could be another 
potential mechanism by which corosolic acid triggers 
apoptosis in the MDA-MB-231 cells.

Conclusion 
Natural products that target both pathways of apoptosis 

are the most competent anti-cancer drugs because they 
prevent drug resistance that arises from the cross-talks 
between the signaling pathways in the cancer cells (35). 
Therefore, the drugs that simultaneously target more than 
one pathway are more effective in cancer suppression. Our 
data also evidenced that corosolic triggers both pathways 
of apoptosis in the MDA-MB-231 cell line and this makes 
it an efficient candidate for the treatment of TNBC. The 
findings of this study also discovered that corosolic acid-
induced apoptosis in MDA-MB-231 cells by suppressing the 
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activation of the JAK/STAT pathway. Therefore, the present 
data suggested two mechanisms of action for the apoptosis-
inducing activity of corosolic acid against the TNBC MDA-
MB-231 cell line. Moreover, further experiments showed 
that corosolic acid reduced the viability of MCF7 cells, but 
had no apoptotic effect on this PR- and ER-positive cell line, 
suggesting the involvement of a non-apoptotic mechanism 
in anti-proliferative activity of corosolic acid against MCF7 
cells. These findings also suggest that the anti-breast 
cancer effects of corosolic acid are mediated in a receptor-
independent manner. Taken together, corosolic acid may be 
considered an anti-proliferative agent for different types of 
breast cancer with pro-apoptotic effects on TNBC. 

Although the present study has valuable data and offers 
beneficial contributions to current literature, we note 
some limitations of our research and suggest some extra 
evaluations for future studies. As indicated in the title of the 
manuscript, the present study is an in vitro investigation of 
the effects of corosolic acid on breast cancer cell lines. Thus, 
future works should focus on the development of in vivo 
models of breast cancer using both cancer cell lines. Then, 
the present factors can be evaluated in those animal models 
to establish the present results.
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