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Abstract
Background: Breast cancer is the major cause of death from cancer among women around the world. Given the drug resistance in 
the treatment of this disease, it is very important to identify new therapies and anticancer drugs. Many studies demonstrated that 
hypericin could induce apoptosis in different cancer cell lines; however, the underlying mechanism is not well understood yet. 
Therefore, this study aimed to evaluate the anticancer effect of hypericin in two breast cancer cell lines, one with wild type P53 
and the other with mutant P53.
Methods: In this study, the MDA-MB-231 and MDA-MB-175-VII cell lines were treated with different concentrations of hypericin 
for 24 and 48 hours. The measurement of cell death was performed by MTT assay. The cell apoptosis rate was measured using 
annexin V/propidium iodide assay through flow cytometry. The level of expression in P21 and P53 genes was evaluated by real 
time PCR. Immunocytochemistry (ICC) analysis was performed for P21 (direct target for P53 protein) to confirm the results.
Results: The results showed that hypericin could have dose-dependent cytotoxic effects on the MDA-MB-231 and MDA-MB-175-
VII cell lines, and its cytotoxicity is much higher in the latter cells. According to flow cytometry results, 86% of MDA-MB-175-VII 
cells underwent apoptosis with IC50 dose of hypericin for MDA-MB-231 cells after 24 hours. Moreover, after 24 hours of exposure 
to hypericin with MDA- MB-231 IC50 concentration, the expression of P53 and P21 genes upregulated in MDA-MB-175-VII much 
more than MDA-MB-231 when both cell lines were treated with 24 hours IC50 dose of MDA-MB-231. The ICC analysis on P21 
confirmed that by treating both cell lines with MDA-MB-231 IC50 dose of hypericin for 24 hours, this protein is overexpressed 
much more in MDA-MB-175-VII cells. 
Conclusion: The results of this study demonstrated that hypericin’s apoptotic and cytotoxic effects on cancer cells may be mediated 
via P53 overexpression, cell cycle arrest and the subsequent apoptosis. Therefore, it is of great importance to consider that 
hypericin would have better impact on cells or tumors with wild type P53.
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Introduction
Breast cancer is the major cause of  death from cancer 
in women worldwide.1 The onset of  this type of 
cancer may not have any symptoms, and it is usually 
diagnosed using mammography after it is developed.1,2 
To confirm breast cancer, samples are collected from 
suspected mass. Common treatments include the use 
of  one or more simultaneous surgical procedures, 
radiotherapy and chemotherapy.3 A major problem with 
breast cancer is disease relapse after treatment and its 
high metastasis, especially to the liver, lungs, brain and 

bones.4,5 Therefore, if  it is detected in advanced stages, 
it is practically untreatable. According to gene expression 
patterns, breast cancers are categorized into different 
types including Luminal A/B, Basal, claudin-low, and 
human epidermal growth factor receptor 2 positive 
(HER2 +).6-8 The MDA-MB-231 and MDA-MB-175-VII 
cell lines are 2 examples of  breast cancer cell lines with 
different mutations in P53.9,10 Unfortunately, there is still 
no proper treatment for these types of  breast cancers.10,11 
Therefore, it seems necessary to find a proper treatment 
with no significant side effects on normal cells in breast 
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tissue including fibroblast cells.12

The use of  medicinal plants in terms of  their side 
effects has always been a concern. Several plants have 
been identified for the treatment of  certain diseases so 
far.13-16 Identification of  anti-cancer and anti-metastatic 
effects of  medicinal plants has always been considered.17 
Some studies have shown the cytotoxic effects of 
hypericin in Hypericum perforatum plant on cancer cells.12 
This plant is a member of  Hypericaceae species, which is 
commonly found in the wheat and corn fields.18 Various 
studies have been carried out on the effects of  its extract 
in the treatment of  some diseases such as depression.19 
However, the identification of  other therapeutic effects 
of  this extract can be highly valuable.12 Considering 
the cytotoxicity of  this plant this study was conducted 
to investigate the underlying mechanism of  action of 
hypericin in inducing apoptosis in cancerous cells. P53 
is a well-known gene that is mutated in over 50% of 
different cancers which reflects its true name, the “gate 
keeper”.20,21 In this study we investigated different effects 
of  hypericin in two breast cancer cell lines: the MDA-
MB-231 (with mutated P53) and MDA-MB-175-VII 
(with wild type P53).22 Our results showed that hypericin 
could induce apoptosis in MDA-MB-175-VII cells in a 
lower dose than MDA-MB-231.

Materials and Methods
Materials and Reagents
MDA-MB-231 and MDA-MB-175-VII cell lines were 
purchased from Pasteur Institute of  Iran (Tehran, 
Iran). Hypericin, cisplatin and MTT (3-[4,5-Dimethyl-2-
thiazolyl]-2,5-diphenyl-2-tetrazolium bromide) assay kit 
were obtained from Sigma Aldrich (USA). The medium 
utilized for culturing was high glucose Dulbecco’s 
Modified Eagle’s Medium (DMEM) with 10% fetal 
bovine serum, 100 mg/mL streptomycin and 100 U/
mL penicillin (all from Gibco, USA). Rabbit polyclonal 
anti-P53 antibody, goat anti-Rabbit IgG Fc (FITC) and 
DAPI which used for immunocytochemistry (ICC) were 
purchased from Abcam (UK). All other reagents were 
obtained from Sigma Aldrich.

Cell Culture and MTT Assay
The breast cancer cell lines utilized in this study were 
cultured in cell culture incubator (37°C with 5% CO2) in 
a complete medium as described in the previous section. 
Cell culture medium above the cells was changed with 
fresh medium every 4 days. When confluency of  cells 
reached into 90%, cells were detached by trypsin and 
were counted after centrifugation. 8000 and 6000 cells 
were seeded in each well of  96-well plates for 24 and 
48 hours MTT assay, respectively. Post 24 or 48 hours 
medium of  each well was replaced with fresh medium 

and an appropriate concentration of  MTT solution 
based on manufacturer’s manual. Formazan (the purple 
sediments) appeared after 3 hours. MTT containing 
media in the wells were depleted and 200 µL of  Dimethyl 
sulfoxide (DMSO) was added to each well to dissolve 
formazan crystals. Afterward, absorption of  each well 
was revealed by Biotek ELX800 microplate reader 
(BioTek Instruments, Inc.) at 570 nm.

 
Apoptosis Assay by Flow Cytometry
To further investigate whether cellular death which 
occurred after treatment of  MDA-MB-231 and MDA-
MB-175-VII cells with hypericin was kind of  apoptosis 
or not, annexin V/propidium iodide (annexin V/ PI) 
apoptosis assay kit (Roche Company, Switzerland) was 
used. We followed exactly the procedure described in the 
kit instruction manual. To specify the number of  cells 
which undergo apoptosis, we treated MDA-MB-175-VII 
cells with 24 hours half  maximal inhibitory concentration 
(IC50) dose of  hypericin for MDA-MB-231 cells which 
attained from prior MTT assay. 

Real-Time Polymerase Chain Reaction
Total RNA extracted by TRIzol was purchased from 
Invitrogen. Quality and concentration of  extracted RNAs 
were determined using spectrophotometry (treated cells 
received hypericin with a concentration equal to the 24 
hours IC50 of  MDA-MB-231). The same amounts of 
RNAs were then utilized for cDNA synthesis (Takara, 
Japan). These cDNAs were used for real time PCR 
reaction in Q5 plex rotor gene Qiagen device (USA) with 
the following program: 1- Holding Stage: 95°C/5 min. 
2- Cycling Stage: denaturing step: 95°C/15 s, followed 
by annealing step 60°C/30 s, amplification step 72°C/20 
s (number of  cycles: 40). 3- Melt Curve Stage. Primers 
designed to specifically amplify Bax, Bcl2 and P53 (we 
used Gapdh as the internal control). 

Immunocytochemistry
To perform ICC test, cells were seeded in 24-well plates. 
These cells were treated with specific dose of  hypericin 
(treated cells received hypericin with a concentration 
equal to the 24 hours IC50 of  MDA-MB-231) and then 
fixed by 4% paraformaldehyde at room temperature for 
10 minutes. After that, these cells were incubated with 
anti-p21 antibody at 4°C. After 16 hours of  incubation 
with primary anti-p21 antibody, cells were washed with 
PBS and then incubated for 1 hour with FITC (samples 
without primary antibody were used as negative controls). 
Cells nuclei were stained by DAPI.

 
Statistical Analysis
We used GraphPad Prism software version 6.01 to 
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perform statistical analysis. Error bars represent mean 
± SD and P value less than 0.05 was considered as 
significant. For comparison between groups, unpaired t 
test was performed.

Results
MTT Assay and Flow Cytometry
To determine IC50 dose for hypericin (concentration 
of  hypericin in which 50% of  cells die), MTT assay was 
performed. The IC50 dose for hypericin was determined 
to be 2 μg/mL and 1 μg/mL for 24 and 48 hours, 
respectively, for MDA-MB-175-VII (Figure 1). The 
IC50 dose for hypericin was defined to be 5 μg/mL 
and 3 μg/mL for 24 and 48 hours, respectively (Figure 
2). Treatment of  both cell lines with 24 hours IC50 of 
MDA-MB-231, induced about 50% apoptosis in MDA-
MB-231, and about 86% apoptosis in MDA-MB-175-VII 
(Figure 3). 

Real-Time Polymerase Chain Reaction
The expression level of  P53 and Bax genes significantly 
increased after treatment of  cells by IC50 dose of 
hypericin for 24 hours. The Bcl2 gene expression level 

Figure 1. MTT assay results revealed that the IC50 dose for treatment 
of MDA-MB-175-VII cells with hypericin is 2 (μg/mL) (P value = 0.002) 
and 1 (μg/mL) (P value= 0.001) for 24 and 48 hours, respectively. Left 
diagram shows the results for MTT assay 48 hours after treatment of 
these cells with different doses of hypericin, and right diagram, shows 
that of 24 hours.

Figure 3. Annein/PI flow cytometry results demonstrated that treatment 
of MDA-MB-175-VII cells with 5 (μg/mL) hypericin for 24 hours 
induces apoptosis, and not necrosis, in these cells (right diagram, 
upright and downright quadrants), compared to untreated MDA-MB-
175-VII cells (left diagram).

Figure 4. Real-time PCR results demonstrated that treatment of MDA-
MB-175-VII and MDA-MB-231 cells with IC50 dose of hypericin 
induces upregulation of P53 (left plot) (P value = 0.004) and P21 (right 
plot) (P value = 0.002) mRNA expression level much more in MDA-
MB-175-VII cells than MDA-MB-231.

Figure 2. The IC50 dose for treatment of MDA-MB-231 with hypericin 
was calculated to be 5 (μg/mL)  and  3 (μg/mL)  for 24 and 48 hours, 
respectively. Left diagram; MTT assay results for 48 hours treatment of 
MDA-MB-231 cells with different doses of hypericin, right diagram; 
that of 24 hours.

 

decreased after treatment which confirms that these cells 
underwent apoptosis (Figure 4) (Gapdh was utilized as 
the internal control). 

Immunocytochemistry
As shown in Figure 5, after treatment of  cells with 24 
hours IC50 of  MDA-MB-231, p21 protein expression 
level increased much more in MDA-MB-175-VII cells 
compared with MDA-MB-231

 
Discussion
More than one million new cases of  breast cancer are 
diagnosed every year in the world, while more than 
600 000 cases lead to death.1,23 Based on the progress 
of  the disease, different methods are suggested to treat 
breast cancer.1,7,8 The most common ways to treat breast 
cancer include surgery and breast discharge, radiotherapy 
and chemotherapy. Each of  these treatments has several 
complications, and resistance is likely to occur with each 
method.24,25 Therefore, choosing alternative therapies 
is very important.26 The effects of  the extracts of 
medicinal plants on the treatment of  many diseases have 
been proven. Many plants have proven anti-cancer and 
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cytotoxic properties.13 H. perforatum is one of  the medicinal 
plants with numerous proven therapeutic effects.12,27,28 
Hypericin is the active ingredient of  this plant, and some 
studies have reported its efficacy in the treatment of 
some cancers.12,27-29 Although the mechanism of  action 
of  hypericin in the treatment of  cancers is not clear, it is 
believed that this substance affects cell survival and death 
in several cell lines.12 

The results of  this study showed that hypericin has 
significant cytotoxic effects on MDA-MB-231 cancer cell 
line. Accordingly, IC50 for this extract was reported 2 
μg/mL 24 hours after exposure, while it was reported 
2 μg/mL 48 hours after exposure. The results indicated 
a high cytotoxic effect of  hypericin on MDA-MB-231 
cancer cells, and also a significant decrease in IC50 of 
hypericin compared with cisplatin. A very important 
point in previous studies is the lack of  effect of  hypericin 
on fibroblastic cells even at high doses which indicates 
that this substance has no effect on healthy cells.12,14,30 

Moreover, to determine the apoptosis rate and measure 
cytotoxicity in this study, MDA-MB-175-VII and MDA-
MB-231 cancer cells were exposed to hypericin. Flow 
cytometry and ICC were used, and the expression of  P21 
and P53 genes as determinant genes in cell survival and 
death, were measured through real time PCR. 

The findings of  this study suggest that over 86% of 
apoptosis is induced by hypericin exposure of  MDA-
MB-175-VII cancer cells to 24-hour IC50 dose of  MDA-
MB-231 cells. The results also indicate an increase in 
genetically induced cell death (P53 and P21). The results 
were confirmed by ICC assay on P21 protein.

Some studies have investigated the mechanism of 
action of  hypericin in induction of  cancer cell death and 
its cytotoxic effects. However, the exact mechanism of 
action of  hypericin is not clear yet. For example, in a 
study by Jendzelovsky et al it was stated that hypericin can 
increase expression of  2 genes: “multidrug resistance-
associated protein 1 (MRP1)” and “breast cancer 

resistance protein (BCRP)”. These 2 genes can be related 
to drug resistance receptors, ABC transporter proteins 
and Proadifen (SKF-525A).31 In terms of  molecular 
structure, there is the possibility of  interactions between 
Ca2+ pump SERCA and hypericin. In another study, some 
appropriate sites in cell membrane lipid are identified 
for binding to hypericin, while an important part of 
these sites are in the endoplasmic membrane.32 This 
association increases the intracellular oxidative stress and 
decreases the mitochondrial membrane potential which 
activates caspases 3 and 9, and ultimately leads to cell 
death.31 Moreover, the study of  Barliya et al showed 
that hypericin could play a crucial role in induction and 
expression of  hypoxia-inducible factor 1α which can 
remove von-Hippel Lindau protein from cancer cells, 
and prevent the growth of  these cells.33 According to our 
knowledge, no study has investigated different effects of 
hypericin on various breast cancer cells with wild type or 
mutated P53 gene. 

Hamilton et al showed that low concentrations of 
hypericin could inhibit growth of  AtT-20 and GH4C1 
cell lines.30 Mirmalek et al also reported that hypericin 
could have dose-dependent cytotoxic and apoptotic 
effects on a breast cancer cell line (MCF-7). Moreover, 
hypericin’s caused a death rate of  52% on MCF-7 cell 
line. In addition, the results of  this study showed that 
the expression of  P53 and bax genes (apoptosis-inducing 
genes) increased after 24 hours of  exposure to hypericin, 
and the expression of  the Bcl2 gene (apoptosis-inhibiting 
gene) decreased. These results confirm that the induction 
of  apoptosis and cytotoxic effects of  hypericin on the 
studied cell line may be mediated with P53 overexpression. 
These results show that the cytotoxic effects of  hypericin 
on cancer cells are better than Cisplatin. So it can be 
considered as an appropriate candidate in treatment of 
this type of  cancer.12 These findings are consistent with 
the results of  the study by Acar et al in which hypericin 
increased P53 gene expression which induces cell death 

Figure 5. The ICC Results. A-C treated MDA-MB-231 cells and D-F MDA-MB-175-VII cells which treated with IC50 dose of MDA-MB-231 for 24 
hours. A and D are cells nuclei stained with DAPI. B and E are cells which are stained with antibody against P21 protein-secondary antibody-FITC. 
Red dots which show P21 proteins expression, are much more in MDA-MB-175-VII samples compared with MDA-MB-231 (200X).
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and thereby increases the apoptosis rate.29 
These findings along with similar studies, suggest that 

hypericin induces apoptosis by increasing the expression 
of  cell death-inducing genes and preventing cell division 
by expression of  cell survival genes.12,34 However, 
according to the study of  Roscetti et al hypericin has weak 
inhibitory effects on cell growth and has no cytotoxic 
effects on cancer cells.28 

In conclusion, the results of  this study indicate that 
hypericin is a cytotoxic agent that induces cell death 
through upregulation of  P53 in MDA-MB-175-VII 
breast cancer cells. In addition, the cytotoxic effects 
of  this substance on these cells are higher than that of 
MDA-MB-231 cells. It seems that this substance, with 
appropriate anticancer effects, can be suggested as a 
suitable treatment for cancers with wild type P53. 
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