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Abstract 

The present study aimed to explore the molecular mechanisms and biological pathways involved in Wortmannin induced breast 

cancer MCF-7 programmed cell death. The direct cellular and molecular effect of Wtmn was investigated selectively on the 

MCF-7 cancer cell line. To study morphological effects phase contrast microscopy was used. The mitochondrial membrane 

potential and detection of caspase activity were investigated using fluorescent microscopy. Our morphological, molecular, and 

caspases expression indicated the intrinsic apoptosis pathways involved, and confirmed the role of Wtmn in these pathways. 

Our experimental results demonstrated that Wortmannin (Wtmn), an irreversible and selective PI3-K inhibitor, inhibits the 

proliferation of MCF-7 breast cancer cells, and facilitates their entry into apoptosis. Our data established the anti-cancer 

properties of Wtmn on MCF-7 breast cancer cells. These studies directed us towards elucidating the molecular mechanisms 

and biological pathways mainly involved in this process. This findings offer potential drug screening to search for novel 

inducers of apoptosis on MCF-7 cells, and could be used to design better drugs. 
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1. Introduction 

Breast carcinoma is the most common malignancy as well as 

high morbidity in women worldwide [1-2]. Although several 

biological properties of Wtmn have been identified, the 

precise molecular mechanisms underlying its action on 

cytotoxicity and cell death appear unknown to date. Novel 

and advanced alternative therapeutic strategies are needed. 

Studies reported that Wtmn exhibits anti-tumor effects on 

human breast cancer cell lines in vivo, but the details 

mechanism of action of cell death are not with the MCF-7 

contexts, specifically in the apoptotic programmed cell death 

perspective in-vitro [3-7]. Therefore, the goal of this research 

had a specific aim to elucidate the molecular mechanisms 

and biological pathways involved in Wtmn induced MCF-7 

cancer cell death. In most eukaryotes, mitochondria are not 

only the power house of cellular energy production but also 

play crucial role in regulating or initiating apoptotic cell 
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death pathways through numerous mechanisms. For example, 

mitochondrial membrane potential loss (∆ψm), inner 

mitochondrial membrane (IMM) pore activation leading to 

release of apoptogenic factors; proteins and activation of 

caspases cascade [8-11]. During apoptosis induction, some or 

all of these changes activated [8-9]. Thus for studying the 

induction of mitochondria-mediated cell death, mitochondrial 

functional parameters analysis is important [8]. To induce 

apoptotic cell death by using chemotherapeutic agent, 

caspase activation is a common biochemical mechanism and 

hallmark of apoptosis [12-13]. Therefore, we have explored 

the possible molecular mechanisms and biological pathways 

involved in Wtmn induced MCF-7 cancer cell death in-vitro. 

2. Experimental 

2.1. Materials 

The MCF-7 cells, EMEM, bovine insulin, penicillin-

streptomycin (P-S), and Trypsin - EDTA (TE) was obtained 

from ATCC (Rockville, Maryland). The Rho-123, and PBS 

were purchased from Amresco Inc. (Salon, OH). The Hoechst 

-33342, Caspase 3 / 7 FAM FLICA, Propidium Iodide (PI) 

stains were from BioExpress and ICT Inc., USA respectively. 

The DMSO, FBS, standard tissue culture (75 cm
2
) flask with 

filtered cap, 6 well, and 96 well plates were purchased from 

BioExpress (Kaysville, UT). 

2.2. Methods 

2.2.1. Cell Culture 

The MCF-7 cell culture were performed as previously 

described [11]. Briefly, cells were grown in EMEM 

supplemented with 10% FBS and Penicillin / Streptomycin at 

37°C with 5% CO2 humidified atmosphere. 

2.2.2. Phase Contrast Microscopy (PCM) 

The MCF-7 cells were cultured in triplicate into 6 well plates 

at a density of 1 X 10
6
 cells / well and treated with Wtmn for 

24 hour period. Images were taken randomly using a Zeiss 

Axiovert 40 CFL
®
 inverted PCM. 

2.2.3. Mitochondrial Membrane Potential 

Using FM 

For FM fluorescence microscopy, Rho-123 and Hoechst 

33342 double staining method was applied. Briefly, Wtmn 

treated cells were pelleted, resuspended in ice-cold PBS, and 

stained with 1µM Rho-123 for 15 minutes in the dark at 

room temperature. After washing with PBS cells were 

resuspended in PBS containing 1 µg / ml Hoechst 33342 and 

incubate 5 minutes in the dark at room temperature. Then 5 

to 6 images for each sample were captured randomly using 

Nikon 90i fluorescence microscope and analyzed using both 

FITC green and DAPI blue filter. 

2.2.4. Caspases Activity Assay 

The MCF-7 cells were allowed to reach about 70% 

confluency (cell density were adjusted about 1 x 10
6 

cells / 

ml) in six well plate in fresh medium before adding 

starvation medium and treatment. After that the cells exposed 

to different concentration of Wtmn (100 nM -10 µM) for 

specific periods of time (6h - 24h) were collected by 

centrifugation at 800 x g at 4°C for 12 minutes. Then the cell 

pellet were resuspended in 290 µl fresh medium followed by 

the addition of 10 µl FLICA (FAM-DEVD-FMK inhibitors, 

catalog # 93) reagent and incubated for 1 hour at 37°C and 

5 % CO2 in humidified incubator. After collection of the cell 

pellets were washed two times in working dilution of wash 

buffer. Then the fresh medium were added and incubated for 

1 hour at 37°C humidified incubator. Finally, the medium 

discarded and the cell pellets were collected and analyzed by 

FM (fluorescent microscope) according to the manufacturer’s 

protocol of FAM - FLICA caspase - 3 / - 7 kit (ICT, USA, cat 

# 93) to detect caspase activity. 

2.2.5. Statistical Analysis 

Experiments were done in triplicate. Data were expressed as 

Mean ± Standard Error Mean (SEM). Significance was 

evaluated by a one way ANOVA and the student T- test. 

3. Results  

The phase contrast microscopy of Wtmn treated MCF-7 cells 

have distinct morphological apoptotic characteristics. It 

includes cell shrinkage with intact membranes as well as 

condensed cytoplasm along with membrane blebbing (onset 

of cytoplasmic budding). Morphological observation 

revealed the typical apoptosis characteristics including loss 

of adhesion, cell shrinkage, membrane blebbing, reduced 

cellular volume with condensed contents, body rounded up 

further demonstrating Wtmn induced apoptosis of MCF-7 

cells. Thus, it displays evident to formation of apoptotic 

bodies. 

Mitochondria play a crucial role in the apoptotic process and 

one of the major mitochondrial events associated with 

apoptosis is drop of mitochondrial membrane potential 

(∆ψm). To analyze whether Wtmn induced changes in ∆ψm of 

MCF-7 cells, the fluorescent dye Rho-123 was used. 

The MMP is evaluated by the retention of a specific 

fluorescent cell-permeant cationic dye, Rho123 which is 

readily sequestered by active mitochondria after entering into 

the living cells based on their high transmembrane potential 

and without cytotoxic effects induction [15-16]. The 

fluorescent intensity of retained Rho-123 reflects the amount 
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of produced ATP in mitochondria. Since Rho-123 has also 

several energy independent binding sites [17]. We used it in 

combination with Hoechst 33342 allowing a clear and 

elegant distinction between fluorescence microscopic images 

(Figure 1) of mitochondrial membrane potential (∆ψm) loss 

induced by Wtmn in MCF-7 cells. 

 

Figure 1. Fluorescent images of mitochondrial membrane potential (∆ψm) 

loss induced by Wtmn in MCF-7 cells. 

Cells were incubated with or without different concentration 

of Wtmn (100 nM - 1 µM) for 24 hour, stained with 

Rhodamine123 (Rho-123) and Hoechst 33342 double 

staining and examined by fluorescence microscopy. The 

proportions of increased concentration of Wtmn treated cells 

with gradually decreased Rho-123 fluorescence were 

observed. After Rho-123 and Hoechst 33342 double staining 

approximately 300 - 400 cells were analyzed in each 

experiment with similar result. 

Expression of caspase-7 in Wtmn induced MCF-7 cells 

Since disrupted MMP associated with apoptotic cell death 

[18-20]. It is important to investigate whether caspase 

cascade activation result from perturbation of MMP. The 

irreversible apoptotic process is directly controlled by 

caspase cascade activation and the effector caspases (caspase 

- 3, - 6, - 7) are responsible for many key molecular and 

structural apoptotic changes. Caspases - 3, - 6 and - 7 are 

well known biomarkers to trigger apoptotic mechanism 

induced by different stimuli in different cells [12, 21]. To 

assess this irreversible molecular key event of apoptosis i.e. 

protease involvement in Wtmn induced MCF-7 cell death, 

we have examined whether effector caspases activation is 

associated with apoptotic signaling in MCF-7 cells after 

exposure to different concentrations of Wtmn (100 nM -1 

µM). The commercially available FAM - FLICA caspase - 3 / 

-7 kits (ICT, USA) was used to detect the presence of caspase 

- 3 / - 7. 

 

Figure 2. Expression of caspases in MCF-7 cells induced by Wtmn was 

detected by fluorescence microscopy. Cells were treated without or with 

Wtmn of different concentration (100nM -1 µM) for 24 hour and labeled 

with FAM - FLICA caspase - 3 and - 7 as described in materials and methods 

and viewed under fluorescence microscope. Left panel, the grey DIC image 

reveals Wtmn untreated (control) and treated (100 nM -1µM) cells in the 

field of view. Right panel, apoptotic caspase-positive cells fluoresce green 

(Red circle) with FAM-DEVD-FMK FLICA in the same area of interest. 

Data are representative of at least 4 - 5 randomly selected fields’ images with 

similar results. 

From our experiments, as shown in Figure 2, the enzyme 

assay indicated that the Wtmn treated MCF-7 cells were 

expressing caspases - 7 involved in apoptosis, in a dose 

dependent manner compared to control in vitro. The caspase - 

7 positive (apoptotic) cells fluorescence green with labeled 

FAM – DEVD - FMK FLICA under FM. However, the DIC 
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image (grey) revealed that, not all of the MCF-7 cells 

photographed by DIC microscopy were fluorescence green, 

while those same cells were captured under fluorescence 

channel (FITC). In contrast, the control group photographed 

in DIC image exhibited the confluency, but not a significant 

green fluorescence (caspases negative). Our experimental 

results revealed that Wtmn treatment in MCF-7 cells 

expresses caspase-7 in a dose dependent manner compare to 

control in vitro (red circle). At 1 µM concentration most of 

the Wtmn treated MCF-7 cells fluoresced green comparing to 

that of the left panel DIC images. However, caspase-3 did not 

express in MCF-7 cells is due to their lack of their expression 

in mRNA level [22]. 

4. Discussions 

It was determined from our experiments that the Wtmn 

treated MCF-7 cancer cells significantly exhibit apoptogenic 

morphological, biochemical and molecular characteristics. It 

is evident by membrane blebbing, cytoplasmic volume 

reduction, followed by cell shrinkage, disruption of MMP 

indicators of early apoptotic event and effector caspase - 7 

activation. Those properties demonstrated that the cells 

undergoing apoptotic cell death. Several previous studies 

reported that disruption of MMP leading to apoptotic cell 

death [18, 20, 23-26]. Evidences suggested that proper 

maintenance of mitochondrial membrane potential is 

essential for cell survival through ATP generation and 

oxidative phosphorylation [27-28]. Since mitochondria is 

considered the power house of cells, irrespective of 

eukaryotes (higher or lower), mitochondrial dysfunction or 

loss of MMP leads to PCD [27, 29]. Thus, mitochondria are 

the major stress induced cellular target of injury in apoptotic 

cell death [27]. 

We have analyzed the downstream effect of irreversible 

inhibitor (Wtmn) of PI3-K signaling to understand Wtmn 

induced apoptosis mechanism. In MCF-7 cells, Wtmn 

provoked a significant loss of MMP. These research 

analyzed intracellular compartment such as nuclear, 

mitochondrial and cytosolic changes associated with Wtmn 

induced apoptosis that caused the loss of MMP leads to 

activation of key effector protease. This appearance is 

positively correlated with the Wtmn concentration and 

apoptosis induction despite the absence of normal caspase-3 

in the MCF-7 cells. Thus, these results support the 

mechanism that Wtmn could induce apoptosis in MCF-7 

cells leads to disruption of MMP and expression of the 

caspase - 7 cascades. Based on published reports [14, 30], 

and the findings presented here we proposed critical cellular 

and molecular events necessary for Wtmn treated MCF-7 

cells apoptosis induction (Figure 3). 

 

Figure 3. Key molecular mechanisms of Wtmn treated MCF-7 breast cancer 

cell death. 

Our results suggesting that caspase-dependent intrinsic 

apoptotic pathways were involved in Wtmn induced MCF-7 

cell death. These results are consistent with the previous 

studies that Wtmn induces programmed cell death in 

different cells [13, 30-33]. Our results indicate that the 

disruption of MMP as well as activation of effector caspase - 

7, all are indication of apoptosis signaling mechanism 

involvement. 

5. Conclusions 

Taken together, these results demonstrated for the first time 

insight into the mitochondrial dependent intrinsic cell death 

pathway induced by Wtmn in MCF-7 cells through 

morphological and biochemical alterations of mitochondrial 

and cellular functions. It follows the apoptotic phases such as 
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cell shrinkage, loss of MMP, chromatin condensation, 

membrane blebbing, apoptotic body formation and activation 

of caspase cascade. Therefore, all these results suggested the 

intrinsic apoptotic cell death pathways are involved in Wtmn 

induced MCF-7 breast cancer cells. These results suggest a 

novel biomolecular target pathway-apoptosis induction by 

Wtmn. This understanding could be used to improve the 

potential anti-cancer properties of the breast cancer 

therapeutics. 
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