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Abstract:  Gliotoxin, a secondary metabolite produced by marine fungus Aspergillus sp., 

possesses various biological activities including anticancer activity. However, the 

mechanism underlying gliotoxin-induced cytotoxicity on human cervical cancer (Hela) and 

human chondrosarcoma (SW1353) cells remains unclear. In this study, we focused on the 

effect of gliotoxin induction on apoptosis, the activating expressions of caspase family 

enzymes in the cells. Apoptotic cell levels were measured through DAPI and Annexin 

V/Propidium Iodide (PI) double staining analysis. The apoptotic protein expression of  

Bcl-2 and caspase family was detected by Western blot in Hela and SW1353 cells. Our 

results showed that gliotoxin treatment inhibited cell proliferation and induced significant 

morphological changes. Gliotoxin induced apoptosis was further confirmed by DNA 

fragmentation, chromatin condensation and disrupted mitochondrial membrane potential. 

Gliotoxin-induced activation of caspase-3, caspase-8 and caspase-9, down-regulation of 

Bcl-2, up-regulation of Bax and cytochromec (cyt c) release showed evidence for the 

gliotoxin activity on apoptosis. These findings suggest that gliotoxin isolated from marine 

fungus Aspergillus sp. induced apoptosis in Hela and SW1353 cells via the mitochondrial 

pathway followed by downstream events leading to apoptotic mode of cell death. 

Keywords: apoptosis; Aspergillus sp.; gliotoxin; human cervical cancer cells; human 

chondrosarcoma cells 

 

1. Introduction  

Apoptosis, a major form of cell death, is characterized by several unique features, including cell 

shrinkage, nuclear collapse, membrane blebbing, and internucleosomal DNA cleavage (DNA 

fragmentation) [1,2]. Programmed cell death plays critical roles in a wide variety of physiologic 

processes during fetal development and in adult tissues [3]. Defects in apoptosis facilitate tumor 

progression, by rendering cancer cells resistant to death mechanisms relevant to metastasis, growth 

factor deprivation and chemotherapy [4]. The evidences were gradually accumulated that many cancer 

chemotherapeutic agents killed the cancer cell by inducing apoptosis. Mainly two apoptotic pathways 

are known as the intrinsic (death receptor-mediated) and the extrinsic (mitochondrial-mediated) 

pathway [1]. In the intrinsic pathway, mitochondria play a key role in mediating apoptosis; opening of 

the permeability transition pore and a subsequent drop in mitochondrial membrane potential (ȹɊm) 

have been suggested as the main mechanisms [2]. Mitochondrial damage is associated with the 

induction of caspases and reactive oxygen species production. Loss of ȹɊm leads to the release of 

cytochrome c (cyt c) from mitochondria, leading to the activation of caspase-9 and further activating 

the downstream effector caspase-3 [5]. 

Caspase activation is a widely accepted pathway of cell death. Caspases also cleave a variety of 

substrates involved in activities that lead to dismantling of the cell such as disruption of organelle 

function, cytoskeletal, and nuclear disassembly, resulting in the typical hallmark features of apoptotic 

cell death [6,7]. Caspase-3 activation is an important step in apoptosis execution [8]. Pro- and  

anti-apoptotic proteins are members of Bcl-2 family, which are found to be up-regulated (Bax) and 
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down-regulated (Bcl-2) in a number of apoptosis. Translocation of Bax to mitochondria results in the 

release of cyt c into cytosol. The tumor suppressor p53 induces apoptosis via several mechanisms [9]. 

The p53 is able to activate cell cycle progression, DNA repair and apoptosis [10,11]. 

To date, the cervical carcinoma is the second most common cancer in women, and is one of the 

major causes of death among women in the world [5,12]. Chondrosarcoma is a malignant primary 

bone tumor and the third most common primary malignancy of bone after myeloma and  

osteosarcoma [13,14]. Thus, we chose human cervical cancer cells (Hela) and human chondrosarcoma 

cells (SW1353) for the study. 

Marine-derived fungi have proved to be a promising source of bioactive metabolites and a growing 

number of marine fungi have been reported to produce bioactive secondary metabolites [15,16]. 

Aspergillus species are filamentous saprophytic fungi that can be found in almost all aerobic 

environments. They have been found to produce a wide range of complex metabolites, some of which 

have important commercial application potentials. Several fungal metabolites isolated from  

Aspergillus sp. It has been shown to exert antitumor, antiinflammator, induced cytotoxicity and 

antibacterial activity [17]. One of them, gliotoxin, belongs to the family of 

epipolythiodioxopiperazines that is characterized by a disulfide bridge across a piperazine ring  

(Figure 1). Gliotoxin, one of the secondary metabolites produced by a number of Aspergillus, 

Gliocladium and Penicillium species, is a tricyclic alkaloid [18ï20]. Gliotoxin is an inducer of 

apoptotic cell death in a number of cell types [21ï23]. It has been found to be associated with some 

diseases attributed directly or indirectly to fungal infections. 

Figure 1. Chemical structure of gliotoxin from Aspergillus sp. 

 

The major purpose of the present study was to determine the effect of gliotoxin on Hela and 

SW1353 cells to evaluate its anticancer potential. In this study, we demonstrated that gliotoxin actively 

induced apoptosis and reduced proliferation of Hela and SW1353 cells. Our results suggest that 

gliotoxin induces apoptosis through mitochrondrial-dependent caspase pathway. 

2. Results and Discussion 

2.1. Cytotoxicity of Gliotoxin 

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was performed to 

measure the viability inhibitory effect of gliotoxin on the Hela and SW1353 cells. It can also be used to 
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determine cytotoxicity of potential medicinal agents and toxic materials. Those agents would stimulate 

the inhibition of cell viability and growth. The Hela and SW1353 cells were treated with different 

concentrations of gliotoxin. As shown in Figure 2, gliotoxin treatment inhibits cell growth of Hela 

(73%), SW1353 (39%) cells at 36 h and SW1353 cells (59%) at 48 h. Thus, SW1353 cells were 

incubated with gliotoxin at 48 h for each experiment. The gliotoxin showed strong antiproliferative 

activity in a dose-dependent manner, by presenting relative HeLa cells viabilities of 94%, 74%, 54%, 

and 27%, and SW1353 viabilities of 83%, 69%, 56%, and 41% at concentrations of 10, 30, 50, and  

90 µM,  respectively, compared to the control group. Here, cytotoxicity effect on Hela cells was higher 

than that on SW1353 cellsô treatment with gliotoxin at 90 µM  of concentration. 

Figure 2. Effects of gliotoxin on the viability of Hela and SW1353 cells. Cells were treated 

with gliotoxin at 10, 30, 50, and 90 µM. The cell viability was determined by MTT assay. 

Results of independent experiments were averaged and represented as percentage cell 

viability. Values represent means ± SE (n = 3) (Î P < 0.05). 

 

2.2. DAPI Staining of Hela and SW1353 Cells with Gliotoxin 

DAPI staining revealed that nuclei with chromatin condensation and apoptotic bodies were formed 

in cells that were cultured with gliotoxin. As shown in Figure 3, the cells were stained with DAPI dye 

and observed under a fluorescence microscope. Viable cells (control group) with intact DNA and just 

slightly activated in the fluorescence microscope image were negative to DAPI. Furthermore, DAPI 

positive cells and their intensities were increased in a gliotoxin dose-dependent manner. This indicates 

that most of the cells underwent cell death primarily through apoptosis by the treatment of gliotoxin. 

2.3. Induction of DNA Fragmentation 

Yang et al. (2006) [8] reported that measurement of the molecular weights of the fragments is 

consistent with internucleosomal cleavage characteristic of apoptosis. Characteristic ladder bands can 

be obtained by agarose gel electrophoresis of DNA extracted from apoptotic cells. In Figure 4, DNA 
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ladder bands could be observed at and above 30 µM gliotoxin-treated group and reached a maximal 

level in the 90 µM gliotoxin-treated group in Hela and SW1353 cells, and vehicle treated cells did not 

show any DNA fragmentation in assays. These phenomena demonstrated that gliotoxin induced 

apoptosis in Hela and SW1353 cells in a dose-dependent manner. 

Figure 3. Induction of apoptosis by gliotoxin treatment in Hela (A) and SW1353 (B) cells. 

After being treated with 10, 30, 50, and 90 µM of gliotoxin, the cells were fixed and 

stained with DAPI. Stained nuclei with DAPI solution were then photographed with a 

fluorescent microscope using a blue filter. 

(A) 

 

(B) 

 

Figure 4. Detection of DNA fragmentation in Hela (A) and SW1353 (B) cells treated with 

different concentrations (10, 30, 50, and 90 µM) of gliotoxin. The genomic DNA was 

extracted, electrophoresed in a 1.2% agarose gel and and visualized by ethidium bromide 

staining under ultra-violet light. Lane M is a 100 bp plus DNA ladder. 

(A) (B) 
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2.4. GuL Effects on Hela and SW1353 Cells Membrane Phosphatidylserine 

To determine whether the growth inhibitory effect of gliotoxin is associated with cell death, 

Annexin V/ Propidium Iodide (PI) double staining of Hela and SW1353 cells and flow cytometric 

analyses were performed. As shown in Figure 5A,B, the number of apoptotic cells increased in a  

dose-dependent manner after incubation with 10, 30, 50 and 90 µM  gliotoxin. The upper left (Q1) 

quadrant of the cytograms shows the dead cells, with positive to PI and Annexin V negative (Annexin V
ī
 

and PI
+
). The lower left (Q4) quadrant of the cytograms shows the viable cells (Annexin V and PI 

negative). In the upper right (Q2) quadrants, it shows the late apoptotic and early necrotic cell 

(Annexin V
+
 and PI

+
) population increases. The lower right (Q3) quadrant shows apoptotic cells 

(Annexin V
+
 and PI

ī
). Here, apoptotic cellsô effect on Hela cells was higher than that on SW1353 cell 

treatment with gliotoxin at 90 µM  of concentration, compared to the control group. These results 

demonstrate that the inhibition of cell growth by gliotoxin was due to the induction of apoptosis. 

Figure 5. Hela (A) and SW1353 (B) cells were incubated with 10ï90 ɛM gliotoxin or 

without gliotoxin in vitro and analyzed by Annexin V/PI staining. Frames were divided 

into four quadrants: Q3 represents apoptotic cells positive for Annexin V and negative for 

PI (Annexin V
+
 and PI

ī
); Q2 represents late apoptotic and early necrotic cells (Annexin V

+
 

and PI
+
); Q4 represents normal cells (Annexin V

ī
 and PI

ī
); and Q1 represents cells 

undergoing necrosis (Annexin V
ī
 and PI

+
). Cell ȹɊm dissipation induced by gliotoxin. 

Hela (C) and SW1353 (D) cells were exposed to gliotoxin at 10ï90 ɛM and stained by  

JC-1 staining and Hoechst 33342; Red fluorescence represents the mitochondrial 

aggregation form of JC-1 indicating intact ȹɊm. Green fluorescence represents the 

monomeric form of JC-1 indicating a dissipation of ȹɊm. 

(A) 

 

(B) 
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Figure 5. Cont. 

(C) 

 

(D) 

 

2.5. Gliotoxin Disrupted ȹɊm in Hela and SW1353 Cells 

Depletion of ȹɊm is one of the early events that occur following induction of cellular apoptosis. In 

this work, upon incubation of Hela and SW1353 cells with gliotoxin (0ï90 µM), the ȹɊm was 

determined. The gliotoxin-treated cells showed progressive loss of red JC-aggregate fluorescence and 

appearance of green monomer fluorescence in the cytoplasm at 50 and 90 µM. We found that gliotoxin 

treatment attenuated the ȹɊm level, and this decrease occurred in a dose-dependent manner  

(Figure 5C,D). These data suggest the involvement of the intrinsic pathway of apoptosis in the 

mechanism of cell death induction by the gliotoxin. 
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2.6. Effects of Gliotoxin on Protein and Gene Expression Levels in HeLa and SW1353 Cells 

To determine whether cyt c, Bax, and Bcl-2 was involved in modulating apoptosis induced by 

gliotoxin, we investigated the effects of gliotoxin on mRNA and protein expressions of cyt c, Bax, and 

Bcl-2 in HeLa and SW1353 cells. Different concentrations of gliotoxin were added to HeLa and 

SW1353 cells. In the RT-PCR results, gliotoxin treatment promoted the mRNA expression of cyt c, 

down-regulated Bcl-2 and up-regulated Bax expressions in a dose-dependent manner (Figure 6A,B). 

Collectively, these results suggest that gliotoxin induced apoptosis by activating expression of Bax and 

inhibiting Bcl-2 in both the cell lines. 

Figure 6. Effects of gliotoxin on the mRNA expression levels of cyt c, Bcl-2 and Bax of 

the HeLa (A) and SW1353 (B) cells using RT-PCR analysis. Effects of gliotoxin on the 

mRNA expression levels of caspase-3, caspase-8 and caspase-9 and p53 of the HeLa (C) 

and SW1353 (D) cells. The cells were treated with various concentrations (10, 30, 50, and 

90 µM) of gliotoxin. GAPDH was used as an internal control. 

(A) (B) 

  

(C) (D) 

  

To elucidate the possible mechanisms of apoptosis by activating caspase family in HeLa and 

SW1353 cells, we investigated the effects of gliotoxin with respect to mRNA expression by RT-PCR. 

As shown in Figure 6C,D, the expression levels of caspase-3, caspase-8, and caspase-9 increased at the 

concentrations of 10, 30, 50, and 90 µM  compared to the untreated group, and continuously increased 

dose-dependently. However, gliotoxin did not induce the increased gene expression levels of p53. 


