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Abstract  T-2 toxin produced by fungi of Fusarium genus is highly toxic to human and 

animals and has been shown to induce apoptosis in various organs/tissues.  Apoptosis and 

autophagy are interconnected processes and these interactions are important for cellular 

homeostasis as well as pathogenesis.  In this study, we report for the first time that T-2 toxin 

induced autophagy in human liver cells (L02).  We showed that T-2 toxin induced the 

formation of acidic vesicular organelles, concordant with the time and dose-dependent 

alterations in LC3-phosphatidylethanolamine conjugate (LC3-II) LC3-I/II and p62/SQSTM1 

suggesting an enhanced autophagic flux.  The T-2 toxin-induced formation of autophagosome 

and lysosomal fusion was observed by expressing mRFP-GFP-LC3 in L02 cells by lentiviral 

transduction, and autophagosome was observed by transmission electron microcopy.  We 

found that while T-2 toxin activated both apoptosis and autophagy, activation of autophagy 

appears to be a leading event reflecting the protective mechanism of cells against the insults by 

T-2 toxin.  Activating autophagy by rapamycin (RAPA) inhibited the apoptosis while 

suppressing autophagy by chloroquine greatly enhanced the T-2 toxin-induced apoptosis 

suggesting the crosstalk of autophagy and apoptosis.  In summary, our study showed that 

activation of autophagy protects liver cells from T-2 toxin-induced apoptosis suggesting 

autophagy may be targeted for prevention of the T-2 toxin-induced toxicity in human and 

animals.   
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1.Introduction  

T-2 toxin is a metabolite synthesized by fungi of Fusarium genus including F. poae, F. 

sporotrichioides, F. armeniacum, and F. langsethiae.  The Fusarium fungi are prevalent T-2 

toxin-producing fungi in the northern temperate regions and have been commonly found in 

food and feedstuff of cereal origin including wheat, barley, rice crops and oats grown in regions 

throughout America, Europe, and Asia.  Therefore, T-2 toxin contamination is an ubiquitous 

problem [1,2].   

T-2 toxin is a trichothecene (3-hydroxy-4-15-diacetoxy-8ct-(3-methyl butyryloxy) 12,13 

epoxytrichothec-9-ene) substituted by an epoxy trichothecene ring structure.   It belongs to a 

group of type A trichothecenes [3,4]. T-2 toxin is the most cytotoxic member of the 

trichothecene family and it has been found to induce various toxic responses in a wide range of 

the cell types including human chondrocytes, HL-60, Hela, Bel-7402 and Chang liver cells, 

involving cellular factors that are important for cell cycle, apoptosis and stress responses such 

as Fas, p53, Bcl-xL, Bcl-2, Bax, caspase-9/caspase-3 and JAK/STAT (Janus kinase/signal 

transducers and activators of transcription) signaling pathways [5-7] [8].  T-2 toxin has been 

shown to have radiomimetic effects and cause inhibition of the syntheses of protein, DNA and 

RNA in eukaryotic cells [9,10].  It has been shown that T-2 toxin affected the cell cycle, and 

induced apoptosis in chondrocytes [11,12], human astrocytes [13], and murine embryonic stem 

cells [14], porcine primary hepatocytes [15].  T-2 toxin has been shown to be highly toxic to 

cells with high proliferating activity such as hematopoietic cells in the bone marrow and splenic 

red pulp [16], and epidermal basal cells [17].  We and others have shown T-2 toxin elicited 

endocrine disruptive effects at low dose in mouse granulosa cells [18] and toxic to the  

reproductive organ [9,10,19].   

 At cellular and molecular levels, exposure to T-2 toxin causes apoptosis which is often 

initiated by oxidative stress responses and subsequently causes cells to enter the mitochondrial 

death pathway [14,20,21].  The oxidative stress is marked by down-regulated activity of 

glutathione peroxidase (GSH-Px) and catalase (CAT) with induction of the reactive oxygen 

species (ROS) leading to damage of cellular components as indicated by the increased in DNA 

damage and heightened lipid peroxidation marked by the increases in intracellular 

malondialdehyde (MDA).  We have shown that antioxidant in grape seed extract could protect 
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cells from T-2 toxin induced apoptosis by reducing the oxidative stresses in cells [22].  

  Apoptosis is a highly regulated process that an organism utilized for a process of  

programmed cell death, and autophagy on the other hand is an evolutionarily conserved cellular 

process for degradation and recycling of defective organelles and proteins to maintain cellular 

homeostasis [23].  Autophagy enables cells to cope with various stresses, such as nutrient 

deprivation, endoplasmic reticulum (ER) stress, pathogen infection, or hypoxia and is 

considered as a survival mechanism [24]. Indeed, these two processes share many factors 

commonly used in the response to the diverse stimuli, though often with different kinetics in 

which autophagy is initiated prior to the induction of apoptosis.  Once cells that are unable to 

cope with the stressor through autophagy, apoptosis may ensue.  Consistent with this notion, 

a variety of autophagic proteins, including ATG3, Beclin-1, and AMBRA1, have been shown 

to be targeted for caspase-mediated destruction during apoptosis [25-28] and autophagic and 

apoptotic pathways may become intertwined to affect cell fate [29].  

  We previously reported that T-2 toxin induces apoptosis through ROS-mediated 

mitochondrial pathways in ovarian granulosa and TM3 Leydig cells [21,30].  But as far as we 

know, there are no information concerning effects of T-2 toxin on autophagy in cells. Therefore, 

the present study is to investigate the role of autophagy in T-2 toxin-induced toxic responses 

and to analyze the potential crosstalk between these two processes in normal human liver cell 

line L02. 

 

2.Results 

2.1 T-2 toxin induced cytotoxicity effect and oxidative stress in L02 cells 

   L02 is a human fetal liver cell line which has been shown to exhibit features of liver function 

in vitro and has been used as a cell culture model to characterize the liver damage.  In L02 

cells, treatment with increasing amounts of T-2 toxin (0, 0.2, 1, 5, 25 and 125 nM, 12h) induced 

a typical concentration-dependent inhibition of cellular proliferation and at low dose (0.2 nM), 

T-2 toxin started to cause a significant decrease of cellular viability while the vehicle control 

(1% ethanol) had no effect on L02 cell viability.  Based on these dosage effects, 0, 0.2, 1 and 

5 nM T-2 toxin were selected as the dose range for subsequent experiments (Fig.1A).  12 h 
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after T-2 toxin treatment, L02 cells exhibited significantly higher levels of ALT, AST and LDH 

in the culture medium which are indicative of liver cell damage (Fig.1 B and C).  As shown 

in Fig.1 D, T-2 toxin treatments (0.2-5nM, 12h) significantly decreased GSH-PX, CAT 

activities, and MDA content were increased in L02 cells treated with T-2 toxin (0.2-5nM) 

indicating oxidative stress-induced damage. 

2.2 T-2 toxin induced apoptosis in L02 cells 

Cellular apoptosis often leads to cleavage of Poly [ADP-ribose] polymerase 1 (PARP-1).   

As the substrate of caspase-3, activated PARP-1 can be cleaved into 21 and 89 kDa fragments 

which is used as an indication for apoptosis.   Cleavage of PARP-1 was significantly elevated 

in L02 cells induced by T-2 toxin in a concentration-dependent manner, concordant with the 

expression of cleaved-caspase-3 (Fig.2A).  As prototypes of the regulatory proteins of 

apoptosis, we examined the levels of the Bax and Bcl-2 proteins in L02 cells, and the results 

indicated a significant increase of Bax/Bcl-2 ratio (Fig.2A).  In a time course study, L02 cells 

were exposed to 5 nM T-2 toxin for different time points (0-12h), and cleavage of PARP-1 and 

caspase-3 were elevated and peaked at 6h, then decreased afterwards.  The Bax/Bcl-2 ratio 

was increased in a time-dependent manner (Fig.2B). 

To further test whether T-2 toxin causes the apoptosis of L02 cells, flow cytometry was used 

to identify and quantitate apoptotic cells. Staining cells simultaneously with FITC-Annexin V 

(green fluorescence) and the non-vital dye propidium iodide (red fluorescence) allows the 

discrimination of intact cells (FITC−PI−), early apoptotic (FITC+PI−) and late apoptotic or 

necrotic cells (FITC+PI+). In the flow cytometry, there are two-parameter dot plots: left bottom 

quadrant shows viable cells; right bottom quadrant for early apoptotic cells; right upper 

quadrant for late apoptotic cells, while the left upper quadrant for non-living cells, namely the 

necrotic cells. As shown in Fig. 2C, after treatment with T-2 toxin for 12 h, numbers of apoptotic 

cells were increased in a dose-dependent manner.  Moreover, cells were stained with Hoechst 

33258 for nuclei observation, the number of apoptotic cells with shrunken and irregularly shape 

or degradation with aggregation and fragmentation of chromatin significantly increased with T-

2 toxin treatment. Untreated cells had regular contours and were round and large in size (Fig. 

2D).  
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2.3 T-2 toxin induced autophagy in L02 cells 

We analyzed conversion of LC3-I to LC3-II, a biochemical marker of autophagy, by western 

blotting. Treatment with T-2 toxin led to a significant decrease of LC3-II level (Figure 3A). To 

investigate molecular mediators in T-2 toxin-induced autophagy, we analyzed the change of 

p62 (a poly-ubiquitin binding protein that binds to LC3 and is degraded by autophagy) and 

beclin-1 (a component of the autophagy-specific PtdIns3K complex). The results showed the 

level of p62 and beclin-1 decreased significantly in L02 cells compared with control cells (Fig. 

3B). Interestingly, p62 and beclin-1 decreased significantly after an increase and tends to peak 

at 3h in L02 cells treated with 5nM T-2 toxin, and the conversion of LC3-I to LC3-II decreased 

in a time-dependent manner (Fig.3B).  

  Next, to investigate whether T-2 toxin treatment induces autophagy, we assessed the 

formation of acidic vesicular organelles (AVOs) and autolysosomes, both hallmarks of 

autophagy.  Acridine orange is a cell-permeable green fluorophore that can be protonated and 

trapped in AVOs.  It is bright green in the cytoplasm and nucleus but emits dim red 

fluorescence in acidic vesicles such as autolysosomes.  This makes acridine orange staining a 

quick, accessible and reliable method to assess autophagy induction.  T-2 toxin enhanced the 

formation of acidic vesicular organelles (red foci in the cells) in L02 cells compared to control 

cells (no apparent red staining) (Fig.3C). 

We used TEM to analyze acidic vesicular organelles and autolysosomes, respectively. At 

higher magnifications autophagosomes were clearly distinguished from intense electron-dense 

lysosomal structures (red arrow, Fig.3D), and apoptosis was also observed due to nuclear 

pyknosis (yellow arrow, Fig.3D) following T-2 toxin treatments. 

Finally, we utilized the tandem RFP-GFP-LC3 lentivirus construct to further confirm 

autophagy induction as indicated by formation of punctate, which represents autophagosome 

formation as described and autophagic flux. The rationale of this assay is based on the pH 

difference between the acidic autolysosome and the neutral autophagosome and the pH 

sensitivity differences exhibited by green fluorescent protein (GFP) and red fluorescent protein 

(RFP) to monitor progression from autophagosome to autolysosome. When an autophagosome 

fuses with a lysosome to form autolysosomes, the GFP moiety degrades from the tandem 

protein, but RFP-LC3 maintains the puncta.  As shown in Fig.3E, after transduction with the 
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RFP-GFP-LC3 lentiviral construct into the cells, we observed the successful introduction of the 

viruses showing both fluorescent proteins. In addition to reduction of LC3, which was 

consistent with previous protein results (Fig.3A), there were more red puncta associated with 

T-2 toxin treatment (Fig. 3E).  These results provide further confirmation of the induction of 

autolysosome formation, indicating that T-2 toxin mediated autophagy flux in L02 cells. 

2.4 Autophagy blocks T-2 toxin-induced apoptosis 

To investigate the effect of autophagy on T-2 toxin-induced apoptosis, an activator and 

inhibitor of autophagy, RAPA and CQ were utilized.  Results from immunoblotting indicate 

that T-2 toxin inhibited expression of LC3-II, p62 and beclin-1, cleaved PARP-1 and caspase-

3, and increased Bax/Bcl-2 ratio (Fig.4A-D), while co-treatment with RAPA increased 

expression of LC3-II and Beclin-1, and decreased expression of p62, cleavage of PARP-1 and 

caspase-3, and did not have a significant impact on Bax/Bcl-2 ratio (Fig.4A, B), co-treatment 

with CQ increased expression of LC3-II and cleavage of caspase-3, decreased expression of 

Beclin-1 (Fig.4C, D).  Flow cytometry analysis demonstrated that treatment of L02 cells with 

5 nmol/L T-2 toxin and 100 μmol/L CQ induced a higher apoptosis rate compared with T-2 

toxin treatment alone (Fig. 4E). 

 

3.Discussion 

In recent years, it has been increasingly recognized that apoptosis and autophagy are 

interconnected cellular processes sharing regulatory components. As a major pathological 

cellular process, apoptosis induced by T-2 toxin has been characterized in different tissues and 

organs, however, the role of the autophagy in the T-2 toxin-induced toxic responses has not 

been well understood.    

Hepatocytes possess major detoxification enzymatic systems with active autophagy 

processes.  Using liver cell line L02 as the in vitro model, we demonstrated that the effect of 

autophagy on T-2 toxin-induced apoptosis. We began by evaluating the toxic effect of T-2 toxin 

on the cells. The rise in ALT activity of blood is almost always due to hepatocellular damage 

and is usually accompanied by a rise in AST, and LDH which is an enzyme found inside every 

living cell [31].  When hepatocellular membrane integrity is compromised, the presence of 

these enzymes in the culture medium can be used as an indicator for cell death.  The 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 October 2018                   doi:10.20944/preprints201810.0034.v1

http://dx.doi.org/10.20944/preprints201810.0034.v1


cytotoxicity of T-2 toxin in the liver cells was evaluated in L02 cell culture model and T-2 toxin 

is highly toxic to the liver cells with significant toxicity appeared at 0.2 nM as indicated by 

rises of ALT, AST and LDH in the culture media in a T-2 toxin concentration-dependent manner 

(Fig.1A, B, C).  Similar results were also reported in other relevant studies [32,33].  

One major mechanism for cytotoxicity of T-2 toxin is the induction of oxidative stress by T-

2 toxin [20,30,34,35].  Oxidative stress is tightly controlled by the endogenous antioxidant 

enzymatic system, which regulates cellular antioxidant capacity.  Our results showed that T-2 

toxin caused decreases in GSH-Px and CAT activity with concomitant increases in MDA 

concentrations indicating increased lipid peroxidation [36] which is known to cause damage to 

the critical cellular components [37]. The decreases in the levels of GSH-Px and CAT (Fig.1D) 

are consistent with the reduced antioxidant capacity induced by T-2 toxin.      

 It has been reported T-2 toxin could induce apoptosis through oxidative stress [14,20,21,30]. 

PARP-1, Bax, Bcl-2 and caspase-3 are critical regulatory proteins of the apoptotic pathway. The 

nuclear enzyme poly (ADP-ribose) polymerase-1 (PARP-1) hyperactivity in the nucleus rapidly 

impairs ATP production in mitochondria, whereas release of the pro-apoptotic factors AIF/Cyt-

c from mitochondria only occurs several hours after PARP-1 hyperactivation leading to PARP-

1-dependent cell apoptosis [38]. Members of the Bcl-2 family regulate the intrinsic 

mitochondrial mediated apoptotic pathway [39]. The Bcl-2 family includes pro-apoptotic and 

anti-apoptotic members, and the balance between these counteracting proteins presumably 

determines cell fate [40]. Pro-apoptotic Bcl-2-like proteins, including Bax, promote apoptosis 

by opening the mitochondrial voltage-dependent anion channel to cause permeabilization of 

the mitochondrial outer membrane and the release of other pro-apoptotic factors [41], which is 

opposite to Bcl-2. In our experimental model, L02 cells treated with T-2 toxin showed an 

increase in cleavage of PARP-1 and Bax/Bcl-2 ratio (Fig.2A). This leads to activation of 

caspase-9 and triggers a downstream caspase cascade [42].  Caspases are a family of cysteine 

proteases which are activated during the apoptotic processes. They are activated from 

precursors to functional forms by partial cleavage events, and caspase-3 is a prevalent caspase 

that is ultimately responsible for the majority of apoptotic processes [43].  After treatment with 

T-2 toxin, the activities of caspases-3 of L02 cells was increased, and apoptotic cells were 

concentrations-dependent increase (Fig.2A, C).  
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Apoptosis is also associated with a series of morphological changes characterized by the cell 

shrinkage, chromatin condensation and the formation of apoptotic bodies [44]. The apoptotic 

morphological changes could also be observed in T-2 toxin-treated L02 cells, revealed cell 

shrinkage and chromatin condensation (Fig.2D). 

  It has been previously suggested that autophagy and apoptosis can occur simultaneously, and 

autophagy can be induced by some inducers of apoptosis [45]. During induction of autophagy, 

the nonlipidated form of LC3 (LC3-I, 18 kDa) converted into the lipidated form LC3 (LC3-II, 

16 kDa), which is associated with autophagosome biogenesis, and activity of autophagy is 

associated with changes of the cellular level of LC3-II [46]. The autophagy is a dynamic process 

and steady state levels of LC3-II amount at a given time point does not necessarily provide real 

time estimate of the autophagic activity, because not only autophagy activation but also 

inhibition of autophagosome degradation greatly increases the amount of LC3-II. Also, part of 

LC3-II is destroyed together with cargo in autophagolysosomes, so its levels may be both 

increased or decreased in the conditions of upregulated autophagy [47-51]. Degradation of p62 

is another widely used marker to monitor autophagic activity because p62 directly binds to LC3 

and is selectively degraded by autophagy [48,52,53]. Our results showed increases in 

autophagosomes and decreases in expression levels of LC3-II and p62 after T-2 toxin treatment 

in L02 cells (Fig.3A, C, D).  It has been shown that LC3-II/LC3-I ratio would decrease if the 

degradation process of LC3-II by lysosomal is rapid.  Furthermore, LC3 changes may be 

particularly rapid, while clearance of substrates of autophagy may need a longer time [54].  

Thus, lower LC3-II/LC3-I and p62 suggested enhancing autophagy activity and ongoing 

autophagic flux induced by T-2 toxin, consistent with the results using the GFP-RFP-tandem 

fluorescent LC3 (tf-LC3) method which monitors autolysosome formation (Fig 3E).  

Moreover, to measure the autophagic flux, it is essential to determine how much LC3-II (as a 

model substrate of autophagy) is degraded in a lysosome-dependent manner during a certain 

time period.  Thus, we used chloroquine to inhibit autophagy pathway.  It was well known 

that chloroquine inhibited lysosome fusion with autophagosomes and elevated lysosomal pH, 

thereby preventing the final digestion step and inhibiting lysosomal activity.  As expected, 

compared with T-2 toxin treatment alone the ratio of LC3-II/LC3-I increased in co-treatment 

with CQ for 6h (Fig.4C).   
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Beclin 1 is at the central stage of phagophore formation or autophagy initiation [55](Fu et al., 

2013). In normal status, Beclin 1 interacts with Bcl-2 therefore its activity is restricted by Bcl-

2. Activated autophagy with increased Beclin 1 expression was observed when Bcl-2 was 

silenced by siRNA in cultured pterygium epithelial cells [55-57]. In several settings, including 

TRAIL, chemotherapy, irradiation, immunotherapy, nutrient deprivation, angiogenesis 

inhibitors and hypoxia, Beclin 1 has an anti-apoptotic role.  In C. elegans, depletion of Beclin 

1 triggers CED-3/caspase-dependent programmed cell death [58]. Interestingly, caspases can 

cleave Beclin 1 in apoptosis, thereby destroying its pro-autophagic activity.  For example, 

caspase-3-, 7- and 8-mediated cleavage of Beclin 1 generates N- and C-terminal fragments that 

lose their ability to induce autophagy. The C-terminal fragments translocate to mitochondria 

and sensitize cells to apoptotic signals. This process represents an amplifying loop for inducing 

massive apoptotic cell death. Apoptosis induced by the proapoptotic protein Bax reduced 

autophagy by enhancing caspase-mediated cleavage of Beclin 1 at D149.  Caspase-mediated 

cleavage of Beclin 1 promotes crosstalk between apoptosis and autophagy [26,59,60]. Our study 

showed that treatment with T-2 toxin caused decreases in Beclin-1 and Bcl-2 with cleavage of 

caspase-3, suggesting that autophagy and apoptosis share common stimuli and signaling 

pathways, and apoptosis is ultimately a dominant process. 

Although the present study demonstrated that T-2 toxin induced apoptosis and autophagy in 

L02 cells, the correlation between apoptosis and autophagy induced by T-2 toxin is unknown. 

In order to elucidate the correlation, L02 cells were exposed to 5nM T-2 toxin for different time 

(0-12h). Detection of apoptotic-associated proteins revealed cleavage of PARP-1 and caspase-

3 were elevated and peaked at 6h, then gradually decreased, and the Bax/Bcl-2 ratio was 

increased in a time-dependent manner (Fig.2B). While detection of autophagy-associated 

proteins showed p62 and Beclin-1 decreased significantly after an increase and tends to the 

peak at 3h, and the conversion of LC3-I to LC3-II decreased in a time-dependent manner 

(Fig.3B). The present results suggested it was caused by autophagy that apoptosis reached a 

peak at a specific time and began to decline gradually, and autophagy was inhibitory against 

the apoptosis induced by T-2 toxin in L02 cell. To further confirm this conclusion, T-2 toxin 

was used in combination with the autophagy stimulator RAPA and the autophagy inhibitor CQ 

to detect the expression levels of autophagy-associated and apoptosis-associated proteins and 
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apoptosis rate induced by T-2 toxin in the L02 cells. As expected, the results showed that the 

autophagy stimulator RAPA increased expression of LC3-II and Beclin-1, and decreased 

expression of p62, cleavage of PARP-1 and caspase-3, and did not have a significant impact on 

Bax/Bcl-2 ratio (Fig.4A, B), suggests that enhanced autophagy could inhibit the apoptosis 

induced by T-2 toxin in L02 cells. Autophagy inhibitor CQ increased expression of LC3-II and 

cleavage of caspase-3, decreased expression of Beclin-1 (Fig.4C, D). Flow cytometry analysis 

demonstrated that treatment of L02 cells with 5 nmol/L T-2 toxin and 100 μmol/L CQ induced 

a higher apoptosis rate compared with T-2 toxin treatment alone (Fig. 4E).  These results 

demonstrated that inhibition of autophagy through blocking autophagy flux could promote T-2 

toxin-induced apoptosis in T-2 toxin. 

Taken together, the results from present study suggest that T-2 toxin-induced toxic responses 

in the liver cells involve intricate interactions between the autophagy and apoptosis (Fig 5).  

While T-2 toxin treatment can activate both processes, activation of autophagy appears to be an 

initial event in T-2 toxin-treated L02 cells reflecting the protective mechanism of cells against 

the injurious insults.  At overwhelming dose of T-2 toxin (5 nM, 12 h), the apoptosis became 

a dominant process.  The results of this study also suggest that the toxicity induced by T-2 

toxin can be alleviated through selectively activating autophagy by 

pharmacological/chemopreventive agents such as RAPA, which counteracts the T-2 toxin-

induced apoptosis.      

 

 

 

4 Materials and methods 

4.1. Chemicals 

T-2 toxin was purchased from Cayman Chemical (Ann Arbor, USA). 3-[4,5-dimethylthiazol-

2-yl]-2,5-diphenyltetrazolium bromide (MTT), Acridine orange(AO), Bicinchoninic acid 

(BCA) protein assay kit, Hoechst 33258 staining kit, Annexin V-FITC apoptosis detection kit 

and LDH cytotoxicity assay kit were purchased from Beyotime (Nantong, China). Aspartate 

transaminase (AST) assay kit, alanine transaminasetotal (ALT) assay kit, superoxide dismutase 

(SOD) assay kit, catalase (CAT) assay kit, cellular glutathione peroxidase (GSH-PX) assay kit 
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and lipid peroxidation (MDA) assay kit were obtained from Nanjing KeyGen Biotech. Co. Ltd 

(Nanjing, China). Rabbit monoclonal anti-Bcl-2 antibody, rabbit monoclonal anti-Bax antibody, 

rabbit monoclonal anti-PARP-1 antibody, rabbit monoclonal anti-Caspase-3 antibody, rabbit 

monoclonal anti-P62 antibody, rabbit monoclonal anti-Beclin-1 antibody, rabbit monoclonal 

anti-LC3 antibody, mouse monoclonal anti-β-actin antibody, goat anti-rabbit IgG-HRP an goat 

anti-mouse IgG-HRP were obtained from Proteintech (Rosemont, USA). rapamycin (RAPA) 

and chloroquine diphosphate salt (CQ) were obtained from solarbio (Beijing, China). pGMLV-

CMV-RFP-GFP-hLC3 lentivirus was purchased from Genomeditech (Shanghai, China). 

 

4.2 Cells culture 

The human non-tumor cell line, L02, was obtained from China Cell Culture Center 

(Shanghai). The cell was maintained in an atmosphere of 5% CO2 at 37℃ in RPMI-1640 

medium (Hyclone, USA) supplemented with 10% fetal bovine serum (FBS; Hyclone). The L02 

cells were cultured for 24 h (35mm culture dishes, 25cm2 culture flasks or 96 well culture plates) 

at a concentration of 0.5-1×106 cells/ml before giving the different treatments. 

The T-2 toxin was dissolved in 100% ethyl alcohol and further diluted with 1640 based on 

the treatment concentrations. The serum-RPMI-1640 medium was removed and replaced with 

fresh serum-RPMI-1640 medium containing different concentrations T-2 toxin (0-125nM) for 

12 h, and the appropriate concentration of T-2 toxin was determined for subsequent experiments. 

The final ethanol concentration of each treatment used is 1% (v/v). To investigate the 

relationship between apoptosis and autophagy in T-2 toxin-induced cell damage, cultures were 

pre-treated with autophagy inhibitor CQ (100 μM) for 1h, and exposure to the inhibitor was 

continued during subsequent T-2 toxin (5 nM) treatment for 6h. In other experiments, cultures 

were pre-treated with autophagy stimulator RAPA (100 nM) for 24h, and exposure to the 

stimulator was continued during subsequent T-2 toxin (5 nM) treatment for 12h.  

 

4.3 Determination of cell viability 

The cell viability was measured by MTT assay after 12 h treatment in 96-well culture plates. 

Briefly, the treatment media were replaced with MTT (0.25 mg/ml) and incubated at 37°C for 

4 h. The MTT was carefully removed and replaced with 150 μl dimethyl sulfoxide (DMSO) to 
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dissolve the formazan blue crystals. The absorbance (optical density) of each well was 

measured at 492 nm using a microplate reader (Infinite® M1000 Pro, TECAN, Austria). The 

data were normalized and computed using the optical density of the control treatment which 

was considered 100% viable. 

 

 

4.4 Evaluation of T-2 toxin-induced cytotoxicity   

For evaluation of T-2 toxin-induced cytotoxicity, we examined LDH, AST and ALT release 

from hepatocytes into culture media according to the manufacturer’s recommended protocol. 

The results were normalized by the protein concentrations of cells lysates. 

 

4.5 Measurement of oxidative stress parameters 

The L02 cells were collected for detecting the activities of SOD, CAT, and GSH-Px, and 

contents of MDA by biochemical methods following the instructions of the corresponding 

reagent experiment kits. The results were normalized by the protein concentrations of cells 

lysates. 

 

4.6 Determination of apoptotic cells 

After treatment, L02 cells were collected and washed with PBS, and suspended in PBS at a 

concentration of 1×106 cells/ml, and 100μl cell suspension was transferred into a 5ml tubes, 

and stained with FITC-Annexin V (green fluorescence) and the non-vital dye propidium iodide 

(red fluorescence) allows the discrimination of intact cells (FITC-PI-), early apoptotic 

(FITC+PI-) and late apoptotic or necrotic cells (FITC+PI+). The mixture was gently vibrated 

and incubated for 15min in the dark place, and then 400 μL of 1× binding buffer was added to 

each tube. The hepatic apoptosis was analyzed by BD FACS Calibur flow cytometer within 45 

min. There are two parameter dot plots in flow cytometry: bottom left quadrant shows viable 

cells; bottom right quadrant shows early apoptotic cells; upper right quadrant shows late 

apoptotic cells and, lastly, the upper left quadrant shows necrotic cells.The apoptotic cell 

morphology was determined using Hoechst 33258 stain. Hoechst 33258 is a blue fluorescent 

dye that can easily permeate cell membrane that allows determination of cells with fragmented 
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and condensed chromatin. After treatment, L02 were washed twice with cold PBS and fixed 

using 4% formaldehyde for 10 min. The fixed cells were washed three times, stained and 

incubated with Hoechst 33258 (5 mg/l) for 10 min at 37°C in a humidified chamber protected 

from light. Cells were washed three times with cold PBS and mounted with one drop of 

mounting solution. Cell nuclei were observed and imaged under an inverted fluorescence 

microscope (DMI 3000 B, Leica Microsystems Ltd.) with excitation at 350 nm and emission at 

460 nm. 

 

4.7 Determination of autophagy 

The L02 cells were grown on glass coverslips, treated for 12h with different concentrations 

T-2 toxin following fixation with a solution containing 3% glutaraldehyde plus 2% 

paraformaldehyde in 0.1 mol/L cacodylate buffer (pH 7.3) for 1 h. After fixation, the samples 

were post fixed at 1% OsO4 in the same buffer for 1 h and then subjected to the electron 

microscopic analysis. Representative areas were chosen for ultrathin sectioning and viewed 

with a Transmission electron microscope (TEM) at an accelerating voltage of 80 kV. Digital 

images were obtained by the AMT imaging system. 

After treatment of T-2 toxin, L02 cells were washed with PBS and incubated in PBS 

containing 2 μg/ml acridine orange for 30 min at 37°C in a humidified chamber protected from 

light. Then, cells were washed five times with PBS and observed under an inverted fluorescence 

microscope (DMI 3000 B, Leica Microsystems Ltd.) with excitation at 515 nm and emission at 

488 nm.  

 

4.8 Determination of autophagy flux 

The L02 cells were seeded on the culture plate, and moderate RFP-GFP-LC3 lentivirus were 

added to the plate according to the instructions, the cells were propagated in RPMI 1640 

medium supplemented with 10% fetal bovine serum, 100 U/ml penicillin and 100 U/ml 

streptomycin at 37 °C in a 5% CO2 humidified atmosphere for 72 h. Then the cells transfected 

with RFP-GFP-LC3 lentivirus were treated with different concentrations T-2 toxin for 12 h, and 

analyzed by laser confocal microscope (ZEISS LSM, German). 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 October 2018                   doi:10.20944/preprints201810.0034.v1

http://dx.doi.org/10.20944/preprints201810.0034.v1


4.9 Protein extraction and western blot  

After treatment, the L02 cells were lysed with RIPA buffer containing complete Mini 

protease inhibitor cocktail (Beyotime, Nantong, China). After centrifugation, the supernatant 

was collected and stored at -80°C. Protein (20μg) was loaded for 1-dimensional SDS-PAGE in 

a discontinuous system using 5-12% separating gel and 5% stacking gel. The separated proteins 

were electrophoretically transferred to polyvinylidene fluoride (PVDF) membranes in a cooled 

Bio-Rad TransBlot unit. the membranes were then immunoblotted with primary antibodies 

(anti-Bcl-2 antibody, anti-Bax antibody, anti-PARP-1 antibody, anti-Caspase-3 antibody, anti-

P62/SQSTM1 antibody, anti-Beclin-1 antibody, anti-LC3 antibody, anti-β-actin antibody. After 

washing, membranes were exposed to secondary antibodies. Immunoblots were developed 

using enhanced chemiluminescence. The photographs generated were quantitatively analyzed 

with a Quantity One image densitometer. The molecular weights of the protein bands were 

determined by reference to the standard molecular weight markers. Protein levels were 

standardized by comparison with anti-β-actin antibody.  

 

4.10 Statistical analysis  

The data were expressed as mean ± SD, and analyzed using One-way ANOVA, followed by 

LSD’s post hoc test using SPSS 20.0 statistical software. The level of significance was accepted 

at P < 0.05. 
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Fig 1. T-2 toxin-induced cytotoxicity effect and oxidative stress in L02 cells. Cells were 

treated with absence or presence of T-2 toxin at different concentrations for 12h. (A) 

The cultured L02 cells were treated with increasing concentration of T-2 toxin dissolved 

in ethanol (0-125 nM, 12 h) and MTT assay was used to assess the  cytotoxic effects 

on the viability. (B) The levels of ALT, AST and LDH (C) present in the cell culture 

medium were determined enzymatically using commercial kits (Naning KeyGen 

Biotech). Results are expressed as mean ± SD, n=6 for each group. **P<0.01, *P<0.05 

and considered significantly different from control values. (D) GSH-Px and CAT 

activity of the cultured L02 cells treated with T-2 toxin were determined enzymatically 
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using commercial kits. Values are the means±SD of three independent experiments. 

**P<0.01, *P<0.05 and considered significantly different from control values. 
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Fig 2. T-2 toxin induced apoptosis in L02 cells. (A) Dose-dependent effects on the T-2 

toxin-induced apoptosis.  Cells were treated with T-2 toxin (0, 0.2 1 and 5 nM, 12 h) 

and the T-2 toxin-induced effects on PARP-1, caspase-3 and Bax/Bcl-2 proteins in L02 

cells were determined by western blotting. Results are expressed as mean ± SD, n=3 

for each group. **p<0.01, *p<0.05 and considered significantly different from control 

values. (B) Time course of the T-2 toxin-induced effects (0, 3, 6, and 12 h, 5nM) on 

PARP-1, caspase-3, and Bax/Bcl-2 proteins were determined by western blotting.  
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Values are the means±SD of three independent experiments. **P<0.01, *P<0.05 and 

considered significantly different from 0h; ##P<0.01, #P<0.05, 12h significantly 

different from 6h. (C) Flow cytometry analysis of T-2 toxin-induced apoptosis in L02 

cells.  L02 cells treated with T-2 toxin (0, 0.2, 1, and 5 nM, 12 h) and stained with 

propidium iodine and FITC-labeled Annexin V.  Quantification of of the apoptotic 

cells are shown in the histogram on the right.  Data are presented as mean ± SD, n = 3 

for each group. **P<0.01, *P<0.05 and considered highly significant difference from 

the control. (D) Nuclear fragmentation of the cultured L02 cells induced by T-2 toxin 

(5 nM, 24 h) was analyzed by fluorescent microscopy (cells were stained with Hoechst 

33258 dye). 
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Fig 3. T-2 toxin induced autophagy in L02 cells. (A) Dose-dependent alteration of the 

autophagy proteins.  Cells were treated with T-2 toxin (0, 0.2, 1 and 5 nM, 12h) and 

LC3-II/LC3-I, p62 and Beclin-1 proteins were analyzed by the western blotting.  

Results are expressed as mean ± SD, n=3 for each group. **P<0.01, *P<0.05 and 

considered significantly different from control values. (B) Time course analysis of the 

T-2 toxin-treated L02 cells.  The cells were exposed to T-2 toxin (0, 3, 6, and 12 h, 

5nM) and LC3-II/LC3-I, P62 and beclin-1 proteins levels were determined by western 
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blotting.  Values are the means±SD of three independent experiments. **P<0.01, 

*P<0.05 and considered significantly different from 0h; ##P<0.01, #P<0.05, 12h and 

6h significantly different from 3h.  (C) L02 cells were treated with T-2 toxin (0, 0.2, 

1, and 5 nM, 12 h) and stained with acridine orange (AO) and AVOs were observed by 

florescence microscopy (D) Cells were treated T-2 toxin (0 and 5 nM, 12h), and 

transmission electron microscopy (TEM) was used to detect the appearance of  

autolysosomes in L02 cells.  Yellow arrow indicates nuclear pyknosis and red arrow 

indicates autolysosomes (LP, low power and HP, high power).  (E) The effect of T-2 

toxin on accumulation of autophagosomes. L02 cells were transfected with RFP-GFP-

LC3 lentivirus for 72h, and with and without T-2 toxin (12h). The lentivirus allows 

distinction of autophagosomes (GFP+, RFP+, yellow puncta) and autolysosomes (GFP-

−RFP+ red puncta) as GFP fluorescence is quenched in the acidic autolysosomes. 
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Fig 4.  Interactions of autophagy and apoptosis induced by T-2 toxin in L02 cells.  (A) 

Effect of RAPA on T-2 toxin-induced autophagy.  L02 cells were pretreated with 

autophagy stimulator RAPA (100 nM) for 24 h, and cells were co-treated with T-2 toxin 

(5 nM) for additional 12h.  The levels of LC3-II/LC3-I, p62 and beclin-1 proteins were 

analyzed by western blotting.  (B) Effect of RAPA on T-2 toxin-induced apoptosis. 

L02 cells were pretreated with autophagy stimulator RAPA (100 nM) for 24h, and 

exposure to the stimulator was continued during subsequent T-2 toxin (5 nM) treatment 

for 12h. The levels of the apoptotic related proteins, PARP-1, caspase-3 and Bax/Bcl-2 

were analyzed by the western blotting. (C) Effect of autophagy inhibitor CQ on 

autophagy and apoptosis associated proteins in T-2 toxin treated cells.  L02 cells were 

pretreated with autophagy inhibitor CQ (100 μM) for 1h, and exposure to the inhibitor 

was continued during subsequent T-2 toxin (5 nM) treatment for 6h. LC3-II/LC3-I, 

beclin-1 and caspase 3 proteins were analyzed by western blotting. (D) Effect of CQ on 

T-2 toxin-induced apoptosis. L02 cells were pretreated with autophagy inhibitor CQ 

(100 μM) for 1h, and exposure to the inhibitor was continued during subsequent T-2 

toxin (5 nM) treatment for 6h. Western blotting was used for analysis of caspase-3 

proteins. (E) The T-2 toxin induced apoptosis was greatly enhanced upon inhibition of 

the autophagy.  The L02 cells were treated as described in D and cells were analyzed  
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for apoptosis by flow cytometry.  Data are presented as mean ± SD, n = 3 for each 

group. **P<0.01(2010), *P<0.05. 
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Fig 5.  Schematic illustration of the T-2 toxin-induced autophagy and apoptosis.  

Under the mild stress, the liver cells activate the mechanism of autophagy to protect the 

cells from the stress-induced damage at same time suppress the apoptosis.  When the 

stress levels increase the apoptosis pathway will be activated.  Under severe stress 

conditions, the outright necrosis will begin leading to destruction of tissues.      
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