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Abstract

Maduramicin, a polyether ionophore antibiotic used as an anticoccidial agent in poultry industry, 

has been reported to be toxic to animals and humans if improperly used or by accident, resulting in 

heart failure, skeletal muscle degeneration and even death. However, the molecular mechanism 

underlying its cardiotoxicity remains elusive. Mitogen activated protein kinases (MAPKs) and 

protein phosphatases signaling pathways have been documented to be involved in the cell survival 

regulation. The present study was set to investigate the role of above pathways in maduramicin-

induced myocardial cytotoxicity. Here we observed that maduramicin inhibited cell proliferation 

and reduced cell viability in H9c2 cells. Furthermore, we found that maduramicin suppressed 

extracellular signal-regulated kinase 1/2 (ERK1/2) phosphorylation in a concentration-dependent 

manner. Ectopic expression of constitutively active MKK1 partially prevented the cytotoxicity of 

maduramicin. Moreover, we showed that maduramicin concentration-dependently activated 

protein phosphatase 2A (PP2A) by decreasing its phosphorylation and increasing its methylation. 

Inhibition of PP2A with okadaic acid attenuated maduramicin’s toxicity. Overexpression of 

dominant negative PP2A partially rescued cells from maduramicin-inhibited ERK1/2 contributing 

to its cytotoxicity. The results indicate that maduramicin activates PP2A and consequently inhibits 

ERK1/2, leading to cytotoxicity in H9c2 cells. Our data suggest that manipulation of PP2A-

ERK1/2 pathway may be a potential approach to prevent maduramicin-induced cardiotoxicity.
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1. Introduction

Coccidiosis, a parasitic disease caused by Eimeria infection, causes great economic loss in 

the poultry industry (Min et al., 2004; Williams, 1998). Maduramicin is the most potent 

polyether ionophore antibiotic for coccidiosis prevention (Dorne et al., 2013; Liu et al., 

1983). However, clinically maduramicin toxicity has been frequently observed in target 

animals such as chickens and turkeys because of its using at high dose or for long time 

(Dorne et al., 2013; Singh and Gupta, 2003). Besides, since maduramicin is excreted rapidly 

and mainly as unchanged form in broilers (Oehme and Pickrell, 1999), increasing reports 

have shown that maduramicin is toxic to non-target animals including pigs, cattle and sheep 

when fed with the broiler litter as a source of protein and minerals (Sanford and 

McNaughton, 1991; Shimshoni et al., 2014; Shlosberg et al., 1992; Shlosberg et al., 1997). 

Importantly, there are also some cases of accidental poisoning with maduramicin in humans 

(Jayashree and Singhi, 2011; Sharma et al., 2005). Pathologically the toxicity of 

maduramicin is characterized by cardiac and skeletal muscle degeneration (Dorne et al., 

2013; Jayashree and Singhi, 2011; Shimshoni et al., 2014).

Mitogen activated protein kinases (MAPKs), including extracellular signal-regulated kinase 

(ERK), c-Jun N-terminal kinase (JNK) and p38 MAPK, play a critical role in the regulation 

of cell survival (Kim and Choi, 2010; Kyriakis and Avruch, 2012). These serine/threonine 

(Ser/Thr) kinases are activated through a sequential phosphorylation cascade that amplifies 

and transduces signals from the cell membrane to the nucleus (Kim and Choi, 2010). 

MAPKs can also be inactivated by protein phosphatases, which counteract many kinase-

driven intracellular signaling pathways through dephosphorylating key proteins (Hinds and 

Sanchez, 2008; Kalev and Sablina, 2011; Perrotti and Neviani, 2013).

Protein phosphatase 2A (PP2A), a key cellular Ser/Thr phosphatase containing a structural 

A subunit (PP2A-A), a regulatory B subunit (PP2A-B) and a catalytic C subunit (PP2Ac), 

can be modulated by phosphorylation of PP2Ac at Tyr307 and Thr304 (Perrotti and Neviani, 

2013). Phosphorylation of Tyr307 prevents methylation from occurring (Perrotti and 

Neviani, 2013). Both phosphorylation events result in inactivation of PP2A (Perrotti and 

Neviani, 2013). Protein phosphatase 5 (PP5) is also a unique member of Ser/Thr 

phosphatases based on the presence of tetratricopeptide repeat (TPR) domains within its 

structure (Hinds and Sanchez, 2008). Since their discovery, PP2A and PP5 has been 

implicated in wide ranging cellular processes, including MAPK-mediated growth and 

differentiation (Hinds and Sanchez, 2008). Over all, PP2A negatively regulate the 

phosphorylation of Erk1/2, JNK and p38, whereas PP5 negatively regulate JNK/p38 

pathway (Hinds and Sanchez, 2008; Kalev and Sablina, 2011).

So far the molecular mechanism of maduramicin-induced cardiotoxicity is not well 

understood. Especially, whether maduramicin affect MAPKs and its phosphatases including 
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PP2A and PP5 in myocardial cells is not clear now. Here we show that maduramicin-

induced myocardial cytotoxicity is associated with its intervention of PP2A-ERK1/2 

signaling pathway. Mechanistically, maduramicin-activated PP2A results in ERK1/2 

inhibition, leading to toxicity in H9c2 cells.

2. Materials and Methods

2.1 Materials

Maduramicin ammonium (molecular weight = 934.16, purity > 97%, by HPLC) was 

purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA), dissolved in dimethyl 

sulfoxide (DMSO) to prepare a stock solution (5 mg/ml), aliquoted and stored at –20°C. 

Dulbecco’s modified Eagle’s medium (DMEM) and 0.05% trypsin-EDTA were obtained 

from Mediatech (Manassas, VA, USA). Fetal bovine serum (FBS) was from Atlanta 

Biologicals (Lawrenceville, GA, USA). Okadaic acid (OA) was from Sigma (Saint Louis, 

MO, USA). CellTiter 96® AQueous one solution cell proliferation analysis kit was from 

Promega (Madison, WI, USA). Enhanced chemiluminescence solution was from Perkin-

Elmer Life Science (Boston, MA, USA). The following antibodies were used: ERK2, JNK, 

phosphorylated-JNK (p-JNK) (Thr183/Tyr185), c-Jun, p-c-Jun (Ser63), p38, p-PP2A 

(Tyr307), demethylated-PP2A (De-PP2A), HA and GAPDH (Santa Cruz Biotechnology, 

Santa Cruz, CA, USA), p-ERK1/2 (Thr202/Tyr204) and p-p38 (Thr180/Tyr182) (Cell 

signaling technology, Beverly, MA, USA), PP2Ac, PP2A-A, PP2A-B and methylated-PP2A 

(Me-PP2A) (Upstate biotechnology, Waltham, MA, USA), PP5 (BD transduction 

laboratories, San Jose, CA, USA), FLAG (Sigma, Saint Louis, MO, USA), goat anti-mouse 

IgG-horseradish peroxidase and goat anti-rabbit IgG-horseradish peroxidase (Pierce, 

Rockford, IL, USA).

2.2 Cell line and culture

Rat myocardial myoblasts (H9c2, #CRL-1446, American Type Culture Collection, 

Manassas, VA, USA) were cultured in antibiotic-free high glucose (4.5 g/L) DMEM 

supplemented with 10% FBS and 2 mM glutamine, at 37°C and 5% CO2. The cells were 

split at 1:4 and subcultured every 3 days.

2.3 Recombinant adenoviral constructs and infection of cells

The recombinant adenoviruses expressing FLAG-tagged constitutively active MKK1 (Ad-

MKK1-R4F), hemagglutinin (HA)-tagged dominant-negative (dn) PP2A catalytic subunit 

(PP2Ac) (L199P) (Ad-dn-PP2A), and the control vector expressing green fluorescent protein 

(GFP) alone (Ad-GFP) were described previously (Liu et al., 2010; Zeng et al., 2015). For 

experiments, H9c2 cells were grown in the growth medium and infected with the individual 

adenovirus for 24 h at 5 of multiplicity of infection (MOI = 5). Subsequently, cells were 

used for experiments. Ad-GFP served as a control. Expression of FLAG-tagged MKK1-R4F 

and HA-tagged dn-PP2A were determined by Western blot analysis with antibodies to 

FLAG and HA, respectively.
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2.4 Cell proliferation analysis

Cell proliferation analysis was performed by taking pictures as described (Chen et al., 2014). 

Briefly, H9c2 cells were seeded in DMEM supplemented with 10% FBS in 6-well plates at a 

density of 2 × 105 cells/well and grown overnight at 37°C in a humidified incubator with 5% 

CO2. The next day, maduramicin (0–1 μg/ml) was added. In some cases, cells were 

pretreated with okadaic acid for 1 h or infected with Ad-MKK1-R4F, Ad-dn-PP2A and Ad-

GFP for 24 h. Then maduramicin (0.5 and 1 μg/ml) was added. After incubation for 48 h, 

images were taken with an Olympus inverted phase-contrast microscope equipped with the 

Quick Imaging system.

2.5 Cell viability assay

Cell viability was evaluated using CellTiter 96® AQueous one solution cell proliferation 

analysis kit, as described (Chen et al., 2014). Briefly, H9c2 cells suspended in the growth 

medium were seeded in a 96-well plate at a density of 5 × 103 cells/well and grown 

overnight at 37°C in a humidified incubator with 5% CO2. The next day, maduramicin (0–1 

μg/ml) was added. In some cases, cells were pretreated with okadaic acid for 1 h or infected 

with Ad-MKK1-R4F, Ad-dn-PP2A and Ad-GFP for 24 h, then exposed to maduramicin (0.5 

and 1 μg/ml). After incubation for 48 h, each well was added 20 μl of one solution reagent 

and incubated for 1 h. Cell viability was determined by measuring the OD at 490 nm using a 

Wallac 1420 Multilabel Counter (PerkinElmer Life Sciences, Wellesley, MA, USA).

2.6 Western blot analysis

Western blotting was performed, as described previously (Chen et al., 2014). Briefly, 

equivalent amounts of proteins (whole cell lysates) were separated on 8–12% sodium 

dodecyl sulfate-polyacrylamide gels and transferred to polyvinylidene difluoride membranes 

(Millipore, Bedford, MA, USA). Membranes were blocked with 5% non-fat dry milk 

(dissolved in PBS containing 0.05% Tween 20) for 1 h at room temperature, and then 

incubated with primary antibodies overnight at 4°C, followed by probing with appropriate 

secondary antibodies conjugated to horseradish peroxidase overnight at 4°C. 

Immunoreactive bands were visualized by using enhanced chemiluminescence reagent.

2.7 Statistical analysis

Results were expressed as mean values ± SE (standard error). Statistical analysis was 

performed using one-way analysis of variance (ANOVA) followed by Dunnett’s post-test or 

two-way ANOVA followed by Bonferroni’s post-test for multiple comparisons. A level of P 

< 0.05 was considered to be significant.

3. Results

3.1 Maduramicin inhibits cell proliferation and reduces cell viability in H9c2 cells

To observe the toxic effect of maduramicin in myocardial cells, H9c2 cells were exposed to 

0–1 μg/ml maduramicin for 48 h, followed by taking images under a microscope. We found 

that maduramicin inhibited cell proliferation in a concentration-dependent manner (Fig. 1A). 

When cells were exposed to maduramicin (0–1 μg/ml) for 24 or 48 h, one solution assay also 
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revealed concentration- and time-dependent inhibitory effects on cell viability (Fig. 1B). The 

IC50 value for 48 h treatment was between 0.5–1 μg/ml. Treatment with 1 μg/ml 

maduramicin for 48 h was able to reduce cell viability to 0.44 fold, compared to the control. 

The findings suggest that maduramicin exerts its cytotoxicity in H9c2 cells at least by 

inhibiting cell proliferation and reducing cell viability.

3.2 Maduramicin induces cytotoxicity in part by inhibiting ERK1/2 in H9c2 cells

It has been demonstrated that MAPKs play a critical role in cell survival regulation (Kim 

and Choi, 2010; Kyriakis and Avruch, 2012). To further investigate the toxic mechanism of 

maduramicin in myocardial cells, Western blotting was used to check the phosphorylation 

level of MAPK family members (ERK1/2, JNK and p38) after exposed to maduramicin at 

0–1 μg/ml for 24 h. As shown in Fig. 2, maduramicin did not change the phosphorylation 

status of JNK and p38, but obviously decreased the phosphorylation level of ERK1/2 in a 

concentration-dependent manner. Consistently, exposure to maduramicn also did not alter 

the phosphorylation status of c-Jun (a downstream substrate of JNK). The results suggest 

that ERK1/2 was inhibited by maduramicin treatment.

To verify the role of ERK1/2 in maduramicin-induced myocardial cytotoxicity, we employed 

recombinant adenovirus Ad-MKK1-R4F, encoding FLAG-tagged constitutively active 

MKK1 (an upstream kinase of Erk1/2). Infection of H9c2 cells with Ad-MKK1-R4F, but not 

Ad-GFP (control virus), resulted in expression of high levels of FLAG-tagged MKK1 

mutant (Fig. 3A and B). Expression of MKK1-R4F led to robust phosphorylation of Erk1/2 

even with exposure to Mad (Fig. 3A and B), indicating that the MKK1 mutant function in 

the cells. Expression of MKK1-R4F significantly attenuated maduramicin-induced 

cytotoxicity (Fig. 3C and D). The results clearly indicate that maduramicin induces cytotoxic 

effect in part by inhibiting ERK1/2 in H9c2 cells.

3.3 Maduramicin inhibits ERK1/2 and induces cytotoxicity partially by activating PP2A in 
H9c2 cells

Since MAPKs can be negatively regulated by PP2A and PP5 (Chen et al., 2009), we 

reasoned that maduramicin might inhibit ERK1/2 by activating these protein phosphatases. 

To this end, H9c2 cells were exposed to 0–1 μg/ml maduramicin for 24 h, followed by 

Western blotting. As shown in Fig. 4, maduramicin did not apparently alter the cellular 

protein level of the structural subunit PP2A-A, the regulatory subunit PP2A-B and the 

catalytic subunit PP2Ac as well as the expression of PP5, but reduced the expression of 

phosphorylated- and demethylated-PP2A and increased the protein level of methylated-

PP2A, which related to PP2A activity (Perrotti and Neviani, 2013), in a concentration 

dependent manner. The results suggest that maduramicin activates PP2A in myocardial cells.

To pinpoint the role and significance of PP2A in maduramicin-induced cytotoxicity in 

myocardial cells, PP2A inhibitor okadaic acid (OA) was utilized. We found that pre-

incubation with OA attenuated toxicity of maduramicin in H9c2 cells (Fig. 5). To further 

confirm the effect of PP2A on maduramicin-induced ERK1/2 inhibition and cytotoxicity in 

myocardial cells, we infected H9c2 cells with recombinant adenovirus Ad-dn-PP2A, 

encoding HA-tagged dominant negative PP2A. Infection of cells with Ad-dn-PP2A, but not 
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Ad-GFP (control virus), resulted in expression of high levels of HA-tagged dn-PP2A mutant 

(Fig. 6A and B). Over-expression of dn-PP2A substantially relieved maduramicin-reduced 

phosphorylation of ERK1/2 in the cells (Fig. 6A and B). Consistently, overexpression of dn-

PP2A attenuated maduramicin-induced cell toxicity (Fig. 6C and D). It suggests that 

maduramicin induces cytotoxicity by intervening PP2A-ERK1/2 signaling pathway in H9c2 

cells.

4. Discussion and Conclusions

Maduramicin, a polyether ionophore antibiotic used for coccidiosis prevention in the poultry, 

has been shown to be toxic to animals and humans because of improperly used or by 

accident (Dorne et al., 2013; Jayashree and Singhi, 2011; Sharma et al., 2005; Shimshoni et 

al., 2014; Singh and Gupta, 2003). Importantly, Shimshoni et al. described an acute 

maduramicin toxicosis affecting 22 pregnant gilts, 2 pregnant sows and 2 boars, resulting in 

a total mortality of 65% within 2 days (Shimshoni et al., 2014). It suggests that prenatal 

maduramicin exposure is more harmful and might to cause congenital birth defects in 

animals. Histopathologically, the toxicity of maduramicin is characterized by severe cardiac 

and skeletal muscle lesions (Dorne et al., 2013; Jayashree and Singhi, 2011; Shimshoni et 

al., 2014). However, the toxic mechanism of maduramicin in myocardial cells is not well 

known. Here we found that maduramicin inhibited cell proliferation and reduced cell 

viability in H9c2 cells (Fig. 1), suggesting it is toxic to myocardial cells. This is consistent 

with previous studies which showed that salinomycin and monensin, two other polyether 

ionophores, also executes its toxic effects by inhibiting cell proliferation and reducing cell 

viability in a spectrum of human cancer cells (Boehmerle and Endres, 2011; Park et al., 

2002).

ERK1/2 has been reported to be a key protein in regulation of cell survival (Baines and 

Molkentin, 2005; Xia et al., 2016). We found that maduramicin dramatically decreased the 

expression of phosphorylated ERK1/2 (Fig. 2), which suggested that maduramicin inhibited 

ERK1/2 pathway in H9c2 cells. To further confirm whether ERK1/2 inhibition contributes to 

the toxicity of maduramicin in myocardial cells, recombinant adenovirus Ad-MKK1-R4F, 

encoding FLAG-tagged constitutively active MKK1, was utilized. Expression of MKK1-

R4F attenuated cytotoxicity of maduramicin in H9c2 cells (Fig. 3). It suggests that 

maduramicin inactivates ERK1/2, leading to toxicity in myocardial cells. Many studies have 

shown similar results in cardiomyocytes and cancer cells. For instance, urotensin II protects 

cardiomyocytes from doxorubicin-induced apoptosis partly through upregulating the 

phosphorylation of ERK (Chen et al., 2012). Isobavachalcone induces the apoptosis of 

gastric cancer cells via inhibition ERK pathway (Jin and Shi, 2016). Monensin increases 

ERK activity and induces apoptosis in NCI-H929 myeloma cells (Park et al., 2003). Ghrelin 

protection of dexamethasone-induced INS-1 cell apoptosis is mediated by inducing ERK 

activation (Zhang et al., 2016).

PP2A has been documented to dephosphorylating Erk1/2 (Hinds and Sanchez, 2008; Kalev 

and Sablina, 2011; Perrotti and Neviani, 2013). Here, we found that maduramicin 

concentration-dependently activated PP2A, which was evidenced by the finding that 

maduramicin decreased the protein expression level of phosphorylated-PP2A and 
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demethylated-PP2A, and increased the level of methylated-PP2A in H9c2 cells (Fig. 4). 

Next, we used okadaic acid (OA), a pharmacological inhibitor of PP2A, to pinpoint the role 

and significance of PP2A in maduramicin`s cytotoxicity. We found that inhibition of PP2A 

by OA attenuated toxicity of maduramicin in H9c2 cells (Fig. 5). Further, to verify the 

hypothesis that maduramicin-induced ERK1/2 inhibition and cytotoxicity through PP2A-

dependent mechanism in myocardial cells, genetic inhibition experiments for PP2A were 

carried out. It was shown that expression of dominant negative PP2A resulted in high 

resistance to maduramicin-induced dephosphorylation of ERK1/2 and cytotoxicity in H9c2 

cells (Fig. 6). Collectively, maduramicin causes cytotoxicity through inhibition of ERK1/2, 

which is partially attributed to activation of PP2A in myocardial cells. Similar effects have 

been reported in different cell lines. For example, PP2A mediates p38 MAPK-induced ERK 

dephosphorylation contributing to apoptosis in cardiac myocytes (Liu and Hofmann, 2004). 

Hydrogen peroxide-induced neuronal apoptosis is associated with inhibition of protein 

phosphatase 2A and 5, leading to activation of MAPK pathway (Chen et al., 2009). 

Rapamycin inhibits hsBAFF-stimulated cell proliferation and survival by activation of 

PP2A, thereby resulting in inhibition of ERK1/2 pathway in normal and neoplastic B-

lymphoid cells (Zeng et al., 2015).

In summary, here we have verified that maduramicin activated PP2A, which resulted in 

inhibition of ERK1/2, thereby leading to cytotoxicity in H9c2 cells. The results indicate that 

maduramicin executed its myocardial cytotoxicity at least partially through PP2A-ERK1/2 

pathway. Our findings suggest that manipulation of PP2A-ERK1/2 signaling pathway may 

be a potential approach to prevent maduramicin-induced cardiotoxicity.
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Abbreviations

DMEM Dulbecco’s modified Eagle’s medium

DMSO dimethyl sulfoxide

ERK1/2 extracellular signal-regulated kinase 1/2

FBS fetal bovine serum

GFP green fluorescence protein

JNK c-Jun N-terminal kinase

MAPK mitogen-activated protein kinase

MKK mitogen-activated protein kinase kinase

OA okadaic acid
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PBS phosphate buffered saline

PP2A protein phosphatase 2A

PP5 protein phosphatase 5

Ser/Thr serine/threonine
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Fig. 1. 
Maduramicin inhibits cell proliferation and reduces cell viability in H9c2 cells. H9c2 cells 

were exposure to maduramicin at indicated concentrations for 24 or 48 h. A. Cell images 

were taken with an Olympus inverted phase-contrast microscope equipped with the Quick 

Imaging system. B. Cell viability was detected by one solution assay. For (A), representative 

photos were shown. Similar results were observed in at least three independent experiments. 

For (B), all data were expressed as means ± SE (n = 6). Statistical analysis was performed 

using one-way ANOVA followed by Dunnett’s post-test. ** P < 0.01, difference with control 

group.
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Fig. 2. 
Maduramicin inactivates ERK1/2 in H9c2 cells. H9c2 cells were exposure to maduramicin 

at indicated concentrations for 24 h. A. Total cell lysates were subjected to Western blotting 

using indicated antibodies. B. Blots for indicated proteins were semi-quantified using NIH 

image J. For (A), representative blots were shown. The blots were probed for GAPDH as a 

loading control. Similar results were observed in at least three independent experiments. For 

(B), all data were expressed as means ± SE (n = 3). Statistical analysis was performed using 

one-way ANOVA followed by Dunnett’s post-test. ** P < 0.01, difference with control 

group.
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Fig. 3. 
Ectopic expression of constitutively active MKK1 intervenes toxicity of maduramicin in 

H9c2 cells. H9c2 cells, infected with Ad-MKK1-R4F or Ad-GFP (as control), respectively, 

were exposure to maduramicin at indicated concentrations for 24 h (for Western blotting) or 

48 h (for cell viability assay and cell proliferation analysis). A. Total cell lysates were 

subjected to Western blotting using indicated antibodies. B. Blots for indicated proteins were 

semi-quantified using NIH image J. C. Cell viability was detected by one solution assay. D. 

Cell images were taken with an Olympus inverted phase-contrast microscope equipped with 

the Quick Imaging system. For (A), representative blots were shown. The blots were probed 

for GAPDH as a loading control. Similar results were observed in at least three independent 

experiments. For (B), all data were expressed as means ± SE (n = 3). Statistical analysis was 

performed using two-way ANOVA followed by Bonferroni’s post-test. ** P < 0.01, 

difference with control group; ## P < 0.01, Ad-MKK1-R4F group versus Ad-GFP group. For 

(C), all data were expressed as means ± SE (n = 6). Statistical analysis was performed using 

two-way ANOVA followed by Bonferroni’s post-test. ** P < 0.01, difference with control 

group; ## P < 0.01, Ad-MKK1-R4F group versus Ad-GFP group. For (D), representative 

photos were shown. Similar results were observed in at least three independent experiments.
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Fig. 4. 
Maduramicin activates PP2A in H9c2 cells. H9c2 cells were exposure to maduramicin at 

indicated concentrations for 24 h. A. Total cell lysates were subjected to Western blotting 

using indicated antibodies. B. Blots for indicated proteins were semi-quantified using NIH 

image J. For (A), representative blots were shown. The blots were probed for GAPDH as a 

loading control. Similar results were observed in at least three independent experiments. For 

(B), all data were expressed as means ± SE (n = 3). Statistical analysis was performed using 

one-way ANOVA followed by Dunnett’s post-test. ** P < 0.01, difference with control 

group.
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Fig. 5. 
Pretreatment with okadaic acid (OA) attenuates toxicity of maduramicin in H9c2 cells. H9c2 

cells, pretreated with/without OA (100 nM) for 1 h, were exposure to maduramicin at 

indicated concentrations for 48 h. A. Cell viability was detected by one solution assay. B. 

Cell images were taken with an Olympus inverted phase-contrast microscope equipped with 

the Quick Imaging system. For (A), all data were expressed as means ± SE (n = 6). 

Statistical analysis was performed using two-way ANOVA followed by Bonferroni’s post-

test. ** P < 0.01, difference with control group; ## P < 0.01, difference with OA group. For 

(B), representative photos were shown. Similar results were observed in at least three 

independent experiments.
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Fig. 6. 
Expression of dominant negative PP2A dramatically attenuates maduramicin-inactivated 

ERK1/2 contributing to its toxicity in H9c2 cells. H9c2 cells, infected with Ad-dn-PP2A or 

Ad-GFP (as control), respectively, were exposure to maduramicin at indicated 

concentrations for 24 h (for Western blotting) or 48 h (for cell viability assay and cell 

proliferation analysis). A. Total cell lysates were subjected to Western blotting using 

indicated antibodies. B. Blots for indicated proteins were semi-quantified using NIH image 

J. C. Cell viability was detected by one solution assay. D. Cell images were taken with an 

Olympus inverted phase-contrast microscope equipped with the Quick Imaging system. For 

(A), representative blots were shown. The blots were probed for GAPDH as a loading 

control. Similar results were observed in at least three independent experiments. For (B), all 

data were expressed as means ± SE (n = 3). Statistical analysis was performed using two-

way ANOVA followed by Bonferroni’s post-test. ** P < 0.01, difference with control group; 
## P < 0.01, Ad-dn-PP2A group versus Ad-GFP group. For (C), all data were expressed as 

means ± SE (n = 6). Statistical analysis was performed using two-way ANOVA followed by 

Bonferroni’s post-test. ** P < 0.01, difference with control group; ## P < 0.01, Ad-dn-PP2A 

group versus Ad-GFP group. For (D), representative photos were shown. Similar results 

were observed in at least three independent experiments.
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