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Abstract. The aim of the present study was to investigate 
the cytotoxic effect and multi‑drug resistance (MDR) of 
Clostridium difficile toxin A (TcdA) on K562/A02 cells, and 
understand its underlying molecular pathways. K562/A02 cells 
were treated with TcdA at different concentrations for 24, 48 
and 72 h, and the inhibition effect and drug resistance of TcdA 
on K562/A02 cell proliferation was assessed by methyl thiazolyl 
tetrazolium colorimetric assay. Furthermore, cell cycle‑apop-
tosis was analyzed by flow cytometry, P‑glycoprotein (P‑gp) 
expression was determined by western blot analysis and 
caspase‑3 activity was measured using a caspase‑3 activity 
kit. TcdA inhibited K562/A02 cell proliferation in a time‑ and 
dose‑dependent manner. The inhibition rate of K562/A02 
cells reached 8.76±0.76, 28.55±0.43, 47.89±0.27, 58.08±0.06 
and 57.70±0.79% following treatment with 50, 100, 200, 400 
and 800 ng/ml TcdA, respectively, for 24 h. K562/A02 cells in 
the G0/G1 phase increased and cells in the S phase decreased 
following treatment with TcdA (P<0.05), and the apoptotic 
rates in the 200 and 400 ng/ml concentration groups were 
14.05 and 22.89%, respectively. In addition, TcdA (50 ng/ml) 
significantly inhibited the proliferation of K562/A02 cells and 
reduced the half maximal inhibitory concentration of these 
drugs in combination with chemotherapy drugs. The reversal 
folds were 3.09, 2.89 and 2.79, respectively. Furthermore, 
TcdA treatment was associated with the upregulation of P‑gp 
in K562/A02 cells, and caspase‑3 activity was observed to 
increase in K562/A02 cells following TcdA treatment, when 
compared with untreated controls (P<0.05). These findings 
suggested that TcdA may be able to inhibit K562/A02 cell 
growth, induce cell apoptosis by decreasing P‑gp levels and 
caspase‑3 activation, and partially reverse MDR. Further 

studies are required to evaluate the potential of TcdA as a 
candidate for the chemotherapy of hematologic malignancies.

Introduction

Multi-drug resistance (MDR) is a phenomenon of simultaneous 
resistance to several structurally and functionally distinct drugs, 
and is the major cause of treatment failure in cancer chemo-
therapy. Many mechanisms involved in MDR, including reduced 
accumulation of intracellular drugs (decreased drug uptake 
and/or increased drug efflux), enhanced ability of DNA repair, 
redistributed drug accumulation, added detoxification, the 
modified expression of genes, and proteins related to cell apop-
tosis have been recognized for several decades (1,2). Multidrug 
resistance‑associated proteins (MRPs) are considered as the 
main mechanism of MDR. These transmembrane proteins lead 
to MDR either by decreasing the intracellular retention of drugs 
or altering intracellular drug distribution (3). In addition, the 
ATP‑binding cassette (ABC) super family of membrane trans-
porters requires ATP hydrolysis to transport substrates across 
membranes such as P‑gp (4). P‑glycoprotein (P‑gp) serves as 
an ATP‑dependent efflux pump for a variety of chemicals, 
including many antineoplastic agents (5). Increasing studies (6,7) 
have shown that P‑gp expression correlates with poor response 
to chemotherapy and unfavorable prognosis. Therefore, such 
agents that inactivate P‑gp in tumor cells or affect its function 
may overcome MDR. The first (Verapamil, Cyclosporin A) and 
second (VX‑710, PSC833) generation of P‑gp inhibitors have 
been applied to clinical practice. However, these are restricted 
for adverse reactions. Recently, third generation P‑gp inhibitors 
including S9788 and LY335979 (Zosuquidar) have been tested in 
clinical trials. However, their therapeutic effects remain unclear. 
Therefore, determining how to overcome the MDR of tumor 
cells to increase the success rate of chemotherapy remains an 
urgent problem in the present treatment of leukemia.

Clostridium difficile (C. difficile) is a common inhabitant 
of the colon flora in human infants and sometimes in adults, 
which produces toxins [Clostridium difficile toxin A (TcdA) 
and Clostridium difficile toxin B (TcdB)] that could cause 
pseudomembranous enterocolitis in some patients receiving 
antibiotic therapy. TcdA has been intensively studied since its 
initial recognition as a major C. difficile virulence factor (8,9). 
It causes necrosis, mucosal inflammation, hemorrhagic 
colitis and increased intestinal permeability, and inhibits 
protein synthesis (10,11). Mahida et al (12) provided the first 
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experimental evidence that epithelial cells (T84 cells) exposed to 
TcdA undergoes apoptosis. Furthermore, some studies (6,13,14) 
have shown the same effect caused by TcdA due to the inactiva-
tion of Rho, the activation of caspases 3, 6, 8 and 9 and Bid, 
and mitochondrial damage followed by cytochrome C release. 
To date, apoptosis induced by TcdA has been confirmed in 
several nonmalignant and malignant human cell lines including 
A549 (lung carcinoma), 009P (breast carcinoma), PC3 (pros-
tate carcinoma), SW480 (colonic carcinoma), SMMC7721 
(hepatocellular carcinoma), Raji (lymphoma), breast epithelium 
(006FA), HCS (diploid fibroblast), etc. Our previous studies 
indicated that TcdA inhibits K562 (erythroleukemia cell line) 
cell growth by inducing apoptosis, and the mechanism may be 
associated with the upregulation of Bcl‑2 Assaciated X (Bax) 
Protein, the activation of caspase‑3, the decrease in mitochon-
drial membrane potential, and the release of cytochrome C from 
the mitochondria matrix. The present study aimed to explore the 
effects of C. difficile TcdA on the proliferation, apoptosis and 
MDR of human chronic myeloid leukemia cell line K562/A02.

Materials and methods

Preparation of C. difficile Toxin A. TcdA was purified, as 
previously (15) described. C. difficile VPI 10463 bacterial brain 
heart infusion was centrifuged at 4˚C, precipitated with 50% 
(NH4)2SO4 and acetic acid precipitation at pH 5.5, followed by 
ion‑exchange chromatography on a DEAE‑Toyopearl 650 M 
column. Coomassie brilliant blue (Dishen Biotechnology, 
Shanghai, China) G‑250‑based colorimetric assay was 
performed with Bovine Serum Albumin (BSA) as the standard 
to draw the standard curve, the concentration of the protein 
purified toxin was measured, and stored at ‑20˚C.

Cell culture and reagents. K562 and K562/A02 cells were 
obtained from the Central Laboratory of the First Hospital of 
Lanzhou University. Cells were maintained in a nutrient medium 
(RPMI 1640; Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) and supplemented with 10% fetal bovine serum 
(Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml of penicillin 
and 100 U/ml of streptomycin at 37˚C in a humidified incubator 
atmosphere with 5% CO2. Cells were passage every 2‑3 days. 
In the training process of K562/A02 cells, 1 g/ml of adriamycin 
(ADM; Zhejiang Hisun Pharmaceutical Co., Ltd., Taizhou, 
China) was added to maintain its resistance at two weeks before 
the experiment was stopped. Living cells were strained by 
trypan blue staining in more than 95% for the experiment.

RPMI 1640 was purchased from Gibco; Thermo Fisher 
Scientific, Inc. Serum was purchased from Hangzhou Sijiqing 
Biological Engineering Materials Co., Ltd., (Hangzhou, 
Zhejiang, China). Methyl thiazolyl tetrazolium (MTT) colori-
metric assay was purchased from Sigma‑Aldrich; Merck KGaA 
(Darmstadt, Germany). The Annexin V‑FITC/PI apoptosis 
detection kit was purchased from Thermo Fisher Scientific, Inc. 
The activity test kit of caspase‑3 was purchased from Beyotime 
Institute of Biotechnology (Beijing, China). The antibody against 
P‑gp was purchased from Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA. Adriamycin (ADM) and Daunorubicin (DNR) 
were purchased from Zhejiang Hisun Pharmaceutical Co., Ltd. 
Cytosine Arabinoside (AraC) was purchased from the Shanghai 
New Hualian Pharmaceutical Co., Ltd., (Shanghai, China).

Cell growth inhibition assay. K562 and K562/A02 cells were 
seeded in 96‑well plates (Corning Incorporated, Corning, NY, 
USA) with 200 µl of medium. Approximately 2x105 K562/A02 
cells were seeded to each well, treated with various concentra-
tions of TcdA (50, 100, 200, 400 and 800 ng/ml). The control 
group was left untreated, while the blank control group was 
fixed with RPMI 1640. After 24, 48 and 72 h, the inhibitory 
concentration of 50% (IC50) value was calculated using the 
MTT method, and 20 µl of medium containing 5 mg/ml of 
MTT was added to each well at four hours before the end of 
the test. Then, 50 µl of triad lysis fluid [10% dodecyl sulfate, 
sodium salt (SDS), 5% isobutanol and 0.012 mol/l of HCL] was 
used to dissolve the sample at 37˚C overnight. The absorbance 
of the mixture (A value) at 570 nm was measured using a 
microplate enzyme‑linked immunosorbent assay reader. The 
inhibition rate of cell growth (%) was calculated as [A570 
(mean negative control group)‑A570 (mean TcdA treatment 
group)/(A570 (mean negative control group)‑A570 (mean 
blank control group)] x100%.

The growth curve was plotted with the action time as the 
cross axis and the corresponding absorbance (A value) as the 
vertical axis. The IC50 was calculated according to the linear 
regression equation.

Cell‑cycle analysis. Propidium iodide (PI; Sigma‑Aldrich; 
Merck KGaA) staining and flow cytometry (FCM; Beckman 
Coulter, Inc., Brea, CA, USA) were used to determine the 
stage of the cell cycle. Cells were treated with or without 200 
and 400 ng/ml of TcdA for 24 h at 37˚C. Then, cells were 
collected and washed twice with phosphate‑buffered saline 
(PBS), suspended in 2 ml of 70% ice‑cold ethanol, and stored 
overnight at 4˚C. On the following day, samples were centri-
fuged and incubated with 1 mg/ml of RNaseA (Fermentas; 
Thermo Fisher Scientific, Inc.) in the dark at 4˚C. Next, cells 
were stained with 100 µg/ml of PI for 30 min at 4˚C. The 
samples were analyzed by FCM using cell analysis software 
to determine the population of cells in each cycle phase.

Cell apoptosis was detected with the Annexin V‑FITC/PI 
Apoptosis Detection kit according to the manufacturer's instruc-
tions. Data acquisition was performed using FCM and analyzed 
with CellQuest software.

Multidrug resistance reversal assay. The reversal effect 
of TcdA on K562/A02 cells was calculated by MTT assay. 
Briefly, K562/A02 cells were seeded in a 96‑well plate at 
a density of 1x105/ml. ADM (0.1, 1, 10 and 100  µg/ml), 
DNR (0.01, 0.1, 1 and 10 µg/ml) and Ara‑C (0.1, 1, 10 and 
100 µg/ml) were respectively added, and treated with or 
without TcdA (50 ng/ml). MTT assay was performed for 
measurements, as previously described. Furthermore, the 
inhibition rate of cell growth (%) and IC50 of TcdA were 
calculated. The resistance folds and reversal folds were 
calculated as follows: Resistance Folds=IC50 of resistance 
cell/IC50 of sensitive cell; Reversal Folds=IC50 of no 
reversal agent/IC50 of plus reversal agent.

Detection of P‑gp expression. Western blot assay was performed 
to examine the effect of TcdA on the expression of P‑gp in 
K562 and K562/A02 cells. Cells collected by centrifugation 
were treated with or without 50 ng/ml TcdA for 24 and 48 h, 
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washed twice with PBS, added with lysis buffer and protease 
inhibitor phenylmethylsulfonyl fluoride (PMSF) (lysis buffer: 
PMSF=l ml: 10 µl), placed in an ice bath for 30 min, centrifuged 
at 12,000 rpm for 10 min at 4˚C, and stored at ‑20˚C. Then, the 
sample was mixed with 20 µl of the sample buffer, separated 
by 6% dodecyl sulfate, sodium salt (SDS)‑Polyacrylamide gel 
electrophoresis (SDS‑PAGE) [40% Acr/Bic, gel buffer solu-
tion (pH 8.8), Concentrate buffer (pH 6.8), 10% SDS, 10% AP, 
ultrapure water and TEMED], and transferred onto a polyvi-
dyline fluoride (PVDF) membrane (Shanghai Bioscience and 
Biotechnology, Shanghai, China). The transfer buffer comprised 
of 5.89 g of Tris, 2.99 g of glycine, 0.37 g of SDS and 200 ml 
methanol, plus 1,000 ml of ultrapure water at 30 V. After 
completion of the transfer, the sample was transferred on a decol-
orization shaking bed with 1x Li Chunhong dyeing liquid (2 g of 
1xLi Chunhong dyeing liquid S, 30 g of trichloroacetic acid and 
30 g of sulfonyl salicylic acid, plus 100 ml of distilled water to) 
dye for five min, and rinse with water until the albumen was 
clear on the membrane. Then, these were closed by nonfat dry 
milk and added with antibody diluted in Tris‑Buffered Saline 
and Tween 20 (TBS‑T) buffer [100 mmol/l Tris‑HCL (pH 7.5), 
150 mmol/l NaCl] contain 0.05% Tween 20 at 4˚C overnight. 
Next, the membranes were washed by TBS‑T twice for 10 min 
each time, added with horseradish peroxidase (HRP)‑labeled 
secondary antibody, incubated for one hour at room tempera-
ture, and washed again with TBS‑T. In addition, the A and B 
reagents of the enzyme‑catalyzed chemiluminescent (ECL) kit 
(NEN Life Science Inc., Boston, MA, USA) were mixed in the 
plastic film, the membrane protein was placed faced down to 
allow full contact with the mixture for one minute, and the film 
was transferred onto another plastic wrap to remove the residue. 
Then, these were exposed with x‑ray films in the darkroom for 
two min, the x‑ray films were removed and these were immersed 
in 1x developer for one minute, and washed with running water 
for one minute. Next, these were immersed in fixative for one 
minute, washed with running water again, and dried at room 
temperature. Finally, a gel imaging system was used to deter-
mine the gray value of the protein bands and quantitatively 
analyze the protein expression with a ratio of β‑actin values.

Flow cytometric analysis of caspase activity. Cells collected 
by centrifugation were treated with or without different 
concentrations of TcdA (50, 100, 200, 400 and 800 ng/ml) 
for 24, 48 and 72 h, and washed with PBS. Then, these were 
suspended in cell lysate (10 µl of lysate/2xl06 cells), ice bath 
cracking for approximately 15 min, and centrifugation at 
16,000 g for 15 min at 4˚C. The blank control contained 90 µl 
of Buffer solution, while the experimental group was 80 µl of 
Buffer solution and 10 µl of Sample. Next, caspase‑3 substrate 
(2 mM of Ac‑DEVD‑pNA) was added, mixed thoroughly, and 
incubated for one hour at 37˚C. Absorbance at 405 nm of the 
mixture (A value) was measured when the color change was 
most obvious. The A405 value of the sample was deducted 
from the A405 value of the blank control, which was the absor-
bance produced by the pNA produced by caspase‑3. This was 
used to indicate the activity of caspase‑3.

Statistical analysis. All experiments were performed in 
triplicate. Data were presented as the mean  ±  standard 
deviation (x±s) of results obtained from three independent 

experiments with similar patterns. All data were analyzed 
using SPSS 17.0 to perform the correlation analysis. Multiple 
groups were compared by single factor analysis of variance 
and LSD‑t test. The average of these two groups was compared 
by t‑test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Effect of TcdA on K562/A02 cell growth. The viability of 
K562/A02 cells was inhibited by TcdA treatment in a time 
and dose‑dependent manner (Fig. 1). The inhibition rate of cell 
growth (%) was 8.76±0.76, 28.55±0.43, 47.89±0.27, 58.08±0.06 
and 57.70±0.79%, respectively, after treatment with TcdA at 
different concentrations (50, 100, 200, 400 and 800 ng/ml) 
for 24 h. Furthermore, the IC50 values were 367.8, 297.1 and 
241.5 ng/ml after 24, 48 and 72 h, respectively. The inhibi-
tion rate of cell growth (%) in the group treated with 50 ng/ml 
of TcdA was <10%, when compared with the control group 
(Table I). However, this change was not statistically signifi-
cant. Therefore, this concentration was used to treat K562/A02 
cells for the remaining experiments in the present study.

Effect of TcdA on the cell cycle of K562/A02 cells. Fig. 2A 
presents the changes in cell‑cycle distribution in TcdA‑treated 
K562/A02 cells. Mean cells in the G0/G1 phase increased and a 
decreased in the percentage of cells was observed in the S phase 
after treatment with TcdA (P<0.05). In addition, there are 
obvious apoptosis peaks. This suggests that G0/G1 phase arrest 
occurred after treatment with 200 and 400 ng/ml of TcdA.

TcdA induced apoptosis in K562/A02 cells. The results showed 
the significant accumulation of Annexin V‑FITC positive 
cells and indicated that TcdA could induce K562/A02 cells 
apoptosis, and the percentage of apoptotic cells was 14.05 and 
22.89%, respectively, after treatment with 200 and 400 ng/ml 
of TcdA (Fig. 2B).

The reversal effect of TcdA on K562/A02 cells. Table II shows 
that the Resistance Folds of DNR and Ara‑C on K562/A02 
cells were 21.91 and 7.46, respectively; while ADM reached 
up to 87.06. There was a significant inhibitory effect on the 

Figure 1. Effect of TcdA on K562/A02 cell growth. The viability of K562/A02 
cells was inhibited by TcdA treatment in a time‑and dose‑dependent manner. 
TcdA, Clostridium difficile toxin A.
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proliferation of K562/A02 cells after the combination of 
50 ng/ml of TcdA with drugs (Fig. 3). TcdA (50 ng/ml) could 
significantly reduce the IC50 of these drugs, and the reversal 
times were 3.09, 2.89 and 2.79, respectively (Table II).

Effect of TcdA on the expression of P‑gp in K562/A02 cells. 
As shown in Fig. 4, the effect of TcdA on the expression of 
P‑gp in K562 and K562/A02 cells by western blot. The rela-
tive expression level of P‑gp in K562 and K562/A02 cells were 
0.23 and 0.49, respectively. The level decreased to 0.47 and 
0.29, respectively, after TcdA (50 ng/ml) treatment for 24 and 
48 h on K562/A02 cells.

Effect of TcdA on the activition of caspase‑3 in K562/A02 
cells. As shown in Fig. 5, the caspase‑3 activity of K562/A02 
cells was very low, and the absorbance values were 0.19±0.014, 
0.20±0.017 and 0.19±0.012 after 24, 48 of 72 h, respectively. 
TcdA could significantly enhance the activity of caspase‑3 
in the experimental group, and the absorbance values were 
statistically significant (P<0.05), compared with the control 
group. Furthermore, enzyme activity gradually increased with 
the increase in concentration.

Discussion

The MDR of tumor cells was defined as a phenomenon, in which 
resistance occurs in structurally and mechanically diverse anti-
cancer drugs. K562/A02 cells with MDR property and hindered 
apoptosis has been the human leukemia cell line with the stable 
MDR phenotype induced in medium containing ADM for a long 
time (16). TcdA is a kind of soluble protein that combines with 
the cell membrane via receptors that induce cytopathic effects 
after being phagocytized by immune cells. Its susceptibility 
differs in many mammalian cells (17). The present study revealed 
that cancer and normal cells have a much different sensitivity to 
the cytotoxicity of toxins, which was particularly pronounced 
at small doses (18). The present study revealed that TcdA could 
inhibit K562/A02 cell growth in a time and dose‑dependent 

manner, and the inhibition rate was statistically significant, 
compared with the control group (P<0.05). This is in accordance 
with previous study (13). Meanwhile, FCM revealed that the 
percentage of apoptotic cells was 14.05 and 22.89%, respectively, 
after 200 and 400 ng/ml of TcdA treatment, suggesting that 
TcdA could inhibit cell growth by inducing apoptosis.

Cell‑cycle control is the major regulatory mechanism of cell 
growth. Many cytotoxic agents arrest the cell cycle at the G1, 
S, or G2/M phase before inducing apoptotic cell death (19,20). 
Disturbance in the cancer‑cell cycle is one therapeutic target 
for the development of new anticancer drugs (21). It has been 
found that cell‑cycle arrest may result in apoptosis due to the 
existence of cell‑cycle checkpoints and feedback control (22). 
In the present study, the results of the FCM analysis suggests 
that a significant accumulation occurred at the G0/G1 phase 
in K562/A02 cells after TcdA treatment, which was associated 
with a significant decrease in cells at the S phases. This suggests 
that G0/G1 phase arrest occurred after treatment with TcdA.

Studies (6) have confirmed that P‑gp is the main mechanism 
of MDR of tumor cells. P‑gp, is the product of MDR1 gene, can 
insert in the cell membrane and discharge a variety of antitumor 
drugs through its own pump, which decrease intracellular drug 
concentration and result in drug resistance. MDR1and P‑gp is 
the main target for the treatment of refractory/relapsed leukemia. 

Figure 2. (A) Effect of TcdA on apoptosis and cell cycle distribution in 
K562/A02 cells in the Control, TcdA (200 ng/ml) and TcdA (400 ng/ml) treat-
ment groups. Arrows indicate apoptosis peaks. Mean cells in the G0/G1 phase 
increased and then decreased in the S phase following treatment with TcdA, 
and marked apoptosis peaks were observed. (B) TcdA induced apoptosis in 
K562/A02 cells. The results revealed a significant accumulation of Annexin 
V‑fluorescein isothiocyanate positive cells and the percentage of apoptotic 
cells was 14.05 and 22.89%, following treatment with 200 and 400 ng/ml of 
TcdA, respectively. TcdA, Clostridium difficile toxin A; PI, propidium iodide.

Table I. Differences in A570 value following treatment with 
different concentrations of Clostridium difficile toxin A on 
K562/A02 cells.

Group	 24 h	 48 h	 72 h

Control	 0.583±0.008	 0.473±0.010	 0.405±0.012
TcdA 
(ng/ml)
  50	 0.543±0.008a	 0.422±0.013a-c	 0.348±0017a-c

  100	 0.444±0.011a,b	 0.323±0.006a-c	 0.274±0.009a-c

  200	 0.350±0.002a,b	 0.279±0.006a-c	 0.239±0011a-c

  400	 0.301±0.001a,b	 0.231±0.011a-c	 0.200±0.008a,b

  800	 0.303±0.004a	 0.245±0.004a	 0.219±0.011a

Data are presented as the mean ± standard deviation. aP<0.05 
vs.  control group; bP<0.05 vs. the previous concentration group at 
the same time point; cP<0.05 vs. the previous time point at the same 
concentration. TcdA, Clostridium difficile toxin A.

  A

  B
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The results showed that P‑gp was highly expressed in multidrug 
resistant leukemic cell lines, this consistent with Peng et al (5) 
study. The K562/A02 cell lines are highly resistant to traditional 
chemotherapy drugs such as ADM, DNR and Ara‑C, especially 
for ADM. The IC50 of ADM, DNR and Ara‑C decreased 
significantly, after treatment with non‑cytotoxic doses of 
(50 ng/ml) TcdA for 24 h. This suggested that TcdA could 
reverse MDR of cells in addition to inhibiting cell growth. The 
P‑gp expression level of K562/A02 cells decreased significantly 
compared with the control group after treatment with TcdA 
(P<0.05), suggesting that TcdA could inhibit cell growth and 
reverse MDR of cells by reducing P‑gp expression. Zu et al (23) 
found that expression of P‑gp inhibits apoptosis in tumor cells, 
P‑gp inhibitor leads to cell death and directly induces apoptosis. 
In addition, they pointed that inhibition of P‑gp function is an 
effective way to induce apoptosis and overcome MDR. Those 
are consistent with our studies. Therefore, TcdA could act as a 

drug resistance reversal agent to improve the antitumor effect 
of other anti‑tumor drugs and reduce the dosage, in order to 
achieve the purpose of treatment. This greatly increased the 
possible application of TcdA in leukemia treatment.

In addition, P‑gp can inhibit apoptosis by inhibiting the 
activity of cysteine proteinase, and the downregulation of 

Table II. Half maximal inhibitory concentration of chemotherapy drugs used alone or combined with Clostridium difficile toxin 
A on K562 and K562/A02 cells for 24 h.

		  Chemothe‑
		  rapy drugs
	 Chemotherapy drugs alone	 plus TcdA
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 K562	 K562/A02	 K562/A02	 Resistant folds	 Reversal folds

IC50 (µg/ml)					   
  ADM	 0.64±0.014	 55.72±5.140	 8.03±3.472	 87.06	 3.09
  DNR	 0.11±0.001	 2.41±0.800	 1.20±0.049	 21.91	 2.89
  Ara‑C	 2.59±0.650	 19.31±2.160	 6.93±1.803	 7.46	 2.79

Data are presented as the mean ± standard devation (n=3). IC50, half maximal inhibitory concentration; TcdA, Clostridium difficile toxin A; 
ADM, Adriamycin; DNR, Daunorubicin; AraC, Cytosine Arabinoside.

Figure 4. Effect of TcdA on P‑gp expression in K562/A02 cells. Lane 1, K562 
cells; lane 2, K562/A02 cells treated with TcdA for 48 h; lane 3, K562/A02 cells 
treated with TcdA for 24 h; lane 4, K562/A02 cells. The relative expression 
levels of P‑gp in K562 and K562/A02 cells were 0.23 and 0.49, respectively. The 
level decreased to 0.47 and 0.29 following TcdA (50 ng/ml) treatment for 24 and 
48 h, respectively. TcdA, Clostridium difficile toxin A; P‑gp, P‑glycoprotein.

Figure 3. Effect of chemotherapy drugs alone or combined with 50 ng/ml 
TcdA on K562/A02 cells proliferation. There was a significant inhibitory 
effect on the proliferation of K562/A02 cells following the combined treat-
ment of 50 ng/ml TcdA and chemotherapy drugs. *P<0.05 vs. chemotherapy 
drugs alone. TcdA, Clostridium difficile toxin A; ADM, Adriamycin; DNR, 
Daunorubicin; AraC, Cytosine Arabinoside.

Figure 5. Caspase‑3 activity of K562/A02 cells treated with different 
concentrations of TcdA for 24, 48 and 72 h, respectively. TcdA significantly 
enhanced the activity of caspase‑3 in the experimental group following 24, 
48 and 72 h, and the absorbance values were statistically significant when 
compared with the control group. Furthermore, enzyme activity gradually 
increased with the increase in concentration. *P<0.05 vs. controls. TcdA, 
Clostridium difficile toxin A.
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P‑gp expression can activate caspase and promote apoptosis, 
conversely (24). Caspase‑3 is considered to be the most impor-
tant effectors due to the sequence of the cascade downstream 
in apoptosis, and its activation marks the irreversible phase of 
apoptosis. Caspase‑3 are down regulated in many malignant 
tumors, and even lack expression  (25), suggesting that the 
expression level of caspase plays an important role in the devel-
opment and progression of malignant tumors. Cell apoptosis can 
be completely blocked by the caspase‑3 inhibitor. In addition, 
increase of caspase‑3 expression can inhibit cell proliferation and 
accelerate its apoptosis (26). This study revealed that the expres-
sion level of P‑gp protein in K562/A02 cells was high, while the 
activity of caspase was significantly inhibited. It is suggested 
that the expression defects of caspase enzyme may be related to 
the MDR of cells. After TcdA treatment, the expression of P‑gp 
was down regulated, and the activity of caspase subsequently 
increased in a dose‑dependent manner, suggesting that TcdA 
could promote apoptosis by inhibiting the expression of P‑gp 
and activating caspase. This may be one of the mechanisms by 
which TcdA induce cell apoptosis and reverse drug resistance. 
In accordance with our finding, Brito et al (13). also have found 
that TcdA activates caspase‑3, ‑6, ‑8, and ‑9 activity, caspase‑3 
activity increased more quickly than the other caspases, and 
demonstrated the involvement of caspase‑activating cascades in 
toxin A‑induced apoptosis. In addition, Zu et al (23) also found 
that P‑gp related apoptosis was caspase‑mediated.

In conclusion, TcdA could induce apoptosis, obviously 
enhance the inhibitory effect of other antitumor drugs with 
non‑cytotoxic doses, and partly reverse the drug resistance 
of K562/A02 cells. This mechanism may be related to the 
inhibition of P‑gp expression and the activation of caspase. 
All of which indicate the potential of TcdA in the treatment 
of leukemia, especially refractory leukemia. However, deter-
mining how to combine this with some carrier to increase the 
specificity of tumor cell toxicity is worth further research, due 
to the low cell selectivity and intestinal toxicity of TcdA.
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