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Our previous study demonstrated that CopA3, a disulfide dim-
er of the coprisin peptide analogue (LLCIALRKK), has anti-
bacterial activity. In this study, we assessed whether CopA3 
caused cellular toxicity in various mammalian cell lines. 
CopA3 selectively caused a marked decrease in cell viability 
in Jurkat T, U937, and AML-2 cells (human leukemia cells), 
but was not cytotoxic to Caki or Hela cells. Fragmentation of 
DNA, a marker of apoptosis, was also confirmed in the leuke-
mia cell lines, but not in the other cells. CopA3-induced apop-
tosis in leukemia cells was mediated by apoptosis inducing 
factor (AIF), indicating induction of a caspase-independent sig-
naling pathway. [BMB reports 2012; 45(2): 85-90]

INTRODUCTION

Recently, we isolated the peptide coprisin consisting of 43 
amino acids from Copris tripartitus, a Korean dung beetle, and 
found that it had antibacterial activity. Through the subsequent 
observation that the α-helix region was the active domain, the 
9 amino acid (AA) peptide (LLCIALRKK) corresponding to this 
domain was synthesized. We also found that CopA3, a disul-
fide dimer form of the nine AA peptide, had higher anti-
microbial activity than that of the native peptide (1). The ami-
no acid sequence of Coprisin is very similar to the sequence of 
defensin peptides. Defensin peptides (40 amino acids) have 

strong antibiotic activity against gram-positive bacteria (2). 
Defensin-like peptides are known to disrupt the bacterial mem-
brane or to suppress cell-cycle signaling (2-5).
　In the current study, we found that CopA3 selectively caus-
ed apoptosis in leukemia cells but not in other cancer cells. 
This activity was mediated by activation of AIF (apoptosis in-
ducing factor), which is a regulator of a caspase-independent 
programmed cell death pathway (6). These results suggest a 
possible therapeutic use of CopA3 for inducing apoptosis of 
leukemia cells, in addition to its application as an antibiotic.

RESULTS

CopA3 causes a marked decrease in cell viability in leukemia 
cell lines 
Because CopA3 is known to have an antibiotic effect on bac-
teria (1), we assessed whether CopA3 affected the viability of 
mammalian cells. Various human cell lines including Caki 
(kidney cell carcinoma), HeLa (uterine cervix adenocarcinoma), 
AML-2 (acute myeloblastic leukemia), Jurkat (acute T cell leuke-
mia), and U937 (histocytic lymphoma) cells were exposed to 
CopA3 for 12 h, and cell viability was measured by the MTS 
assay. As shown in Fig. 1A, CopA3 decreased cell viability in 
AML-2, Jurkat, and U937 cells in a dose-dependent manner, 
whereas CopA3 had no effect on the viability of Caki and HeLa 
cells. A marked reduction in cell viability was confirmed at 12 
h, and this was retained for 48 h, except in AML-2 cells, which 
recovered after 24 h of exposure (Fig. 1B). Moreover, exposure 
of Jurkat cells to CopA3 for 12 h caused a greater decrease in 
cell viability than that of the native peptide, Coprisin (Fig. 1C). 
Microscopic image analysis revealed that CopA3 caused cell 
shrinkage with a condensed nucleus and a rough plasma mem-
brane, which are indicative of apoptosis (Fig. 1D) (7-9).

Leukemia cell specific apoptosis induced by CopA3 
Next, we investigated whether CopA3 induced apoptosis in 
human leukemia cells. To do this, cells were treated with 
CopA3 for 24 h, and DNA fragmentation in the nucleus was 
evaluated using TUNEL staining. As shown in Fig. 2A, CopA3 
significantly induced DNA fragmentation (white spots, TUNEL) 
in AML, Jurkat, and U937 cells, but not in non-leukemia HeLa 
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Fig. 1. CopA3 selectively decreases cell viability in human leukemia cell lines. (A) Leukemia cells including AML-2, Jurkat, and U937, and 
non-leukemia cells including Caki and HeLa, were treated with CopA3 at different concentrations. After treatment for 12 h, cell viability 
was measured by the MTS assay. The bars represent the mean ± SEM of 3 experiments performed in triplicate. (B) Time dependence of 
CopA3 on cell viability reduction. (C) Jurkat cells were treated with native peptide coprisin (native) or CopA3 for 12 h. (D) Light micro-
scopic images after incubation of CopA3 for 24 h (×200).

cells. Propidium iodide (PI) was used for the counterstain for 
all nuclei (10). In agreement with results in Fig. 2A, CopA3 al-
so increased DNA laddering in AML and U937 cells, but not 
in Caki or HeLa cells (Fig. 2B). In U937 cells, DNA laddering 
induced by CopA3 was increased in a time- and dose-depend-
ent manner (Fig. 2C).

CopA3-induced leukemia cell apoptosis is not associated 
with cell membrane disruption
Because defensin peptides have been known to cause cell 
membrane disruption and permeabilization (11-14), we as-
sessed whether CopA3 caused membrane disruption in mam-
malian cells. To do this, cells were exposed to CopA3 for 24 h, 
and the level of lactic dehydrogenase (LDH) in the con-
ditioned medium was measured by incubation with MTS (15). 
For maximum release of LDH, cells were treated with 2% 
Triton X-100 for 30 min. As shown in Fig. 3A, Triton X-100 
treatment significantly increased the release of LDH in all leu-
kemia cells, whereas there was no increase in LDH levels in 
cells exposed to CopA3, suggesting that CopA3 does not cause 

membrane disruption. To exclude the possibility that CopA3 
directly inhibits LDH activity regardless of permeabilizing the 
cell membrane, cells were exposed to Triton X-100 for 30 min 
and then further incubated with CopA3. After incubation for 
12 h, the activity of LDH in the conditioned medium was 
measured. CopA3 did not affect the activity of LDH released 
from cells treated with Triton X-100 (Fig. 3B).

CopA3 induces apoptosis in leukemia cells via a 
caspase-independent pathway
Because various death signals have been shown to increase se-
cretion of TNF-α and IL-1β during programmed cell death 
(16-18), the concentrations of TNF-α and IL-1β in the medium 
of CopA3-treated AML-2 cells were measured. As shown in 
Fig. 4A, CopA3 increased TNF-α release (Fig. 4A) and mRNA 
transcription of TNF-α (Fig. 4B) in AML-2 cells, whereas 
CopA3 did not affect IL-1β expression (Fig. 4B). Jurkat and 
U937 cells treated with CopA3 also revealed a marked in-
crease of TNF-α levels (data not shown). In non-leukemia Caki 
and HeLa cells, CopA3 had no effect on the mRNA tran-
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Fig. 2. CopA3 increases DNA fragmentation in human leukemia 
cells. (A) Cells were incubated with CopA3 (150 μg/ml) for 24 h, 
and DNA fragmentation was detected by TUNEL staining. Identical 
fields were observed for TUNEL-positive, and PI counterstain for all 
nuclei. (B) Cells were treated with CopA3 for 24 h, and total ge-
nomic DNA was isolated. DNA laddering was run on 1% agarose 
gels and visualized by ethidium bromide staining. (C) Time depend-
ency (left panel) or dose dependency of CopA3 (right panel) on 
DNA laddering in U937 cells.

Fig. 3.  CopA3 did not cause cell membrane disruption. (A) Cells 
were exposed to CopA3 (150 μg/ml) for 24 h, and the super-
natants were collected and incubated with MTS for 30 min. The 
colored formazan was measured at 490 nm. The bars represent 
the mean ± SEM of 3 experiments performed in triplicate (*P ＜
0.05). (B) Cells were treated with Triton X-100 alone or Triton 
X-100 with CopA3 for 12 h (*P ＜ 0.05).

scription of TNF-α or IL-1β (Fig. 4B). However, blockage of 
TNF-α using a mouse anti-human TNF-α neutralizing antibody 
(5 μg/ml) (19) still resulted in a decrease in cell viability fol-
lowing CopA3 treatment (Fig. 4C). These results indicate that 
CopA3-dependent upregulation of TNF-α specifically occurred 
in leukemia cell lines, but this was not usually associated with 
apoptosis seen in leukemia cells exposed to CopA3.
　Because apoptosis can proceed via either caspase-depend-
ent or independent signaling pathways (20, 21), the involve-
ment of caspases in CopA3-induced leukemia cell apoptosis 
was assessed. Clostridium difficile toxin A, a well- known bac-
terial protein that activates caspase-9, was used as a positive 
control (22). As shown in Fig. 4D, toxin A, but not CopA3, 
markedly increased cleavage of caspase-9. Moreover, 
CopA3-induced decreases in cell viability were not altered in 

the presence of Z-VAD-FMK, a pan-caspase inhibitor (Fig. 4E), 
suggesting that leukemia cell apoptosis induced by CopA3 is 
not dependent on the activation of the caspase family of 
proteins. Next, the potential role of AIF (apoptosis inducing 
factor), which is a caspase-independent apoptosis regulator, on 
CopA3-induced apoptosis was investigated. In Jurkat and 
U937 cells, CopA3 significantly increased the active form of 
AIF. In addition, CopA3 treatment of AML-2 cells showed only 
upregulation of the AIF (Fig. 4F). Because previous studies 
have shown that overexpression of AIF caused apoptosis of hu-
man coronary artery endothelial cells (HCAECs) (6), CopA3- 
mediated upregulation of the AIF in AML-2 cells could repre-
sent an apoptotic process. However, in non-leukemia Caki and 
HeLa cells, CopA3 treatment did not cause upregulation and 
activation of AIF (Fig. 4F). These results suggest that CopA3- 
mediated leukemia cell apoptosis may be mainly associated 
with activation of AIF, but not TNF-α.

DISCUSSION

CopA3 synthesized from a native peptide (Coprisin) obtained 



Apoptosis induced by CopA3 in human leukemia cells
Bo Ram Kang, et al.

88 BMB reports http://bmbreports.org

Fig. 4. CopA3-induced apoptosis is associated with a caspase-independent pathway. (A) Concentration of TNF-α in AML-2 cells exposed to 
CopA3 (150 μg/ml). (B) Leukemia AML-2 cells and non-leukemia Caki and HeLa cells were exposed to CopA3 for 6 h, total RNA was 
isolated, and TNF-α and IL-1β mRNA levels were determined by RT-PCR. (C) AML-2 cells were treated with a mouse anti-human TNF-α
neutralizing antibody (TNF, 5 μg/ml) or a control mouse antibody (IgG, 5 μg/ml) for 1 h prior to CopA3 exposure (Cop, 150 μg/ml) for 
24 h. (D) AML-2 cells were exposed to medium (con), CopA3 (150 μg/ml) or 0.1 μg/ml Clostridium difficile toxin A for 24 h. (E) 
Leukemia cells were treated with Z-VAD (100 μM) in the presence or absence of CopA3 (Cop). The bars represent the mean ± SEM of 3 
experiments performed in triplicate. (F) AIF activation by CopA3 in leukemia cells including, AML-2, Jurkat and U937.

from Copris tripartitus is known to have antimicrobial activity, 
and its activity is higher than that of the native peptide (1). For 
the broad usage and clinical application of CopA3, it is crucial 
to evaluate its cytotoxicity in various mammalian cells. Our 
current study revealed that CopA3 caused a marked decrease 
in cell viability and induced apoptosis in human leukemia 
cells (AM2, Jurkat, and U937 cells), but not in other human 
carcinoma cells (Caki and HeLa cells).
　Because defensin-like peptides have been known to pene-
trate the cell membrane of bacteria and mammalian cells, the 
effect of CopA3 on leukemia cell-specific apoptosis might be 
associated with cell membrane disruption; however, CopA3 
had no effect on LDH release (Fig. 3A). Although the anti-
bacterial effect of CopA3 has been speculated to involve cell 
membrane penetration, CopA3-induced cell apoptosis is not 
associated with penetration of cell membranes. Given that 
CopA3 selectively responded to blood lineage cells but not to 

other cells, the molecular mechanism for CopA3-induced cell 
death may be mediated by the binding of CopA3 to a specific 
membrane receptor on leukemia cells. Phosphatidylserine (PS) 
localizes exclusively to the inner leaflet of normal cells, but 
the surface exposure of PS occurs in cancerous cells (9). A re-
cent study reported that beetle defensin binds to PS, which 
caused cell death in various cancer cells including HeLa, 
U251, VA-13, and Cos-1 cells (15). Compared to the human 
lung cancer VA-13 cell line, HeLa cells have a 7-fold greater 
PS surface density and are more sensitive to enantiometric 
9-mer peptides. However, CopA3 did not induce cell death in 
HeLa cells, in which PS is highly expressed on the outer leaf-
let, suggesting that CopA3 binding to PS is not the main mech-
anism for selective apoptosis in leukemia cell lines.
　Because CopA3 caused apoptosis in leukemia cells but not 
in other cancer cells, it may be a novel therapeutic reagent for 
the treatment of leukemias. Based on the concept that a pepti-
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dic drug with a larger molecular weight has a higher risk for 
antigenicity, an additional advantage of CopA3 for clinical 
treatment is its low molecular weight (a disulfide dimer of the 
9 AA peptides).
　In summary, CopA3 selectively caused apoptosis in human 
leukemia cells that was dependent on activation of AIF, a regu-
lator of a caspase-independent pathway, but was not accom-
panied by cell membrane disruption.

MATERIAL AND METHODS 

CopA3 (disulfide dimer) synthesis, dimer peptide structure 
determination
The insect-derived CopA3 was synthesized by AnyGen (Gwang- 
ju, South Korea). The peptide was purified by reverse-phase 
high-performance liquid chromatography (HPLC) using a Capcell 
Pak C18 column (Shiseido, Tokyo, Japan) and eluted with a linear 
gradient of water-acetonitrile (0 to 80%) containing 0.1% tri-
fluoroacetic acid. The identity of the peptide was confirmed by 
electrospray ionization (ESI) mass spectrometry (Platform II; 
Micromass, Manchester, United Kingdom). To form the inter-
chain disulfide bond, synthetic peptide was dissolved in acetoni-
trile-H2O (50/50) solution and then oxidized in an aqueous sol-
ution of 0.1 M NK4HCO3 (pH, 6.0 to 6.5) for 24 h.

Cell culture
AML-2, Jurkat, U937, Caki, and HeLa cells were maintained in 
DMEM medium containing 10% FBS (Invitrogen, Carlsbad, 
CA, USA). Cells were cultured in a 37°C humidified incubator 
with 5% CO2.

Antibodies and reagents
The polyclonal antibodies against caspase-9 and AIF were ob-
tained from Cell Signaling Technology (Beverly, MA, USA). The 
neutralizing goat anti-human TNF-α antibody and control goat 
IgG were obtained from R&D Systems (Minneapolis, MN, 
USA). The β-actin antibody, propidium iodide (PI), and the 
broad-spectrum caspase inhibitor Z-VAD-FMK were purchased 
from Sigma Aldrich (St. Louis, MO, USA).

Immunoblot analysis
Cells were washed with cold phosphate-buffered saline (PBS) 
and lysed in buffer (150 mM NaCl, 50 mM Tris-HCl, pH 8.0, 5 
mM EDTA, and 1% Nonidet P-40), and equal amounts of pro-
tein were fractionated on SDS-polyacrylamide gel electro-
phoresis (SDS-PAGE). The antigen-antibody complexes were 
detected with the LumiGlo reagent (New England Biolabs, 
Ipswich, MA, USA).

Cell viability
Cells (104 cells/well) were treated with CopA3 for 12 h or 48 
h and then further incubated with 3-(4,5-dimethylthiazol-2- 
yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetra-
zolium, inner salt (MTS) dye for 2 h. The absorbance was de-

termined at 490 nm (model 3550; Bio-Rad, Mississauga, 
Canada).

Measurement of Human Tumor Necrosis Factor (TNF)-α and 
Interleukin (IL)-1β levels
Cells were treated with CopA3 for 12 h and the concentrations 
of TNF-α and IL-1β in the conditioned medium were measured 
by an enzyme linked immunosorbent assay (ELISA).

Terminal Deoxynucleotidyl Transferase-Mediated Deoxyuri-
dine Triphosphate Nick-End Labeling assay (TUNEL) and 
DNA fragmentation analysis
Cells treated with 150 μg/ml CopA3 for 24 h were fixed with 
4% paraformaldehyde for 20 min. Cells with fragmented nu-
clear DNA were detected according to the manufacturer’s 
instructions. Propidium iodide (PI) counterstain was performed 
at room temperature for all nuclei (23). The cells were ana-
lyzed using a Nikon Eclipse E600 Epifluorescence microscope. 
DNA laddering detection was performed according to the 
manufacturer’s instructions (Roche Molecular Biochemicals, 
Mannheim, Germany).

Lactate dehydrogenase release assay
Cell membrane disruption was analyzed in cells exposed to 
CopA3 for 24 h by measuring LDH release (15). A solution of 
2% Triton X-100 (Sigma, Germany) was used as a positive 
control. MTS was added to each supernatant, incubated for 30 
min, and the colored formazan was determined at 490 nm.

RNA Isolation and RT-PCR
Total RNA was reverse transcribed at 37°C for 1 h by a 
High-Capacity cDNA Reverse Transcription Kit (Applied Bio-
systems, Carlsbad, CA, USA) and the resultant cDNA was am-
plified with Taq polymerase using a specific set of primers: hu-
man TNF-α, 5'-AGCACTGAAAGCATGATCCG (sense), 5'-GG 
CCAGAGGGCTGATTAGAG (antisense), human IL-1β, 5'-GT 
ACCTGAGCTCGCC-AGTGA (sense), and 5'-TGAAGCCCTTG 
CTGTA-GTGG (antisense). PCR was conducted using the opti-
mal number of cycles consisting of denaturation at 94°C for 1 
min, annealing at 55°C for 1 min, and extension at 72°C for 1 
min.

Statistical analysis
The results are presented as mean values ± SEM. Data were 
analyzed using the SIGMA-STAT professional statistics soft-
ware program (Jandel Scientific Software, San Rafael, CA, 
USA).
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