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Bovine lactoferricin B induces apoptosis of human gastric cancer
cell line AGS by inhibition of autophagy at a late stage

W.-R. Pan,*' P.-W. Chen,t' Y.-L. S. Chen,* H.-C. Hsu,* C.-C. Lin,* and W.-J. Chen*?
*Department of Biotechnology and Animal Science, National llan University, 1 Shen-Lung Road Sec.1, llan 26047, Taiwan, Republic of China
tDepartment of Nursing, St. Mary’s Junior College of Medicine, Nursing and Management, 100, Lane 265, Sang-Sing Road Sec. 2,

Sang-Sing 26644, llan County, Taiwan, Republic of China

ABSTRACT

Gastric cancer is one of the most common malig-
nant cancers, with poor prognosis and high mortality
rates worldwide. Therefore, development of an effective
therapeutic method without side effects is an urgent
need. It has been reported that cationic antimicrobial
peptides can selectively bind to negatively charged
prokaryotic and cancer cell membranes and exert cy-
totoxicity without causing severe drug resistance. In
the current study, we prepared a series of peptide frag-
ments derived from bovine lactoferrin and evaluated
their anticancer potency toward the gastric cancer cell
line AGS. Cell viability assay revealed that a 25-AA
peptide fragment, lactoferricin B25 (LFcinB25), ex-
hibited the most potent anticancer capability against
AGS cells. Lactoferricin B25 selectively inhibited AGS
cell growth in a dose-dependent manner, exhibiting a
half-maximal inhibitory concentration (ICjy) value of
64 pM. Flow cytometry showed a notable increment
of the sub-G; populations of the cell cycle, indicating
the induction of apoptosis by LFcinB25. Western blot
analysis further revealed that upon LFcinB25 treatment
for 2 to 6 h, apoptosis-related caspases-3, 7, 8, 9, and
poly(ADP-ribose) polymerase (PARP) were cleaved
and activated, whereas autophagy-related LC3-I1 and
beclin-1 were concomitantly increased. Thus, both
apoptosis and autophagy are involved in the early stage
of LFcinB25-induced cell death of AGS cells. However,
upon treatment with LFcinB25 for 12 to 24 h, LC3-11
began to decrease, whereas cleaved beclin-1 increased
in a time-dependent manner, suggesting that consecu-
tive activation of caspases cleaved beclin-1 to inhibit
autophagy, thus enhancing apoptosis at the final stage.
These findings provide support for future application of
LFcinB25 as a potential therapeutic agent for gastric
cancer.
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INTRODUCTION

Gastric cancer is one of the most common causes of
cancer-related mortality worldwide, especially in Asian
countries (Kelley and Duggan, 2003; Guggenheim and
Shah, 2013). In general, the main curative therapies
for gastric cancer are surgery and chemotherapy, which
are generally only successful if the cancer is diagnosed
at an early stage (Baeza et al., 2001; Longley et al.,
2003; Cascinu et al., 2004). The 5-yr survival of gastric
cancer patients is currently estimated at approximately
30%; therefore, novel treatment strategies to improve
prognosis are urgently needed.

Lactoferrin (LF) is an 80-kDa iron-binding glycopro-
tein mainly present in milk and other exocrine secre-
tions (Baveye et al., 1999). Many physiological roles
have been ascribed to LF, including antimicrobial and
immunomodulatory activities (Levay and Viljoen, 1995;
Chierici, 2001; Farnaud and Evans, 2003; Legrand and
Mazurier, 2010). Lactoferrin is also considered to play
important roles in the regulation of cell growth and
differentiation (Kanyshkova et al., 2001). Treatment of
the protein with pepsin is reported to yield a hydro-
lysate which, although unable to bind iron, remains
antibacterially active (Tomita et al., 1991). An active
peptide, lactoferricin B (LFcinB), was subsequently
isolated from the hydrolysate and identified as residues
17 to 41 of bovine LF (bLF; Bellamy et al., 1992a).
Lactoferricin B is a 25-AA cationic antimicrobial pep-
tide (AMP) with an amphipathic, antiparallel 3-sheet
structure (Hwang et al., 1998). It has a single disulfide
bond and no iron-binding capacity, and is active against
a broad spectrum of microorganisms, including bacteria
(Bellamy et al., 1993), fungi (Cascinu et al., 2004), and
viruses (Andersen et al., 2001). Previous studies have
shown that LFcinB also possesses potent in vitro and
in vivo anticancer activity (Yoo et al., 1997a.b). Like
other cationic AMP with anticancer activity, LFcinB is
believed to interact with negatively charged regions on
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cancer cells and subsequently disturb cancer cell mem-
branes via the insertion of hydrophobic AA residues
into the lipid bilayer (Hoskin and Ramamoorthy, 2008).
Recently, researchers have shown that LFcinB selec-
tively induces apoptosis in a range of human leukemia
and carcinoma cell lines without harming normal mam-
malian cells (Mader et al., 2005, 2007; Furlong et al.,
2006). The same group showed that LFcinB kills human
neuroblastoma cells by a membranolytic mechanism
and inhibits the growth of neuroblastoma xenografts
in nude mice (Eliassen et al., 2006). They also showed
that LFcinB induces caspase-independent apoptosis in
Raji and Ramos human B-lymphoma cells and extends
the survival of nude mice bearing B-lymphoma xeno-
grafts (Furlong et al., 2010). Lactoferricin B used in
this study was designated as LFcinB25, compared with
2 other truncated fragments, LFcinB11 and LFcinB6
(Table 1). These 2 peptides both contain the antimicro-
bial core sequence RRWQWR, (Tomita et al., 1994) and
can adopt a well-defined amphipathic structure when
bound to SDS micelles (Schibli et al., 1999).

In the current study, we initially assessed the cyto-
toxicity of bovine lactoferrin acid hydrolysate (bLFh)
and 3 peptide fragments derived from LFcinB against
the gastric cancer cell line AGS. Lactoferricin B25,
showing the most potent anticancer capability, was
then investigated further for its anticancer mecha-
nisms. To the best of our knowledge, this is the first
report describing the interplay between apoptosis and
autophagy in LFcinB-induced cell death of cancer cells.
These findings provided support that LFcinB25 may
have chemotherapeutic potential for the treatment of
gastric cancer.

MATERIALS AND METHODS

Preparation and Characterization
of bLF, bLFh, and LFcinB

Bovine LF was purchased from Glanbia Nutritionals
(Monroe, WI), and bLFh was prepared by acid-pepsin
hydrolysis as described previously (Chen et al., 2004,

2013). Briefly, bLF was dissolved in distilled water at
5% (wt/vol) and the pH was adjusted to 2 to 3. Porcine
pepsin was added to prepare a final concentration of
bLF of 3% (wt/wt), and digestion was conducted at
37°C for 4 h. The reaction was terminated by heat-
ing the solution at 80°C for 15 min, followed by neu-
tralization to pH 7.0 by the addition of 1 N NaOH.
The remaining insoluble peptides were removed by
centrifugation at 15,000 x ¢, and the supernatant was
immediately used in experiments or stored at —20°C
until use. The LFcinB peptides are fragments derived
from pepsin hydrolysis of bLF and have been identi-
fied as cationic AMP (Bellamy et al., 1992b). In this
study, 3 LFcinB (LFcinB25, LFcinB11, LFcinB6) were
synthesized on a solid-phase peptide synthesizer (model
433A; Applied Biosystems, Foster City, CA) as previ-
ously described (Chou et al., 2008) using the FastMoc
chemistry [2-(1H-benzotriazol-1-yl)-1,1,3,3-tetrameth-
yluronium (HBTU)/1-hydroxybenzotriazole (HOBt)
activation strategy]. The crude peptides were cleaved
from the resin by 95% trifluoroacetic acid, separated
by filtration, precipitated from diethyl ether, and ly-
ophilized to yield white solid powders. Peptides were
analyzed and purified by reversed-phase (RP)-HPLC,
and were further characterized by matrix-assisted laser
desorption/ionization time-of-flight (MALDI-TOF)
mass spectrometry, as previously described (Chou et
al., 2008). The purity of bLF, bLFh, and LFcinB was
analyzed by 12.5% SDS-PAGE using the Protean ITI
System (Bio-Rad, Hercules, CA), as previously de-
scribed (Laemmli, 1970).

Cell Lines and Cell Culture

The human gastric cancer cell line AGS was kindly
provided by Y. L. Chen (National Ilan University,
Taiwan). The mouse fibroblast cell line 3T3 (BCRC
60071) was obtained from Bioresources Collection and
Research Center (Hsin Chu, Taiwan). The 3T3 cells
were maintained in Dulbecco’s modified Eagle medium
containing 10% fetal bovine serum, and the AGS cells
were maintained in RPMI-1640 medium containing 10%

Table 1. Characteristics of lactoferricin B peptide fragments used in the current study

Molecular weight

Peptide’ Amino acid sequence’ Charge Calculated Observed
LFcinB6 RRWQWR +3 987.13 987.14
LFcinB11 RRWQWRMKKLG +5 1,544.89 1,544.90
LFcinB25 FKCRRWQWRMKKLGAPSITCVRRAF +8 3,125.82 3,125.84

"LFcinB6 = bovine lactoferricin B fragment with 6 AA; LFcinB11 = bovine lactoferricin B fragment with 11
AA; LFcinB25 = bovine lactoferricin B fragment with 25 AA.

Postively charged AA are shown in bold.
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fetal bovine serum at 37°C in a humidified atmosphere
containing 5% CO,, as previously described (Chen et
al., 2012).

Cell Viability Assay

The viability of the cells after treatment with vari-
ous AMP was evaluated using 3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyltetrazolium bromide (MTT) assays
performed in triplicate. Briefly, cells were plated at a
density of 2,500 cells/well in 96-well plates, permitted
to adhere for 12 to 18 h, and then washed with PBS.
Solutions were always prepared freshly by dissolving
1 x PBS or drugs in culture medium. After 24 h of
exposure, the peptide-containing medium was removed,
the cells were washed with PBS, and fresh medium was
added. The cells in each well were then incubated in
culture medium with 500 pg/mL MTT for 2 h. After
the medium was removed, 200 pL of dimethyl sulfox-
ide (DMSO) was added to each well. Absorbance at
570 nm of the maximum was detected by a multimode
microplate reader SpectraMax M2 (Molecular Devices,
Sunnyvale, CA). The absorbance for DMSO-treated
cells was considered to be 100%. The results were de-
termined by 3 independent experiments.

Flow Cytometric Analysis of Cell Cycle

After treatment with LFcinB25, AGS cells were har-
vested and washed twice with PBS and fixed in 70%
cold ethanol at 4°C overnight. Before analysis, cells
were washed twice with PBS containing 1% BSA, re-
suspended with 400 pL of PBS, and treated with 100
pg/mL RNase A (Roche Diagnostics, Indianapolis, IN)
and 20 pg/mL propidium iodide (PI; Sigma Corp., St.
Louis, MO). After incubation for 30 min at 37°C, the
cells were subjected to DNA content analysis. The PI
fluorescence was analyzed by using a FACScalibur flow
cytometer (Becton Dickinson, Franklin Lakes, NJ).
Data from at least 10,000 cells were analyzed with
FlowJo software (Becton Dickinson). Cell cycle distri-
butions were calculated with FlowJo software.

Western Blot Analysis

Approximately 1 x 10° AGS cells were cultured in
60-mm” dishes and then incubated in 64 pM LFcinB25
for the indicated time. The cells were lysed on ice with
200 pL of protein extraction buffer (50 mM Tris-HCI,
pH 7.5, 0.5 M NaCl, 5 mM MgCl,, 0.5% Nonidet P-40, 1
mM phenylmethylsulfonyl fluoride, 1 pg/mL pepstatin,
and 50 pg/mL leupeptin) and centrifuged at 12,000 x ¢
at 4°C for 10 min. The protein concentration of the cell
lysates was measured with a protein assay (Bio-Rad)

following the manufacturer’s instructions. Aliquots (20
pg) of the cell lysates were separated by 12.5 to 15% SDS-
PAGE (Bio-Rad). Resolved proteins were then trans-
ferred to polyvinylidene fluoride (PVDF) membranes.
Filters were blocked with 5% nonfat milk overnight and
1:500 to 1:1,000 dilutions of primary antibodies for 1 h
at room temperature. Membranes were washed with 3
times with 0.05% Tween-20 and incubated with 1:5,000
dilution of horseradish peroxidase-conjugated second-
ary antibody for 1 h at room temperature, and then
visualized with an enhanced chemiluminescence plus
chemiluminescence system (Millipore, Billerica, MA).

RESULTS
SDS-PAGE Analysis of bLF, bLFh, and LFcinB

Bovine LF, bLFh, and LFcinBs were analyzed by
SDS-PAGE (Figure 1). The purity of bLF (~80-kDa
band) was around 75%, whereas bLFh showed major
protein bands of 3 to 5 kDa. The 3 synthetic peptides
LFcinB25, LFcinB11, and LFcinB6 were prepared by
solid-phase synthesis and purified by RP-HPLC to at
least 95% homogeneity (Figure 1).

Cytotoxicity of bLFh and LFcinB
-Against AGS Cell Line

The AGS cell line was treated with different concen-
trations of bLFh and LFcinB for 24 h, and then cell
viability [reported as half-maximal inhibitory concen-
tration (ICyy) values; Table 2] was determined using
the MTT assay (Figure 2). Only cells treated with
LFcinB25 exhibited reduced viability in a dose- and
time-dependent manner, showing an IC;, value of 64
pwM. The AGS cell line was less sensitive to LFcinB11,
LFcinB6, and bLFh (ICs, values >500 pM). The non-
transformed murine fibroblast 3T3 line was less suscep-
tible to all LFcinB peptides and bLFh tested, having
significantly higher ICj, values (>500 pM) compared
with the AGS cell line. In summary, the peptide LF-

Table 2. Effect of lactoferricin B peptides (LFcinB6, B11, B25) and
bovine lactoferrin hydrolysate (bLFh) on cell viability in gastric cancer
cell line AGS and mouse fibroblast cell line 3T3

1G5 (HM)I
Peptide AGS 3T3
LFcinB6 >500 >500
LFcinB11 >500 >500
LFcinB25 64 + 4 >500
bLFh >500 >500

'IC;, (half-maximal inhibitory concentration) values were assessed by
logarithmic extrapolation.
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Figure 1. The purity of bovine lactoferrin (bLF), bLF acid hydro-
lysate (bLFh), and 3 lactoferricin B (LFcinB) peptides were analyzed
by 15% Tricine SDS-PAGE and stained with Coomassie Brilliant Blue
G-250. M = molecular weight marker.

cinB25 had a selective inhibitory effect on the viability
of the AGS cell line compared with the 3T3 cell line,
and was selected for further analysis of the anticancer
mechanism.

LFcinB25 Alters AGS Cell Morphology

The AGS cells were treated with 64 pM LFcinB25
and cell morphology was assessed at 0, 1, 2, 3, 6, 12,
and 24 h (Figure 3). After incubation for 1 h, LFcinB25
was found at the cell membrane, and it induced the
appearance of membrane-bound particles that were ir-
regularly shaped and smaller than the untreated cells
in a time-dependent manner. After the AGS cells had
been incubated with the peptide for 24 h, they had
significantly shrunk in size and lost their capacity to
adhere to the substratum.

LFcinB25 Increases the Length of the Sub-G,
Phase as Revealed by Flow Cytometry

To investigate whether LFcinB25 induced cytotoxic-
ity of AGS cell line through the apoptotic pathway,
flow cytometry was applied to monitor AGS cells in
the absence or presence of 64 uM LFcinB25 for 0 to
24 h, with visualization by PI staining. An increased

Journal of Dairy Science Vol. 96 No. 12, 2013
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Figure 2. Effects of bovine lactoferrin acid hydrolysate (bLFh)
and lactoferricin B (LFcinB) peptides on the cell viability of gastric
cancer cell line AGS (A) and a nontransformed murine fibroblast cell
line 3T3 (B). Cells were treated with different concentrations (0 to
200 pM) of bLFh and LFcinB peptides each for 24 h, followed by an
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT)
assay. Each concentration was repeated in 8 wells for 3 independent
experiments.

percentage of cells in the sub-G; phase was observed
in a time-dependent manner (Figure 4A, B), which is
indicative of apoptotic cells.

LFcinB25 Induced Both Apoptosis and Autophagy
of AGS Cells in the Early Stage

To further investigate whether LFcinB25 induced
apoptosis of AGS cells through the caspase-dependent
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Figure 3. Effects of lactoferricin B25 (LFcinB25) on AGS cell (gastric cancer cell line) morphology. The AGS cells were treated with 64 pM
LFcinB25, and cell morphology changes were assessed from 0 to 24 h using an inverted microscope with 200x magnification.

Journal of Dairy Science Vol. 96 No. 12, 2013
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Figure 4. Lactoferricin B25 (LFcinB25) treatment of AGS cells (gastric cancer cell line) led to the accumulation of cells in the sub-G; phase
(A and B) of the cell cycle. Flow cytometry was applied to analyze the AGS cell cycle in the absence or presence of LFcinB25 (64 pM) for 0 to
24 h, with visualization by propidium iodide (PI) staining. Color version available in the online PDF.

pathway, we determined if caspases 3, 7, 8, and 9, and
poly(ADP-ribose) polymerase (PARP) were cleaved in
cells treated with the peptide. According to the results
of Western blot analysis, these enzymes were all cleaved
in a time-dependent manner (Figure 5), indicating that
LFcinB25 induced caspase-dependent apoptosis of AGS
cells via both intrinsic and extrinsic pathways. Inter-
estingly, the autophagy-related proteins LC3-II and
beclin-1 were found to concomitantly increase upon
LFcinB25 treatment for 2 to 6 h (Figure 6). These re-
sults indicated that both apoptosis and autophagy were
involved in the early stage of LFcinB25-induced cell
death of AGS cells.

LFcinB25-Induced Apoptosis of AGS
Cells Was Enhanced by Inhibition
of Autophagy at the Final Stage

By examining the Western blot results, we found
that upon LFcinB25 treatment of AGS cells for 12 to 24
h, LC3-II began to decrease, whereas cleaved beclin-1
increased in a time-dependent manner (Figure 6), sug-
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gesting that consecutive activation of caspases cleaved
beclin-1 to inhibit autophagy, thus enhancing apoptosis
of AGS cells at the final stage.

DISCUSSION

In the current study, the cationic AMP LFcinB25 had
a potent effect on the antiproliferation of AGS cells,
whereas no significant growth inhibitory effect was de-
tected on 3T3 cells (Figure 2, Table 2). Generally, AMP
exhibit selectivity for cancer and microbial cells primar-
ily because of their elevated levels of negative membrane
surface charge compared with noncancerous eukaryotic
cells (Dennison et al., 2006). These cationic and am-
phipathic AMP are able to discriminate between neo-
plastic and non-neoplastic cells interacting specifically
with negatively charged membrane components such
as phosphatidylserine, sialic acid, or heparan sulfate,
which differ between cancer and noncancer cells (Riedl
et al., 2011). The anticancer activity of AMP normally
occurs at micromolar levels but is not accompanied by
significant levels of hemolysis or toxicity to other mam-
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Figure 5. Western blot analysis for the activation of apoptosis-related proteins. The AGS cells (gastric cancer cell line) were treated with
lactoferricin B25 (64 pM) for 0 to 48 h, and the cellular extracts were detected by Western blotting for cytochrome C, the pro- and cleaved
forms of caspase-3, caspase-7, caspase-8, caspase-9, and poly(ADP-ribose) polymerase (PARP) to see if LFcinB25 induced apoptosis of AGS cells
through the caspase-dependent intrinsic or extrinsic pathways. Lane Con = untreated control. 3-Actin was used as internal control.

malian cells. In most cases, the mechanisms underlying
such killing involve disruption of mitochondrial mem-
brane integrity or that of the plasma membrane of the
target tumor cells (Dennison et al., 2006). We thereby
reasoned that differences in plasma membrane contents
and mitochondrial membrane potential between the
AGS and 3T3 cell lines may account for the differ-
ences in sensitivity to AMP. The peptides LFcinB11
and LFcinB6, although containing the antimicrobial
core sequence RRWQWR, failed to kill AGS gastric
cancer cells. Previous studies have shown that neither
T-leukemia nor breast cancer cells were killed by free
LFcinB6; however, fusogenic liposome-mediated deliv-
ery of LFcinB6 into the cytosolic compartment resulted
in extensive DNA fragmentation that was dependent
on cathepsin B and caspase activation (Richardson et
al., 2009).

Previous studies have shown that LFcinB selectively
induces apoptosis in a range of human leukemia and
carcinoma cell lines via the reactive oxygen species-de-
pendent loss of mitochondrial transmembrane potential
and the sequential activation of caspase-2, caspase-9,
and caspase-3, without harming normal mammalian
cells (Mader et al., 2005; Furlong et al., 2006). In
contrast, LFcinB kills human neuroblastoma cells by
a membranolytic mechanism and inhibits the growth
of neuroblastoma xenografts in nude mice (Eliassen
et al., 2006). Furlong et al. (2010) also showed that
LFcinB induced caspase-independent apoptosis in Raji
and Ramos human B-lymphoma cells and extended the
survival of immune-deficient mice bearing B-lymphoma
xenografts. In the current study, Western blot analysis
revealed that upon LFcinB25 treatment for 2 to 6 h,
apoptosis-related caspases 3, 7, 8, 9, and PARP were

Journal of Dairy Science Vol. 96 No. 12, 2013
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Figure 6. Western blot analysis for the activation of autophagy-related proteins. The AGS cells were treated with lactoferricin B25
(LFcinB25; 64 wM) for 0 to 48 h, and their cellular extracts were detected by Western blotting for JNK-1, Bcl-2, phosphorylated Bcl-2, Beclin
1, cleaved Beclin 1, LC3 I, and LC3 II to see if LFcinB25 induced autophagy of AGS cells. Lane Con = untreated control. 3-Actin was used as

internal control.

cleaved and activated (Figure 5), whereas autophagy-
related LC3-II and beclin-1 were concomitantly in-
creased (Figure 6). These results indicated that both
apoptosis and autophagy were involved in the early
stage of LFcinB25-induced cell death of AGS cells.
However, after treatment for 12 to 24 h, LC3-II began
to decrease and cleaved beclin-1 increased in a time-
dependent manner, suggesting that consecutive activa-
tion of caspases cleaved beclin-1 to inhibit autophagy,
thus enhancing apoptosis of AGS cells at the final stage
(Figure 6). To the best of our knowledge, this is the
first report describing interplay between apoptosis and
autophagy in LFcinB-induced cell death of cancer cells.

Autophagy is a catabolic process that is generally
used by the cell as a mechanism for quality control and
survival under stress conditions (Denton et al., 2012).
Apoptosis and necrosis are the 2 major modes of cell
death, the molecular mechanisms of which have been
extensively studied. Importantly, autophagy has been
linked to both types of cell death, serving either a pro-
survival or prodeath function (Nikoletopoulou et al.,
2013). A growing number of studies show that apoptosis
induction is often associated with increased autophagy,
indicating the existence of interplay between these 2

Journal of Dairy Science Vol. 96 No. 12, 2013

important cellular events (Fimia and Piacentini, 2010).
It is clear that autophagy and apoptosis are strictly
interconnected, as highlighted by the finding that the 2
pathways share key molecular regulators. Autophagy is
an evolutionarily conserved stress response mechanism
that often occurs in apoptosis-defective cancer cells and
can protect against cell death (Li et al., 2011). Beclin
1 plays a central role in autophagy by interacting with
several cofactors to regulate the lipid kinase Vps-34 pro-
tein and promote formation of Beclin 1-Vps34-Vpsl5
core complexes, thereby inducing autophagy (Kang
et al., 2011). Recent studies have suggested possible
molecular mechanisms for crosstalk between autophagy
and apoptosis. The well-characterized apoptosis guards
Bcl-2 and Bcel-xL appear to be important factors in
autophagy, inhibiting Beclin 1-mediated autophagy
by binding to Beclin 1 (Giansanti et al., 2011). This
interaction can be disrupted by JNKI1-mediated phos-
phorylation of Bel-2, which results in the dissociation
and activation of Beclin 1, thus facilitating autophagy
(Shimizu et al., 2004, 2010; Zhou et al., 2011). In the
current study, upon LFcinB25 treatment for 2 to 12 h,
concomitant increases of JNK-1, phosphorylated Bcl-2,
and cleaved Beclin 1 could be observed by Western blot
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analysis (Figure 6), confirming the crosstalk between
Bcel-2 and Beclin 1 and their roles in apoptosis and
autophagy.

Previous studies have also shown that during chemo-
therapy-induced apoptosis of cancer cells, subsequent
to cytochrome C release, autophagy is inhibited by cas-
pase 8-mediated cleavage of Beclin 1 (Yu et al., 2004; Li
et al., 2011). In the current study, upon LFcinB25 treat-
ment for 6 to 12 h and following cytochrome C release
(Figure 5), cleaved Beclin 1 began to increase (Figure
6), whereas caspase-8 was activated during 12 to 24 h
(Figure 5). Whether other caspases (i.e., caspase-3 or
caspase-9) are responsible for Beclin 1 cleavage requires
further investigation. Interestingly, caspase-mediated
cleavage of Beclin 1 promotes crosstalk between apop-
tosis and autophagy.

CONCLUSIONS

The cationic AMP LFcinB25 exerts highly selective
cytotoxicity against the AGS gastric cancer cell line
via enhanced caspase-dependent apoptosis by inhibi-
tion of autophagy at the final stage. According to our
results, Beclin 1 may be a useful target for inhibiting
autophagy to sensitize LFcinB therapy for gastric can-
cer. Optimization of LFcinB using various strategies to
enhance further selectivity is expected to yield novel
anticancer drugs with chemotherapeutic potential for
the treatment of gastric cancer.
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