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Abstract. Background/Aim: Many antimicrobial peptides
have been shown to have anticancer activity against human
cancer cell lines. Cationic KT2 peptide, derived from white
blood cell extract of Crocodylus siamensis has antibacterial
activity and antitumor activity against human cervical
cancer cells, but there are no data on the effect of KT2
peptide on tumor growth in vivo. The anticancer activity of
KT2 peptide on human colon cancer xenografts was
investigated in nude mice. Materials and Methods: Tumors
in nude mice (BALB/c -nu/nu mice) were induced by
subcutaneous injection with HCT116 cells. Twelve days after
cancer cell xenograft, mice were treated by intratumoral
injection with phosphate-buffered saline or KT2 peptide (25
and 50 mglkg) once every 2 days for a total of four times and
mice were sacrificed at 2 days after the last treatment.
Results: KT2 peptide treatment did not lead to significant
difference in mouse body weight among groups, but reduced
both tumor volume and weight of colon cancer xenografts.
Moreover, KT2 peptide increased the expression of apoptotic
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proteins, such as BCL2-associated X (BAX), cleaved
caspase-3, and poly (ADP-ribose) polymerase and reduced
that of BCL2 apoptosis regulator in xenograft tumors.
Conclusion: This finding suggests that KT2 peptide may
inhibit tumor growth via apoptosis induction in this mouse
model and supports the antitumor ability of KT2 peptide.

Naturally-occurring antimicrobial peptides (AMPs) are
biological molecules acting in host defense against infection
and are present in organisms from six kingdoms including
bacteria, archaea, protists, fungi, plants, and animals (1). These
AMPs have the broad-spectrum of properties against bacteria,
yeasts, fungi, viruses and even cancer cells (2). AMPs display
a net positive charge of +2 to +9 due to consisting of
positively charged amino acids such as arginine, lysine and
histidine, while they also contain a high ratio of nonpolar
amino acids in general, result in binding of AMPs to negative
charge on bacterial membranes (2, 3). The nonpolar part of an
AMP allows insertion of the AMP molecule into the cell
membrane, subsequently enabling cellular uptake of AMPs
including through mechanisms such as direct penetration and
endocytosis (4). Cancer cell membranes generally exhibit a
net negative charge due to overexpression of anionic
molecules (5). The negative surface charge characteristic of
the cancer cell membrane is similar to that of bacterial cells,
this is the main reason for studying the anticancer activity of
AMPs (6). Another reason is that AMPs act mainly on the
plasma through a non-receptor-mediated
mechanism, this route is difficult for tumor cells to develop
drug resistance (7). According to the Antimicrobial Peptides
Database of the Department of Pathology and Microbiology
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Figure 1. The flow chart for KT2 treatment in athymic BALB/c nu/nu nude mice after inoculation with HCT116 cells.

(http://aps.unmc.edu/AP/main.php), University of Nebraska
Medical Center, 215 AMPs are anticancer peptides (ACPs).
For instance, LL-37 (human cationic AMP) inhibits
proliferation of AGS human gastric carcinoma cells by
activation of tumor-suppressing bone morphogenetic protein
signaling via proteasome inhibition (8), and also kills Jurkat
human T leukemia cells via the mitochondria-associated
pathway of apoptosis (9).

ACPs are believed to selectively kill cancer cells, but not
normal cells or have less toxicity to normal cells (5). The
plasma membrane of normal eukaryotic cells contains
phosphatidylserine (PS), a negatively-charged phospholipid
which is mostly expressed in the inner leaflet, while neutral
zwitterionic phospholipids (phosphatidylcholine, phospha-
tidylethanolamine and sphingomyelin) are located mainly in
the outer membrane leaflet (10). Conversely, PS is present in
significant proportions in the outer leaflet of apoptotic and
cancer cell membranes (11). The aberration in PS localization
in cancer cells, as well as higher expression than that of normal
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cells of negative molecules such as heparin sulfate, sialylated
gangliosides, and O-glycosylated mucins, increased
transmembrane potential, surface area, and membrane fluidity,
promote the attraction of cationic ACPs to the negatively
charged molecules on outer plasma membrane of cancer cells
and create a strong electrostatic interaction of ACPs with the
target cells (12-15). On the binding of peptide to the cell
surface, some cationic ACPs can penetrate through the
hydrophobic core membrane into the cytosol and bind with
biomolecules inside cells in order to inhibit nucleic-acid
synthesis, protein synthesis, or enzymatic activity, ultimately
leading to cytolysis (15, 16).

KT?2, a cationic amphipathic AMP (seven positive charges,
53% hydrophobic residues), was first derived from crocodile
leukocyte peptide of Crocodylus siamensis. Structural analysis
by spectropolarimetry showed that KT2 has an o-helical
structure (17). It can kill both Gram-negative and Gram-
positive bacteria pathogens (17). Being cationic, KT2 can bind
to negatively charged molecules (e.g. lipopolysaccharide and
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anionic phospholipids) on bacterial membranes. Their
hydrophobic part helps them to penetrate across the membrane,
thereby gaining entry into cells, subsequently binding to
intracellular polynucleotides, leading to inhibition of
macromolecular synthesis (18). A recent study demonstrated
that KT2 can kill human cervical cancer cells via apoptosis
induction (16). In the present study, we demonstrated the
effects of KT?2 peptide on human colon cancer cells (HCT116)
using mouse xenograft models.

Materials and Methods

Chemicals and reagents. KT2 peptide (>95% purity; NGVQPK
YKWWKWWKKWW-NH,) was obtained from GL Biochem Ltd
(Shanghai, China). Primary and secondary antibodies for western blot
analysis were purchased from Cell Signaling Technology, Inc.
(Beverly, MA, USA) and Santa Cruz Biotechnology (Santa, Cruz, CA,
USA). Cell culture reagents and supplements were purchased from
Gibco by Life Technologies (Carlsbad, CA, USA). Eighteen female 4-
week-old BALB/cAnN.Cg-Foxnlnu/Crl Narl mice were obtained from
the National Laboratory Animal Center (Taipei, Taiwan, ROC). The
treatment protocols were approved by the Institutional Animal Care
and Use Committee of China Medical University (Taichung, Taiwan,
ROC) (approval ID: 2018-005).

HCTI116 cell culture. HCT116 human colon cancer cell line (Food
Industry Research and Development Institute, Hsinchu, Taiwan, ROC)
was cultured in RPMI 1640 medium with supplementation (10% fetal
bovine serum, 100 units/ml penicillin, and 100 pg/ml streptomycin) at
37°C in a humidified incubator with 5% CO,.

In vivo anticancer activity of KT2 peptide. The schematic depiction of
the experimental protocol is shown in Figure 1. Eighteen female athymic
BALB/c nu/nu nude mice were injected subcutaneously with 1x107
HCT116 cells into the right flank and then randomly divided into three
groups (each group=6). Twelve days after colon cancer cell injection,
mice were treated by intratumoral injection with PBS or KT2 peptide
once every 2 days for 8 days (four treatments). One group of mice was
treated with PBS as control group and two groups were treated with the
different doses of KT2 peptide (25, or 50 mg/kg body weight). Body
weight and tumor size of mice were monitored once every two days.
The formula [0.5 (L1 x L2 x H)] was used for calculation of tumor
volume where L1 was the longest tumor diameter, L2 the shortest
diameter, and H the height of the tumor (19). Two days after the end of
treatment, mice were anesthetized with Zoletil 50® (Virbac, Carros,
France) and tumor tissues were removed, weighed and processed for
western blotting of apoptosis-associated protein expression.

Western immunoblotting. Total protein was extracted from tumor
tissues and its concentration was measured using Bio-Rad protein
assay kit (Bio-Rad Laboratories, Hercules, CA, USA). Protein from
each sample was separated on a 10-12% sodium dodecyl sulfate
polyacrylamide gel electrophoresis and transferred onto polyvinylidene
fluoride membranes (Millipore, Billerica, MA, USA) (20). The
membranes were blocked with blocking buffer, then incubated with
primary antibodies to f-actin, BCL2-associated X (BAX), BCL2
apoptosis regulator, caspase-3 and poly (ADP-ribose) polymerase
(PARP) according to the manufacturer’s instructions (Cell Signaling
Technology). Membranes were then washed with 0.1% Tween 20 in
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Figure 2. Body weights of athymic BALB/c nu/nu nude mice after
inoculation with HCTI116 cells. Eighteen mice were inoculated
subcutaneously with HCT116 cells. Mice were randomly divided into
three groups for treatment every 2 days. Group I (n=6) was treated with
phosphate-buffered saline (PBS). Group II (n=6) was treated with KT2
(25 mglkg). Group III (n=6) was treated with KT2 (50 mg/kg). Each
mouse was treated by intratumoral injection for 8 days; the body weight
was recorded every 2 days, as described in the Materials and Methods.

1X PBS, and followed by incubation with peroxidase labeled
secondary antibody. The bands of protein were detected and quantified
with ECL Western Blotting Substrate (Amresco., OH, USA) (21, 22).

Statistical analysis. All data are expressed as means+S.D. Student’s -
test by SigmaPlot ver. 10 (SigmaPlot for Windows version 10.0; Systat
Software, Inc., San Jose, CA) was used to determine differences of
data from the experimental groups versus the control, and the results
were considered significant when p<0.05.

Results

KT?2 did not affect the body weight of athymic BLAB/c nu/nu
nude mice bearing HCT116-derived tumors. The results shown
in Figure 2 indicate that treatment with KT2 at 25 and
50 mg/kg did not lead to statistically significant differences in
body weight of mice when compared to the control group,
indicating no signs of acute or delayed toxicity.

KT2 inhibited HCT116 cell xenograft tumor growth in athymic
BLAB/c nu/nu nude mice. Mice treated with 50 mg/kg KT2
exhibited significantly smaller tumor volume at day 4
(p<0.05), day 6 (p<0.01), and day 8 (p<0.01) after the first
treatment (Figure 3A). The representative animal and tumors
with or with KT2 treatment were shown in Figure 3B and C
which indicated that KT?2 treatment reduced the tumor volume
when compared to control group and higher dose of KT2
(50 mg/2 days) have significantly reduced tumor weights than
that of low dose of KT2 (25 mg/2 days) (p<0.05) (Figure 3D).

1139



in vivo 32: 1137-1144 (2018)

A 1000 -

—+—PBS

g

g

&
=

o
g
&
]
=
=
=
-
S
s
=

g

=1

0 2

4 6 8

Days after the first peptide administration

KT2 (mg/kg)
PBS 25 50
- ~ v? o *’ /
i ‘&t ‘!!'\_
KT2 (mg/kg)
PBS 25 50

v

£ys

= KT2 (mg/kg)

PBS 25 50

v € @

@ 0.64 -
% 0.6 -
2P 0.56 - i
Z 0.52 4
3
E 0.48 - i
S 0.4 -
PBS

KT2 (mg/kg)

Figure 3. K12 reduces HCT116 cell xenograft tumor growth in athymic BALB/c nu/nu nude mice. After HCT116 tumor-bearing mice were generated,
mice were treated with KT2 (25 and 50 mg/kg) or phosphate-buffered saline (PBS) every 2 days for 8 days. A: The tumor volume of each mouse was
measured every two days. After mice were anesthetized using Zoletil 50®, they were sacrificed and the final tumor weights were measured as described
in the Materials and Methods. B: Images of representative mice with tumor from each group. C: Images of representative tumors from each group.
D: Total tumor weights. *Significantly different at p<0.05 versus the control group. **Significantly different at p<0.1 versus the control group.

KT?2 affects the expression of apoptosis-related protein signal
pathway of HTC 116 cell xenograft tumor cells. In an earlier
study, we found that KT2 induced cytotoxic cell death
through induction of apoptosis of HCT116 cells in vitro (data
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not shown). For fully evaluating the inhibition of KT2
treatment on HCT116 cell xenografts, tumors were collected
from each animal to examine expression of apoptosis-
associated protein by western blot. Results indicated that KT2
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Figure 4. KT2 affects the expression of apoptosis-related proteins in HCT116 cell xenografts. After treatment, tumors were isolated from HCT116
cell xenografts and western blotting was performed as described in the Materials and Methods for B-actin, BCL2 apoptosis regulator (BCL2),
BCL2-associated X (BAX), caspase-3 and poly (ADP-ribose) polymerase (PARP). PBS: Phosphate-buffered saline. The numbers under the gel
electrophoresis were calculated from the normalization ratio of compound band density/beta-actin hand density.

increased the level of BAX and reduced that of BCL2 (Figure
4A), and increased cleavage of caspase-3 and PARP (Figure
4B). Overall, these data demonstrated that KT2 suppressed
tumor properties in vivo.

Discussion

Cationic AMP is still an attractive agent for cancer treatment to
solve the problem of chemotherapy resistance and reduce
toxicity to normal cells (23). Membranes of bacterial and cancer
cells share the similarity of higher expression of negatively-

charged molecules than normal cells (5). KT2 peptide has been
reported to be able to kill bacteria (17). This led us to
hypothesize that the cationic KT2 peptide may be able to
destroy cancer cells. A previous study report that KT2 peptide
induced apoptosis of HeLa human cervical cancer cells (16).
Nevertheless, the anticancer activity of KT2 peptide has not
been proven in mice. Animal models are important for the
development of novel anticancer drugs and provide information
on drug efficiency and safety assessment (24, 25).

We selected direct intratumoral injection of peptide into
solid tumors based on the fact it may have better benefit than
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Figure 5. The potential mechanism for KT2-induced inhibition of tumor progression is through blockage of BCL2 apoptosis regulator (BCL2) and
promotion of BCL2-associated X (BAX), caspase-3 cleavage and poly (ADP-ribose) polymerase (PARP) in vivo.

other routes of peptide injection due to reducing non-specific
toxicity or unexpected immune response when administered
systematically, and the effect of peptide on tumors is
exhibited directly (26). Moreover, anticancer drug treatment
via intratumoral injection can provide a high local drug level
at the tumor site and improve drug effectiveness (27).
Finally, intratumoral treatment may be especially beneficial
for cancer that occurs in vital organs and which is difficult
to treat systemically or surgically (28).

Several studies have been published on the antitumor role
of AMPs against various human cancer cell lines in vitro;
some AMPs were tested in mouse xenograft tumor systems
(29-31). The intratumoral KT?2 injections did not lead to
differences in the body weight of animals. There were also
no animal deaths, indicating a good safety profile. Our
results showed that the weight and size of HCT116 cell
tumors in nude mice were reduced after treatment with KT2
peptide. This shows that a short AMP with highly positively
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charged amino acids has an antitumor effect on a xenograft
mouse model in agreement with a previous report (32). KT2
showed anticancer activity similarly to other cationic AMPs
that were also reported as anticancer drugs in vitro and in
vivo, such as lactoferricin B (33), LL-37 (34), PFR (peptide
fragment derived from human lactoferricin) (35), and
magainin II (36).

AMPs have been shown in various human cancer cell
lines either to disrupt the cancer cell membrane or to
penetrate the cell and affect mitochondria leading to
apoptosis (23). For the study of protein expression level, we
focused on apoptosis-associated proteins.

Western blot analysis results indicated that KT2 peptide
inhibited tumor growth through induction of apoptosis.
Apoptosis, a non-inflammatory form of programmed cell
death, usually happens in cell development and aging is part
of a negative feedback control system to maintain a
dynamically balanced of cell population (37). KT2 increased
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pro-apoptotic BAX protein and reduced anti-apoptotic BCL2
protein (Figure 4A). It is well documented that the ratio of
BAX to BCL2 reflects the state of the mitochondrial
membrane potential (38), a loss of which is associated with cell
apoptosis (39). This phenomenon may lead to pore formation
in the outer membranes of mitochondria, which are crucial
organelles involved in the intrinsic pathway of cell apoptosis
(40, 41). After mitochondrial pore formation, cytochrome c is
released from the mitochondria to the cytosol to initiate caspase
activation, thereby inducing apoptosis (42). Herein, KT2
peptide was shown to increase cleavage of caspase-3 and
PARP (Figure 4B); these two proteins are downstream in the
apoptosis pathway (43). Figure 5 represents the mechanisms
involved in inhibiting tumor growth upon KT2 treatment.

In conclusion, cationic KT2 peptide derived from
leukocyte extract of C. siamensis did not significantly
change the body weight of mice, but inhibited HCT116
xenograft tumor growth and appeared to induce apoptosis.
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