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a b s t r a c t
In nature, antimicrobial peptides (AMPs) represent the ﬁrst line of defense against infection by
pathogens; thus, they are generally good candidates for the development of antimicrobial agents.
Recently, we reported two potent antimicrobial peptides, KWLRRVWRWWR-amide (MAP-04-03) and
KRLRRVWRRWR-amide (MAP-04-04), which were derived from a fragment of Ixosin-B-amide
(KSDVRRWRSRY). Since some cationic AMPs exhibited cytotoxic activity against cancer cells, in the current study, we further investigated the anticancer activity of these potent antimicrobial peptides by antiproliferative assays and wound-healing assays, and the effect of peptide on the cytoskeleton alteration
and cell morphology were analyzed by confocal microscopy. Results indicated that MAP-04-03 not only
exhibited inhibitory effects on the proliferation (IC50 = 61.5 lM) and on the cell migration of MCF-7
breast cancer cells (at a concentration of 5 lM), but also affected the cytoskeleton at the concentration
of 25 lM. These results demonstrated that MAP-04-03 can serve as a lead peptide analog for developing
potent anticancer agents.
Ó 2013 Elsevier Ltd. All rights reserved.

Bacterial resistance to conventional antibiotics is a widespread
public health concern. Thus, the need for alternative antimicrobial
agents is urgent. Antimicrobial peptides (AMPs) are considered as a
potential alternative class of antimicrobial agents due to their
selectivity for prokaryotic cells and minimized bacterial resistance.1–5
Ixosin-B, QLKVDLWGTRSGIQPEQHSSGKSDVRRWRSRY, exhibited antimicrobial activities against the Gram-negative bacterium
Escherichia coli, Gram-positive bacterium Staphylococcus aureus,
and fungus Candida albicans.6 We assayed a series of peptide analogs derived from Ixosin-B amide and developed two antimicrobial
peptide amides, MAP-04-03 (KWLRRVWRWWR) and MAP-04-04
(KRLRRVWRRWR).7
As some of the cationic AMPs that are toxic to bacteria but not to
normal mammalian cells were found to exhibit cytotoxic activity
against cancer cells,8,9 in the current study, anticancer activities of
MAP-04-03 and MAP-04-04 were investigated by the antiproliferative assay and the wound-healing assay. Effects of peptides on the
alteration of cytoskeleton ﬁlaments and cell morphology were analyzed by confocal microscopy because microtubules and actin ﬁlaments are cytoskeletal protein polymers critical for cell growth and
division, motility, signaling, and the development of cell shape.10,11
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MAP-04-03 and MAP-04-04 were synthesized manually by solid phase method12 using Fmoc/t-Bu chemistry13 as previously
reported.14 Brieﬂy, the Fmoc-protected Rink amide AM resin was
swelled in DMF for 10 min at room temperature and then treated
with 20% piperidine in DMF for 15 min to remove the Fmoc protecting group. The N-Fmoc, side-chain-protected amino acid was
preactivated with the coupling reagent mixture (HOBt/HBTU/DIEA,
1:1:2) for 5 min and then mixed with resin at room temperature
for coupling reaction (1.5 h). Cycles of removing Fmoc and coupling with the subsequent amino acids were repeated to produce
the desired peptide-bound resin. The crude peptide was cleaved
from resin by TFA cleavage mixture and lyophilization, and then
puriﬁed by RP-HPLC followed by lyophilization and characterized
by MALDI-TOF MS and RP-HPLC (Fig. 1).
As shown in Figure 2, characterized peptides were examined for
their inhibitory effect on proliferation of MCF-7 breast cancer cells
by the antiprolifeartive assay.
While MAP-04-03 showed antiproliferation effect in MCF-7
breast cancer cells (IC50 = 61.5 lM), MAP-04-04 did not exhibit
antiproliferative activity in cancer cells at the concentration of
100 lM, demonstrating that the hydrophobicity of tryptophan
(W) in MAP-04-03 (K1W2L3R4R5V6W7R8W9W10R11-amide) is crucial for the antiproliferative activity, while the cationic charge of
arginine (R) in MAP-04-04 (K1R2L3R4R5V6W7R8R9W10R11-amide)
is crucial for the antibacterial activity, particularly against S. aureus. The a-helical contents of MAP-04-03 and MAP-04-04 in SDS
solution were determined as 87.6% and 44.6%, respectively, by
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There is signiﬁcant difference on the wound width between the
5 lM peptide-48 h treated cells and the untreated control (40%)
in Figure 3B, while there is no visible difference on the wound
width between the 1 lM peptide-24 h treated cells and the control,
suggesting MAP-04-03 exhibited inhibitory effect on migration of
the treated cells. However, treatment of MCF-7 cancer cells with
25 lM of MAP-04-03 caused the cells to detach from the bottom
of dish, suggesting treatment with 25 lM of MAP-04-03 may cause
the death of MCF-7 cell and making accurate measurement of
wound width at this concentration is very difﬁcult.
Although the IC50 of MAP-04-03 is 61.5 lM in the cell viability
assay, yet it is effective at inhibiting the cell migration at 5 lM
which is ten times more potent than the IC50. In order to investigate if the cell migration inhibition by the peptide was caused by

MAP-04-04

Mass (theoretical)
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8.98 min

Figure 1. Helical wheel projections and physicochemical characterization of
synthesized peptides, (A) MAP-04-03 and (B) MAP-04-04.

Figure 2. Human breast cancer cells (MCF-7) treated with 25, 50 75, and 100 lM of
MAP-04-03 and MAP-04-04 for 48 h. The cell viability was determined by MTT
assay. Data were reported as the mean value ± SD (standard deviation) of three
independent experiments. ⁄p < 0.05 compared with the control.

circular dichroism (CD) spectroscopy,7 suggesting that the helical
conformation and the amphipathic property may contribute to
the antimicrobial and/or anticancer activities of these peptides.
Because cell migration is a critical process in the development
and maintenance of living organism, and errors during this process
can cause serious events, such as vascular disease15,16 and
cancer,17,18 these prompted us to further investigate the inhibitory
effect of MAP-04-03 on the migration of cancer cells by the
wound-healing assay.19 Breast cancer cells MCF-7 were cultured
in six-well plate for 24 h. The density of cells in a monolayer was
more than 95% conﬂuent. The cell monolayer was scraped with a
200 lL pipette tip to generate the wound of 6–7 mm. The removed
culture medium and MCF-7 cells were treated with 1, 5, and 25 lM
of MAP-04-03 or without peptide, and then re-cultured in fresh
medium for 24 h and 48 h. The change of wound width caused
by cell migration was observed under a phase contrast microscope
following treatment with MAP-04-03 for 24 h and 48 h.
Photographs were taken at 24 and 48 h on the same position of
the wound (Fig. 3A).

Figure 3. Effect of MAP-04-03 on cell migration by wound-healing assay in breast
cells. (A) The MCF-7 cells scraped by a pipette tip to generate wounds of 6–7 mm.
Then the cells were treated with 5 lM MAP-04-03 and then cultured for 24 and
48 h. (B) Results were obtained from 3 separate experiments. The bar represents the
mean ± SE ⁄p < 0.05 indicates a signiﬁcant difference between the control and MAP04-03 treated samples.
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the perturbing effects of the amphipathic peptides on cell membranes, we used MAP-04-04 as the control in the cell migration assay for comparison (data not shown). After 48 h, there is no
signiﬁcant difference on the wound width between the 5 lM
MAP-04-04 treated cells and the untreated control, suggesting
the amino acid residues W2 and W9 in MAP-04-03 play important
role in affecting the cell migration, while R2 and R9 in MAP-04-04
did not show signiﬁcant effect on the cell migration. It was reported that W has a distinct preference for the interfacial region
of lipid bilayers, while R residues endow the peptides with cationic
charges and hydrogen bonding properties necessary for interaction
with the abundant anionic components of bacterial membranes.20
These results suggested that 5 lM of MAP-04-03 may affect the
migration of peptide-treated cells by perturbing cell membranes.
The wound width (the distances of scratch) of cancer cells treated with or without peptides was summarized in Figure 3B. It was
demonstrated that 40% of cell migration was inhibited by treatment with 5 lM of MAP-04-03 for 48 h.
E-cadherin is a transmembrane protein acting in the cell-to-cell
junction. Previous studies have shown in the process of embryonic
development that this protein can inﬂuence epithelial-mesenchymal transition.21,22 Previous ﬁndings have supported a model that
the loss of E-cadherin–based cell adhesion is considered to be an
important factor in tumor invasiveness.23,24 In cancer cells, the lack
of E-cadherin expression will result in a loss of function in the cell–
cell junction, resulting in cancer metastasis.25 Although it was indicated that exogenous expression of N-cadherin would induce cell

migration, invasion, and metastasis in MCF-7 breast cancer cells26,
there is no evidence to prove that the antiproliferative activity of
MAP-04-03 in MCF-7 cells was correlated with cadherin or cell
invasion.
Actin polymerization and remodeling plays a critical role in the
morphologic and phenotypic events in cancer cells. Inhibition of
the cytoskeleton proteins such as actin ﬁlaments and microtubules
are potential targets for cancer chemotherapy.10,27,28 To further
investigate the effect of synthetic peptide MAP-04-03 on cytoskeleton alteration in breast cancer cells, the MCF-7 cells were treated
with 1, 5, and 25 lM of MAP-04-03 for 24 h and 48 h, followed by
ﬁxing, staining and then observed by confocal microscopy. The distribution of two cytoskeleton proteins, a-tubulin and F-actin, were
determined by staining with AlexaFluor 488 conjugated-goat antimouse IgG and tetramethylrhodamine B isothiocyanate (TRITC)
conjugated phalloidin, respectively, and the nuclei of cells were
stained with propidium iodide (PI).
As shown in Figure 4, in untreated MCF-7 cells, the cytoskeleton
proteins a-tubulin and F-actin were concentrated at the periphery
of cells, most staining was close to the outer edges of the cells, and
there was clear deﬁnition between individual cells (Fig. 4A, Fig. 4B,
and Fig. 4D). Compared to the untreated control, there is no significant change in cell morphology in the 1 lM peptid-treated group
(Fig. 4E, Fig. 4F, and Fig. 4H). The morphology of cell has begun to
shrink gradually by treatment of cells with 5 lM peptide (Fig. 4I
and Fig. 4J), and the treatment with 25 lM of peptide causes
collapse of cortical a-tubulin and F-actin, making it difﬁcult to

Figure 4. Effect of MAP-04-03 on the cytoskeleton alteration and cell morphology in MCF-7 breast cancer cells. MCF-7 cells were treated without (panels A–D) or with 1
(panels E–H), 5 (panels I–L), 25 lM (panels M–P) of MAP-04-03 peptide. F-actin, a-tubulin, and nuclei were stained with tetramethylrhodamine B isothiocyanate (TRITC)
conjugated phalloidin, AlexaFluor 488 conjugated-goat anti-mouse IgG, and propidium iodide (PI), respectively. The treated or untreated MCF-7 cells were subjected to
confocal microscopy analysis. The green color indicated the a-tubulin. a-tubulin. The blue color indicated the location of F-actin. The red color indicated the location of nuclei
or chromosomes. The scale bar is 20 lm.
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deﬁne the edge between individual cells (Fig. 4M, Fig. 4N, and
Fig. 4P). In addition, the missing localization of a-tubulin was
aggregated around the nucleus and the size of nucleus was smaller
than untreated cells (Fig. 4C and Fig. 4O).
Based on the cell migration results (Fig. 3), 5 lM of MAP-04–03
was high enough to disturb the cell membranes of MCF-7 cells,
suggesting that the staining of a-tubulin and F-actin might be
caused by the potential damaging effects on the cell membrane
by the amphipathic peptides through disrupting the integrity of
cell membrane, however, the exact role of MAP-04–03 in regulating the cytoskeleton proteins dynamics is not clear.
In conclusion, anticancer activities of two peptide derivatives of
Ixosin-B-amide were studied, and MAP-04-03 showed antiproliferative effects on breast cancer cells with the IC50 value of 61.5 lM
and inhibited cancer cells migration at 5 lM, demonstrating it is
a promising candidate for further development of anticancer
agents.
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