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achieving e�ective chemotherapy, as tumour non-speci�city 
requires strict control of exposure, hence limiting the dos-
age prescribed. Moreover, once many of these compounds 
pass through the cell membrane and enter the cytosol they 
are transported back to the outside of the cell as part of 
the mechanism of resistance for cancerous cells (Perez-
Tomas 2006). Therefore, current research in cancer is more 
focused in creating new therapies that o�er a combination 
of enhanced selectivity that only by preferentially targeting 
cancer cells and, at the same time, is less harmful to patients.

In recent years, the use of antimicrobial peptides as anti-
cancer agents has received much attention (Smolarczyk et�al. 
2009). These peptides are generally grouped into two cate-
gories based on their binding a�nities; natural antimicrobial 
peptides which preferentially bind to cancer cells, and chem-
ically synthesized peptides which show precise binding to 
molecular targets on the tumour cell membrane (Smolarczyk 
et�al. 2009). Antimicrobial peptides have a special ability to 
bind to cell and mitochondrial membranes, inducing mem-
brane disorganization and lysis of cancer cells (Smolarczyk 
et�al. 2009; Fadnes et�al. 2009). In addition, cationic cyclic 
peptides have also been shown to be capable of inducing cell 
death by increasing membrane permeability. As such, it has 
been proposed that the changes in cell membrane function 
due to membrane deformation may trigger the events that 
promote cell death (Johnstone et�al. 2000). Intriguingly, the 
ability of these peptides to self-associate has been shown to 
strongly in�uence anticancer activity (Huang et�al. 2011). 
This activity is mainly due to the negatively charged com-
ponent of the cancer cell membrane, compared with normal 
cells, which increases the selectivity of cationic peptides 
through electrostatic attraction (Hoskin and Ramamoorthy 
2008). It is evident that these cell penetrating antimicro-
bial peptides with an e�cient tissue penetration and uptake 
by the heterogeneous cancer cells, are expected to result in 
improved anticancer drugs with higher selectivity for neo-
plastic cells and reduced harmful e�ects to healthy tissues. 
Therefore, the current study aims to explore the potential of 
selected antimicrobial cell penetrating peptides to be used 
in combination with the widely used chemotherapy drug-
Doxorubicin. This is a preliminary study initiated to search 
for potential peptide candidates to be developed into a com-
bination of peptide-chemotherapy drug.

Materials and�Methods

Drugs

Doxorubicin hydrochloride (DOX) was obtained from 
Sigma, while Tachyplesin 1 (TCH) and Latarcin 1 (LTC) 
peptides were obtained from Progen Scienti�c (Malaysia).

Preparation and�Dilution of�Stock Solutions of�Drugs 
and�Peptides

Stock solutions of 1�mM doxorubicin hydrochloride (DOX), 
TCH and LTC were prepared in milliQ deionized water 
(Elga LabWater) and further serial dilutions were prepared 
in milliQ deionized water (Elga LabWater) as well. The 
stock solutions were sterilized using 0.2��M micro�lters 
under laminar �ow hood and stored frozen. All dilutions 
were prepared fresh before addition to the cells, using miliQ 
deionized water (Elga LabWater) as diluents.

Cell Culture

Human liver cancer cell line (HepG2) and human liver nor-
mal cell lines (WRL 68) were obtained from American Type 
Culture Collection (ATCC) were cultured and maintained 
in Dulbelcco�s minimal essential medium (DMEM) supple-
mented with 100�U/mL penicillin streptomycin (PenStrep), 
2�mM l-glutamine, 1�mM sodium pyruvate, and 10% (v/v) 
heat-inactivated fetal bovine serum (FBS) (Gibco). Cells 
were grown in 5% CO2/95% O2, 37�°C and were detached 
from culturing �asks at 80% con�uency by trypsin�EDTA 
treatment, and subcultured at a ratio of approximately 
1:4�1:8 twice a week depending on the cell types.

Cell Viability Assay

To evaluate cell viability after the treatment with the com-
pounds, liver cancer and normal cells were plated onto 
96-well plates (1 × 104 cells per well) in DMEM supple-
mented with 10% FBS and incubated overnight at 37° and 
5% CO. Each peptide was diluted to serial concentrations 
(0�20�µM) and DOX (0�50�µM) with DMEM media supple-
mented with 2% FBS. Cell viability assays were performed 
with the CellTiter 96 Aqueous One Solution Cell Prolifera-
tion Assay from Promega, which contains 3-(4,5-dimethylth-
iazol-2-yl)-5-(3-carbox ymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium (MTS). Each well of a 96-well plate was 
seeded with 5 × 103 cells suspended in culture medium. Cells 
were treated with di�erent concentrations of the drugs. After 
48�h of treatment, MTS was added to the cells according 
to the supplier�s protocol, and the absorbance of the reac-
tion product formed by the cultured cells was measured at 
490�nm using an ELISA plate reader.

Membrane Integrity Assay

The e�ects of the peptides on the cell membrane integrity 
was investigated by measuring the release of lactate dehy-
drogenase (LDH) from cancer and normal cells using the 
CytoTox-ONE� Homogeneous Membrane Integrity assay 
(Promega) according to the manufacturer�s instructions. Cell 
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lines were plated onto 96-well microplates (1 × 104 cells per 
well) in DMEM supplemented with 10% FBS and incubated 
overnight at 37° and 5% CO2. The cells were treated with 
5�µM of DOX that showed 70% cell viability with increased 
concentrations of the peptides (2, 4, 8�µM). The cells were 
incubated with the drugs for another 2�h at 37�°C. The 
culture medium was removed from the cells and retreated 
with DOX for 48�h. The extracellular medium from each 
well was transferred to a new microplate and incubated for 
10�min with 100�ml/well reaction mixture, followed by a 
stop solution. LDH release from cells lysed with 1% Tri-
ton X-100 in PBS was de�ned as 100% leakage and LDH 
release from untreated cells as 0% leakage after subtraction 
of background �uorescence (determined by �uorescence 
from DMEM alone). The absorbance at 490�nm was deter-
mined using a microplate reader (Tecan In�nite M200 Pro).

Caspase 3/7 Assay

Activity of caspases 3/7 after treatment the cells with with 
5�µM of DOX and increased concentrations of the peptides 
(2, 4, 8�µM). TCH and LTC were assayed using the Caspase-
Glo 3/7 assay (Promega) according to the manufacturer�s 
instructions. Brie�y, equal volumes of DMEM and Caspase-
Glo� reagent (Caspase-Glo reagent and Caspase-Glo sub-
strate) were added to cells, and the mixture was incubated 
for 1�h. Luminescence was measured using a Luminome-
ter. Background luminescence was determined by reading 
obtained from DMEM alone and subtracted from all experi-
mental values.

Immunostaining

To investigate the cell-penetrating ability of the peptides, the 
cell lines were treated with FITC- labelled peptides (Rothan 
et�al. 2014). Cancer and normal cells were plated onto a 
black 96-well plate with transparent bottom and treated 
with FITC-labelled TCH and LTC for 1�h in quadruplicate. 

Peptide-treated cells were �xed with ice-cold methanol for 
15�min at -20�°C, washed with PBS and incubated with a 
coating bu�er containing BSA for 1�h at room temperature. 
The �uorescence signals were measured using Tecan In�nite 
M200 Pro �uorescence spectrophotometer (Tecan Group 
Ltd., Switzerland).

Results

Cell Viability

Figure�1 shows the viability of WRL 68 and HepG2 cells 
after the treatment with DOX, TCH and LTC peptides. 
DOX, TCH and LTC resulted in a considerable reduction 
in cell viability of HepG2 and WRL 68 cells (Fig.�1). The 
IC50 concentration of DOX was similar for both cell lines 
(approximately 10��M). However, TCH and LTC peptides 
showed selective anticancer activity against HepG2 com-
pared to normal cells WRL 68. The IC50 concentration of 
LTC and TLC was approximately 6��M against HepG2 cells, 
while it was approximately 20��M against WRL 68 cells 
(Fig.�1b).

E�ect of�Antimicrobial Peptides on�Membrane 
Integrity

Based on the screening result of the peptides (data not 
shown), Tachyplesin 1 (TCH) and Latarcin 1 (LTC) were 
chosen for our combinational study. Figure�2 shows the 
percentage of LDH leaking from WRL 68 and HepG2 
cells after the treatment with TCH or LTC in combina-
tions with DOX. There were no di�erences in LDH leak-
ing when WRL68 cells were pre-treated with TCH with 
or without DOX. However, HepG2 cells showed a signi�-
cant (P < 0.01) increase in LDH leaking when cells were 
pre-treated with TCH prior to the treatment with DOX 
(Fig.�2a). Despite higher LDH leaking of HepG2 cells 

Fig. 1   Cell viability after 
treatment with the compounds. 
a HepG2 and WRL treated 
with increased concentra-
tions of DOX. b HepG2 and 
WRL treated with increased 
concentrations of TCH and 
LTC peptides. The compounds 
were added to the WRL 68 and 
HepG2 cell culture for 48�h and 
cell viability were measured by 
MTS assay. Data points repre-
sent averages of 3 independent 
MTS tests (N = 3). The standard 
deviations are marked
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compared to WRL68 induced by LTC, the di�erences 
were not signi�cant at 2�µM of LTC, and the signi�cant 
di�erence (P < 0.05) was observed at 4 and 8�µM of the 
peptide (Fig.�2b). Although LTC peptide induced LDH 
leaking, this peptide showed very narrow margin of selec-
tivity between cancer and normal liver cells. Based on this 
�ndings, it can be concluded that TCH -DOX combination 
exerts more growth inhibition and cytotoxic e�ect to the 
HepG2 cells than the normal cells, which was in dose-
dependent manner.

E�ect of�Anti‑Microbial Peptides on�Caspase 3/7 
Activities

Figure�3 shows the levels of caspase 3/7 activation by 
DOX treatment with or without TCH or LTC peptide 
combinations. Pre-treatment of the cells with the peptides 
prior to DOX treatment signi�cantly (P < 0.01) increased 
the caspase 3/7 activities in both cells. The results showed 
the combinations of DOX and increased concentrations of 
TCH peptide signi�cantly (P < 0.05) increased the activ-
ity caspase 3/7 in cancer cells compared to normal cells 
(Fig.�3a). Although the combinations of DOX with LTC 
peptide showed signi�cant (P < 0.01) increase in caspase 
3/7 activity, the di�erence between cancer and normal 
cells were insigni�cant (P > 0.05) indicating that LTC pep-
tide was not able to show selective activity against cancer 
cells (Fig.�3b).

Cellular Uptake of�FITC‑Labelled AMPs

Figure�4 shows the cellular uptake of FITC labelled TCH 
and LTC in WRL 68 and HepG2 cells at low concentrations 
(5 and 10��M). Based on the �ndings, the increase in �uo-
rescence intensity was increased in dose- dependent man-
ner, particularly in HepG2 cells compared to WRL 68 cells. 
Higher concentration of TCH and LTC resulted in higher 
cellular uptake in cancer cells compared to normal cells.

Discussion

Anti-microbial peptides (AMPs) showed an ability to kill 
human cancer cells without a signi�cant cytotoxicity against 
proliferating cells at peptide concentrations that are able 
to kill cancer cells (Hofsten et�al. 1985; Risso et�al. 1998; 
Mader et�al. 2005; Furlong et�al. 2006). This suggests that 
these peptides can be administered in�vivo with minimal 
undesirable toxicity. In our preliminary studies, we screened 
six peptides against cancer and normal cell lines, in order to 
evaluate their selective cytotoxicity towards cancer cells. In 
this study, the AMPs which exhibited selective toxicological 
activities were then evaluated for their combinational e�ect 
with the commercially available chemotherapy drug, DOX. 
Out of the six tested AMPs, TCH and LTC were selected 
for further characterization as they showed the potential to 
selectively target the cancer cells.

Fig. 2   The percentage of LDH leaking from liver cancer and normal 
cells, as a marker of cell membrane integrity after the treatment with 
combinations of DOX and selected peptides. a The cells were treated 
with combinations of DOX and increased concentration of TCH pep-
tide. There were no di�erences in LDH leaking when WRL68 cells 
were pre-treated with TCH with or without DOX. However, HepG2 
cells showed a signi�cant (P < 0.01) increase in LDH leaking when 
cells were pre-treated with TCH prior to the treatment with DOX. b 

The cells were treated with combinations of DOX and increased con-
centration of LTC peptide. Despite higher LDH leaking of HepG2 
cells compared to WRL68 induced by LTC, the di�erences were not 
signi�cant at 2�µM of LTC, and the signi�cant di�erence (P < 0.05) 
was observed at 4 and 8� µM of the peptide. Data points represent 
averages of 3 independent tests (N = 3). The standard deviations 
are marked and the results were analyzed using Two-way ANOVA. 
*P < 0.05; **P < 0.01, n.s. no signi�cant di�erence
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It has been known that the selective activity of certain 
AMPs against cancer cells is attributed to the fundamental 
di�erences that exist between the cell membranes of cancer 
cells and normal cells (Cruciani et�al. 1991; Utsugi et�al. 
1991; Zachowski 1993; Yoon et�al. 1996; Burdick et�al. 

1997; Sok et�al. 1999; Dobrzynska et�al. 2005). A major 
factor which determining the selective activity of AMPs in 
cancer cells is due to the electrostatic interactions between 
cationic ACPs and anionic cell membrane components. 
Compared to neutrally charged membrane of normal cells, 

Fig. 3   Caspase 3/7 activities in HepG2 and WRL 68 after DOX 
treatment with or without peptide combinations. WRL68 and HepG2 
cells were treated with increased concentrations of the peptides and 
drug for 48� h followed by Caspase 3/7 assay to detect direct drug 
combinations induced caspase release. a The combinations of DOX 
and increased concentrations of TCH peptide signi�cantly (P < 0.05) 
increased the activity caspase 3/7 in cancer cells compared to normal 

cells. b The combinations of DOX with increased concentrations of 
LTC peptide showed signi�cant (P < 0.01) increase in caspase 3/7 
activity. The di�erence in caspase 3/7 activity between cancer and 
normal cells were insigni�cant (P > 0.05). Data points represent 
averages of 3 independent tests (N = 3). The standard deviations 
are marked and the results were analyzed using Two-way ANOVA. 
*P < 0.05; **P < 0.01, n.s. no signi�cant di�erence

Fig. 4   Cellular uptake of FITC labelled peptides in WRL 68 and 
HepG2 cells. To detect direct TCH and LTC uptake into HepG2 
cells, cellular uptake analysis were performed. WRL68 and HepG2 
cells were seeded in 96-well microtiter black plates with transparent 
bottom for 24�h and incubated with various concentrations of FITC-
labelled peptides for another 30� min. a Cellular uptake of FITC-

labelled TCH by WRL68 and HepG2 cells were captured using �uo-
rescence microscopy. The increase in intensity is in dose dependent 
manner. b Cellular uptakes of FITC-labelled LTC by HepG2 cells 
were captured using �uorescence microscopy. The increase in inten-
sity is in dose dependent manner
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