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Human cathelicidin antimicrobial peptide suppresses
proliferation, migration and invasion of oral carcinoma
HSC-3 cells via a novel mechanism involving
caspase-3 mediated apoptosis
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Abstract. Human cathelicidin antimicrobial peptide and
its active product, LL-37 (CAMP/LL-37), exhibit a broad
spectrum of antimicrobial effects. An increasing number of
studies have shown that human CAMP/LL-37 also serves
significant roles in various types of cancer. The primary
aims of the present study were to investigate the roles and
mechanisms of human CAMP/LL-37 in oral squamous cell
carcinoma (OSCC) cells. The results indicated that either
LL-37 C-terminal deletion mutants (CDEL) or CAMP stable
expression in HSC-3 cells reduced colony formation, prolif-
eration, migration and invasion ability of the cells. Expression
analysis demonstrated that either CDEL or CAMP stable
expression in HSC-3 cells induced caspase-3 mediated apop-
tosis via the P53-Bcl-2/BAX signalling pathway, whereas the
levels of cell cycle-related proteins, cyclin Bl and PKR-like
ER kinase, were significantly upregulated in the CAMP, but
not in the CDEL overexpressing cells. Transcriptional profile
comparisons revealed that CDEL or CAMP stable expression
in HSC-3 cells upregulated expression of genes involved in the
IL-17-dependent pathway compared with the control. Taken
together, these results suggest that CAMP may act as a tumour
suppressor in OSCC cells, and the underlying mechanism
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involves the induction of caspase-3 mediated apoptosis via the
P53-Bcl-2/BAX signalling pathway.

Introduction

Human cathelicidin antimicrobial peptide (CAMP) and its active
product, LL-37, serve important roles in infectious diseases
(including viral,bacterial and fungal infections) and autoimmune
diseases (1-5). Previously, it has been found that CAMP/LL-37
also has a significant effect on the initiation and progression of
various types of cancer (6-9). Additionally, it has been indicated
that the upregulation of CAMP/LL-37 expression contributes
to its tumorigenic effect in breast cancer, ovarian cancer, lung
cancer, prostate cancer, pancreatic cancer, malignant melanoma
and skin squamous cell carcinoma (10-16). Moreover, the
downregulation of CAMP/LL-37 expression contributes to its
anticancer effects on colon cancer, gastric cancer and haemato-
logical malignancies (17-21). The LL-37-induced activation of
membrane receptors and subsequent signalling pathways leads
to the alteration of cellular functions (6-9). Different membrane
receptors on various cancer cells appear to be responsible for the
tissue-specific effects of LL-37 (6-9).

hCAP18,49.135, @ 27 amino acids peptide in the C-terminal
of hCAPIS, induces caspase-independent apoptosis of oral
squamous cell carcinoma (OSCC) SAS-H1 cells (22). KI-21-3,
a shortened fragment of LL-37, exhibits considerable oncolytic
properties on SCC-4 carcinoma cells via the antiproliferative
and caspase-3 dependent apoptotic pathway (23). A previous
study by the same authors also demonstrated that the expres-
sion levels of CAMP/LL-37 were downregulated significantly
in OSCC tissues (24), suggesting that CAMP exerts an inhibi-
tory effect on the initiation and progression of OSCC, although
the underlying mechanisms remain unclear in OSCC.

The aim of the present study was to investigate the roles
and mechanisms of action of human CAMP/LL-37 in OSCC
HSC-3 cells (25,26) using a colony-formation, CCK-8, wound
healing and Transwell invasion assays, as well as expression
analysis on the basis of established LL-37 C-terminal deletion
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mutants (CDEL) and CAMP stable overexpression in OSCC
HSC-3 cell lines.

To the best of our knowledge, the results of the present
study are the first to determine the potential mechanism
underlying the effects of the overexpression of human CAMP
in OSCC HSC-3 cells.

Materials and methods

Plasmid construction. High-fidelity Herculase enzyme (Agilent
Technologies, Inc.) was used for amplification of cDNA from
foetal brain tissue (Clontech Laboratories) and was used as the
template. The primers used for the amplification of the open
reading frame (ORF) of CAMP were as follows: Forward,
5-CGGAATTCAATGGGGACCATGAAGACCCAAAGG-3'
andreverse,5'-CGGGATCCCTAGGACTCTGTCCTGGGTAC
AAG-3'". The primers used for the amplification of the ORF of
CDEL were as follows: Forward, 5'-CGG AATTCAATGGGG
ACCATGAAGACCCAAAGG-3' and reverse, 5-CGGGATC
CCTAGGCAAATCTCTTGTTATCCTTATCACAAC-3'. The
amplification conditions were as follows: Pre-denaturation,
95°C for 2 min; followed by 40 cycles at 95°C for 20 sec, 55°C
for 20 sec and 72°C for 45 sec; with a final extension step of
72°C for 3 min. PCR products were purified and were then
ligated in to pFlag-CMV4 (Sigma-Aldrich; Merck KGaA).
Plasmid constructs were confirmed by sequencing (Sangon
Biotech Co., Ltd.).

Cell culture. Human OSCC HSC-3 cells (ATCC) were cultured
in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.)
supplemented with 10% FBS (Gemini Bio-Products). KB cells
(ATCC) were maintained in modified Eagle's medium (Gibco;
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS.
The cells were incubated in an incubator at 37°C with 5% CO,.

Generation of CDEL or CAMP stably expressing cells.
HSC-3 cells were grown to 60-80% confluency, and trans-
fected using Expressfect™ Transfection Reagent (Denville
Scientific). Following 24 h of transfection, the transfected
cells were treated with 500 ng/ul G418 (Life Science). The
medium containing G418 was replaced every 48 h. Cells were
subsequently cultured with 200 ng/ul G418 in the medium
to maintain cell resistance. Single positively transfected cell
clones were screened using the filter paper method (27).
The expression of either CDEL or CAMP was confirmed by
western blot analysis and immunofluorescence (28-30).

Immunofluorescence.Stably transfected HSC-3 cells were fixed
with cold methanol for 5 min at -20°C, then washed with DPBS,
and permeabilized with 0.25% Triton X-100 for 10 min. After
blocking for 1 h with 1% BSA in DPBS/0.1% Tween-20, and
rinsing with DPBS three times, the cells were incubated with
rabbit anti-cathelicidin (cat. no. ab69484; Abcam) or mouse
anti-LL37 (cat. no. sc-166770; Santa Cruz Biotechnology, Inc.)
antibodies at room temperature for 1 h, followed by incuba-
tion with Alexa Fluor 488-conjugated goat anti-rabbit IgG or
Alexa Fluor 594-conjugated goat anti-mouse IgG (ProteinTech
Group, Inc.) at room temperature for 1 h (27,28). Nuclei were
stained with 300 nM DAPI at room temperature for 1 min,
and the cells were then imaged using an epifluorescence
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microscope (Nikon Eclipse Ti; Nikon Corporation; magnifica-
tion, x400).

Colony formation assay. Stably transfected HSC-3 cells were
adjusted to 1,500 cells per dish. The solution was replaced
every 3 days, and crystal violet staining was performed
at room temperature for 3 min 12 days later. Cells were
imaged by camera. A group of >50 cells was considered as
one colony. The number of clones was counted under a light
microscope (magnification, x100) and 5 fields of view were
analyzed.

Cell Counting Kit-8 (CCK-8) assay. A CCK-8 assay (Dojindo
Molecular Technologies, Inc.) was used to measure cell
viability. Stably transfected HSC-3 cells (9x10° cells/well)
were seeded into a 24-well plate. Viability was assessed after
0, 24, 48 and 72 h following complete adherence. A total of
100 ul CCK-8 reagent was added to each well of the first
24-well plate, covered with tin foil and placed in a cell incu-
bator (37°C, 5% CQO,) for 2 h, and subsequently the absorbance
was measured at 450 nm using a microplate reader (BioTek
Instruments, Inc.).

Wound healing assay. Stably transfected HSC-3 cells were
seeded into 1.2x10° cells/well in a 6-well plate, and cultured
for 16 h to form a confluent monolayer. The confluent cultures
were scratched with sterile 200-u1 pipette tips. The culture
medium was removed, and washed three times with DPBS.
After washing and removing the cell debris, the cells were
cultured with serum-free RPMI medium, and the images were
captured over time using a light microscope (IX-70; Olympus;
magnification, x40) and analysed using ImageJ version 1.8.0
software (National Institutes of Health).

Transwell invasion assay. The stably transfected HSC-3 cells
(2.5x10° /ml, 200 pl) were seeded into a Matrigel-coated
Transwell upper chamber (Corning, Inc.) in serum-free RPMI
medium, and ~750 xl RPMI medium containing 20% serum
was added to the lower chambers. The chambers were placed in
the 24-well plate, and cultured in a cell incubator for 64 h and
subsequently stained with haematoxylin at room temperature
for 10 min, and observed and imaged using a light microscope
(magnification, x200).

Western blot analysis. Cells were washed with DPBS and
then total protein was extracted using mammalian cell lysate
buffer (Biyuntian Bio-Technology Co., Ltd.) containing 1 mM
phenylmethylsulfonyl fluoride. The cell extracts were centri-
fuged at 12,000 x g for 5 min at 4°C, and the supernatants
were collected. The protein concentrations were determined
using a bicinchoninic acid protein concentration detection
kit (Biyuntian Bio-Technology, Co., Ltd.). Total protein
lysates (20 pug protein) were separated by 12% SDS-PAGE,
and transferred to 0.22-uM nitrocellulose membranes, which
were blocked in Tris-buffered saline Tween (0.1% Tween-20)
containing 5% non-fat dry milk for 1 h and incubated over-
night at 4°C with primary antibodies against caspase-3 (cat.
no. 19677-1-AP), poly(ADP-ribose) polymerase (PARP;
cat. no. 66520-1-Ig), P53 (cat. no. 60283-1-Ig), BAX (cat.
no. 60267-1-Ig), Bcl-2 (cat. no. 60178-1-Ig), BCL-xL
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Figure 1. Generation of CDEL and CAMP stably transfected cells. (A) Structure diagram of CDEL and CAMP. (B) CDEL protein expression examined by western
blot analysis using anti-cathelicidin antibody. Lane 1-4, protein extracts from different clones. KB cells were transiently transfected with pFlag-CMV4 (N) and
pFlag-CDEL(P), respectively. (C) CAMP protein expression examined by western blot analysis using anti-LL-37 antibody. Lane 1-6, protein extracts from
different clones. KB cells were transiently transfected with pFlag-CMV4 (N) and pFlag-CAMP (P), respectively. (D) Characterization of CDEL and CAMP
stably transfected cells using immunofluorescence analysis. In the above two rows of pFlag-CM V4 and pFlag-CDEL, the anti-cathelicidin antibody was used
as the primary antibody, and Alexa Fluor 594-conjugated goat anti-rabbit IgG antibody was used as the secondary fluorescent antibody. In the following two
rows of pFlag-CMV4 and pFlag-CAMP, anti-LL-37 was used as the primary antibody, and Alexa Fluor 594-conjugated goat anti-mouse IgG was used as the
secondary fluorescent antibody. Arrows indicate the target proteins, and asterisks indicate degraded target proteins. CDEL, LL-37 C-terminal deletion mutant.

(cat. no. 66020-1-Ig), cyclin Bl (cat. no. 55004-1-AP),
PKR-like ER kinase (PERK; cat. no. 20582-1-AP), Akt (cat.
no. 60203-2-Ig), phospho- (p-)Akt (cat. no. 66444-1-Ig),
ERK (cat. no. 66192-1-Ig) (all from ProteinTech Group, Inc.),
cleaved-caspase-3 (cat. no. 9661; Cell Signalling Technology,
Inc.), cathelicidin (cat. no. ab69484; Abcam), p-ERK (cat.
no. ab76299; Abcam), LL-37 (cat. no. sc-166770; Santa Cruz
Biotechnology, Inc.) or B-actin (cat. no. TA-09; OriGene
Technologies, Inc.) all at a dilution of 1:2,000. The membranes
were washed and then incubated for 2 h at room temperature
with horseradish peroxidase-conjugated goat anti-rabbit anti-
bodies or goat anti-mouse antibodies (cat. nos. EM35111-01 and
EM35110-01; EMAR Biotechnology) at a dilution of 1:3,000.
The immunoreactions were visualized using Clarity™ Western
ECL substrate (Bio-Rad Laboratories, Inc.) and exposed to
Amersham Hyperfilm ECL film (Amersham, Cytiva). Protein
bands were quantified by Quantity One version 4.6.3 (Bio-Rad
Laboratories, Inc.).

RNA-seq. Total cellular RNA was extracted using TRIzol®
reagent (Thermo Fisher Scientific, Inc.). The RNA-Seq assay
was performed (Novagene) as described previously (31). Briefly,
mRNA-seq libraries were prepared using standard Illumina
protocols, and the mRNA libraries were then sequenced on
an Illumina HiSeq 2000 platform using a 101-bp paired-end
sequencing strategy. A reads per kilobase transcriptome per
million reads method was used to calculate expression levels
of genes (32). Differential expression analysis of two groups
was performed using the DESeq R package version 1.10.1 (33).
KOBAS version 2.0 software (http://kobas.cbi.pku.edu.cn)

was used to examine the statistical enrichment of differen-
tially expressed genes in Kyoto Encyclopaedia of Genes and
Genomes (KEGG) pathways.

Statistical analysis. A total of 3-6 independent experiments
were performed in the present study. Statistical analysis was
performed using SPSS version 19.0 software (IBM Corp.).
A one-way ANOVA followed by a Bonferroni's post hoc test
was used for multiple comparisons. P<0.05 was considered to
indicate a statistically significant difference.

Results

Generation of stable expression cell lines. To explore the
roles and mechanisms of human CAMP in OSCC cells, a
full-length CAMP and a LL-37 CDEL were used (Fig. 1A). To
generate stably expressing cell lines, either CDEL or CAMP
ORFs were cloned into the eukaryotic expression vector
pFlag-CMV4, and these vectors were then transfected into
HSC-3 cells after selecting for transfected cells using G418,
different monoclonal cells were obtained by gradient dilution.
Monoclonal cells which stably expressed either CDEL or
CAMP were screened by western blot analysis after expanding
the cultures (Fig. 1B and C).

The results of the immunofluorescence analysis revealed
thatthere was no significant fluorescence of pFlag-CM V4-trans-
fected cells (negative control), and notable green fluorescence
was observed in the pFlag-CDEL-transfected cells (Fig. 1D).
The results also illustrated that no significant fluores-
cence was observed in the pFlag-CMV4-transfected cells
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Figure 2. Either CDEL or CAMP overexpression inhibits HSC-3 cell proliferation. (A) Cells were plated on 10 cm plates at a density of 1x10° cells/well. After
12 days, the cell number was counted. (B) Representative images of crystal violet staining. (C) Viability of either CDEL or CAMP-transfected HSC-3 cells
measured using a CCK-8 assay. CCK-8 assays were performed at 0,24,48 and 72 h. Data are presented as the mean + standard error of the mean of 3-6 repeats.
“P<0.05 vs. control. CCK-8, Cell Counting Kit-8; CDEL, LL-37 C-terminal deletion mutant.

(negative control), whereas red fluorescence was observed in
the pFlag-CAMP-transfected cells (Fig. 1D). These results
indicated that HSC-3 cells with CDEL and CAMP stable
expression were successfully generated.

CDEL and CAMP stable expression in HSC-3 cells inhibits
colony formation and cell proliferation. The results of the
colony-formation assay revealed that the number of cell clones
of either CDEL or CAMP stably expressing HSC-3 cells was
significantly lower than that of HSC-3 cells stably transfected
with the empty vector (Fig. 2A and B). This result demon-
strated that either CDEL or CAMP stable expression in HSC-3
cells inhibited the colony formation ability compared with the
control.

The results of the CCK-8 assay showed that the viability of
either the CDEL or CAMP stably expressing HSC-3 cells was
lower than that of the empty vector-transfected HSC-3 cells
after 24,48 and 72 h, respectively (Fig. 2C). These results indi-
cated that the proliferation and viability of either the CDEL or
CAMP stably expressing HSC-3 cells were significantly lower
than that of the controls.

CDEL and CAMP stable expression in HSC-3 cells inhibits
cell migration and invasion. The results of the wound healing
assay revealed that the cell-free area of either the CDEL
or CAMP stably expressing HSC-3 cells was significantly
larger than that of the controls at 12, 24 and 36 h, respec-
tively (Fig. 3A). This result indicated that the migratory ability
of either the CDEL or CAMP stably expressing HSC-3 cells
was significantly lower than that of the controls.

The results of the Transwell invasion assay revealed that
the number of invaded CDEL or CAMP stably expressing
HSC-3 cells were significantly lower than those of the
controls (Fig. 3B). This result indicates that the invasive ability

of either the CDEL or CAMP stably expressing HSC-3 cells
is decreased significantly compared with that of the controls.

Either CDEL or CAMP overexpression triggers caspase-3
mediated apoptosis of HSC-3 cells. To explore the mechanisms
of either CDEL or CAMP in HSC-3 cells, western blot analysis
was performed. The results revealed that the expression levels
of cleaved caspase-3 and cleaved PARP were significantly
upregulated, whereas the expression levels of caspase-3 were
downregulated in both the CDEL- or CAMP-transfected
cells (Fig. 4A). Moreover, the expression levels of the apop-
tosis-promoting proteins, P53 and BAX, in either the CDEL- or
CAMP-transfected cells were significantly upregulated, whereas
the expression levels of the apoptosis-inhibiting proteins, Bcl-2
and Bcl-xL, in either the CDEL- or CAMP-transfected cells
were significantly downregulated (Fig. 4A). These results indi-
cated that CDEL or CAMP overexpression induced caspase-3
mediated apoptosis via the P53-Bcl-2/BAX signalling pathway
in OSCC HSC-3 cells. Taken together, these results suggested
that either CDEL or CAMP overexpression induces caspase-3
mediated apoptosis of HSC-3 cells and exerts a tumour-suppres-
sive effect on stably transfected HSC-3 cells.

The results demonstrated that the expression levels of the cell
cycle-related proteins, Cyclin Bl or PERK, were significantly
upregulated in the CAMP-, but not in the CDEL-transfected
cells (Fig. 4B), which suggested that the possible mechanisms
by which CDEL and CAMP overexpression in cells affected
the cell cycle was different. Moreover, the p-Akt/total Akt and
p-ERKs/total ERKs ratios were notably decreased in both the
CDEL- or CAMP-transfected cells (Fig. 4C).

Comparison of transcriptional profiles. To further explore
other possible molecular mechanisms of either CDEL or
CAMP in OSCC HSC-3 cells, the transcriptomes of three
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Figure 3. Both CDEL and CAMP overexpression inhibits the migration and invasion of HSC-3 cells. (A) Wound healing expressed as a function of time,
observed for up to 36 h. Quantitative analysis of the cell-free area at a different time. (B) Transwell assays were used to analyse the invasive ability of the HSC-3
cells. Representative images of stained cells are shown. Scale bar, 400 ym. Quantitative analysis of the invaded cells was counted. Data are presented as the
mean =+ standard error of the mean of 3-6 repeats. "P<0.05 vs. control. CDEL, LL-37 C-terminal deletion mutant.
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cleaved-caspase-3, caspase-3, cleaved-PARP, p53, BAX, Bcl-2 and Bcel-xL using western blot analysis. (B) Expression analysis of cell cycle-related proteins,
including Cyclin Bl and PERK using western blot analysis. (C) Expression analysis of phosphorylated and total Akt and ERK. The ratio of p-Akt/total Akt
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“P<0.01 vs. control. CDEL, LL-37 C-terminal deletion mutant; PARP, poly(ADP-ribose) polymerase; PERK, PKR-like ER kinase; p-, phospho.
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Figure 5. KEGG enrichment analysis of differentially expressed genes. (A) Comparison of pFlag-CDEL and pFlag-CM V4 stably transfected HSC-3 cells.
(B) Comparison of pFlag-CAMP and pFlag-CM V4 stably transfected HSC-3 cells. The top downregulated genes are illustrated in blue and top upregulated
genes are illustrated in red. CDEL, LL-37 C-terminal deletion mutant; NOD, nucleotide oligomerization domain.

stable cell lines were compared. The comparison of the
CDEL-transfected HSC-3 cells with the controls revealed that
the top upregulated genes were involved in the enrichment of
KEGG processes associated with IL-17 signalling pathway,
glycine, serine and threonine metabolism, nitrogen metabo-
lism, nucleotide oligomerization domain (NOD)-like receptor
signalling pathway and histidine metabolism; whereas the top
downregulated genes were involved in the calcium signalling
pathway, axon guidance circadian entrainment (Fig. 5A).
Similarly, the comparison of the CAMP-transfected HSC-3
cells with the controls revealed that top upregulated genes
were involved in the IL-17 signalling pathway, rheumatoid
arthritis and NOD-like receptor signalling pathway; whereas
the top downregulated genes were involved in axon guid-
ance, proteoglycans in cancer and mucin type O-glycan
biosynthesis (Fig. 5B). Each comparison indicated that the
top upregulated genes were involved in IL-17-dependent
and NOD-like receptor signalling pathways, which are
closely associated with the initiation and progression of
cancer (34,35).

Discussion

Previous studies have demonstrated the roles and mecha-
nisms of human CAMP/LL-37 involvement in various
types of cancer (6-9). A previous study also indicated that
human CAMP/LL-37 was expressed at low levels in OSCC,

where it may exert an inhibitory effect on development, and
DNA methylation may serve a role in OSCC by directly
downregulating CAMP gene promoter activity (24). Human
CAMP/LL-37 has multiple roles and mechanisms in various
cancer cells (6-21,36). Both tumorigenic and anti-cancer effects
induced by CAMP/LL-37 have been reported in various types
of cancer, and the combined effects of those involved mecha-
nisms determine the final effect (6,9). The possible mechanisms
of human CAMP/LL-37 in the different OSCC cells have also
been explored previously (22,23). However, the detailed roles
and underlying mechanisms of human CAMP/LL-37 in OSCC
cells remains unknown, to the best of our knowledge. The
present study provides an improved understanding of the roles
and mechanisms of human CAMP/LL-37 in OSCC.

The overexpression of either CDEL or CAMP in OSCC
HSC-3 cells reduced colony-formation, proliferation and
viability, as well as their migratory and invasive ability.
The results revealed that the overexpression of either CDEL
or CAMP also promoted the apoptosis of HSC-3 cells, and
induced caspase-3 mediated apoptosis via the P53-Bcl-2/BAX
signalling pathway, so as to exert an anticancer effect on
OSCC HSC-3 cells. It has been previously shown that human
CAMP/LL-37 and its analogues induce caspase-independent
apoptosis in colon cancer (18,19) and haematological malig-
nancies (20). The results of the present study also showed that
the overexpression of CDEL exerted a more potent inhibitory
effect on colony formation, migration and invasion ability
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compared with that of CAMP. Therefore, it seems that the
LL-37 fragment may exert an opposing effect to that of the
CDEL fragment. The anti-cancer effects of cathelicidin LL-37
in gastric cancer has been proposed to involve GO/G1 phase
cell cycle arrest (17). The cell cycle arrest in G2/M via p21
activation leads to the anti-proliferative effects of cathelicidin
LL-37 in colon cancer cells (19,37). The results of the present
study also demonstrated that the levels of cell cycle-related
proteins, cyclin Bl and PERK, were significantly upregulated
in the CAMP, but not in the CDEL-transfected cells. These
results suggested that the potential mechanism of anticancer
effects of CAMP but not CDEL on OSCC HSC-3 cells may be
attributed to cell cycle regulation. The Akt and ERK signal-
ling pathways are associated with proliferation, differentiation,
migration, invasion and apoptosis in cancer cells (38,39). The
decreased p-Akt/total Akt and p-ERKs/total ERKSs ratios
suggested that the Akt and ERK signalling pathway may be
involved in the tumour-suppressive function of either CDEL or
CAMP in HSC-3 cells (Fig. 4C). Conversely, the results also
suggested that the C-terminal of CAMP (LL-37) may exert
marked effects on OSCC cells, and HSC-3 cells stimulated by
artificially synthesized LL-37, thus, small peptides may assist
in examining the effects of LL-37 extracellular treatment and
its mechanism of action.

IL-17-dependent and NOD-like receptor signalling path-
ways have significant roles in inflammatory diseases and
cancer (34,35). Transcriptome analysis revealed differences
between CDEL or CAMP-transfected HSC-3 cells when
compared with the control. Upregulated genes involved in the
IL-17-dependent and NOD-like receptor signalling pathways
were observed for each comparison, whereas a number of
differentially expressed genes were also observed for each
comparison. However, the detailed molecular mechanism
remains to be further clarified.

In the present study, determination of the protein expres-
sion of pFlag-CDEL stably-transfected HSC-3 cells using a
Flag antibody was attempted; however, the results were not
satisfactory (data not shown). These results were possibly due
to the fact that Flag at the N-terminal of the protein was cut
off during the expression or preparation of cell-lysed protein
samples in HSC-3 cells. Therefore, various cathelicidin anti-
bodies were used to detect the expression of CDEL in HSC-3
cells and it was found that the expression of CDEL in HSC-3
cells could be effectively detected with an Abcam anti-cathe-
licidin antibody (the epitope is located at 50-100 of the CAMP
protein). However, it should be noted that the results of the
present study were only observed in OSCC HSC-3 cells and
the effects may differ in other cells, such as gingival cells.
In addition, the results of the present study are based upon
data obtained in vitro and examination using signal inhibitors
should also be performed in subsequent studies.

In conclusion, the present study successfully established
HSC-3 cell lines stably expressing either CDEL or CAMP, and
examined the roles and mechanisms of CDEL or CAMP in
these cells. To the best of our knowledge, the present study
is the first to show that CAMP/LL-37 may act as a tumour
suppressor in OSCC cells, and the underlying mechanism may
include the induction of caspase-3 dependent apoptosis via
the P53-Bcl-2/BAX signalling pathway. Further studies using
other OSCC cells and in vivo studies will undoubtedly deepen
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our understanding of its roles and mechanisms in the initiation
and progression of OSCC.
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