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Abstract. Oral tongue squamous cell carcinoma (OTSCC), 
the most common cancer in the oral cavity, is aggressive 
and its incidence is increasing globally. Human host defense 
cationic antimicrobial peptide-18/antimicrobial peptide 
leucine-leucine-37 (hCAP18/LL-37) plays a complex role in 
various types of cancers. In the present study, we character-
ized the effects of exogenous LL-37 on three OTSCC cell 
lines and determined the expression of hCAP18/LL-37 in oral 
dysplastic and OTSCC patient samples. Our data revealed that 
LL-37, especially in high doses, mostly reduced the prolifera-
tion of OTSCC cells, but the effect was fluctuating. However, 
LL-37 stimulated the migration and invasion of OTSCC 
cells. The high dose of LL-37 also increased the amount of 
total epidermal growth factor receptor (EGFR) probably 
due to stabilization of the receptor to the plasma membrane. 
However, activation of EGFR downstream pathways was 
mostly decreased. Our immunohistochemical analysis showed 
that the hCAP18/LL-37 expression was higher in normal/mild 
dysplasia than in moderate/severe dysplasia and OTSCC. The 
hCAP18/LL-37 expression did not correlate with clinico-
pathological features or outcome of OTSCC patients. Our data 

suggest that LL‑37 has a fluctuating effect on proliferation, 
migration and invasion of OTSCC cells, but it does not seem 
to play a role in the progression of OTSCC.

Introduction

Oral tongue squamous cell carcinoma (OTSCC) is the most 
common malignancy in the oral cavity and shows an aggres-
sive clinical behavior with high invasiveness and metastasis 
rates (1-3). The GLOBOCAN database 2018 estimated 354,864 
new cases of oral cancer (including lip cancer) globally (4). 
Despite constant improvements in strategies for detecting 
and treating cancers, the survival rates of OTSCC patients 
remain dismal (5) and globally lip and oral cancers caused 
approximately 177,384 deaths in 2018 (4). To improve patient 
diagnostics and treatment, prediction of cancer metastasis and 
understanding of the factors promoting or inhibiting cancer 
cell invasion are paramount.

Cathelicidins are a family of vertebrate host defence 
peptides, but in humans only human cationic antimicrobial 
protein 18 (hCAP18) has been identified (6‑10), which is proteo-
lytically processed to active leucine-leucine-37 (LL-37) (11,12). 
hCAP18/LL-37 is widely expressed in epithelial and immune 
cells, shows potent antimicrobial activities against various 
pathogens and has essential functions in inflammation and 
modulation of the immune system (6-10). In addition, human 
host defense cationic antimicrobial peptide-18/antimicrobial 
peptide LL-37 (hCAP18/LL-37) plays a complex role in 
carcinogenesis and its overexpression has been implicated 
in the progression of ovarian, breast, pancreas, prostate and 
lung cancers, as well as in malignant melanoma (13-18). On 
the other hand, it has been shown to suppress tumorigenesis in 
gastric, oral and haematological cancer (19-21). Based on these 
findings, the effect of LL‑37 on cancer seems to depend on the 
origin and type of the cancer (7).
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LL-37-induced effects on host cells are mediated via 
specific activation of various cell surface receptors, membrane 
channels or intracellular targets as well as through an 
interaction between the cell membrane (9,10). LL-37 has 
been linked to the activation of N-formyl peptide receptor 2 
(FPR2) (10,18,22-24), ERBB2 (25), purinergic receptor 
P2X7R (18) and transactivation of epidermal growth factor 
receptor (EGFR) (15,26,27). Although LL-37 has been linked 
to multiple receptors, this mechanism may not explain all 
of its complex functions in activating or inhibiting cellular 
responses.

The hCAP18/LL-37 is present in normal human 
oral mucosa and tongue at transcriptional and protein 
levels (28,29). Recently, hCAP18/LL-37 was found to be 
weakly expressed in poorly differentiated oral squamous 
cell carcinoma (OSCC) relative to normal oral mucosa. The 
low expression of hCAP18/LL-37 was also related to lymph 
node metastasis and tumor progression (21). Nonetheless, the 
role of hCAP18/LL-37 in OTSCC is still unclear. The present 
study aimed to determine the expression of hCAP18/LL-37 in 
OTSCC cell lines and tissues and in dysplastic samples of oral 
tongue. We also characterized the effects of exogenous LL-37 
on proliferation, migration and invasion of three OTSCC cell 
lines. Furthermore, we determined the activation of epidermal 
growth factor receptor (EGFR), the mitogen-activated protein 
(MAP) kinase cascade and the PI3K/Akt pathway following 
LL-7 treatment.

Materials and methods

Cell culture. The three human OTSCC cell lines HSC-3 
[Japanese Collection of Research Bioresources (JCRB) Cell 
Bank, Osaka, Japan, JCRB0623], SCC-25 (ATCC, Wesel, 
Germany, CRL-1628) and SAS (JCRB Cell Bank, JCRB0260) 
were all cultured in 1:1 Dulbecco's modified Eagle's Medium 
(DMEM)/Ham's Nutrient Mixture F-12 (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10% heat‑inactivated FBS 
(Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin, 
100 µg/ml streptomycin, 50 µg/ml ascorbic acid, 250 ng/ml 
amphotericin B and 0.4 ng/ml hydrocortisone (all from Sigma 
Aldrich; Merck KGaA). Human papillomavirus HPV16 immor-
talized human oral epithelial cells (IHGK) (30) were cultured 
in Keratinocyte‑SFM (Gibco; Thermo Fisher Scientific, Inc.) 
supplemented with 5 ng/ml human recombinant epidermal 
growth factor (EGF 1‑53) (Gibco; Thermo Fisher Scientific, 
Inc.), 50 µg/ml bovine pituitary extract (Gibco; Thermo Fisher 
Scientific, Inc.), 100 U/ml penicillin, 100 µg/ml streptomycin, 
250 ng/ml amphotericin B and 100 µM CaCl2 (all from 
Sigma Aldrich; Merck KGaA). All cells were maintained at 
37̊C with 5% CO2. Cells were regularly mycoplasma tested 
with EZ-PCR Mycoplasma test kit (Biological Industries, 
Beit-Haemek, Israel).

BrdU proliferation assay. The cells were seeded in normal 
culture media on 96-well culture plates at a density of 
5,000 cells/well in quintuplicate. After 24 h the compound 
100 ng/ml EGF (positive control) (ProSpec) or 0.5, 1.0, 5.0, 
10.0 or 50.0 µg/ml LL-37 (Isca Biochemicals) was added to 
the cells. The cell proliferation was determined using the 
Cell Proliferation ELISA BrdU (cat. no. 11647229001, Roche) 

according to the manufacturer's protocol after 24, 48 and 
72 h. Absorbance was measured at 450 nm using the Victor2 
Microplate Reader (Perkin Elmer Wallac). Media-only 
containing wells were measured as a blank control. The results 
represent the average of four separate experiments.

TUNEL cell death detection. The HSC-3 cells were seeded in 
normal media on an 8-well Lab-Tek® Chamber Slide™ System 
(Nalge Nunc International) at a density of 12,500 cells/well in 
duplicate. After 24 h the compound 100 ng/ml EGF (positive 
control) (ProSpec) or 50 µg/ml LL-37 (Isca Biochemicals) was 
added to the cells. After 48 h, DNA fragmentation was determined 
using the In situ Cell Death Detection Kit, Fluorescein (Roche) 
according to the manufacturer's protocol. Cells were mounted 
with VECTASHIELD Antifade Mounting Medium with DAPI 
(Vector Laboratories, Inc.), and images were captured using an 
EVOS Digital Inverted Microscope (AMG Life Technologies).

Transwell migration/invasion assays. Transwell migra-
tion and invasion assays were performed in 6.5-mm inserts 
with an 8-µm pore size (Corning, Inc.). For the invasion 
assays, the membranes were coated with 50 µl of MyoGel 
(2.4 mg/ml) (31,32) solidified with type I collagen from rat 
tail (0.8 mg/ml, Corning, Inc.). Cells (70,000 cells/well) were 
plated into the upper chamber in 200 µl of serum-free media 
(OTSCCs) or supplement‑free media (IHGK) with 0.5% 
lactalbumin (Sigma Aldrich; Merck KGaA) and the indicated 
amounts of EGF (positive control) or LL-37. As a chemoattrac-
tant, 500 µl of media supplemented with 10% FBS (OTSCCs) 
or supplements (IHGK) was used in the lower chamber. 
Experiment times varied between 24 h for migration assays 
and 2‑6 days for invasion assays. The cells were fixed in 4% 
neutral‑buffered formalin and stained with 1% toluidine blue 
in 1% borax solution. The dye excess was washed out and the 
non-invading cells were gently removed from the upper part 
of the membrane with a cotton swab. The stained cells were 
then eluted in 1% SDS solution and absorbance was measured 
at 650 nm using the Victor2 Microplate Reader (Perkin Elmer 
Wallac). Results represent the average of three independent 
experiments, performed in triplicate.

Immunoblotting. For analysis of the hCAP18/LL-37 amount, 
cells were cultured for 72 h in normal culture medium. For 
signal transduction analysis, cells were starved for 24 h and 
then stimulated with the indicated amounts of compounds for 
1 h. For EMT analysis, cells were cultured with compounds for 
48 h in normal culture medium. Cells were lysed with elution 
buffer [50 mM Tris-HCl pH 7.5, 10 mM CaCl2, 150 mM NaCl, 
0.05% (v/v) Brij-35 (Sigma Aldrich; Merck KGaA)] including 
Complete EDTA-free protease inhibitor cocktail (Roche). For 
signal transduction analysis, also a PhosSTOP™ phosphatase 
inhibitor (Roche) was added. The cell debris was removed by 
centrifugation and protein concentrations were measured with 
a DC Protein assay (Bio-Rad). For analysis of hCAP18/LL-37, 
50 µg of soluble protein, and for signal transduction and 
EMT analysis 30 µg of soluble protein were separated under 
reducing conditions on a 15 and 10% SDS‑PAGE gel, respec-
tively. The proteins were transferred to an Immobilon-P 
membrane (Millipore), which was blocked with 5% milk 
powder (Bio-Rad) or for the phosphorylated antibodies with 
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5% BSA (Roche) in Tris‑buffered saline and 0.1% Tween 20. 
Membranes were incubated overnight with hCAP18/LL-37 
(dilution 1:500, HM2070, Hycult Biotech), EGF receptor 
(dilution 1:1,000, 4267), phospho-EGF receptor (dilution 
1:1,000, Tyr1068, 3777), p44/42 MAPK (dilution 1:1,000, 
Erk1/2, 9102), phospho-p44/42 MAPK (dilution 1:2,000, 
Erk1/2, Thr202/Tyr204, 9106), Akt (dilution 1:1,000, 9272), 
phospho-Akt (dilution 1:1,000, Ser473, 9271) antibodies (all 
from Cell Signaling Technology, Inc.), E-cadherin antibody 
(dilution 1:1,000, 4065, Cell Signaling Technology), mouse 
anti-vimentin (dilution 1:750, M0725, Dako) or anti-β-actin 
(dilution 1:2,000, ab8226, Abcam), followed by a biotinylated 
anti-rabbit IgG (dilution 1:5,000, cat. no. E035301-2; Dako) or 
anti-mouse IgG (dilution 1:5,000; cat. no. E035401-2; Dako) and 
Vectastain ABC kit (Vector Laboratories). Immunocomplexes 
were visualized using a Pierce ECL Western blotting substrate 
(Thermo Fisher Scientific, Inc.) and the Luminescent image 
analyser LAS‑3000 (Fujifilm). Quantification of protein levels 
was performed with Fiji software 1.51w (33) and β-actin was 
used to normalize the results. The results represent the average 
of two to four independent experiments in triplicate, separated 
two to three times on SDS-PAGE gels.

Immunofluorescence staining. The HSC-3 cells were seeded 
in normal media on an 8-well Lab-Tek® Chamber Slide™ 
System (Nunc) at a density of 12,500 cells/well in duplicate. 
After a 24 h culture, cells were starved for 24 h and then 
stimulated with 100 ng/ml EGF (positive control) (ProSpec) 
and 50 µg/ml LL-37 (Isca Biochemicals) in serum-free media 
for 1 h. Cells were washed two times with PBS and fixed with 
4% neutral‑buffered formalin for 30 min and washed three 
times with PBS. After permeabilization in 0.1% TritonX‑100 
in PBS, the samples were blocked in 1% BSA, PBS‑0.1% 
Tween 20 (PBS-T) for 1 h at room temperature (RT). The cells 
were incubated with EGF receptor antibody (dilution 1:50; 
cat. no. 4267; Cell Signaling Technology, Inc.) overnight at 
4̊C, followed by incubation with Alexa Fluor 594 anti‑rabbit 
secondary antibody (Invitrogen; Thermo Fisher Scientific, 
Inc.) in 1% BSA/PBS‑T in a humidified chamber for 1 h at RT. 
Cell nuclei were stained with DAPI (Thermo Fisher Scientific, 
Inc.), followed by rinsing three times with PBS. Cells were 
embedded with Immu-Mount (Thermo Fisher Scientific, 
Inc.) and examined using a Zeiss LSM 510 Meta confocal 
microscope with LSM software (Zeiss).

Zymography. Approximately 400,000 cells/well on a 6-well 
plate were treated with the indicated amounts of compounds 
in OptiMEM (Gibco; Thermo Fisher Scientific, Inc.) for 24 h. 
Seventy‑five microliters of conditioned medium was concen-
trated with a speed-vac device and samples were analyzed with 
gelatin zymography in 10% SDS‑PAGE, casted in the presence 
of 1 mg/ml fluorescently labelled gelatin [2-methoxy-2,4- 
diphenyl-3-(2H) furanone (Fluka)]. After electrophoresis, SDS 
was removed by 2.5% Triton X‑100 to renature the gelatinases, 
and gels were incubated in 50 mM Tris-HCl buffer, pH 7.8, 
150 mM NaCl, 5 mM CaCl2, 1 µM ZnCl2 overnight at 37̊C. 
The degradation of fluorescent gelatin was visualized using 
Molecular imager ChemiDoc XRS+ (Bio-Rad) (34). The 
intensities of bands were quantified with Fiji software (33). 
The results represent the average of two separate sample sets 

in triplicate, each analyzed three times. The band intensities 
were normalized to the cellular soluble protein concentration.

Patients and sample collection. This retrospective study 
was approved by the Ethics Committee of the Northern 
Ostrobothnia Hospital Dist r ict,  Finland (49/2010, 
56/2010, 46/2013) and the Finnish National Supervisory 
Authority for Welfare and Health (6865/05.01.00.06/2010, 
7449/06.01.03.01/2013). OTSCC tissue specimens were 
obtained from 75 patients diagnosed and treated at the 
Oulu University Hospital, Finland, between 1990 and 2016. 
Clinical and pathological information were collected from 
a retrospective review of patient medical records, and tumor 
histological grade was defined in accordance with the World 
Health Organization classification (Table I). Samples of 
normal tongue tissue and tongue dysplasia were obtained 
from 26 patients diagnosed and treated at the Oulu University 
Hospital, Finland, and were histopathologically graded as 
normal/mild (n=9) or moderate/severe (n=16) (Table II).

Immunohistochemistry. Patient samples were fixed with 10% 
neutral buffered formalin, embedded in paraffin, and serially 
sectioned at 4 µm. Immunohistochemistry for hCAP18/LL-37 
was performed using REAL EnVision detection system, 
peroxidase/DAB+, Rabbit/Mouse kit from Dako as described 
elsewhere (35). Briefly, the sections were deparaffinized in 
xylene and rehydrated with graded ethanol solutions. Following 
peroxidase blocking with peroxidase blocking solution (Dako) 
for 10 min, the sections were incubated with primary, mono-
clonal antibody to human LL-37/hCAP18 clone 3D11 (dilution 
1:300; cat. no. HM2070; Hycult Biotech) for 30 min at RT, 
followed by incubation with streptavidin-biotinylated horse-
radish peroxidase (StreptABComplex/HRP; cat. no. K5007; 
Dako) for 30 min. The reactions were developed with diamino-
benzydine (DAB), and the sections were then counterstained 
with Mayer's haematoxylin (Reagena). An isotype‑specific 
immunoglobulin mouse IgG1 (dilution 1:300; cat. no. X0931; 
Dako) was used as a negative control. LL-37/hCAP18 
antibody-stained immune cells in tumor stroma were assessed 
similarly as shown previously (14). This was considered as a 
positive control of LL-37/hCAP18 staining.

Semi‑quantitative assessment. All samples were examined by 
three independent observers (MR, MV and PCR) blinded to the 
patient clinical information. Discrepancies in the scoring were 
settled by an experienced oral pathologist (TS). In OTSCC, 
immunopositivity for hCAP18/LL-37 was evaluated according 
to overall staining intensity and area (percentage of positively 
stained tissues) from the whole sample with x10 magnification 
and the most representative fields were selected and cells counted 
using x20 magnification. The existence of yellow/brown-stained 
cells was defined as expression of hCAP18/LL-37. If the staining 
intensity was heterogeneous, then scoring was based on the 
greatest degree of intensity. An immunoreactive score (IRS) was 
used for the hCAP18/LL-37 scoring. The IRS was obtained by 
multiplying the intensity score (0, no staining; 1, weak staining; 
2, moderate staining; 3, strong staining) by the area score 
(1, ≤25%; 2, >25 to ≤50% and 3, >50% of cancer cells), yielding 
an IRS range from 0 to 9. An IRS score ≤1 was considered as 
negative hCAP18/LL‑37 expression, while ≥2 was classified 
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as positive hCAP18/LL-37 immunoexpression. For statistical 
analysis, the OTSCC patients were classified into two groups, 

‘low expression’ included those with negative or weak expres-
sion (IRS score ≤1) and ‘high expression’ included those with 
moderate or strong expression (IRS score ≥2). The outcomes 
were categorized as overall survival: Time from treatment 
initiation until death or last known date alive; disease‑specific 
survival: Time from treatment initiation until death due to cancer 
or last known date alive and disease-free survival: Time from 
treatment initiation until diagnosis of the first recurrence (local, 
regional or distant) or last follow-up information for those without 
recurrence. Normal and dysplastic samples were evaluated by 
intensity of staining on epithelial layers (0, no staining; 1, weak 
staining; 2, moderate staining; 3, strong staining). A score ≤1 
was considered as negative hCAP18/LL-37 expression, while 
≥2 was classified as positive for hCAP18/LL-37. For statistical 
analysis, samples were grouped as ‘normal tongue tissue or mild 
dysplasia’ and ‘moderate or severe dysplasia’. By creating these 
two broad groups, we aimed to reduce the subjectivity inherent 
to grading dysplasia.

Statistical analysis. Calculations were performed with IBM 
SPSS Statistics 26 (IBM Corp.). In all in vitro cell experi-
ments, P-values were calculated with the independent-samples 
Kruskal-Wallis test and significance was adjusted by the 
Bonferroni correction for multiple tests. In in vitro experiments 
the results are presented as average ± standard deviation (SD). 
For finding correlations between the hCAP18/LL-37 staining 
in immunohistochemistry samples and patient clinicopatho-
logical parameters, the Spearman's rank correlation coefficient 
was used. Furthermore, a Kaplan-Meier test was used to 
construct the survival curves. To determine the significance of 
expression of hCAP18/LL-37 in OTSCC and normal/tongue 
dysplasia tissues, the Kruskal-Wallis test with Dunn's post hoc 
test was used. P-value <0.05 was considered indicative of a 
statistically significant result.

Table I. Clinicopathological features of the patients with 
OTSCC (N=75).

Characteristics Data n (%)

Sex  
  Male 44 (59)
  Female 31 (41)
Age at diagnosis (years) 
  ≤65 34 (45)
  >65 41 (55)
  Range 26-88
  Mean 65
Follow-up 
  Time Months
  Range 2-251
  Mean 40
Cause of death 
  Alive 41 (55)
  Cancer 19 (25)
  Other 12 (15)
  No information 4 (5) 
Clinical stage 
  I-II 39 (52)
  III-IV 36 (48)
Histopathological grade 
  1 14 (19)
  2 41 (55)
  3 16 (21)
  No information 4 (5)
Lymph node status  
  pN0 37 (49)
  pN+  25 (33)
  No information 13 (55)
Neck dissection 
  Yes 55 (73)
  No 19 (25)
  No information 1 (1)
Adjuvant treatment 
   No 37 (49)
  Radiotherapy 25 (33)
  Radio + chemotherapy 12 (16)
Recurrence 
  Yes 21 (28)
  No 50 (67)
  No information 4 (5) 
hCAP18/LL-37 immunostaining  
  Negative 40 (53)
  Positive 35 (47)

OTSCC, oral tongue squamous cell carcinoma.

Table II. Clinicopathological features of the patients with 
dysplasia (N=26).

Characteristics Data n (%)

Sex 
  Male 14 (54)
  Female 12 (46) 
Age (years) 
  ≤60 11 (42)
  >60 15 (52)
  Range 27-92
  Mean 60
hCAP18/LL-37 immunostaining 
  Normal/mild dysplasia 
    Negative 1 (11)
    Positive 8 (89)
  Moderate/severe dysplasia 
    Negative 9 (53)
    Positive 8 (47)

hCAP18, human cationic antimicrobial protein 18.
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Results

Human cationic antimicrobial protein‑18 (hCAP18) is 
expressed in OTSCC cells and exogenous LL‑37 has a fluc‑
tuating effect on the cells. The human cationic antimicrobial 
protein-18/antimicrobial peptide LL-37 (hCAP18/LL-37) has 
been found in varying degrees at the mRNA and protein levels 
in several cancer cell lines (14-16). We first evaluated the 
hCAP18/LL-37 expression in human OTSCC cell lines HSC-3, 
SCC-25 and SAS, and in dysplastic papillomavirus HPV16 
immortalized human oral epithelial (IHGK) cells by immu-
noblotting (Fig. 1). Our analysis revealed that only hCAP18 
(19 kDa) was present in all cells, while the LL-37 peptide 
(5 kDa) was absent (Fig. 1A). The immunoblot results showed 
that the OTSCC cell line SAS contained the highest amount 
of hCAP18 among the cell lines tested (Fig. 1A and B). Our 
analysis disclosed that OTSCC cells express hCAP18, which 
may be further cleaved to LL-37 in the extracellular space.

LL-37 has been shown to affect cell proliferation of 
several cancer cell lines (13-16,23,36-43). Thus, we assessed 
the effect of the recombinant LL-37 on proliferation of 
HSC-3, SCC-25, SAS and IHGK cell lines (Fig. 2). Cells were 
treated with increasing doses of synthetic LL-37 peptide in 
the presence of serum since the effects of the peptide appear 
to be dependent on serum (14,43). Epidermal growth factor 
(EGF) was used as a positive control (44). After 24 and 48 h, 
the highest dose (50 µg/ml) of LL-37 reduced the prolif-
eration of OTSCC and dysplastic IHGK cell lines compared 
with the corresponding untreated controls (Fig. 2A and B). 
Doses of 0.5-10 µg/ml had reducing effects on SCC-25 cells 
at 24 h and on SAS and IHKG cells at 48 h, otherwise these 
doses had no marked impact on proliferation. The addition 
of 100 ng/ml EGF, however, reduced the proliferation of all 
cell lines at 24 and 48 h. Interestingly, after 72 h the effects 
of LL-37 and EGF were somewhat reversed. Especially in 
SAS cells the longer incubation time with all doses of LL-37 
induced cell proliferation and in HSC-3 cells with a dose 
of 50 µg/ml. Also at this time point, no marked effect was 
observed on the other cell lines.

To further assess possible apoptotic cell death effects of 
LL-37 and to validate the BrdU proliferation assay results, 
we performed a TUNEL assay for HSC-3 control, 100 ng/ml 
EGF and 50 µg/ml LL-37-treated cells (Fig. S1). After 48 h a 
notable amount of stained cells with DNA fragmentation was 
noted only in the LL-37-treated cells, indicating that reduction 
in proliferation was probably caused by apoptosis. Our data 
suggest that LL-37, especially at high doses, mostly reduces 
proliferation of OTSCC cells, but its effects may fluctuate 
depending on incubation time and cell line.

LL‑37 stimulates the migration and invasion of OTSCC cell 
lines. It has been reported that LL-37 promotes migration 
and invasion of several cancer cell lines (14,16,36-38,43). We 
assayed the effect of LL-37 on OTSCC cell line migration 
using Transwell inserts (Fig. 3A). To elucidate the effects on 
invasion, we used Transwells coated with Myogel (31) and 
type I collagen mixture (Fig. 3B). The OTSCC cell lines tested 
display different aggressiveness and invasive ability (45-49). 
Because dysplastic IHGK cells did not invade, their migration 
was only assayed (Fig. 3A). All of the cancer cell lines showed 
a slightly increased migration and invasion when treated with 
0.5 µg/ml LL-37 (Fig. 3A and B). For IHGK cells, the addition 
of 0.5 µg/ml LL-37 only marginally increased their migration. 
In SAS cells, 50 µg/ml LL-37 clearly increased the invasion 
but not migration, whereas in the other cell lines this dose 
led to decreased invasion or migration compared with the 
controls. The treatment with our positive control 100 ng/ml 
EGF increased the migration and invasion of all three OTSCC 
cell lines compared with the control. On the other hand, 
the migration of IHGK cells decreased with the addition of 
100 ng/ml EGF. Our data suggest that LL-37 induces migra-
tion and invasion of OTSCC cells, but the effect depends on 
the cell line.

LL‑37 affects the amount of EGFR on the plasma membrane. 
In normal epithelial and lung cancer cells, LL-37 appears 
to mediate its actions on cell proliferation and migra-
tion mostly via EGFR by the activation of downstream 

Figure 1. Endogenous protein level of LL-37/hCAP18 in OTSCC cell lines and IHGK cells. HSC-3, SCC-25, SAS and IHGK cell lysates (50 µg protein) were 
separated on SDS-PAGE gels. The amount of hCAP18/LL-37 was analysed with (A) immunoblotting and (B) β-actin was used as a control to normalize the 
quantities. A shows a representative immunoblot. The quantification of protein levels was conducted from four independent experiments with Fiji software. 
OTSCC, oral tongue squamous cell carcinoma; hCAP18/LL-37, human host defense cationic antimicrobial peptide-18/antimicrobial peptide leucine-leucine-37.
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pathways (15,26,27,43,50). Since EGFR appears to have a 
prognostic value in oral cancer (51) and results demonstrate 
that LL-37 treatment affects cell proliferation, migration 
and invasion, we tested phosphorylation of EGFR, extracel-
lular signal-regulated protein kinases 1 and 2 (Erk1/2) and 
the serine/threonine kinase Akt by immunoblotting (Fig. 4). 

Phosphorylated EGFR was only detected in the HSC-3 and 
SCC-25 cells, not in the SAS or IHGK cells. Phosphorylation 
of EGFR in HSC-3 cells increased only when our positive 
control 100 ng/ml EGF was added, but in SCC-25 cells it 
also slightly increased with the addition of 50 µg/ml LL-37. 
The most evident finding was that the amount of total EGFR 

Figure 2. Proliferation of EGF- or LL-37-treated OTSCC cell lines and IHGK cells. HSC-3, SCC-25, SAS and IHGK cells were treated with the indicated 
doses of EGF or LL-37 peptide. Proliferation was measured after (A) 24, (B) 48 and (C) 72 h using Cell Proliferation ELISA BrdU. The values represent 
the average ± SD of four separate experiments. P‑values were calculated with the independent‑samples Kruskal‑Wallis test and significance was adjusted by 
the Bonferroni correction for multiple tests. *P<0.05, **P<0.01, ***P<0.001 compared with the control. EGF, epidermal growth factor; OTSCC, oral tongue 
squamous cell carcinoma; LL-37, antimicrobial peptide leucine-leucine-37.
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markedly increased in all cell lines when cells were stimulated 
with 50 µg/ml LL-37. To further study the localization of EGFR 
in HSC-3 cells, we used immunocytochemistry (Fig. S2). Our 
staining showed that in starved control cells EGFR localized 
both to the plasma membrane and to the cytosol close to the 
nucleus. In EGF-stimulated cells, the brightest staining was 
observed as droplets close to the nucleus. In LL-37-treated 
cells, the strong EGFR staining lined the plasma membrane of 
HSC-3 cells. These data suggest that a high concentration of 
LL-37 affects the stability of the EGFR protein rather than its 
expression and phosphorylation.

An increased phosphorylation of Erk1/2 compared with 
the starved control was observed in all cancer cell lines when 
positive control 100 ng/ml EGF was added, but not in dysplastic 
IHGK cells (Fig. 4). The addition of 0.5 µg/ml LL-37 led to a 
marked increase in the phosphorylation of Erk1/2 in SCC-25 
cells, but in the other cell lines it had a slightly decreasing 
effect or no effect at all. Addition of 50 µg/ml LL-37 decreased 
the phosphorylation of Erk1/2 in all cell lines, and it was statis-
tically significant in SAS cells. No significant changes were 
seen in the total amount of Erk1/2 with any of the treatments. 
The phosphorylation of Akt increased with positive control 

100 ng/ml EGF only in HSC-3 and SAS cells. In HSC-3 and 
SCC-25 cells, there was a dose-dependent decrease in Akt 
phosphorylation with LL-37 stimulation. Interestingly, in SAS 
and IHKG cells the addition of 50 µg/ml LL-37 increased the 
Akt phosphorylation, even though 0.5 µg/ml LL-37 slightly 
reduced the Akt phosphorylation. For the total protein amount 
of Akt, the treatments seemed not to have a significant effect. 
Our data suggest that OTSCC and IHKG cell lines respond 
differently to the EGF and LL-37 treatments with regard to the 
downstream pathways.

LL‑37 induces secretion of matrix metalloproteinase 
(MMP)2 and MMP9. LL-37 has been shown to affect epithe-
lial-to-mesenchymal transition (EMT) (18,52) and to induce 
the amount of matrix metalloproteinases (MMPs) (14,17,53). 
Our invasion assay results suggest that LL-37 also induces 
EMT or activates expression of MMPs in our cell lines. We 
therefore analyzed common epithelial marker E-cadherin and 
mesenchymal marker vimentin by immunoblotting and used 
zymography to evaluate the amounts of pro- and active forms 
of MMP2 and MMP9. Additionally, EGF is known to induce 
EMT and also MMP expression in cancer cell lines (54). 
LL-37 treatments only slightly reduced or induced the amount 
of E-cadherin in the different cell lines (Fig. S3A-H). EGF 
reduced E‑cadherin levels in all cell lines, significantly in 
SCC-25 cells (Fig. S3C and D). Treatment with 0.5 µg/ml 
LL-37 reduced or had no effect on the level of vimentin, while 
50 µg/ml LL-37 induced vimentin in HSC-3 and SCC-25 cells. 
EGF markedly induced vimentin level only in SCC-25 cells 
(Fig. S3C and D), while in other cell lines it somewhat reduced 
the vimentin level.

On zymogram gels, we found bands corresponding to 
pro-MMP9 and pro- and active MMP2 in the HSC-3 and 
SCC-25 cells (Fig. S4A and C), but in SAS and IHGK cells 
(Fig. S4E and G) only pro-forms of MMP2 and MMP9 were 
detected. Quantification of the bands showed that 50 µg/ml 
LL-37 increased the amount of these MMPs in the HSC-3, 
SAS and IHGK cells (Fig. S4B, F and H), but in SCC-25 cells it 
slightly decreased the MMPs (Fig. S4D). In addition, 0.5 µg/ml 
LL-37 mostly induced the amount of MMPs. Furthermore, 
100 ng/ml EGF increased the amount of pro-MMP9 in the 
HSC-3, SAS and IHGK cells. For pro-MMP2, EGF had a 
slightly reducing effect or no effect in all cell lines. However, 
the level of active MMP2 slightly increased in the HSC-3 and 
SCC-25 cells. Our results suggest that LL-37 may induce the 
amount of MMP2 and MMP 9, however, LL-37 did not induce 
marked EMT in the tested cell lines.

hCAP18/LL‑37 is expressed in OTSCC tissues and tongue 
dysplasia but is not associated with clinicopathological 
characteristics and/or outcome of the patients. The tissue 
expression of hCAP18/LL-37 has been analyzed in several 
cancer types (13-19,21,40,41). Our immunohistochemistry 
results showed positive immunostaining for hCAP18/LL-37 
in 35/75 OTSCC samples (47%) (Table I). In positive samples, 
both peripheral and central cells of neoplastic islands were 
stained (Fig. 5A). In oral tongue samples, 8/9 normal/mild 
(89%) and 8/17 moderate/severe oral dysplasia (47%) showed 
positivity for hCAP18/LL-37 (Table II), and positive staining 
was detected within the epithelial layers of tissue (Fig. 5B). 

Figure 3. Transwell migration and invasion of EGF- or LL-37-treated 
OTSCC cell lines and migration of IHGK cells. (A) HSC-3, SCC-25, SAS and 
IHGK cell migration in Transwell inserts and (B) OTSCC cell line invasion 
in Myogel-coated Transwells after treatment with the indicated doses of EGF 
or LL-37 peptide. The migrated/invaded cells were stained with Toluidine 
Blue, the stain was dissolved in 1% SDS solution and the absorbance at 
650 nm was measured. The values represent the average ± SD of three sepa-
rate experiments. P-values were calculated with the independent-samples 
Kruskal‑Wallis test and significance was adjusted by the Bonferroni correc-
tion for multiple tests. *P<0.05, **P<0.01, ***P<0.001 compared with the 
control. EGF, epidermal growth factor; OTSCC, oral tongue squamous cell 
carcinoma; LL-37, antimicrobial peptide leucine-leucine-37.
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The inter-observer k-value, representing the degree of 
agreement among readers, was 0.88 for OTSCC samples 
and 0.95 for normal and tongue dysplasia samples. The 
hCAP18/LL-37 levels were higher in normal/mild dysplasia 
samples than in OTSCC samples (P<0.05). In addition, 
the hCAP18/LL-37 expression was higher in normal/mild 
dysplasia than in moderate/severe dysplasia, albeit not signif-
icantly (P=0.059, Fig. 5C). However, no differences between 
OTSCC and moderate/severe dysplasia were observed 
(P>0.05). To determine the correlation between levels of 
hCAP18/LL-37 and various clinicopathological features, 
patients of the OTSCC cohort were divided into low and high 
expression subgroups. As shown in Table III, the expression 
of hCAP18/LL-37 in OTSCC tissues was not correlated with 
the clinicopathological characteristics of the cancer patients. 
We next investigated the association between expression of 
hCAP18/LL-37 and clinical prognosis of OTSCC patients. 

hCAP18/LL-37 survival analyses based on univariate 
log‑rank test revealed no significant association with overall 
survival (Fig. S5A), disease‑specific survival (Fig. S5B) or 
disease-free survival (Fig. S5C). Taken together, our results 
suggest that hCAP18/LL-37 shows a lower expression in 
OTSCC tissues than in normal/mild dysplasia samples, but 
its amount is not correlated with clinicopathological features 
and/or outcome of patients with OTSCC.

Discussion

Human host defense cationic antimicrobial peptide-18/anti-
microbial peptide LL-37 (hCAP18/LL-37) has been detected 
in healthy human tongue (28) and oral squamous cell carci-
noma (OSCC) (21), but its role remains unclear. Recently 
a study reported that low expression of hCAP18/LL-37 
in poorly differentiated OSCC was related to lymph node 

Figure 4. Immunoblot analysis of EGFR, Erk1/2 and Akt activation in EGF- or LL-37-treated OTSCC cell lines and IHGK cells. Cells were starved for 24 h and 
stimulated with the indicated doses of EGF or LL-37 for 1 h. Starved non-stimulated cells were used as a control. Cell homogenates (30 µg of soluble protein) 
were separated on SDS-PAGE gels. The amounts of EGFR, Erk1/2 and Akt and their phosphorylated forms were analyzed with immunoblots in (A) HSC-3 
and (C) SCC-25 cells. In A and C, representative immunoblots are shown. The average ratio between the optical density of phosphorylated protein/total 
protein was calculated. β-actin was used as a control to normalize the quantities of proteins in (B) HSC-3 and (D) SCC-25 cells using Fiji software. The results 
represent average ± SD of two independent experiments, separated three times on SDS-PAGE gels. P-values were calculated with the independent-samples 
Kruskal‑Wallis test and significance was adjusted by the Bonferroni correction for multiple tests. *P<0.05, compared with the control.
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metastasis and tumor progression promotion (21). Therefore, 
we analyzed the effect of recombinant LL-37 on one oral 
dysplastic and three oral tongue squamous cell carcinoma 
(OTSCC) cell lines and determined the expression of 
hCAP18/LL-37 in normal/dysplastic and OTSCC patient 
samples. Our data suggest that LL‑37 has a fluctuating effect 
on proliferation and invasion of OTSCC cell lines, and the 
hCAP18/LL-37 levels are higher in normal/mild dysplastic 
samples of oral tongue when compared with levels in 
OTSCC samples.

All three OTSCC cell lines as well as the dysplastic 
IHGK cell line expressed hCAP18, the precursor form of 

LL-37. Similarly, only the precursor has been detected in 
ovarian cancer cell lines (14); however, in HaCaT cells LL-37 
was found also in the cell lysate (55). We also analyzed 
hCAP18/LL-37 from conditioned medium of one OTSCC 
cell line (data not shown), but we did not detect LL-37 nor 
hCAP18, which was also the case with HaCaT cells (55). In 
general, hCAP18 is considered to be cleaved extracellularly to 
LL-37 by proteinases (11,12). In our case, however, it appeared 
that hCAP18/LL-37 were secreted in low levels or degraded 
rapidly after secretion, since they were not present in the 
conditioned medium of the OTSCC cell lines. The OTSCC 
cell lines seemed to produce different amounts of hCAP18, 

Figure 4. Continued. Immunoblot analysis of EGFR, Erk1/2 and Akt activation in EGF- or LL-37-treated OTSCC cell lines and IHGK cells. Cells were starved 
for 24 h and stimulated with the indicated doses of EGF or LL-37 for 1 h. Starved non-stimulated cells were used as a control. Cell homogenates (30 µg of 
soluble protein) were separated on SDS-PAGE gels. The amounts of EGFR, Erk1/2 and Akt and their phosphorylated forms were analyzed with immunoblots in 
(E) SAS and (G) IHGK cells. In E and G, representative immunoblots are shown. The average ratio between the optical density of phosphorylated protein/total 
protein was calculated. β-actin was used as a control to normalize the quantities of proteins in (F) SAS and (H) IHGK cells using Fiji software. The results 
represent average ± SD of two independent experiments, separated three times on SDS-PAGE gels. P-values were calculated with the independent-samples 
Kruskal‑Wallis test and significance was adjusted by the Bonferroni correction for multiple tests. *P<0.05, compared with the control. EGF, epidermal growth 
factor; EGFR, epidermal growth factor receptor; OTSCC, oral tongue squamous cell carcinoma; LL-37, antimicrobial peptide leucine-leucine-37.
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while the SAS cell line had the highest endogenous protein 
amount of the three cancer cell lines tested. Lung cancer and 
malignant melanoma cell lines were also found to express 
varying amounts of hCAP18 (15,16).

Our analysis revealed that a high dose (50 µg/ml) of 
recombinant LL-37 had a suppressive effect on the prolifera-
tion of OTSCC and dysplastic cell lines at early time points, 
which also leads to induced DNA fragmentation. Lower doses 

(0.5-10 µg/ml) reduced the proliferation or had no consider-
able effects. In many cases, similar concentrations of LL-37 
were previously found to induce the proliferation of cancer 
cells (14-16,36-38,41,43). Nevertheless, in previous experiments 
higher concentrations of recombinant LL‑37 (>5‑50 µg/ml) 
seemed to decrease cell proliferation (15,36-41,43) and even 
induce necrotic cell death (43) or caspase-independent apop-
tosis (40,56). Furthermore, a truncated (27-mer) peptide of 

Figure 5. Expression of hCAP18/LL-37 in OTSCC and tongue dysplasia tissues. The expression of hCAP18/LL-37 was examined by immunohistochem-
istry. Representative images of hCAP18/LL‑37 expression in (A) OTSCC and (B) dysplastic tongue tissue samples. Magnification x200; scale bar; 100 µm. 
(C) hCAP18/LL‑37 expression was significant lower in OTSCC than in mild dysplasia (P<0.05). Additionally, expression of hCAP18/LL‑37 was lower in 
moderate/severe dysplasia than in normal/mild dysplasia, but did not reach a significant level (P=0.059). Significant differences between groups was assessed 
by the Kruskal-Wallis test with Dunn's post hoc test. *P≤0.05, compared with mild dysplasia. OTSCC, oral tongue squamous cell carcinoma; hCAP18/LL‑37, 
human host defense cationic antimicrobial peptide-18/antimicrobial peptide leucine-leucine-37.
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hCAP18 was found to induce caspase-independent apop-
tosis of the highly invasive clone of SAS (42). In addition, a 
shortened fragment of LL-37, KI-21-3 caused considerable 
anti-proliferative and caspase-3-dependent apoptotic proper-
ties on SCC-4 cells (57). Interestingly, OTSCC cell lines 
responded somewhat differently to the LL-37 treatments 
after longer incubation. Especially with the SAS cell line, 
which had the highest cellular hCAP18 amount, the LL-37 
peptide first markedly reduced proliferation, but then the 
effect was reversed and proliferation significantly increased. 
Regarding colon cancer cell lines, LL-37 was suggested to 
have different cytotoxicity towards p53 wild-type cells than 
towards p53‑mutant cells (40). This finding could also partly 
explain our result since HSC-3 and SCC-25 have been reported 
to carry p53 mutations (58,59), while the SAS cell line has 
wild-type p53 (60,61). However, our results suggest that LL-37 
has a fluctuating reducing effect on proliferation of OTSCC 
cell lines.

Although LL-37 decreased cell proliferation of OTSCC 
cells, our experiments indicate that the peptide could induce cell 
migration and invasion. The cell lines tested are considered to 
exhibit varying ability to migrate and invade, HSC-3 and SAS 
being more aggressive than SCC-25 (45-49). As expected, the 
migration and invasion ability of aggressive OTSCC cell lines 
was significantly induced by our positive control EGF (62). In 
addition, all cell lines showed slightly increased migration and 
invasion with a low dose of LL-37, and the effect on invasion 
was pronounced with a high dose in SAS cells, which also 
have a high endogenous amount of hCAP18. Our results are 
concordant with earlier results showing that LL-37 promotes 
cancer cell motility (14,16,18,25,36-38,43). Nevertheless, the 
OTSCC cell lines had a fluctuating response to the LL‑37 
peptide and the effect seemed not to fully correlate with the 
aggressiveness of the cell line.

LL-37 has been shown to t ransactivate EGFR 
in various epithelial cells and also in lung cancer 
cells (15,26,27,43,50) in a process that involves stimulation of 
a membrane-anchored metalloproteinase, thereby releasing 
EGFR ligands (26,27,50). In our experiments, we did not 
find EGFR phosphorylation with all of our epithelial origin 
cell lines even with positive control EGF. Surprisingly, in all 

cell lines the high dose of LL-37 increased the amount of 
total EGFR. Further analysis revealed that this increase was 
probably due to stabilization of the receptor to the plasma 
membrane. Others have reported that the total EGFR amount 
is unaffected by LL-37 treatment (27), and therefore, this is a 
new effect seen with LL-37.

Phosphorylation of Erk1/2, which is the key regulator of 
cell growth and cell cycle progression (63), decreased with 
the high dose of LL-37 in our studies, consistent with the 
proliferation results. In addition, activation of Akt, a master 
regulator of many metastatic processes, including cell growth, 
proliferation, motility and epithelial mesenchymal transition 
(EMT) (64), in most cases decreased with LL-37 treatment. 
However, in SAS cells the high dose of LL-37 induced Akt 
activation, which would explain the induced invasion of SAS 
cells. In previous studies, LL-37 has been shown to activate 
Erk1/2 or other MAP kinase pathways (15,26,50,53) and 
Akt (41,50,53,65). Furthermore, in these studies activation was 
linked to increased cell growth and/or motility (15,41,50,53). 
LL-37 also affected the activation of these pathways in our cell 
lines, thereby changing their behavior. In addition, the amount 
of MMP2 and MMP9 was induced in OTSCC and dysplastic 
cell lines, but this increase was not directly associated with 
cell invasion, differing from earlier results (14,53). Our results 
also suggest that LL-37 does not induce pronounced EMT 
in OTSCC cell lines. Previous findings concerning impact 
of LL-37 on EMT markers have been contradictory (18,52), 
suggesting that LL‑37 actions fluctuate depending on the cell 
line.

The in vitro results encouraged us to evaluate the immuno-
expression and prognostic value of hCAP18/LL-37 in OTSCC 
patient samples and in oral tongue dysplasia. In the present 
study, we found that hCAP18/LL‑37 expression was signifi-
cantly lower in OTSCC tissues when compared with that in 
normal/mild dysplasia samples. Additionally, moderate/severe 
dysplasia showed lower expression of hCAP18/LL-37 than mild 
dysplasia, although the difference was not significant. This is in 
accordance with an earlier study showing that hCAP18/LL-37 
is downregulated in oral cancer (21). Furthermore, in gastric 
and colon cancers the expression of hCAP18/LL-37 was 
previously found to be lower in cancer cells than in normal 
epithelium (6,19,40,41). For these cancer cell line types, the 
hCAP18/LL-37 peptide had also a decreasing effect on cell 
proliferation (39,41), as was mostly observed with our OTSCC 
cell lines. In a previous study, low hCAP18/LL-37 expres-
sion was associated with lymph node metastasis and tumor 
progression in OTSCC (21). However, with the limitations 
imposed by sample size, our observations suggest no correla-
tion between cancer progression and/or patient outcome and 
expression of hCAP18/LL-37, even though hCAP18/LL-37 
may have a suppressive effect on dysplasia and SCC in oral 
tongue epithelium.

This study has potential limitations. The effects of 
recombinant LL-37 were analyzed using only three OTSCC 
cell lines. However due to the unavailability of resources 
we were not able to include more cell lines to our experi-
ments. Use of additional cell lines would have strengthened 
our conclusions concerning the main effects of LL-37 on 
OTSCC cell proliferation, migration/invasion and activation 
of the EGFR and its downstream pathways. In the analysis 

Table III. Spearman correlation between immunohistochemical 
expression of hCAP18/LL-37 and clinicopathological variables.

 hCAP18/LL-37
Variable (correlation coefficient/P‑value)

Age -0.061/0.604
Sex 0.025/0.829
Smoking habit 0.129/0.397
T stage 0.011/0.927
N stage 0.099/0.446
Histopathological grade -0.018/0.882
Recurrence 0.040/0.741
Treatment 0.053/0.654
Neck dissection -0.123/0.296
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of the OTSCC patient samples, the sample number and the 
lack of complete data of all prominent confounding factors, 
resulted in limitations to the statistical analysis. In addition, 
the Kaplan-Meier analysis found that there were no differ-
ences between the positive and negative hCAP18/LL-37 
groups. Thereby we were not able to perform multivariate 
analysis creating hazard ratios. Furthermore, the Spearman's 
rank correlation was used to calculate correlation between 
immunohistochemical expression of hCAP18/LL-37 and 
clinicopathological variables, since in our data the variables 
were not normally distributed.

In summary, we demonstrated that the LL-37 peptide 
reduced proliferation, and induced migration and invasion 
and MMP2 and MMP9 expression of OTSCC cell lines 
time- and cell line-dependently. In all cell lines, a high dose 
of LL-37 increased the amount of total EGFR. Furthermore, 
hCAP18/LL-37 immunoexpression was lower in OTSCC 
samples than that in the normal/mild tongue dysplasia, but 
expression did not correlate with patient outcome.
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