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Abstract. The antimicrobial peptide LL‑37 not only 
contributes to the host defence against microbial invasion 
but also regulates immune activity, angiogenesis and cell 
proliferation. Studies have shown that LL‑37 participates in 
the development of a variety of tumours, such as lung cancer, 
ovarian cancer, breast cancer and melanoma. However, the role 
of LL‑37 in the development of skin squamous cell carcinoma 
(SCC) is not clear. The present study used immunohistochem-
istry to confirm that the expression of human DNA‑binding 
protein  A (dbpA) was increased in SCC tissues. After 
stimulating SCC A341 cells, LL-37 was shown promote the 
proliferation, migration and invasion of these malignant cells. 
LL-37 also promoted the upregulation of dbpA mRNA and 
protein expression. In addition, after using small interfering 
RNA to silence the normal dbpA expression in these malig-
nant cells, the proliferation and invasion of the tumor cells 
were significantly reduced. When the NF-κB inhibitor PDTC 
was used to inhibit the process of LL-37‑stimulated cells, it 
was found that the original upregulated expression of dbpA 
was downregulated. Overall, the present demonstrated that 
by upregulating the expression of dbpA, LL-37 can promote 
the proliferation and invasion of tumour cells, and that this 
process depends on the NF-κB signalling pathway.

Introduction

Squamous cell carcinoma (SCC), derived from epidermal 
keratinocytes of the skin, is one of the most common and 

malignant skin cancers  (1), accounting for 20% of all 
skin cancers. The disease usually originates from certain 
types of skin or precancerous lesions. Currently, there are 
~1,000,000 new cases every year, and the number of mortali-
ties from this disease is gradually increasing (2,3). 

Human DNA‑binding protein  A (dbpA) is a multi-
functional protein containing a cold shock domain, and it 
participates in gene transcription and translation by directly 
or indirectly binding the target gene sequence (4,5). DbpA is 
primarily expressed in the nucleus and the cytoplasm, and it 
acts on the transcription, shear action and translation processes 
of target genes (6,7). Previous studies have shown that dbpA is 
upregulated in numerous tumour cells, and that this upregula-
tion is associated with the growth of the tumour cells and their 
resistance to chemotherapy. Therefore, dbpA is considered 
a cancer prognosis marker. The overexpression of dbpA in 
tumours usually indicates that the proliferation and invasion of 
tumour cells is increasing (8‑10). Additionally, previous studies 
have found that by regulating the expression of cyclin D1 and 
upregulating the cell nuclear antigen, dbpA promotes tumour 
cell proliferation, and that the increase in dbpA is closely 
associated with the increase in the transcription factor, E2F 
transcription factor 1 (E2F1) (10,11). These results demon-
strated that dbpA expression is closely associated with tumour 
development and progression.

The effect of human anti‑microbial protein 18 (hCAP‑18) 
on tumour progression has drawn much attention (12). LL‑37 
is a cationic peptide composed of 37‑amino acid residues in 
the hCAP‑18 C‑terminal, and it is the only cathelin family 
member in the human body. LL‑37 is also an important 
component of the innate immune system, which is mediated by 
neutrophils (12‑14). In addition to its role against bacterial infec-
tion, LL‑37 also regulates immune activity, angiogenesis and 
cell proliferation (13,15). Studies have shown that LL‑37 is not 
only upregulated in a variety of solid tumours, but that it is 
also involved in the progression mechanisms of a variety of 
tumours by promoting the proliferation, migration and inva-
sion of lung cancer, ovarian cancer, breast cancer, prostate 
cancer and melanoma tumour cells  (16‑21). Additionally, 
several studies have reported that these features may be asso-
ciated with formyl peptide receptor‑like 1 (FPRL1), epidermal 
growth factor receptor (EGFR) and insulin‑like growth 
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factor 1 receptor (14,22‑24). It is unclear how LL‑37 affects 
the proliferation and invasion of skin squamous cells. DbpA is 
associated with tumour proliferation and invasion. However, 
LL‑37 stimulates dbpA expression in skin squamous cells, and 
its effect on tumour cells is a focus of interest.

In the present study, the effects of LL‑37 on dbpA expression 
and the changes in the dbpA concentration during the prolif-
eration and invasion of skin squamous cells were investigated. 
The results showed that LL‑37 may promote the occurrence 
and development of skin squamous cells by upregulating dbpA 
expression and that this process is mediated by the nuclear 
factor‑κB (NF‑κB) signalling pathway.

Materials and methods

Tissue collection. Fresh skin SCC and adjacent normal tissues 
were obtained from 18 patients who underwent surgery at the 
Department of Dermatological Surgery, Second Affiliated 
Hospital of Xi'an Jiaotong University (Xi'an, Shaanxi, China). 
A total of 18 samples of normal tissues and 18 samples of SCC 
were obtained during surgery. All tissues were embedded 
in liquid paraffin to form tissue blocks. All skin SCC cases 
were clinically and pathologically verified. Standard protocols 
established by the Hospital's Protection of Human Subjects 
Committee were followed in this study. Written informed 
consent was obtained from all patients for publication of this 
study and the study was approved by the Ethics Committee of 
the Second Affiliated Hospital of Xi'an Jiaotong University.

Immunohistochemistry. The normal skin tissues, the 
uninvolved tissue of the SCC and the lesions of the SCC 
were analysed via immunohistochemistry. First, the 
paraffin‑embedded blocks were sliced into 4‑µm sections and 
dewaxed in xylene, followed by re‑hydration in an alcohol 
gradient. Next, the tissues were incubated on slides with rabbit 
anti‑human dbpA polyclonal antibody (catalog no. ab48952; 
Abcam, Cambridge, UK) at a 1:50 dilution. The slides were 
placed in a humid environment at 4˚C overnight, washed 
twice with phosphate‑buffered saline (PBS) and incubated in 
goat anti‑rabbit antibody (Abcam) at 37˚C for 1 h. The slides 
were then washed twice with PBS, stained with 3,3'-diamino-
benzidine (Sigma‑Aldrich, Munich, Germany) and observed 
using a microscope. Next, the slides were rinsed with PBS and 
re‑stained with haematoxylin for ~2 min. After mounting, the 
results were observed using light microscopy. Normal skin 
tissue samples were used as the negative controls.

Cell culture. A human SCC cell line (A431) was cultured in 
F12 medium (Gibco, Karlsruhe, Germany) containing 10% 
foetal bovine serum (FBS; Gibco), 100 U/ml penicillin and 
100  µg/ml streptomycin (Sigma‑Aldrich). The cells were 
cultured in a 37˚C environment containing 5% CO2.

Inhibiting the dbpA expression using small interfering 
(si)RNA. The siRNA oligonucleotide sequence was synthe-
sized by Shanghai GenePharma (Shanghai, China) as follows: 
DbpA siRNA  1, 5'‑GUC​CUU​GGC​ACU​GUC​AAA​UTT‑3' 
(sense) and 5'‑AUU​UGA​CAG​UGC​CAA​GGA​CTT‑3' (anti-
sense); dbpA siRNA  2, 5'‑GAG​AGG​CUG​AAG​AUA​AAG​
ATT‑3' (sense) and 5'‑UCU​UUA​UCU​UCA​GCC​UCU​CTT‑3' 

(antisense); and dbpA siRNA 3, 5'‑CUG​CCA​UCA​AGA​AGA​
AUA​ATT‑3' (sense) and 5'‑UUA​UUC​UUC​UUG​AUG​GCA​
GTT‑3' (antisense). The negative control duplexes of siRNA 
(siRNA‑NC) were random sequences and did not target any 
known mammalian gene according to Genbank searches. 
The cells had a density of 1x105 cells/well and were seeded in 
6‑well plates. When the fusion reached 70‑80% ~24 h later, the 
cells were treated with serum‑free medium according to the 
manufacturer's instructions (Lipofectamine 2000; Invitrogen; 
Thermo Fisher Scientific Inc., Waltham, MA, USA). Next, 
the cells were cultured for 48 h, and the dbpA inhibition rate 
was analysed using western blotting.

Proliferation and invasion assay of the transfected cells. The 
transfected cells were seeded at a density of 3x103 cells/well 
in 96‑well plates. After 12 h, the medium was replaced with 
serum‑free medium and the cells were cultured for another 
24 h. Subsequently, 10 µl 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT; 5 mg/ml; Sigma‑Aldrich) 
was added to each well and incubated for an additional 
4  h. The supernatant was discarded and 150  µl dimethyl 
sulphoxide (Sigma‑Aldrich) was added. The absorbance of 
each well was measured at 490 nm using a microplate reader 
(Bio‑Rad Laboratories Inc., Hercules, CA, USA). The inva-
sion assay was performed using Transwell chambers (Costar; 
Corning Inc., Corning, NY, USA) pre‑coated with Matrigel 
(BD  Biosciences, Heidelberg, Germany). The transfected 
cells were cultured without serum for 12 h and then resus-
pended in serum‑free medium, with the density adjusted to 
2.5x105 cells/ml. Next, 200 µl of cell suspension was added to 
each Transwell chamber, and 500 µl of culture medium with 
10% FBS was added to the lower chamber. After culturing 
for 24 h, the residual cells on the surface were gently wiped 
away using a cotton swab. The cells that invaded the lower 
chamber were stained with a staining solution (0.1% crystal 
violet ethanol). Under a microscope (x200 magnification), 
three representative fields were randomly selected and the 
average number of invaded cells was calculated.

Cell proliferation assay. The cells were seeded at a density 
of 3x103 cells/well in 96‑well plates. After 12 h, the medium 
was replaced with serum‑free medium and the cells were 
cultured for an additional 24 h. The LL‑37 (Sigma‑Aldrich, 
Munich, Germany) was used to stimulate the cells at 10 mg/ml 
for 24, 48 and 72 h. Next, the aforementioned MTT assay was 
used to evaluate the degree of cell proliferation.

Migration and invasion assay af ter LL‑37 stimula‑
tion. The aforementioned Transwell assays were used 
to test cell migration and invasion abilities after LL‑37 
stimulation. In the upper chamber, a specific concentra-
tion (0.05, 0.5 or 5 µg/ml) of LL‑37 was added. The chambers 
with pre‑coated Matrigel were used for invasion assays or 
without Matrigel for migration assays.

Total RNA extraction and quantitative polymerase chain 
reaction (qPCR). TRIzol reagent (Sigma‑Aldrich) was used to 
extract total RNA from the A431 cells after stimulation by 
LL‑37. The total RNA (3  µg) was reverse transcribed to 
cDNA in a total volume of 20 µl using a reverse transcription 
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reaction kit (Promega Corporation, Madison, WI, USA). qPCR 
was performed using an Mx 3000P Real‑Time PCR system 
(Applied Biosystems; Thermo Fisher Scientific Inc.) according 
to the manufacturer's instructions. SYBR Premix Ex Taq II 
(Takara Biotechnologies Co., Ltd., Dalian, China) was used 
as a DNA‑specific fluorescent dye. PCR was performed for 
50 cycles of 95˚C for 10  sec and 60˚C for 30  sec. Primer 
sequences for the detection of mRNA expression were synthe-
sized as follows: DbpA specific primers, 5‑CTC​TAC​AGT​TTC​
TCC​ATC​TCC​TAC‑3 (forward) and 5‑TTC​TCG​CCA​CCA​
AAG​TCC​T‑3 (reverse); and human β‑actin primers, 5‑TTC​
CAT​ATC​GTC​CCA​GTT​GGT‑3 (forward) and 5‑CCA​GGG​
CGT​TAT​GGT​AGG​CA‑3 (reverse). The dbpA transcriptional 
level was corrected based on the corresponding level of β‑actin 
transcription. All the values are from the results of at least 
three independent experiments.

Immunofluorescence staining. Once a monolayer of cells had 
been placed on the climbing film, LL‑37 of the appropriate 
concentration (0.05, 0.5 or 5 µg/ml) was added for 48 h. The 
cells were then fixed with 4% paraformaldehyde at room 
temperature for 10 min, followed by permeabilisation with 
5% Triton X100 (Sigma‑Aldrich) for 15 min. The cells were 
then blocked with 2% goat serum for 30 min. The cells were 
incubated with a rabbit anti‑human dbpA polyclonal anti-
body diluted at 1:50 (Abcam) overnight at 4˚C, and washed 
3 times with PBS. The cells were incubated with fluorescein 
isothiocyanate‑labelled goat anti‑rabbit antibody (Abcam) at 
37˚C for 1 h, washed with PBS 3 times and finally stained 
with DAPI (Sigma, Munich, Germany) for 1 min. The cells 
were rinsed with PBS and the staining intensity was observed 
using an inverted fluorescence microscope (LSM 700; Zeiss 
GmbH, Jena, Germany).

Protein extraction and western blot analysis. Total protein 
was extracted following LL‑37 stimulation. Protein isolates 
(~10 µg) from each sample were separated with 10% sodium 
dodecyl sulfate‑polyacrylamide gel electrophoresis and 
transferred to a polyvinylidene difluoride membrane. The 
membrane was blocked with 5% skimmed milk and a 0.1% 
Tween‑20 phosphate‑buffered solution at room temperature 
for 2 h, and then treated with rabbit polyclonal anti‑human 
dbpA antibody diluted at 1:500 (Abcam) at 4˚C overnight. 
Next, it was hybridized with secondary antibody (1:5,000, 
Abcam) for 1 h. The results were detected by exposing the 
film to enhanced chemiluminescence colour detection solu-
tions (EMD Millipore, Billerica, MA, USA). 

Analysis of the signal transduction pathways of the 
dbpA induction by LL‑37. The SCC cells were seeded at 
1x105 cells/well in 6‑well plates. First, the cells were treated 
with the mitogen‑activated protein kinase (MAPK) kinase 
(MEK) inhibitor, PD98059 (10 µM; Abcam), the p38/MAPK 
inhibitor, SB203580 (10 µM; Abcam) and the NF‑κB inhibitor, 
PDTC (1 µM; Abcam), for 30 min. Next, LL‑37 (0.5 µM) was 
added for 24 h. The protein was then extracted for western blot 
analysis.

Statistical analysis. All data are presented as the 
mean ± standard deviation. Pearson's χ2 test was used for the 

immunohistochemical analysis. Student's t‑test was used for 
comparisons between groups and an analysis of variance was 
used for three or more groups. All analyses were performed 
using SPSS 13.0 (SPSS Inc, Chicago, IL, USA). Results were 
considered statistically significant at P<0.05. 

Results

DbpA is upregulated in SCC. In the normal skin tissues, the 
dbpA protein was strongly expressed in the granular layers and 
weakly expressed in the upper layers of the stratum spinosum 
(Fig. 1A), and the positive rate in the stratum spinosum was 
20.0% (4/20). In the uninvolved epidermis of SCC, dbpA was 
strongly expressed in the granular layers and in the upper 
layers of the stratum spinosum (Fig. 1B), and the positive rate 

Figure 1. Immunohistochemical analysis of dbpA expression in (A) normal 
skin, (B)  in tissue surrounding the SCC and (C)  in SCC. In SCC, dbpA 
expression was stronger than in normal skin tissue. Magnification: (A) x100, 
(B) x200 and (C) x200. SCC, squamous cell carcinoma; dbpA, DNA‑binding 
protein A.

  A

  B

  C



WANG et al:  LL-37 PROMOTES dbpA EXPRESSION IN SCC1748

in the stratum spinosum was 27.8% (5/18). However, in SCC, 
dbpA was detected in significant quantities in nearly all of 
the tumour cells (Fig. 1C), and the positive rate was 83.3% 
(15/18). The dbpA expression in SCC was stronger than that 
in the normal skin tissues (χ2=15.5; P<0.01) or the uninvolved 
epidermis (χ2=10.7; P<0.01).

dbpA siRNA decreases the protein levels of dbpA, and reduces 
the proliferation and invasion of the SCC cells. After 48 h 
of culture, total protein was extracted from the transfected 
cells and analysed using western blotting. Compared with 
the control group, the protein expression of dbpA in the dbpA 
siRNA 2 group was significantly reduced (P=0.008; Fig. 2A); 
thus, dbpA siRNA 2 was chosen for the subsequent experi-
ments. Compared with the control group, cell proliferation in 
the presence of the siRNA decreased after 24 h, indicating 
that the dbpA expression was correlated with the proliferation 
of the tumour cells (P=0.028; Fig. 2B). Transwell chambers 
coated with Matrigel were used to study the invasion ability of 
the A431 cells after inhibiting the dbpA expression. Compared 
with the control group, the number of invading cells that 
crossed the membranes diminished after 24 h, indicating that 
dbpA was correlated with the invasiveness of the tumour cells 
(P<0.034; Fig. 2C). Thus, the inhibition of dbpA may reduce 
the proliferation and invasiveness of A431 cells.

LL‑37 promotes the proliferation of SCC cells. The A431 cells 
were stimulated using different concentrations of LL‑37 and 

its effect on the cell proliferation was observed at various time 
intervals. Compared with the control group, stimulation with 
LL‑37 at different times and concentrations increased the 
proliferation of the A431 cells (Fig. 2D), and these increases 
were significant for 24 or 48 h of culture with 0.5 µg/ml of 
LL‑37 (P=0.028).

LL‑37 promotes the migration and invasion of SCC cells. 
Compared with the control group, different concentrations of 
LL‑37 enhanced the migration of the A431 cells after 12 h of 
culture (P=0.001; Fig. 3A) and the invasiveness of the A431 
cells after 24 h of culture (Fig. 3B). The most effective concen-
tration was 0.5 µg/ml (P=0.002). 

LL‑37 promotes the mRNA and protein expression of dbpA 
in SCC cells. Compared with the control group, stimulation 
of the A431 cells with LL‑37 for 36 h increased the mRNA 
expression of dbpA (P=0.004), with the most significant 
increase observed for 0.5 µg/ml LL‑37 (P=0.003; Fig. 3C) 
. Western blot showed that after stimulating the A431 cells 
with LL‑37 for 72 h, the protein expression of dbpA increased 
(P=0.041; Fig. 4A) and again, the most significant increase 
was observed for 0.5 µg/ml LL‑37 (P=0.029; Fig. 4B). More-
over, stimulating the A431 cells with various concentrations of 
LL‑37 increased the fluorescence intensity of dbpA immunos-
taining, and 0.5 µg/ml was the most effective concentration 
(Fig. 4C). Thus, LL‑37 promoted the expression of dbpA in 
the A431 cells.

Figure 2. (A) Expression of dbpA in A431 cells after treatment with dbpA siRNA. Western blot analysis of dbpA and β‑actin expression in the dbpA siRNA(1‑3) 
and control siRNA groups. (B) DbpA siRNA reduced the proliferation ability in the A431 cells. After treatment with dbpA siRNA for 24 h, an MTT assay 
was performed to analyse cell proliferation by reading absorbance at 490 nm in each well using an automatic microplate reader and (C) the invasion ability of 
the cells was also assessed (magnification, x200). (D) The proliferation of the A431 cells was promoted by culturing with 0.05, 0.5, 5 or 20 µg/ml LL‑37 for 
24, 48 or 72 h. Cell proliferation levels were also analysed by MTT assay. The results from three independent experiments are shown as the mean ± standard 
deviation. n=5 samples in each group. *P<0.05 vs. control. siRNA, small interfering RNA; dbpA, DNA‑binding protein A; MTT, 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide.
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An NF‑κB inhibitor inhibits dbpA expression induced 
by LL‑37 in SCC cells. To study the signalling pathway 
downstream of LL‑37 that induced the expression of dbpA, 
inhibition experiments were performed. The A431 cells 
were pretreated with the MEK inhibitor, PD98059, the 
p38/MAPK inhibitor, SB203580, and the NF‑κB inhibitor, 
PDTC, to inhibit the effect of LL‑37 on the induction of 
dbpA expression. PDTC significantly inhibited the LL‑37‑in-
duced expression of dbpA in the A431 cells (P=0.011; 
Fig. 4D), indicating that the increased dbpA expression that 
was stimulated by LL‑37 may occur via an NF‑κB signalling 
pathway.

Discussion

The present results indicated that dbpA was not expressed in the 
basal layer in normal skin tissue, but its expression increased in 
SCC as it was expressed in almost all of the tumour cells. When 
stimulated by LL‑37, the protein level of dbpA increased in the 
cutaneous SCC cells in a time‑ and concentration‑dependent 
manner. The inhibition of the NF‑κB signalling pathway led to 
a lower amount of LL‑37‑induced dbpA protein expression in 
the A431 cells. This indicated that LL‑37 could regulate the 
expression of dbpA in the A431 cells and that this process may 
occur via the activation of the NF‑κB signalling pathway.

Figure 3. (A) LL‑37 induces migration in A431 cells. Serum‑starved A431 were treated with LL‑37 at 0.05, 0.5 and 5 µg/ml of LL‑37 for 12 h, and the cell 
migration was analysed. (B) LL‑37 induces invasion of A431 cells. Serum‑starved A431 cells were treated with LL‑37 at 0.05, 0.5 and 5 µg/ml of LL‑37 for 
24 h, and the cell invasion was analysed. Magnification, x200. The results from three random fields are shown and presented as the mean ± standard deviation. 
(C) LL‑37 promotes the upregulation of dbpA mRNA in A431 cells. Time effect: A431 cells were stimulated with 0.5 µg/ml LL‑37 for the specified durations. 
Dose effects: A431 cells were stimulated with the specified doses of LL‑37 for 24 h. DbpA mRNA levels were determined by quantitative polymerase chain 
reaction. The figure shows the ratio of dbpA mRNA/β‑actin mRNA. *P<0.05 vs. control, 0 h or 0 µg/ml. siRNA, small interfering RNA; dbpA, DNA‑binding 
protein A.
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LL‑37 is a member of the antibacterial peptide family 
and is correlated with the proliferation of epidermal 
cells (13,14). Previous studies have shown that LL‑37 can 
promote malignant tumours, including lung cancer, ovarian 
cancer, melanoma, prostate cancer and oral SCC, and this 
process is primarily associated with the upregulation of EGFR 
and the receptor tyrosine kinase ErbB2  (25). Through 
the induction of the membrane‑associated protein kinase, 
EGFRs cleave the matrix metalloproteinase (MMP), and 
LL‑37 activates EGFR. This process may be dependent on 
the G protein‑coupled receptors (GPCRs) present in different 

cell types  (14,22‑24). In lung SCC, LL‑37 stimulates the 
proliferation and invasion of tumour cells, accompanied by its 
mitogenic effect of EGFR phosphorylation and the subsequent 
activation of the Ras/MAPK cascade. EGFR signalling in lung 
cancer cells plays a direct role in proliferation, anti‑apoptosis, 
angiogenesis generation, invasion and metastasis (14,21). The 
majority of the EGFR ligands, such as transforming growth 
factor and heparin‑binding epidermal growth factor, are 
expressed as soluble transmembrane precursors that are 
released after cleavage by a protease. These precursors 
can diffuse freely and bind and activate EGFR. Thus, the 

Figure 4. (A and B) LL‑37 promotes the upregulation of dbpA protein in A431 cells. Time effect: A431 cells were stimulated with 0.5 µg/ml LL‑37 for the 
specified durations. Dose effect: A431 cells were stimulated with the specified doses of LL‑37 for 48 h. DbpA protein levels were determined by western blot-
ting. The figure shows the ratio of dbpA protein/β‑actin protein. The results from three independent experiments are shown as the mean ± standard deviation. 
(C) LL‑37 promotes the upregulation of dbpA protein in A431 cells. The A431 cells were stimulated with the specified dose of LL‑37 for 48 h, and dbpA protein 
expression levels were determined by immunofluorescence. The figures show dbpA protein fluorescence intensity after stimulation by different concentrations 
of LL‑37. Magnification, x400. (D) The NF‑κB signalling pathway is involved in the upregulation of dbpA stimulated by LL‑37 in A431 cells. The A431 cells 
were pretreated for 30 min with MAPK kinase‑extracellular signal‑regulated kinase inhibitor (PD98059; 10 µM), MAPK inhibitors (SB203580, 10 µM) 
or NF‑κB inhibitor (PDTC; 1 µM), followed by treatment with 0.5 µg/ml LL-37 for 48 h. The protein levels of dbpA were determined by western blotting. 
The figure shows the ratio of dbpA protein/β‑actin protein. The results from three independent experiments are shown as the mean ± standard deviation. 
*P<0.05 vs. control. MAPK, mitogen-activated protein kinase kinase; dbpA, DNA‑binding protein A; NF‑κB, nuclear factor‑κB.
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oncogenic effect of LL‑37 in certain tissues occurs via the 
activation of the EGFR‑mediated transcriptional mecha-
nism (23,26,27). In breast cancer, LL‑37 promotes tumour 
progression via the ErbB‑mediated pathway, upregulating the 
expression of ErbB2 or EGFR to enhance ErbB signalling, 
thereby promoting growth and metastasis (19). Additionally, 
formyl peptide receptor 2 (FPR2) may be involved in this 
process. LL‑37 stimulates the activation of MAPK and Janus 
kinase/signal transducer and activator of transcription and 
undergoes a biochemical cascade with transcription factor 
signalling, thereby leading to significant activation of several 
transcription factors. This process may be dependent on 
FPR2 or may be independent of it  (22,24,28). In ovarian 
cancer, the fact that LL‑37 may stimulate cell proliferation 
has been considered not dependent of the GPCR. However, 
LL‑37 enhances the invasiveness of ovarian cancer cells via 
the upregulation of tissue remodelling enzymes, such as 
MMP‑2, and this enhancement is GPCR‑mediated. FPR2 in 
ovarian cancer cells can increase the expression of MMP‑2, 
thus inhibiting or blocking the invasive ability of the recep-
tors of LL‑37 and thereby promoting the invasiveness of 
tumour cells  (20,23,26,27). Previous studies have shown 
that the Y box binding protein (Y‑BOX) family member 
of dbpA could regulate the proliferation of epithelial cells 
and is abnormally expressed in liver cancer, stomach cancer 
and other tumours (29‑32). In transgenic mice, the increase 
in FPR2 can promote the expression of dbpA mRNA (11,33). 
Studies have also suggested that proteins of the Y‑BOX 
family regulate the expression of EGFR and ErbB2. By 
binding to the EGFR receptor, Y‑BOX proteins regulate the 
transcription of these receptors by binding to the enhancer 
region of the EGFR gene and to the promoter region of the 
ErbB2 (HER‑2/neu) gene. EGFR and ErbB2 are consid-
ered to be associated with the proliferation and invasion 
of epidermal tumours to increase the degree of malig-
nancy (6,8). A previous study showed that the upregulation 
of dbpA during cell proliferation is due to the upregulation 
of E2F1 activity. The E2F1 activity in cell proliferation and 
apoptosis is extremely important. Therefore, dbpA is a down-
stream target of E2F1 that promotes cell proliferation and 
transformation (10,34). 

The results of the present study showed that the expres-
sion of dbpA is increased in SCC. siRNA was used to inhibit 
the expression of dbpA in A431 cells, and in  vitro MTT 
and Transwell invasion assays confirmed that the reduced 
expression of dbpA inhibits the proliferation and invasion 
of A431 cells. The A431 cells were stimulated with LL‑37, 
and it was found that dbpA mRNA expression increased as 
a function of time and concentration. Immunofluorescence 
and western‑blot analyses were used to detect the dbpA 
cell protein expression changes in the A431 cells and dbpA 
protein expression was also found to increase as a function of 
time and concentration. These results suggested that LL‑37 
can upregulate dbpA expression in A431 cells. A previous 
study  (35) reported that LL‑37 increases the degree of 
malignancy of tumour cells, and that this is associated with 
the Ras/MAPK signalling cascade and the NF‑κB pathway. 
Therefore, inhibitors of the extracellular signal‑regulated 
kinase, MAPK and NF‑κB signalling pathways were tested 
and it was found that the increase in dbpA protein expression 

that was induced by LL‑37 could be blocked by the NF‑κB 
inhibitor. This result indicated that LL‑37 upregulates dbpA 
expression via the NF‑κB signalling pathway. Through 
the induction of EGFR to cleave MMP‑2, LL‑37 activates 
EGFR and ErbB2, accompanied by the phosphorylation of 
EGFR and the activation of the downstream Ras/MAPK 
cascade. This enhances the ErbB signal and promotes the 
expression of MMP‑2 via FPR2. Thus, EGFR, ErbB2 and 
FPR2 are involved in the regulation of dbpA expression, and 
the overexpression of these factors may increase the prolif-
eration and invasion of tumour cells, indicating that that 
LL‑37 promotes the proliferation and invasion of A431 cells 
by upregulating dbpA expression. NF‑κB is a transcription 
factor that is known to regulate the expression of multiple 
genes and is involved in a wide range of cellular responses. 
When found in tumour cells, LL‑37 can increase the levels 
of NF‑κB p65, which can regulate the expression of genes, 
such cyclin D1, to promote cell growth. The activation of 
NF‑κB has a significant role in promoting metastasis, and 
inhibiting NF‑κB can prevent the apoptotic process in tumour 
cells (36). The present study showed that the inhibition of 
the NF‑κB signalling pathway suppressed the upregula-
tion of dbpA that was induced by the LL‑37 in A431 cells, 
indicating that this process is associated with the NF‑κB 
signalling pathway.

In conclusion, the present study confirms that the expres-
sion of dbpA is increased in SCC, and that it can be a marker 
for the degree of malignancy. The antimicrobial peptide 
LL‑37 upregulates dbpA expression and promotes prolifera-
tion and invasion in A431 cells. This process may be regulated 
by the activation of the NF‑κB signalling pathway. This study 
introduces a novel perspective on the association between 
LL‑37 and dbpA in SCC, and provides a possible strategy 
for clinical drug development. 
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