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ABSTRACT

The small cationic antimicrobial peptide, LL-37, is the only member of the cathelicidin
family in humans. It is predominantly synthesized by neutrophils and stored in the granules in a
propeptide form, called human cationic antimicrobial peptide 18 or hCAP18. Upon neutrophil
activation and then degranulation, the hCAP18 is released from the granules and then activated
by proteolytic cleavage by the proteinase 3 enzyme to become a mature peptide, LL-37. To a
much lesser extent, LL-37 can also be produced by epithelial cells lining several organs,
including oral mucosa. It has been demonstrated that LL-37 can exert a number of various
biological activities, such as, antimicrobial action, lipopolysaccharide neutralization, proliferative
activity, pro-inflammatory activity, chemotaxis, angiogenesis, wound healing promotion, and so
on. Objectives: Consequently, in this research project, | aimed to study the pro-inflammatory
actions of LL-37 in the oral cavity, especially in human gingival fibroblasts (HGFs) by induction
of interleukin-8 (IL-8), cyclooxygenase (COX) enzymes, and prostaglandin E, (PGE,)
production, which are considered essential pro-inflammatory mediators for oral inflammatory
diseases, like periodontal disease. In addition, the cellular receptors and signaling pathways
mediating IL-8 and COX induction were examined. Materials and Methods: Primary HGFs
isolated from normal gingival biopsies of patients undergoing surgical removal of impacted third
molars were grown in Dulbecco’s Modified Eagle medium supplemented with 10% (vol/vol) fetal
bovine serum and 1% (vol/vol) penicillin/streptomycin until a sufficient number of HGFs were
obtained. Cells were treated with various doses of LL-37 for indicated times in the presence or
absence of inhibitors specific against each signaling molecule or the neutralizing antibody
against purinergic P2X; receptor. Then, total RNA and protein were extracted and analyzed for
expression of genes of interest by reverse transcriptase-polymerase chain reaction (RT-PCR),
real-time PCR, and immunoblotting. The cell-free culture supernatants were collected and
analyzed for the quantities of IL-8 and PGE, by an ELISA. To localize the p65 subunit of
nuclear factor-kappaB (NF-kB), HGFs were stained with the specific antibody and the staining
was observed under an immunofluorescence microscope. In addition, the nuclear and cytosolic
extracts were isolated to determine the presence of the p65 and the p50 subunit of NF-kB by
immunoblotting, and the activation of mitogen-activated protein kinase (MAPK) by
phosphorylation was determined by immunoblotting using specific antibodies against the
phosphorylated and total forms of each MAPK. Results: The non-toxic doses (0 to 10 uM) of
LL-37, as determined by an MTT assay, were used to treat HGFs, and it was found that LL-37
significantly up-regulated IL-8 and COX-2 mRNA expression in a dose-dependent fashion (p <
0.01), while COX-1 mRNA expression was constitutive. Consistently, expression of the IL-8
protein in the culture supernatants and of the COX-2 protein in the cell lysate was induced by
treatment with LL-37 in a dose-dependent manner, whereas COX-1 protein expression was
constitutive. The time-course study revealed that LL-37 transiently induced both IL-8 and COX-
2 mRNA and protein expression. Furthermore, the levels of PGE,, a main product derived from
the induced activity of COX-2, were elevated by LL-37 treatment, which were inhibited by
pretreatment with NS-398, a specific COX-2 inhibitor, indicating that raised levels of PGE, result
from induced COX-2 expression. LL-37 treatment did not evidently cause the nuclear
translocation of both subunits of NF-xB, but could transiently induce the phosphorylation of
p44/42 and p46 JNK MAPK pathways. Accordingly, MG-132, an NF-kB inhibitor, did not inhibit
the induction of IL-8 and COX-2 expression, whereas U0126, a p44/42 MAPK inhibitor, and
both U0126 and SP600125, a JNK inhibitor, could significantly block the up-regulation of IL-8



and COX-2 (p < 0.01), respectively. In addition, it was shown that HGFs constitutively
expressed mRNA and protein for P2X; receptor, in which several inhibitors specific against
P2X; receptor and the neutralizing antibody against P2X; receptor could significantly abrogate
IL-8 and COX-2 induction by LL-37 treatment (p < 0.01). The inhibition of COX-2 induction by
these inhibitors and the neutralizing antibody also led to a significant decrease in raised PGE,
levels by LL-37 treatment (p < 0.01). Conclusions and suggestions for future studies: LL-
37 can function as a pro-inflammatory molecule by up-regulating IL-8, COX-2 expression and
PGE, production in human gingival fibroblasts in vitro via p44/42 and p46 JNK MAPK pathways
and purinergic P2X; receptor. Therefore, LL-37 that is produced by neutrophils and epithelial
cells can exert a paracrine effect on other cell types, like fibroblasts, and this molecule should
be now viewed as a multi-functional molecule rather than a simple antimicrobial peptide. It
would be interesting to further investigate the pro-inflammatory role of LL-37, especially its
critical role in the pathogenesis of periodontal disease in vivo.
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