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Background: The antimicrobial peptide LL-37 is a significant molecule of innate immunity and recent studies

indicate that it plays an important role in maintaining oral health. Yet limited knowledge exists on its role in

oral diseases and oral lichen planus (OLP) in particular.

Objective: The study aimed to examine: 1) the salivary concentration of LL-37 in patients with OLP and

healthy subjects, 2) the relation between the type (reticular or erosive) and size of OLP lesions and LL-37

concentration, and 3) the effect of the therapeutic modalities on LL-37 levels.

Design: The salivary peptide concentration in samples from 20 patients and 30 healthy subjects at the same

age range was determined by ELISA.

Results: Despite the wide variation in peptide concentration found in both groups, the healthy subjects

exhibited significantly lower levels than patients. Patients with the erosive form had significantly higher

peptide concentrations than patients with the reticular form. Systemic treatment with corticosteroids resulted

in a significant decrease of the salivary peptide concentration, while other treatment modalities, such as

administration of vitamins A and E or local application of corticosteroids had no effect. Improved clinical

appearance of the lesions was followed by a decrease in the salivary LL-37 level.

Conclusions: Salivary concentration of LL-37 correlates to the manifestation of mucosa lesions in OLP

patients, the highest levels being observed in the most severe cases. This increase in peptide levels may protect

against lesion infection and promote a quick wound healing.
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O
ral lichen planus (OLP), a relatively common

disorder of the oral mucosa that mainly affects

adults older than age 40, has a prevalence of

0.5�2% in the general population. Its clinical presenta-

tion can vary from asymptomatic white striations to

painful erosions or blisters (1�7).

OLP is a T-cell-mediated chronic inflammatory disease

of unknown etiology (4, 5, 8). It is characterized by the

lysis of the basal keratinocytes after being damaged by

cell-mediated immune reactions. The cytokines released

by the affected keratinocytes and the associated inflam-

matory elements play a key role in the selective recruit-

ment of T-lymphocytes. The T-cell-dominated infiltrate

induces further cytokine and chemokine release (9).

Besides antigen-specific cell-mediated immune response,

several other immune mechanisms have been suggested

to be implicated in OLP (8).

Antimicrobial peptides are essential molecules of the

innate immunity (10, 11). They are suggested to substan-

tially help prevent infections and maintain health in the

oral environment (12). Salivary antimicrobial compounds

include the a- and b-defensins, the cathelicidin LL-37,

the histatins, and other peptides and proteins (13). LL-37

is the proteolytically processed extracellular form of

hCAP-18, the only known member of human cathelicidins,

found in the secondary granules of neutrophils and vari-

ous other cells (14). It has been detected in saliva (15�19),

in gingival crevicular fluid (20, 21), and also in gingiva,

salivary glands, lingual epithelium, and palatal mu-

cosa (15, 22�25). Following inflammatory stimulation,
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LL-37 is released at the inflamed sites mainly by migrated

neutrophils (22, 24).

Besides being antimicrobial (20, 26, 27), a wide range

of other biological activities has been attributed to LL-37.

They include inhibition of biofilm formation, stimulation

of angiogenesis, mast cell degranulation, tissue degene-

ration, and enhancement of keratinocyte migration and

proliferation (28, 29). Moreover, LL-37 has contrasting

effects on apoptosis in different cells such as neutrophils,

epithelial cells, and keratinocytes (30, 31), and may con-

tribute to adaptive immunity by mobilizing T cells (32).

LL-37 can also up-regulate genes encoding chemokines

and chemokine receptors without stimulating the proin-

flammatory cytokine TNF-a, thus contributing to the

immune response by recruiting immune cells to the site

of inflammation and by limiting the damage caused

by bacterial products (33). Recent studies revealed that

LL-37 is present in saliva of all healthy subjects, even

from early childhood, although its concentration varies

widely with women to exhibit higher peptide levels than

men (34, 35). Furthermore, edentulism leads to a con-

siderable decrease in salivary LL-37 concentration, which

implies the gingival sulcus as an important source of

the peptide in the oral cavity (35). Inheritable neutrophil

defects leading to a lack of the LL-37 peptide have

been associated to aggressive periodontitis (36, 37), while

low levels of LL-37 have been associated with high caries

activity (34).

In patients with oral diseases, such as OLP, the salivary

concentration of HNP-1 (a-defensin 1) was significantly

higher than in healthy subjects (38, 39). The expression

of HBD2 (b-defensin 2) is also up-regulated in OLP (40)

and a stronger signal for HBD3 (b-defensin 3) is detected

by in situ hybridization in OLP than in normal oral

epithelium. A recent study (41) has shown a positive

correlation between salivary levels of LL-37 and the

number of monthly oral ulcers in patients with Behçet’s

disease, which may indicate that topical inflammation

may result in an increase in salivary LL-37. If the latter

suggestion is true, an increase in peptide concentration

is to be expected in patients with OLP. Consequently,

this study was conducted to examine this hypothesis.

Furthermore, the study aimed to determine any correla-

tion between: 1) the concentration of LL-37 and the OLP

form (reticular or erosive), and 2) changes in the LL-37

level and the therapeutic approach and clinical outcome.

Materials and methods
The study was approved by the Ethics Committee of the

Dental School of the Aristotle University of Thessaloniki,

Greece. All the participants signed consent forms, in ac-

cordance with the Helsinki declaration, after they were

informed about the purpose and the procedures of the

study.

The study group consisted of 20 patients with OLP

(mean age 61.8912). For comparative purposes, 30 healthy

subjects in the same age range (mean age 57.5912.1) with

no history of systemic diseases or inflammatory oral

lesions were included. A detailed medical history of each

participant was obtained and none of the subjects had

received any medication either topical or systemic that

could cause lichenoid reaction 3 months prior to the study.

Moreover, none of the patients of OLP had received

any topical, or systemic medication for treatment of OLP

at any point, prior to saliva sampling. All patient subjects

were selected from the Outpatient Clinic, Department of

Oral Medicine in the Dental School of the Aristotle

University of Thessaloniki. The OLP diagnosis was estab-

lished by clinical and histological examinations, according

to the World Health Organization’s clinicopathological cri-

teria for OLP (42). Based on the clinical appearance of their

lesions, OLP patients were categorized into the following

groups: Group A included patients with the reticular form,

group B patients with one small erosion (B5 mm), and

group C patients with one erosion �5 mm or with more

than one erosion.

Treatment of the OLP patients was according to

the therapeutic protocols of the collaborating outpatient

clinic. Depending on the kind of treatment (topical ad-

ministration of antifungal agents and corticosteroids,

per os administration of corticosteroids or vitamins A

and E), the patients were divided into three groups

(Table 1). Saliva samples were obtained at least three

times from each patient, that is, before and during the

treatment every seventh day, upon clinical examination.

Oral photographs were taken on these occasions to enable

evaluation of the lesions. Any improvement in the disease

condition recorded was based on the clinical picture as

judged by the examiner clinician (42) and on the patients’

subjective symptoms. The examining clinician had re-

ceived no information about the nature of the study,

thus was objective regarding the clinical examination and

selection of treatment. Corticosteroids per os were admi-

nistered in the following manner: for the first 7 days 10 mg

Table 1. Distribution of patients in groups according to

the type of OLP lesions they exhibited at their first visit at

the clinic and the treatment modality they received

Treatment modality

OLP

group

Topical

corticosteroids and

antifungals

Vitamins

A�E

per os

Corticosteroids

per os Total

A 3 3 0 6

B 3 2 0 5

C 4 0 5 9

Total 10 5 5 20
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prednisolone every 12 h and for the following 7 days

5 mg every 12 h.

Unstimulated saliva was collected by spitting, all

samples being taken at the same time, around 11 a.m.,

to avoid any possible diurnal variation (43). The samples

were stored at �708C until examined. On the day of

analysis, the samples were thawed and cleared by cen-

trifugation at 10,000�g for 5 min. The concentration

of LL-37 in the supernatant was determined by an

ELISA method, using a commercially available kit

(HyCult Biotechnology, Uden, the Netherlands) and

following the manufacturer’s instructions. Each sample

was analyzed in duplicate and the mean value was cal-

culated. If the individual absorbance values differed by

more than 15% from the corresponding mean value,

the sample was retested. If required, the saliva samples

were diluted 5�10 times with distilled water. For calcula-

tion of the LL-37 concentration, the equation of regression

analysis was used, obtained with standard peptide solu-

tions (concentration range 0.1�100 ng/ml).

Data were summarized by means of descriptive statis-

tical indices. The statistical comparison between different

groups was performed with the Mann-Whitney test and

the Wilcoxon test. Non-parametric statistical methods

were preferred because the normality of the LL-37 con-

centration in saliva could not be assumed or confirmed.

In all hypothesis-testing procedures, the observed sig-

nificance level (p-value) was computed by the Monte-

Carlo simulation method (44). This approach leads to

valid inferences even in cases where the methodologi-

cal presuppositions of the non-parametric tests are not

satisfied and the number of patients is small. All analyses

were performed with SPSS v15.0 statistical package

enhanced with the module Exact Tests. The significance

level of all statistical tests was predetermined at pB0.05.

Results
LL-37 was detected in all saliva samples and its concen-

tration varied widely both in patients with OLP and in

healthy subjects (Fig. 1). Compared to healthy subjects,

patients with erosive OLP (groups B and C) had signi-

ficantly (pB0.05) higher LL-37 concentrations, while

patients with reticular OLP exhibited similar peptide

concentrations (Fig. 1). The median LL-37 concentration

for healthy subjects was 30.5 ng/ml. Corresponding levels

for OLP groups A, B, and C were 34, 64, and 68.5 ng/ml,

respectively.

The salivary concentration of LL-37 was significantly

(pB0.001) decreased upon systemic treatment with corti-

costeroids (Fig. 2). The median value of concentration

change was �34.5 ng/ml after a 7-day treatment. None

of the other treatment modalities showed any correlation

with the changes in the salivary LL-37 level (Fig. 2).

Reducing the dose of corticosteroids per os by half resulted

in a significant increase in the concentration of LL-37

(Wilcoxon test pB0.05). The median values of the LL-37

salivary concentration in patients that received corticos-

teroids systemically were 81 ng/ml (min�max 27�96 ng/ml)

Fig. 1. Box plot of data on LL-37 concentration (in ng/ml

saliva) in samples from healthy subjects and OLP patients

with: (a) reticular form, (b) erosive form with small lesion,

and (c) erosive form with large or multiple lesions. For each

group the median values (bold line), the minimum and

maximum values (bars) and the quartiles Q1 and Q3 (box)

are shown.

Fig. 2. Box plot of data on change in salivary LL-37

concentration in relation to treatment modality. The change

is defined as the difference: LL-37 concentration after 7 days

of treatment minus LL-37 concentration found immediately

before treatment. For each group the median values (bold

line), the minimum and maximum values (bars) and the

quartiles Q1 and Q3 (box) are shown.
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at the first examination, 21 ng/ml (min�max 1.1�52.5

ng/ml) after 7 days of treatment, and 44 ng/ml (min�max

7.5�69 ng/ml) after 7 days of receiving half treatment dose.

Irrespective of the treatment modality, improvement of

the lesions’ appearance, as judged by the clinical examiner,

correlated with a decrease in salivary LL-37 level (Fig. 3).

The median change was �20 ng/ml. The median changes

for patients that were systemically treated with steroids

or not were �34.5 and �2 ng/ml, respectively. The dif-

ferences between these groups were statistically significant

as indicated in Fig. 3.

Discussion
It is evident from the present findings that emergence

of erosive OLP lesions leads to an increase in the salivary

level of LL-37. The increase relates to the presence of

erosive lesions, while improvement of the clinical status

of the lesions coincides with changes toward a decreased

peptide level. Thus, the results support the hypothesis

stated above, that inflammatory conditions in the oral

mucosa might raise the concentration of LL-37 in saliva.

The levels of the peptide recorded for healthy subjects

and the wide intra-subject variation observed in all groups

examined are similar with previous findings (35). There

was no difference in peptide concentration between the

patients with reticular OLP and healthy subjects, while

the extent of the erosive lesions seems to influence the

salivary LL-37 levels. LL-37 in saliva is derived from

epithelial cells of the oral mucosa and gingival as well

as from neutrophils that enter the oral cavity through the

junctional epithelium and inflamed sites (13). Our results

are in line with a previously reported relation between

the LL-37 concentration in saliva and the number of

monthly ulcers in patients with Behçet’s disease (41), which

indicates a contribution of the ulcerated oral mucosa to

the increase of the peptide levels. Taken together, these

observations indicate that changes in the salivary LL-37

level will take place if the inflammatory disease creates

ulcers in the oral mucosa.

Systemic administration of steroids dramatically re-

duced the LL-37 concentration in saliva. On the contrary,

topical application of steroids had no effect. The immu-

nosuppressant and anti-inflammatory properties of corti-

costeroids are well established (45, 46). A recent study (47)

revealed that the systemic rather than the topical admin-

istration influences the mucosal tolerance. The authors

concluded that the route of administration rather than

the doses of corticosteroids administered affects the

immune response, this finding being in agreement with

our results. There is no data on the possible effect of

steroid therapy on LL-37 or other antimicrobial peptides.

Although it seems logical to assume that immunosuppres-

sant drugs will reduce the production of antimicrobial

peptides, the impact of such a therapy on innate immune

response remains to be elucidated.

Based on the multifunctional nature of LL-37 that

exhibits a variety of biological actions both as an anti-

microbial component of broad spectrum and as a regula-

tory molecule that affects immunological response and

tissue regeneration (29), it is tempting to suggest that

the changes in the LL-37 concentration, found presently

in OLP patients and in previous studies on ulcerating oral

diseases, arise from the targeted action of the innate

defense mechanisms in the local soft tissues to prevent

the establishment of infection in the ulcers and to enable

healing of the lesions. Further studies are needed to clarify

the possible role of the peptide as an objective indicator

of the severity of the inflammatory condition and of the

treatment outcome and also in therapeutic applications.
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7. Axéll T, Rundquist L. Oral lichen planus � a demographic study.

Community Dent Oral Epidemiol 1987; 15: 52�6.

8. Roopashree MR, Gondhalekar RV, Shashikanth MC, George J,

Thippeswamy SH, Shukla A. Pathogenesis of oral lichen planus

� a review. J Oral Pathol Med 2010; 39: 729�34.

9. Thornhill MH. Immune mechanisms in oral lichen planus.

Acta Odontol Scand 2001; 59: 174�7.

10. Ganz T. Defensins: antimicrobial peptides of innate immunity.

Nat Rev Immunol 2003; 3: 710�20.

11. Doss M, White MR, Tecle T, Hartshorn KL. Human defensins

and LL-37 in mucosal immunity. J Leukoc Biol 2010; 87: 79�92.

12. Zasloff M. Innate immunity, antimicrobial peptides, and pro-

tection of the oral cavity. Lancet 2002; 360: 1116�17.

13. Dale BA, Fredericks LP. Antimicrobial peptides in the oral

environment: expression and function in health and disease.

Curr Issues Mol Biol 2005; 7: 119�33.

14. Sorensen OE. Human cathelicidin, hCAP-18, is processed to

the antimicrobial peptide LL-37 by extracellular cleavage with

proteinase 3. Blood 2001; 97: 3951�9.

15. Murakami M, Ohtake T, Dorschner RA, Gallo RL. Cathelici-

din antimicrobial peptides are expressed in salivary glands and

saliva. J Dent Res 2002; 81: 845�50.

16. Bachrach G, Chaushu G, Zigmond M, Yefenof E, Stabholz A,

Shapira J, et al. Salivary LL-37 secretion in individuals with

Down syndrome is normal. J Dent Res 2006; 85: 933�6.

17. Tao R, Jurevic RJ, Coulton KK, Tsutsui MT, Roberts MC,

Kimball JR, et al. Salivary antimicrobial peptide expression

and dental caries experience in children. Antimicrob Agents

Chemother 2005; 49: 3883�8.

18. Davison G, Allgrove JE, Gleeson M. Salivary antimicrobial

peptides (LL-37 and alpha-defensins HNP1-3), antimicrobial

and IgA responses to prolonged exercise. Eur J Appl Physiol

2009; 106: 277�84.

19. Usui T, Yoshikawa T, Orita K, Ueda SY, Katsura Y, Fujimoto

S, et al. Changes in salivary antimicrobial peptides, immuno-

globulin A and cortisol after prolonged strenuous exercise. Eur J

Appl Physiol 2011; 111: 2005�14.

20. Puklo M, Guentsch A, Hiemstra PS, Eick S, Potempa J.

Analysis of neutrophil-derived antimicrobial peptides in gingi-

val crevicular fluid suggests importance of cathelicidin LL-37

in the innate immune response against periodontogenic bacter-

ia. Oral Microbiol Immunol 2008; 23: 328�35.
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The human antimicrobial peptide LL-37 suppresses apoptosis in

keratinocytes. J Invest Dermatol 2009; 129: 937�44.

32. Chertov O, Michiel DF, Xu L, Wang JM, Tani K, Murphy

WJ, et al. Identification of defensin-1, defensin-2, and CAP37/

azurocidin as T-cell chemoattractant proteins released from

interleukin-8-stimulated neutrophils. J Biol Chem 1996; 271:

2935�40.

33. Scott MG, Davidson DJ, Gold MR, Bowdish D, Hancock

REW. The human antimicrobial peptide LL-37 is a multi-

functional modulator of innate immune responses. J Immunol

2002; 169: 3883�91.

34. Davidopoulou S, Diza E, Menexes G, Kalfas S. Salivary

concentration of the antimicrobial peptide LL-37 in children.

Arch Oral Biol 2012; 57: 865�9.

35. Davidopoulou S, Diza E, Sakellari D, Menexes G, Kalfas S.

Salivary concentration of free LL-37 in edentulism, chronic

periodontitis and healthy periodontium. Arch Oral Biol 2013;

58: 930�4.

36. Pütsep K, Carlsson G, Boman HG, Andersson M. Deficiency

of antibacterial peptides in patients with morbus Kostmann:

an observation study. Lancet 2002; 360: 1144�9.

37. De Haar SF, Hiemstra PS, Van Steenbergen MTJM, Everts V,

Beertsen W. Role of polymorphonuclear leukocyte-derived

serine proteinases in defense against Actinobacillus actinomy-

cetemcomitans. Infect Immun 2006; 74: 5284�91.

38. Mizukawa N, Sugiyama K, Ueno T, Mishima K, Takagi S,

Sugahara T. Defensin-1, an antimicrobial peptide present in the

saliva of patients with oral diseases. Oral Dis 1999; 5: 139�42.
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