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Review Article

ABSTRACT

Antimicrobial peptides (AMPs) have a widespread distribution in human body and have
antimicrobial activity against microorganisms with wide-range class of host-defense molecules.
These are small cationic peptides that play an important role in the development of innate immunity
with activity against gram-positive and negative bacteria, parasites, fungi and some viruses.

In the oral cavity, the AMPs are produced by the salivary glands and the oral epithelium and serve
as defensive purposes. At least forty-five identifiable antimicrobial gene products found in saliva are
secreted from oral epithelial cells, salivary glands and neutrophils. AMPs also serve as effective
biological molecules in immune response activation, inflammation and wound healing

The aim of this review was to discuss the types and functions of oral AMPs and their role in
combating microorganisms and infections in the oral cavity.

AMPs have a promising potential to be used against oral microbes in order to control their growth
and biofilm formation. There are many challenges that need to be overcome in order to design and
synthesize AMPs that have the ability to with stand the unique and harsh oral environment. AMPs
are expected in the future to be used as models for developing effective oral microbial antibiotics.
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1. INTRODUCTION

The oral cavity, the gateway for both the
gastrointestinal and respiratory tracts, is
composed of a unique anatomical structure,
represented by the soft and hard tissues. The
open entry allows for constant exposure to the
microbes, many of which are commensal, that
could colonize and lead to oral disease.

In order to provide an efficient defense, the oral
cavity is supplied with various defense
mechanisms  against  invading  microbial
pathogens: nonspecific barriers, innate immunity
and adaptive immunity.

The nonspecific barriers in oral cavity are
represented by saliva as chemical and
mechanical barriers and by oral epithelium as a
physical barrier. Saliva acts as a potent line of
defense because of its antimicrobial effect. The
flow of saliva has a mechanical effect, flushing
microorganisms from mucosal and tooth
surfaces, while a neutral pH and antimicrobial
peptides in saliva contribute to the chemical
shield on the surface of the oral mucosa, the
intact stratified squamous epithelium presents a
physical barrier [1,2].

The innate immunity is the mainstay of oral cavity
protection, which is provided by innate immune
cells in oral cavity such as epithelial barriers,
phagocytes and by secreting of several classes
of molecules known as antimicrobial peptides
(AMP), or as host defense peptides (HDPs).

Antimicrobial activity of saliva is a key
component of the innate host defence against
infection in the mouth. The saliva contains many
molecular elements which restrict microbial
growth: for example lysozyme cleaves bacterial
cell walls, lactoferrin complexes iron ions which
are an essential microbial nutrient, salivary
amylase, cystatins, prolin-rich proteins, mucins,
peroxidases, AMPs such as defensins,
cathelicidins, and histatins (and others), are
primarily responsible for innate immunity which
forms oral antimicrobial barrier [3].

In other hand, secretary IgA (slgA) antibodies
and lymphocytes are the fundamental adaptive
immune defense in oral cavity. Salivary
antibodies act in the mucus layer on the epithelial
surfaces by performing immune exclusion of

antigens in the saliva [4] and in the acquired
pellicle on the tooth surfaces. They are
constitutively excreted into the saliva. There are
two major antibody classes in human saliva,
namely secretory IgA (slgA) and 1gG [3].

2. EXPRESSION OF ANTIMICROBIAL
PEPTIDES (AMPS) IN ORAL CAVITY

In the oral cavity, it has been recognized more
than forty-five AMPs, which are secreted by oral
epithelial cells, salivary glands and phagocytes
[1]. Most AMPs exist in saliva and in gingival
crevicular fluid. Thirteen from these AMPs are
up-regulated in periodontal disease while 11 are
down-regulated [5,6]. Subsets of these AMPs are
more concentrated in the crevicular fluid than in
saliva [7,8].

Existing of AMPs in saliva[9,10]and in crevicular
fluid [11,12] suggesting that they play a role in
the maintenance of microbial homeostasis.

AMPs are synthesized as precursors that are
proteolytically activated and released during
inflammation [13-15]. They are localized in
different sites in oral cavity (Table 1). These
AMPs have synergistic effects, and their
presence in saliva may provide natural
antimicrobial barrier [16].

Chung et al. [17] suggested that there may be
complex regulatory mechanisms involved in
gingival innate immunity to produce AMPs, and
further suggest that AMPs play a crucial role in
the maintenance of gingival health and
prevention of periodontal disease.

3. THE MAIN MAJOR FAMILLY OF AMPS
ARE DEFENSINS, CATHELICIDINS,
AND HISTATINS

3.1 Defensins

Human defensins are classified as a, § and 6 on
the basis of their length, location, position of
cysteine and folding of peptide chains [10,18].

Defensins are extensively studied due to their
wide expression in human body and the
capability to kill all kind of gram-positive and
negative bacteria, fungi as well as viruses such
as herpes simplex [19-21].
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Table 1. Antimicrobial peptides expressed in the oral cavity-Saliva

Antimicrobial Site of Role Salivary References
peptide expression concentration
(mg L)
Defensin Neutrophils Antibacterial HNP 1:20.0 Goebel et al. (2000)
HNP1-4 Gingival sulcus Antifungal HNP 2:0.6 Tao et al. (2005) Raj et al.
Inflammation site  Antiviral (2000) Zhang et al. (2002)
Salivary duct cells
Defensin Epithelia Antibacterial HBD 1:0.5 Tanida et al. (2003)
HBD 1-3 Salivary duct cells  Antifungal HBD2:0.5 Tao et al. (2005) Joly et
Antiviral HBD 3:0.3 al. (2004)
Active part protective barrier Maisetta et al.(2003)
Histatin Neutrophils Antifungal Castagnola et al.(2001)
Histatin 5 Gingival sulcus His 5:15.3 Oppenheim et al.(1988)
Histatin 8 Salivary duct cells His 8 : 20.0
Cathelicidin Neutrophils Primarily antibacterial LL 37:3.1 Tao et al. 2005)
LL 37 Gingival sulcus Tanaka et al.(2000)

Salivary duct cells

Ouhara et al.(2005)

3.1.1 Alpha-defensins

In humans, they are expressed in neutrophils as
part of their non-oxidative antimicrobial
mechanisms [22]. Six different human alpha
defensins have been identified [23].

During gingivitis, neutrophils dominate the lesion
area, but the relative proportion compared to
plasma cells and lymphocytes in neutrophils
decreases during the transition to periodontitis
[24,25]. Disorders in neutrophil production have
been associated with destruction of periodontal
tissue and eventual periodontal disease [26].

It has been observed an increase in human
neutrophil peptides (HNP) levels in the saliva in
oral diseases [27]. However, variability in levels
of HNP in gingival crevicular fluid in both healthy
persons and those with periodontitis [28]
suggests that they may be regulated by
pathogens that affect neutrophil migration and
function, such as Porphyromonas gingivalis and
Aggregatibacter actinomycetemcomitans.

3.1.2 Beta-defensins

The human beta-defensins (hBDs) are small
cationic antimicrobial peptides made primarily by
epithelial cells and expressed in all human
epithelia [29]. Four different human B-defensins
(hBD1-4) have been identified and they are all
expressed in epithelial cells as well as certain
cell types of the myeloid lineage (Phagocytes)
[30].

Beta-defensins 1 and 2 (hBD-1 and hBD-2) are
found in normal, uninflamed gingival tissues as

part of the innate host defense mechanism
[31,32]. Furthermore, hBD-1 and hBD-2 are
localized at the gingival margin where there is
the most exposure to oral bacteria of the plaque
on the tooth surface, but not in the junctional
epithelium. Thus, the junctional epithelium is
protected by alpha-defensins and LL-37 released
from neutrophils, while the differentiated,
stratified epithelia are protected by beta-
defensins (Fig. 1) [32].

In addition, a recent study revealed that the
expression of hBD-3 in response to another
periodontal pathogen T. denticola is regulated via
(Toll like receptor 2) TLR2. All these studies
strongly suggest gingival epithelia are able to
sense microbes, distinguish between commensal
and periopathogenic bacteria, and regulate the
appropriate responses for inflammation via
regulation of AMPs [33].

3.2 Cathelicidins

The sole human cathelicidin, LL-37, the only
member in human cathelicidin family, found at
the C-terminus of the human cationic
antimicrobial protein 18 (hCAP-18) encoded by
the cathelicidin antimicrobial peptide gene
(CAMP) [34,35].

Cathelicidin is detected and expressed in higher
amounts within neutrophils that migrate through
the junctional epithelium to the gingival sulcus
[32]. The expression of LL-37 is detected in wide
range of epithelia and other body sites, including
junctional  epithelium, inflamed epidermal
keratinocytes, tongue, buccal mucosa and saliva
following inflammatory stimulation [36-38]. LL-37
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has broad-spectrum activity similar to that of
defensins, against both Gram-positive and Gram-
negative bacteria, as well as Candida albicans
[34].

. Defengines.

L] 11-37 Defensines

Neutrophi

Fig. 1. AMPs in gingival crevicular fluid
3.3 Histatins

Histatins are a salivary proteins,they are a family
of histidine-rich, a-helical antimicrobial peptides
with low molecular weight cationic peptides
mainly found in human parotid salivary
secretions (the parotid and submandibular
salivary ducts cells) [39,40].

Histatins are predominantly antifungal and
comprise of three main members (His- 1, His-3
and His-5) [41,42].Along with the capability of
inhibiting the growth of Candida species, they
have other functions such as regulating oral
hemostasis [43,44].

4. FUNCTIONS OF AMPS
CAVITY

IN ORAL

4.1 Antibacterial Activity

The major oral antimicrobial peptides families
cathelicidin, defensins and Histatins are
principally involved in prevention overgrowth of
microbes and maintain harmless and stable
ecosystem in oral cavity [45].

AMPs have showed a variable antibacterial
activity in the oral cavity. That is illustrated by
several studies, for example, human 3-defensins
has greater activity against aerobic species
compared with anaerobic species [46].
Furthermore, periodontopathogenic bacteria are
more resistant to both LL-37 and hBD3 than
were non-pathogenic bacteria [47]. hBD-3 in oral

cavity showed, that a wide
bacteria is susceptible to its antibacterial
activity, including periodontal pathogens A.
actinomycetemcomitans and P. gingivalis, and
cariogenic bacteria Streptococcus mutans [48].

range of oral

LL-37 has shown antimicrobial activities against
periodontal pathogen A. actinomycetemcomitans
[49], while is ineffective against some cariogenic

bacteria, including Strepfococcus. mutans,
Streptococcus  sobrinus and  Actinomyces
viscosus, as well as periodontal pathogen

P. gingivalis [50].
4.2 Antiviral Activity

Antiviral activity of defensins was reviewed by
Klotman and Chang, they showed the role of
defensins as antiviral [51].

Chong KT, et al. [52] study showed that a high
level of gene expression of hBD-1, -2, and -3
was detected in papilloma virus-induced
epithelial lesions compared with normal oral
epithelial cells.

Viruses could be neutralized by defensins in
different ways: Direct and indirect. Direct antiviral
activity  of  defensins against human
immunodeficiency virus (HIV) in vitro is
demonstrated by several studies [53-55].

Indirect antiviral activity of human a-defensins
HNP 1-3 has been shown through their activity
against human papilloma virus by blocking viral
escape from endocytotic vesicles, but not by viral
binding and internalization [56]. Also indirect
antiviral activity of hBD-2 and hBD-3 is found
through their ability to modulate HIV entry into T-
lymphocytes [57].

The antimicrobial LL-37 has also been
demonstrated to inhibit HIV replication, although
the mechanism is not known [58].

4.3 Antifungal Activity
It has been mentioned by Lehrer and Ganz that
hBD 1-4 show antifungal activity [59]. Histatins

have a potent activity primarily against fungi,
including both forms of Candida albicans [9].

4.4 A Potent Wound Healing Peptide

In addition to their role played as antimicrobials,
AMPs also serve as effective biological
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molecules in immune activation, inflammation
and wound healing [60,61]. Histatins stimulate of
wound healing in the mouth [62].

4.5 Other Immune Functions

In addition to their direct antimicrobial activity,
AMPs has numerous other biological activities
[60].

4.5.1 Chemotactic activity

AMPs have a selective chemotactic activity for a
variety of immune cells. Specifically, HNP1-3 and
hBD1-3 are chemotactic for immature dendritic
cells [63]. LL-37 demonstrates chemotactic
activity for neutrophils, monocytes, and some T-
cells [63] and induces IL-8 secretion from
epithelial cell lines [64].

4.5.2 AMPs stimulate the acquired immune
system and initiate link between innate
and adaptive immunity

AMPs stimulate the acquired immune system
and could function to enhance IgA production as
well as 1gG production. Furthermore, LL-37
affects dendritic cell (DC) maturation, and can
act synergistically with the DC-maturation
cytokine GM-CSF to activate signal transduction
pathways in monocytes [65]. These multiple
activities of LL-37 suggest that it plays an
important, multifunctional role in host defense.

5. ROLE OF AMPS IN ORAL DISEASES

Oral disorders caused by microbes are very
common, in particular dental caries, periodontitis
and halitosis.

5.1 Dental Caries

It cannot be determined if the level of salivary
alpha-defensin is predictive of future caries, but it
has been shown that children with caries have
significantly lower levels of alpha-defensins
based on their concentration in saliva. This is
important because of the need for new
approaches for caries risk assessment in young
children, when preventive measures are likely to
have the greatest impact. Tao et al. [16]
observed an association between lower levels of
salivary a-defensins HNP1-3 and the presence of
dental caries. The role of LL-37 in oral immune
competency has been investigated, and high LL-
37 levels in saliva have been correlated with

resistance to caries. LL-37 is present in gingival
crevicular fluid, where it may contribute as a
marker for oral health status.

5.2 Morbus Kostmann Syndrome (MK)

Morbus Kostmann syndrome is an inherited
disorder that causes lower than normal levels of
neutrophils, have been found to be more
susceptible to periodontal disease [66]. MK is
associated with a complete absence of LL-37
and lower concentrations of HNP1-3 in saliva,
and is characterized by chronic periodontitis and
overgrowth with A. actinomycetemcomitans [66].
However, when these patients receive a bone
marrow transplant, normal concentration of LL-37
is found in their saliva [66].

5.3 Papillon-Lefévre Syndrome

Papillon-Lefevre  Syndrome demonstrate a
deficiency in LL-37 and exhibit severe
periodontitis. This may be due to a deficiency in
the serine proteinases that process hCAP-18 to
the mature, active LL-37 peptide [67]. Together,
these studies suggest a role for LL-37 in the
natural defense against colonization by
periodontal pathogens.

5.4 Periodontal Disease

The antimicrobial peptide LL-37, a component of
innate immunity, has an important role in
maintaining oral health. This study aimed to
investigate the concentration of free LL-37 in
whole saliva of periodontally healthy, edentulous
and chronic periodontitis subjects.

The present findings show that edentulism
correlates with a substantial decrease in salivary
levels of free LL-37, thus indicating the
considerable contribution of the gingival tissues
in the secretion of the peptide in the oral
environment [68].

Gingival  tissue  samples from  chronic
periodontitis patients showed elevated mRNA
expression of LL-37 and higher immunostaining
on neutrophils, while the LL-37 levels were
also elevated in the GCF of periodontitis patients
[69].

5.5 Oral Candidiasis

Histatins clearly demonstrate potential as novel
agents against oral candidiasis [70].
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5.6 Oral Lichen Planus

Limited knowledge exists on its role in oral
diseases and oral lichen planus (OLP) in
particular. 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 [71].

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
[72].

6. POTENTIAL OF AMPS (USE OF
PEPTIDES AND PEPTIDE GENES)

Since AMPs reveal broad-spectrum antimicrobial
activity, and demonstrate a decreased ability to
develop resistance [73], they represent an ideal
potential therapeutic agent in any tissue or
system that is a site for microbial infection,
including the lung and oral cavity. After their
initial discovery, numerous AMPs were examined
for such therapeutic use. Unfortunately, several
issues stood in the way of their development
[74]. These include: difficulty and expense of
manufacturing; short half-lives due to proteolytic
degradation; and inhibition by host molecules
[74,75].

7. SUMMARY

Most antimicrobial peptides in oral cavity are not
only part of the immune response but are also
expressed in healthy tissues where they
contribute to host homeostasis. Accumulated
evidences suggest that defensins, cathelicidin,
histatins, and other antimicrobial peptides have a
key role in maintaining the oral health.

Diverse  biological functions have been
documented for AMPs in a broad antimicrobial
activity and augmentation of innate immune
functions. Clinical studies are now identifying
associations between changes in AMPs
production or function and human infectious
diseases, inflammatory syndromes, or immune
deficiencies.

It appears that the development of oral biofilms,
the host-response to biofilm bacteria and their
toxins are important factors in the progression to
periodontal disease. The host-response consists
of a cascade of events by the innate and
acquired immune systems. An early component
of this cascade is the secretion of antimicrobial
proteins and peptides (AMPs) by salivary glands,
oral epithelial cells and neutrophils.

AMPs have a widespread distribution in human
body and have antimicrobial activity against
microorganisms. Oral epithelial cells, salivary
glands and neutrophils secrete at least forty-five
identifiable antimicrobial gene which they are
found in saliva, AMPs also serve as effective
biological molecules in immune response
activation, inflammation and wound healing.

AMPs have a promising potential to be used
against oral microbes in order to control their
growth and biofilm formation. There are many
challenges that need to be overcome in order to
design and synthesize AMPs that have the ability
to withstand the unique and harsh oral
environment. AMPs are expected in the future to
be used as models for developing effective oral
microbial antibiotics.
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