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Abstract
Transmission of human immunodeficiency virus type 1 (HIV-1) via oral route is

considered to be uncommon. Several factors at mucosal surfaces and in saliva may play
roles in local defense against the viral infection of target cells. The objective of this article
was to review local innate immunity that contributes to the oral resistance against HIV-1.
Oral epithelial cells play significant roles in local innate immunity. They provide physical
barrier and also produce antimicrobial peptides that possess anti-HIV-1 activity. This
article described mechanisms of HIV-1 transmission, role of epithelial cells and antiviral
mechanisms in the oral cavity including human beta-defensins (hBDs) in HIV-1 transmission
at mucosal surfaces.
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Introduction

Mucosal surfaces are predominant sites of human immunodeficiency virus type 1
(HIV-1) transmission. Epithelial cells lining the oral cavity get exposed to the virus through
breast-feeding and oral–genital sexual contact. However, oral mucosa appears to be
naturally resistant to infection with HIV-1.1 The mechanisms contributing to the protective
effect in the oral cavity are incompletely understood. It has been postulated that the innate
immune response is a key defense against HIV-1, especially at mucosal surfaces.2

The oral epithelium, which is organized into stratified squamous structure, provides
a physical barrier as the first line of innate immune defense against penetration of the
virus.2 Antimicrobial peptides produced by oral epithelial cells, including human beta
defensins (hBDs) and other salivary proteins such as thrombospondin, albumins, lysozyme,
and lactoferrin have been shown to possess anti-HIV-1 activity at physiologic
concentrations.3-6 However, it is not clear to what degree locally produced innate immune
factors contribute to HIV-1 resistance of the oral mucosa.

This article described possible mechanisms of HIV-1 transmission, roles of epithelial
cells in HIV-1 transmission, antiviral mechanisms in the oral cavity with special focus on
antiviral activities of hBDs.
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Mechanisms of HIV-1 transmission
Although mucosal surfaces are the primary sites of

HIV-1 entry, the mechanisms of HIV-1 transmission across
epithelial surfaces are not clearly understood. It was
demonstrated that to initiate HIV-1 infection, fusion of the virus
membrane and a target cell membrane is required. The virus
envelope glycoprotein 120 (gp120) and gp 41 sequentially
interacts with two cell surface receptors; CD4 is the primary
receptor, and the beta-chemokine receptors CCR5 or CXCR4
serve as secondary receptors.7-8

Transmission of HIV-1 strains in vivo generally uses
CCR5 (R5-tropic), which predominate during the acute and
asymptomatic phases of infection.9 When chronic infection is
established, viruses preferentially using CXCR4 (X4-tropic)
emerge in approximately 50% of infected individuals.9-10

In addition to CCR5 and CXCR4, several other receptors
including glycosphingolipid galactosyl ceramide (GalCer) can
mediate the entry of some HIV-1 isolates.11

Interaction of X4- and R5- tropic viruses with their specific
receptors is necessary to establish productive HIV-1 infection
in target cells as shown in Figure 1. Thus, agents that target
CCR5 or CXCR4 can block HIV-1 entry and prevent infection

in vivo and in vitro. These include Regulated on Activation,
Normal T Expressed and Secreted (RANTES), Macrophage
Inflammatory Protein (MIP)-1α and MIP-1β, the natural
chemokine ligands for CCR5; and Stromal Cell-Derived
Factor-1 (SDF-1), the natural ligand for CXCR4.12,13 Modulation
of CXCR4 and CCR5 expression after HIV-1 infection is one of
the results of such interaction, which may affect the course of
the infection.

Immune cells expressing CD4 receptor, and CCR5 or
CXCR4 co-receptors are the target cells for HIV-1 and primary
reservoirs of the virus. These include monocytes/macrophages,
lymphocytes, and dendritic cells (DCs). CD4+ T cells are the
main source of HIV-1 replication and dissemination. Most
infectious HIV-1 occurs in infected leukocytes and a smaller
fraction as cell-free HIV-1 in blood and secretion.14 Both
cell-free and cell-associated HIV-1 particles can be sexually
transmitted.

DCs play an important role in HIV-1 transmission at
mucosal surfaces and in HIV-1 pathogenesis. They express
relatively low levels of CD4 receptor, and CCR5 and CXCR4
co-receptors.15 Thus, compared with CD4+ T cells, HIV-1
replication in DCs is generally less productive16,17 with about
10-100 fold lower frequency of HIV-1 infected DCs in vivo.18

DCs are located in the oral and vaginal mucosae and
the lymphoid tissues. Thus, it has been proposed that during
the sexual transmission of HIV-1, DCs including Langerhans
cells (LCs) in epithelial and mucosal tissues, and immature
myeloid DCs in the submucosa are among the first cells that
encounter the virus.19-21 However, a recent study by Hladik and
co-workers22 demonstrated that both LCs and CD4+ T cells
residing in the vaginal epithelium are simultaneously infected
by HIV-1. C-type lectins, a family of transmembrane proteins
that function as cell-adhesion molecules, and other HIV-1
attachment factors that are expressed by immature DCs
capture HIV-1, and migrate to lymphoid tissues that are
enriched in CD4+ T cells.15

Roles of epithelial cells in HIV-1 transmission
As part of innate immunity, epithelial cells lining

mucosal surfaces form important barriers against invasion of
various microorganisms.23,24 To maintain these critical barriers,
epithelial tissues undergo constant renewal and repair, and
the cells undergo a program of terminal differentiation.25 Since
the majority of HIV-1 infections occur as a result of the viral
passage across the mucosal membrane, the virus must gain

Fig. 1 HIV-1 infection of target cells.

The first step is the attachment of the virus to receptors on the

cell surface. The HIV-1 RNA genome then enters the cytoplasm.

The viral RNA genome is reverse- transcribed into viral DNA

before entering the nucleus and being integrated with the host-

cell genome to serve as a template for viral transcription.

Transcription of the proviral DNA template creates viral mRNA

species encoding the viral proteins. The cycle is completed by

the release of infectious retroviral particles from the cell.



«.∑—πµ.  ªï∑’Ë 59 ©∫—∫∑’Ë 4 µ.§.-∏.§.  2552  203

access through the epithelial surfaces before going on to
initiate a systemic infection.

Although HIV-1 infection through heterosexual inter-
course accounts for the majority of infections worldwide, the
mechanisms of viral transmission across the epithelium of the
reproductive tract is poorly understood. Previous animal studies
revealed that rhesus macaques became infected by simian
immunodeficiency virus (SIV) placed on the apparently intact
cervix, vagina, or penile urethra.26,27 Thus, the virus is capable
of crossing the “ intact” epithelial barrier by undefined
mechanisms. In general, epithelial organization dictates the
mechanisms of viral entry and translocation. Viruses have
evolved several pathways to initiate entry through epithelial
barriers. They may enter and infect epithelial cells by accessing
the cell cytosol using one of two mechanisms; direct entry at
the epithelial plasma membrane, or entry through the epithelial
endocytotic pathway.28

Different potential mechanisms for HIV-1 transmission
across mucosal epithelium have been proposed as shown in
Figure 2. A study by Moore et al29 revealed that oral epithelial
cells can be infected by cell-free R5-, but not cell-free X4-tropic
viruses, and release infectious virions that can infect CD4+ T
cells. In contrast, it has been shown that HIV-1 can cross

simple epithelial cells of small intestine by rapid transcytosis
without infection.11,30,31 Bomsel et al30,31 used a monostratified
epithelial cell line barrier as an in vitro model to study HIV-1
infection and found that peripheral blood mononuclear cells
(PBMCs) infected with HIV-1 primary isolates (HIV-1+ PBMCs)
adhered to the apical surface of the epithelial cells, and
massive polarized budding of HIV-1 was induced by contact
between HIV-1 infected PBMCs and epithelial cells. The newly
formed virus is rapidly transcytosed to the basolateral pole of
the cell, and released to infect mononuclear cells in lamina
propria.

Transcytosis of HIV-1 across CD4-negative epithelial
cells requires two molecules; gp120 and GalCer.11 GalCer
is markedly enriched at the apical surface of epithelial cells.11

It has been demonstrated that in transcytosis, the trans-
membrane gp41 subunit of the viral envelope binds to the
epithelial GalCer.11 This is supported by further evidence that
disrupting the raft organization of the GalCer-containing
microdomains at the apical surface inhibited HIV-1 transcytosis.32

A study by Meng et al11 revealed that primary intestinal
epithelial cells express GalCer and CCR5, but not CXCR4. Thus,
the cells transfer R5-tropic, but not X4-tropic viruses to CCR5+

indicator cells, which can efficiently replicate and amplify the
virus. The transfer was not inhibited by the fusion blocker
T-20 (a novel antiretroviral agent that inhibits the fusion of
human HIV-1 with target cell membranes), but was substantially
reduced by colchicine and low temperature (4˚C), suggesting
endocytotic uptake and microtubule-dependent transcytosis
of HIV-1. The findings of this study that CCR5+ intestinal
epithelial cells select and transfer exclusively R5-tropic
viruses indicates a mechanism for the selective transmission
of R5 HIV-1 in the upper gastrointestinal tract.

Despite a growing number of reports, the issue whether
oral epithelial cells are infected by HIV-1 is still debatable.33

A study in human gingival tissue revealed that GalCer and
CXCR4 are detected in healthy gingiva, but only in the
deeper layers that are close to the basal layer33. A study by
Quiñones-Mateu et al5 found that oral epithelial cells were
not infected by HIV-1. In contrast, a study by Moore et
al29 demonstrated that oral epithelial cells could be infected
with a R5-tropic strain but not an X4-tropic strain. Recently,
a study by Giacamen et al34 reported that CCR5, which is
not usually expressed in oral epithelial cells, was up-regulated
by lipopolysaccharide (LPS) of Porphylomonas gingivalis

Fig. 2 Potential mechanisms for HIV-1 transmission across mucosal

epithelium A, Direct infection of epithelial cells. B, Transcytosis

through epithelial cells and/or  specialized microfold (M) cells.

C, Epithelial transmigration of infected donor cells. D, Uptake

by intra-epithelial Langerhans cells during physical breaches.

Successful transfer of virus across epithelial barriers would

result in HIV-1 uptake by migratory dendritic cells and

subsequent dissemination to draining lymph nodes and/or

localized  mucosal HIV-1 infection.
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(P. gingivalis). Thus, coinfection with P. gingivalis could

promote selective R5-tropic HIV-1 infection of oral epithelial

cells by inducing CCR5 expression. Further in vitro studies

with a physiologically relevant model of oral mucosa are

needed to determine epithelial cells and HIV-1 interaction.

Antiviral mechanisms in the oral cavity
Oro-genital transmission has a very low per-contact

risk of acquiring HIV-1 infection. It has been estimated that

only 4/10,000 contacts result in infection.35-37 Vertical HIV-1

transmission from mother to infant during breastfeeding

also has a low incidence, which accounts for one third of all

transmission events.38 The low estimated rate of HIV-1 oral

transmission may be associated with the protective role of

the mucosa and salivary constituents in the oral cavity. The

presence of unique anti-HIV-1 molecules in saliva, as well as

higher concentrations of common antimicrobial and antire-

troviral factors, may account for the fact that infectious virus

is rarely present in saliva.39 However, HIV-1 oral transmission

may occur when large volumes of potential viral inoculum

overwhelm the natural protective mechanisms.

The mechanisms of action of salivary viral inhibitors

include acidic proline-rich proteins (PRPs), thrombospondin,

albumins, lactoferrin, mucins, and salivary agglutinins that

may block cell binding and fusion through interactions with gp

120. Defensins appear to inhibit HIV-1 infection at a step prior

to reverse-transcription, whereas cystatins may interfere with

proteolytic viral processing in the late stages of the viral life cycle.40

Lactoperoxidase and lysozyme have also been shown to

have activity against HIV-1.39 Several of these salivary

viral inhibitors are summarized in Table 1. In addition,
Table 1 Mechanism of HIV inhibition by salivary components

Component Proposed mechanism Reference

Defensins β-defensins 2,3 inhibit HIV-1 replication, Quiñones-Mateu et al.5

especially of X4 viruses

α-defensins inhibit HIV replication at a Tanabe et al.80

step that precedes reverse-transcription

α- and β-defensins bind to gp120 Wang et al.81

and CD4

SLPI Inhibits HIV infection at a stage prior McNeely et al.3

to reverse-transcription

Binds to annexin II that may facilitate Ma et al.82

viral entry through its association with

phosphatidylserine

Mucins and salivary agglutinins Interact with gp 120 and Nagashunmugam et al.83

aggregate viral particles

Lactoperoxidase and lysozyme General antimicrobial actions/ Shugars & Wahl38

demonstrated HIV inhibition

Lactoferrin Binds to the V3 domain of gp120 Swart et al.84

Inhibits HIV infection/viral replication Puddu et al.85
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non-specific mechanisms, such as lysis of infected cells by the
hypotonicity of saliva may also play a role.39 Among these
salivary factors, hBDs are the endogenous antiretroviral
agents that have received considerable attention.

What are hBDs?
HBDs are small, cationic antimicrobial peptides

encoded by multiple genes located in a cluster on chromo-
some 8p23.41 In humans, expression of 4 members of the
hBDs family has been characterized.42 HBD1 is constitutively
expressed by epithelial cells and found in the interstitial
spaces between the cells. In contrast, hBD2-4 are inducible
and produced by epithelial cells in response to LPS and
proinflammatory cytokines such as interleukin-1 (IL-1), and
tumor necrosis factor alpha (TNFα).43 HBD1 may play a role

in preventing commensal bacteria from becoming opportunistic
pathogens, whereas hBD2, hBD3 and hBD4 may be more
effective against pathogens.44,45

HBDs are characterized by six cysteine residues in
specific locations. They have disulfide bonds between cysteine
1-5, 2-4, and 3-6 and consist of a triple-stranded β-sheet
with a distinctive “defensin” fold. Structures of hBDs contribute
to their functions.46 For example, disulfide bonds are not required
for the antibacterial functions of hBD3, whereas it is important
to its chemotactic function.47

HBDs are expressed mainly by epithelial cells in
different sites of the body.23,44 However, they are not exclusively
epithelial-cell-associated, as the expression of hBD1 and
hBD2 has also been detected in monocytes, macrophages, and
monocyte-derived DCs.48 Various tissue distributions and cell
sources of hBDs are shown in Table 2.46

Table 2 Distribution and source of β-defensins

βββββ-defensins Cell source Synthesis and regulation

hBD1 Epithelial cells*, monocytes, macrophages, Constitutive or inducible in response to interferon-γ,

monocyte-derived dendritic cells lipopolysaccharide, and peptidoglycan

hBD2 and hBD3 Epithelial cells*, monocytes, macrophages, Inducible in response to viruses, bacteria,

monocyte-derived dendritic cells lipopolysaccharide, peptidoglycan, lipoproteins,

cytokines IL-1β, TNF, and growth factors

hBD4 Epithelial cells* (especially of testis and gastric Inducible in response to bacteria such as

antrum), neutrophils Pseudomonas  aeruginosa, and Streptococcus

pneumoniae

 *Main cellular source. hBD, human β-defensin; HD, human α-defensin; IL-1β, interleukin-1β; TNF, tumor-necrosis factor

The antimicrobial activity of hBDs is due to the
cationic charge and amphipathic structure with polar and
hydrophobic surfaces. They are thought to function against
the microorganisms by forming pores and disrupting
the membrane integrity.42 In addition to their potent microbicidal
action against microorganisms, hBDs have also been
described to display chemotactic activity towards immature
DCs and T-cells by binding to CC-chemokine receptor 6
(CCR6).49 HBDs have important signaling potential, exhibiting
cross-talk between the innate and acquired immune responses,
as well as inducing the production of cytokines by epithelial
cells.50

Several studies described the presence of hBDs in the
human oral cavity.51-58 Expression of hBD1 and hBD2 mRNA
were observed in suprabasal stratified epithelium, whereas the
peptides were detected in upper epithelial layers. Of interest,
they both were not detected in the junctional epithelium (JE).
A notable difference between oral and most other epithelia
is the expression of hBD2 and hBD3. These hBDs in most
tissues, including skin, trachea, and gut epithelium are
expressed only in the presence of infection or inflammation.59

However, hBD2 and hBD3 are detected in normal uninflamed
gingival tissue.55,58 It has been postulated that this baseline
level of hBD2 and hBD3 could be due to the exposure of
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the tissue to specific commensal bacteria that are constantly

present in the oral cavity.44  This may enhance expression of

hBD2 in subsequent responses to other potentially pathogenic

organisms. A previous study demonstrated that Fusobacterium
nucleatum, an ubiquitous gram-negative organism of the

human oral cavity, stimulates hBD2 expression in normal human

oral epithelial cells.57 A study by Lu et al60 demonstrated

that hBD1 and hBD2 are not only expressed in the granular

and spinous regions of normal gingival epithelia, but also in

the basal cell layers. This may indicate the immunomodulatory

activity of hBDs to attract immature DCs, monocytes, and

T-cells,47,49 and maturation of iDCs.61 Thus, hBDs are involved

in ‘cross-talk’ with cells of the adaptive immune system.

Roles of hBDs in HIV-1 oral transmission
A dual role of hBDs in antiviral activity has been

proposed; direct interaction with viral envelope, and indirect

effects by interacting with potential target cells.46 The

mechanisms of direct inactivation of the virion by hBDs are

not well understood. The activities may include disruption of

viral membrane or interacting with viral glycoproteins such as

HIV-1 gp120. HBDs may also act on target cells by interfering

with signaling pathways required for the viral replication.46

Some hBDs show chemotactic activity for T-cells,

monocytes, and immature DCs. They also induce cytokine

production by monocytes and epithelial cells.62 Thus, in

addition to acting as direct effectors, hBDs may control viral

replication by modulating the immune system.46 It has been

demonstrated that the chemotactic activity of hBDs for

memory T-cells and immature DCs is mediated by CCR6, the

receptor for CC-chemokine ligand 20 (CCL20 or MIP-3α).49,63

All classes of hBDs have been shown to suppress

HIV-1 replication and possess anti-HIV-1 activity.5,64-69

Different mechanisms of anti-HIV-1 activity by hBDs have

been proposed as shown in Figure 3. A study by Sun et al67

revealed that hBD2 and hBD3 inhibit both X4- and R5-tropic

HIV-1 in a dose-dependent manner, and the inhibition occurs

at an early stage of reverse transcription. The study also

demonstrated that hBD2 directly inactivated HIV-1, and

exerted its antiviral activity without affecting cellular prolifera-

tion.67 Besides a direct inactivation of the virus, hBD2 also

inhibits HIV-1 replication in the intracellular environment.

HBD2 antimicrobial peptides are constitutively expressed

in oral epithelia, forming a barrier layer across the epithelium

in healthy subjects. In contrast, levels of the expression are

dramatically diminished in HIV-1 infected subjects.67 This may

contribute to the increased incidence of oral lesions

associated with HIV-1 infection among those subjects.

A previous study by Quiñones-Mateu et al5 revealed

that in normal human oral epithelial cells, HIV-1 was found

to induce expression of hBD2 and hBD3 mRNA 4- to 78-fold

above baseline. However, a recent study by Nittayananta et

al70 reported that HIV-1 failed to induce mucosal innate immune

factors including hBDs in differentiated oral epithelium. The

failure of HIV-1 to induce innate immune factors in the epithe-

lium was not due to a lack of tissue penetration, as fluorescence-

tagged HIV-1 virions were detected several layers deep from

the apical surface.70 HIV-1 failed to infect oral epithelial cells,

even after 5 days of exposure.5 In addition, recombinant hBD2

and hBD3 showed concentration-dependent inhibition of HIV-1

replication. The inhibition was greater against X4-tropic than

against the R5-tropic HIV-1 isolates. Recombinant hBD2

and hBD3 have been shown to possess anti-HIV-1 activity by

blocking infection via direct interaction with virions as well as

down-modulation of CXCR4 co-receptors on immunocompetent

cells.5 In contrast, vaginal, ectocervical, and endocervical cells

do not appear to up-regulate hBD2 and hBD3 in response to

HIV-1.71 Thus, it has been postulated that hBDs may act in concert

with other HIV-1 inducible epithelial cell-derived substances to

inhibit HIV-1 infection at oral mucosal sites.71 Since hBDs are

highly expressed in the oral epithelium,55,58,72 they are candidates

as components of innate resistance to oral HIV-1 infection.

Fig. 3 Mechanisms of anti-HIV-1 activity by β-defensins

A, β-defensins inactivate enveloped virus particles by interacting

with viral glycoproteins such as gp120. B, β-defensins can also

disrupt viral envelopes by pore formation. C, β-defensins act

on host target cells by downmodulating CXCR4 co-receptor.
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Discussion

Oral mucosa appears to be naturally resistant to
HIV-1 transmission. The mechanisms contributing to the
protective effect against HIV-1 transmission at mucosal
surfaces are incompletely understood. The rarity of HIV-1
transmission by the oral route may suggest either that
infective viral particles are absent or low73, or that viral
inhibitory factors are present and effective.74 HIV-1 transmis-
sion via oral route may also be influenced by the time of
exposure to the virus before swallowing, the surface area of
the mucosal tissues relative to the infectious dose of the oral
inoculum, and the infectivity of the presented form of HIV-1
in saliva, breast milk, or semen. In addition, antimicrobial
peptides produced by oral epithelial cells may serve as key
effector molecules that work in concert to protect the oral
mucosa against HIV-1 infection.4,5

It has been demonstrated that oral epithelial cells play
a crucial role in innate host defense.24,42 This role may be
generated by the constant presence of variety of commensal
and pathogenic bacteria in the oral cavity.44 Oral epithelial
cells respond to those microbes by secreting chemokines
and cytokines to attract immune cells. They also constitutively
and inducibly produce antimicrobial peptides and proteins as
part of the innate immune system. However, it is not clear to
what degree the local innate immune factors contribute to HIV-1
resistance of the oral mucosa. These antimicrobial peptides
have also been found in the vagina and in semen, and yet
these compartments are quite susceptible to infection.75

Differences in genetic susceptibilities and selective
factors at mucosal sites may play significant roles during
transmission by any route of HIV-1 infection. The selective
factors include host factors such as innate immune response,
density of target cells and/or their co-receptors at the site of
infection, number of transmitted virions, and the structure of
transmitted viral species.71 Environmental differences
including pH, target cells, and mucosal composition at the site
of exposure may also affect the efficiency of transmission of
the infecting isolates.76,77 Although HIV-1 RNA, proviral DNA,
and infected cells are present in salivary secretions of
infected individuals,78 relatively low infectious HIV-1 can
be detected.73 Since the innate immune response is a key
defense against HIV-1, further studies on the oral innate
defense against the virus may shed light on new strategies

to reduce transmission at genital and anorectal sites, where
most infections occur in vivo.

Epithelial organization and mucosal integrity may
dictate the mechanisms of viral entry and translocation. In
addition to the requisite availability of susceptible cells, HIV-1
infection may be dependent upon mucosal integrity. There are
potential target cells that may be present in oral epithelium in
vivo, and HIV-1 may cross epithelial barriers when microtrauma
is present and where innate immune cells, including PMNs
and LCs are recruited to the site of tissue damage. Mucosal
trauma such as erosion or ulceration caused by other oral
co-infections may disrupt the epithelial barrier and provide
HIV-1 with direct access to the mucosal microcirculation. The
immunosuppression caused by fungal, viral, parasitic, and
bacterial pathogens may contribute to HIV-1 replication in
vivo.79 Keratinization and inflammation of oral epithelia may
also lead to differences in tissue susceptibility to HIV-1 infection.

HIV-1 transmission via oral route is rare and this
phenomenon in vivo could be more complex than previously
thought. HIV-1 infection via oral route is unlikely, perhaps due
to effective physical barrier of oral mucosa, as well as several
factors in saliva, cytokines, and the production of antimicrobial
peptides including hBDs by oral epithelial cells that are
constitutively expressed, and ready to protect oral mucosa
from the infection.44 Given the differences in structures among
these molecules or others to be discovered, their mechanisms
of action are expected to differ, and each may function
independently or synergistically.

Studies of mucosal infection by HIV-1 have been
mainly performed in intestinal and vaginal tissues, which
structurally differ from the oral mucosa. HIV-1 transmission and
the earliest stage of HIV-1 infection cannot be investigated
systematically in humans. In vivo studies in animals are not
fully representative of all aspects of the infection. Likewise, a
single monolayer fails to represent HIV-1 infection across the
complex stratified squamous epithelium in vivo. Thus, further
studies by using a multilayered organotypic tissue model of
the human buccal epithelium should be performed. Future
studies on the roles of hBDs in HIV-1 infection, and the
interplay between HIV-1 and oral epithelial tissue may shed
light on the properties of the oral mucosa that potentially
contributes to its relative resistance to the virus. Understanding
the mechanisms of oral resistance to HIV-1 transmission may
lead to the discovery of novel strategies to prevent transmis-
sion at other more vulnerable mucosal surfaces.
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Conclusions

Mucosal surfaces are the major route of HIV-1

transmission. The interplay between HIV-1 and epithelial cells

represents a critical aspect in understanding mucosal

transmission of the virus. The epithelium of the oral mucosa is

organized into a stratified squamous structure to serve as a

physical barrier. Epithelial cells lining the oral cavity cover

subepithelial tissues, which contain viral-susceptible host cells

including CD4
+
 T lymphocytes, monocytes/macrophages,

and DCs. Oral epithelia are among the sites of first exposure

to both cell-free and cell-associated HIV-1 particles through

breastfeeding and oral–genital contact. However, oral mucosa

is considered to be naturally resistant to HIV-1 transmission,

unlike genital and anorectal tissues. Multiple factors at  mucosal

surfaces and in saliva may collectively contribute to viral

resistance in the oral cavity.

References

1. Cohen MS, Shugars DC, Fiscus SA. Limits on oral transmis-

sion of HIV-1. Lancet 2000;356:272.

2. Levy JA. The importance of the innate immune system in

controlling HIV infection and disease. Trends Immunol

2001;22:312-6.

3. McNeely TB, Dealy M, Dripps DJ, Orenstein JM, Eisenberg

SP, Wahl SM. Secretory leukocyte protease inhibitor:

a human saliva protein exhibiting anti-human immunodeficiency

virus 1 activity in vitro. J Clin Invest 1995;96:456-64.

4. Shugars DC, Sweet SP, Malamud D, Kazmi SH, Page-Shafer

K, Challacombe SJ. Saliva and inhibition of HIV-1 infection:

molecular mechanisms. Oral Dis 2002;8:169-75.

5. Quiñones-Mateu ME, Lederman MM, Feng Z, Chakraborty B,

Weber J, Rangel HR, et al. Human epithelial beta-defensins

2 and 3 inhibit HIV-1 replication. AIDS 2003;17:F39-F48.

6. Moutsopoulos NM, Greenwell-Wild T, Wahl SM. Differential

mucosal susceptibility in HIV-1 transmission and infection.

Adv Dent Res 2006;19:52-6.

7. Feng Y, Broder CC, Kennedy PE, Berger EA. HIV-1 entry

cofactor: functional cDNA cloning of a seven-transmembrane,

G protein-coupled receptor. Science 1996;272:872-7.

8. Alkhatib G, Combadiere C, Broder CC, Feng Y, Kennedy

PE, Murphy PM, et al. CC CKR5: a RANTES, MIP-1alpha,

MIP-1beta receptor as a fusion cofactor for macrophage-

tropic HIV-1. Science 1996;272:1955-8.

9. Michael NL, Chang G, Louie LG, Mascola JR, Dondero D,

Birx DL, et al. The role of viral phenotype and CCR-5 gene

defects in HIV-1 transmission and disease progression.

Nat Med 1997;3:338-40.

10. Connor RI, Sheridan KE, Ceradini D, Choe S, Landau NR.

Change in coreceptor use correlates with disease progres-

sion in HIV-1-infected individuals. J Exp Med 1997;185:

621-8.

11. Meng G, Wei X, Wu X, Sellers MT, Decker JM, Moldoveanu

Z, et al. Primary intestinal epithelial cells selectively  transfer

R5 HIV-1 to CCR5
+
 cells. Nat Med 2002;8:150-6.

12. Strizki JM, Xu S, Wagner NE, Wojcik L, Liu J, Hou Y, et al.

SCH-C (SCH 351125), an orally bioavailable, small molecule

antagonist of the chemokine receptor CCR5, is a potent

inhibitor of HIV-1 infection in vitro and in vivo. Proc Natl

Acad Sci USA 2001;98:12718-23.

13. Wu L, LaRosa G, Kassam N, Gordon CJ, Heath H, Ruffing

N, et al. Interaction of chemokine receptor CCR5 with its

ligands: multiple domains for HIV-1 gp120 binding and a

single domain for chemokine binding. J Exp Med

1997;186:1373-81.

14. Bouscarat F, Levacher-Clergeot M, Dazza MC, Strauss

KW, Girard PM, Ruggeri C, et al. Correlation of CD8

lymphocyte activation with cellular viremia and plasma

HIV RNA levels in asymptomatic patients infected by human

immunodeficiency virus type 1. AIDS Res Hum Retroviruses

1996;12:17-24.

15. Wu L, KewalRamani VN. Dendritic-cell interactions with HIV:

infection and viral dissemination. Nat Rev Immunol

2006;6:859-68.

16. Steinman RM, Granelli-Piperno A, Pope M, Trumpfheller C,

Ignatius R, Arrode G, et al. The interaction of immunodeficiency

viruses with dendritic cells. Curr Top Microbiol Immunol

2003;276:1-30.

17. Kawamura T, Gulden FO, Sugaya M, McNamara DT, Borris

DL, Lederman MM, et al. R5 HIV productively infects

Langerhans cells, and infection levels are regulated by

compound CCR5 polymorphisms. Proc Natl Acad Sci USA

2003;100:8401-6.

18. McIlroy D, Autran B, Cheynier R, Wain-Hobson S, Clauvel

JP, Oksenhendler E, et al. Infection frequency of dendritic

cells and CD4
+
 T lymphocytes in spleens of human

immunodeficiency virus-positive patients. J Virol 1995;

69:4737-45.



«.∑—πµ.  ªï∑’Ë 59 ©∫—∫∑’Ë 4 µ.§.-∏.§.  2552  209

19. Shattock RJ, Moore JP. Inhibiting sexual transmission of

HIV-1 infection. Nat Rev Microbiol 2003;1:25-34.

20. Pope M, Haase AT. Transmission, acute HIV-1 infection and

the quest for strategies to prevent infection. Nat Med

2003;9:847-52.

21. Haase AT. Perils at mucosal front lines for HIV and SIV

and their hosts. Nat Rev Immunol 2005;5:783-92.

22. Hladik F, Sakchalathorn P, Ballweber L, Lentz G, Fialkow M,

Eschenbach D, et al. Initial events in establishing vaginal

entry and infection by human immunodeficiency virus

type-1. Immunity 2007;26:257-70.

23. Dale BA, Krisanaprakornkit S. Defensin antimicrobial

peptides in the oral cavity. J Oral Pathol Med 2001;30:321-7.

24. Dale BA. Periodontal epithelium: a newly recognized role in

health and disease. Periodontol 2000 2002;30:70-8.

25. Presland RB, Dale BA. Epithelial structural proteins of the

skin and oral cavity: function in health and disease. Crit Rev

Oral Biol Med 2000;11:383-408.

26. Miller CJ, Alexander NJ, Sutjipto S, Joye SM, Hendrickx

AG, Jennings M, et al. Effect of virus dose and nonoxynol-9

on the genital transmission of SIV in rhesus macaques. J

Med Primatol 1990;19:401-9.

27. Spira AI, Marx PA, Patterson BK, Mahoney J, Koup RA,

Wolinsky SM, et al. Cellular targets of infection and route of

viral dissemination after an intravaginal inoculation of simian

immunodeficiency virus into rhesus macaques. J Exp Med

1996;183:215-25.

28. Compans RW. Virus entry and release in polarized epithelial

cells. Curr Top Microbiol Immunol 1995;202:209-19.

29. Moore JS, Rahemtulla F, Kent LW, Hall SD, Ikizler MR, Wright

PF, et al. Oral epithelial cells are susceptible to cell-free

and cell-associated HIV-1 infection in vitro. Virology

2003;313:343-53.

30. Bomsel M. Transcytosis of infectious human immunodeficiency

virus across a tight human epithelial cell line barrier. Nat

Med 1997;3:42-7.

31. Bomsel M, Heyman M, Hocini H, Lagaye S, Belec L, Dupont

C, et al. Intracellular neutralization of HIV transcytosis

across tight epithelial barriers by anti-HIV envelope protein

dIgA or IgM. Immunity 1998;9:277-87.

32. Alfsen A, Iniguez P, Bouguyon E, Bomsel M. Secretory IgA

specific for a conserved epitope on gp41 envelope glycop-

rotein inhibits epithelial transcytosis of HIV-1. J Immunol

2001;166:6257-65.

33. Jotwani R, Muthukuru M, Cutler CW. Increase in HIV

receptors/co-receptors/alpha-defensins in inflamed  human

gingiva. J Dent Res 2004;83:371-7.

34. Giacaman RA, Nobbs AH, Ross KF, Herzberg MC.

Porphyromonas gingivalis selectively up-regulates the  HIV-1

coreceptor CCR5 in oral keratinocytes. J Immunol

2007;179:2542-50.

35. Vittinghoff E, Douglas J, Judson F, McKirnan D, Mac  Queen

K, Buchbinder SP. Per-contact risk of human immunodeficiency

virus transmission between male sexual partners. Am J

Epidemiol 1999;150:306-11.

36. del Romero J, Marincovich B, Castilla J, GarcÌa S, Campo J,

Hernando V, et al. Evaluating the risk of HIV transmission

through unprotected orogenital sex. AIDS 2002;16:1296-7.

37. Page-Shafer K, Shiboski CH, Osmond DH, Dilley J, McFarland

W, Shiboski SC, et al. Risk of HIV infection attributable to

oral sex among men who have sex with men and in the

population of men who have sex with men. AIDS

2002;16:2350–2.

38. Scarlatti G. Mother-to-child transmission of HIV-1: advances

and controversies of the twentieth centuries. AIDS Rev

2004;6:67-78.

39. Shugars DC, Wahl SM. The role of the oral environment in

HIV-1 transmission. J Am Dent Assoc 1998;129:851-8.

40. Challacombe SJ, Sweet SP. Oral mucosal immunity and

HIV infection: current status. Oral Dis 2002; 8:55–62.

41. Linzmeier R, Ho CH, Hoang BV, Ganz T. A 450-kb contig

of defensin genes on human chromosome 8p23. Gene

1999;233:205-11.

42. Ganz T. Defensins: antimicrobial peptides of innate

immunity. Nat Rev Immunol 2003;3:710-20.

43. Yang D, Biragyn A, Kwak LW, Oppenheim JJ. Mammalian

defensins in immunity: more than just microbicidal. Trends

Immunol 2002;23:291-6.

44. 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.

45. García JR, Krause A, Schulz S, Rodríguez-Jiménez FJ,

Klüver E, Adermann K, et al. Human beta-defensin 4: a

novel inducible peptide with a specific salt-sensitive

spectrum of antimicrobial activity. FASEB J 2001;15:

1819-21.

46. Klotman ME, Chang TL. Defensins in innate antiviral

immunity. Nat Rev Immunol 2006;6:447-56.



210  J Dent Assoc Thai Vol. 59 No. 4 October-December  2009

47. Wu Z, Hoover DM, Yang D, Boulègue C, Santamaria F,

Oppenheim JJ, et al. Engineering disulfide bridges to dissect

antimicrobial and chemotactic activities of human beta-defensin

3. Proc Natl Acad Sci U S A 2003;100:8880-5.

48. Duits LA, Ravensbergen B, Rademaker M, Hiemstra PS,

Nibbering PH. Expression of beta-defensin 1 and 2 mRNA by

human monocytes, macrophages and dendritic cells.

Immunology 2002;106:517-25.

49. Yang D, Chertov O, Bykovskaia SN, Chen Q, Buffo MJ, Shogan

J, et al. Beta-defensins: linking innate and adaptive immunity

through dendritic and T cell CCR6. Science 1999;286:525-8.

50. Hancock RE, Diamond G. The role of cationic antimicrobial

peptides in innate host defences. Trends Microbiol

2000;8:402-10.

51. Weinberg A, Krisanaprakornkit S, Dale BA. Epithelial

antimicrobial peptides: review and significance for oral

applications. Crit Rev Oral Biol Med 1998;9:399-414.

52. Bonass WA, High AS, Owen PJ, Devine DA. Expression of

beta-defensin genes by human salivary glands. Oral Microbiol

Immunol 1999;14:371-4.

53. Mathews M, Jia HP, Guthmiller JM, Losh G, Graham S,

Johnson GK, et al. Production of beta-defensin antimicrobial

peptides by the oral mucosa and salivary glands. Infect Immun

1999;67:2740-5.

54. Sahasrabudhe KS, Kimball JR, Morton TH, Weinberg A,

Dale BA. Expression of the antimicrobial peptide, human

beta-defensin 1, in duct cells of minor salivary glands and

detection in saliva. J Dent Res 2000;79:1669-74.

55. Dale BA, Kimball JR, Krisanaprakornkit S, Roberts F,

Robinovitch M, O’Neal R, et al. Localized antimicrobial

peptide expression in human gingiva. J Periodontal Res

2001;36:285-94.

56. Krisanaprakornkit S, Weinberg A, Perez CN, Dale BA.

Expression of the peptide antibiotic human beta-defensin 1 in

cultured gingival epithelial cells and gingival tissue. Infect

Immun 1998;66:4222-8.

57. Krisanaprakornkit S, Kimball JR, Weinberg A, Darveau RP,

Bainbridge BW, Dale BA. Inducible expression of human

beta-defensin 2 by Fusobacterium nucleatum in oral

epithelial cells: multiple signaling pathways and role

of commensal bacteria in innate immunity and the

epithelial barrier. Infect Immun 2000;68:2907-15.

58. Dunsche A, Acil Y, Dommisch H, Siebert R, Schroder JM,

Jepsen S. The novel human beta-defensin-3 is widely

expressed in oral tissues. Eur J Oral Sci 2002;110:121-4.

59. O’Neil DA, Porter EM, Elewaut D, Anderson GM, Eckmann

L, Ganz T, et al. Expression and regulation of the human

beta-defensins hBD-1 and hBD-2 in intestinal epithelium.

J Immunol 1999;163:6718-24.

60. Lu Q, Jin L, Darveau RP, Samaranayake LP. Expression of

human beta-defensins-1 and -2 peptides in unresolved

chronic periodontitis. J Periodontal Res 2004;39:221-7.

61. Biragyn A, Ruffini PA, Leifer CA, Klyushnenkova E, Shakhov

A, Chertov O, et al. Toll-l ike receptor 4-dependent

activation of dendritic cells by beta-defensin 2. Science

2002;298:1025-9.

62. Yang D, Biragyn A, Hoover DM, Lubkowski J, Oppenheim

JJ. Multiple roles of antimicrobial defensins, cathelicidins,

and eosinophil-derived neurotoxin in host defense. Annu

Rev Immunol 2004; 22:181-215.

63. Zlotnik A, Yoshie O. Chemokines: a new classification

system and their role in immunity. Immunity 2000;12:121-7.

64. Chang TL, Vargas J Jr, DelPortillo A, Klotman ME. Dual role

of alpha-defensin-1 in anti-HIV-1 innate immunity. J

Clin Invest 2005;115:765-73.

65. Mackewicz CE, Yuan J, Tran P, Diaz L, Mack E, Selsted ME

et al. alpha-Defensins can have anti-HIV activity but are not

CD8 cell anti-HIV factors. AIDS 2003;17:F23-32.

66. Nakashima H, Yamamoto N, Masuda M, Fujii N. Defensins

inhibit HIV replication in vitro. AIDS 1993;7:1129.

67. Sun L, Finnegan CM, Kish-Catalone T, Blumenthal R, Garzino-

Demo P, La Terra Maggiore GM, et al. Human beta-

defensins suppress human immunodeficiency virus

infection: potential role in mucosal protection. J Virol

2005;79:14318-29.

68. Wu Z, Cocchi F, Gentles D, Ericksen B, Lubkowski J, Devico

A, et al. Human neutrophil alpha-defensin 4 inhibits HIV-1

infection in vitro. FEBS Lett 2005;579:162-6.

69. Zhang L, Yu W, He T, Yu J, Caffrey RE, Dalmasso EA, et al.

Contribution of human alpha-defensin 1, 2, and 3 to the

anti-HIV-1 activity of CD8 antiviral factor. Science 2002;

298:995-1000.

70. Nittayananta W, Hladik F, Klausner M, Harb S, Dale BA,

Coombs RW. HIV-1 fails to induce innate immune factors

synthesis in differentiated oral epithelium. AIDS Res Hum

Retroviruses 2009;25:1013-21.

71. Weinberg A, Quinones-Mateu ME, Lederman MM. Role of

human beta-defensins in HIV infection. Adv Dent Res

2006;19:42-8.



«.∑—πµ.  ªï∑’Ë 59 ©∫—∫∑’Ë 4 µ.§.-∏.§.  2552  211

72. Sawaki K, Mizukawa N, Yamaai T, Yoshimoto T, Nakano  M,

Sugahara T. High concentration of beta-defensin-2  in oral

squamous cell carcinoma. Anticancer Res 2002;22:2103-7.

73. Coppenhaver DH, Sriyuktasuth-Woo P, Baron S, Barr CE,

Qureshi MN. Correlation of nonspecific antiviral activity with

the ability to isolate infectious HIV-1 from saliva. N Engl J Med

1994;330:1314–5.

74. Challacombe SJ, Naglik JR. The effects of HIV infection on

oral mucosal immunity. Adv Dent Res 2006;19:29-35.

75. Shugars DC. Endogenous mucosal antiviral factors of the

oral cavity. J Infect Dis 1999;179:S431-S5.

76. Overbaugh J, Kreiss J, Poss M, Lewis P, Mostad S, John G, et

al. Studies of human immunodeficiency virus type 1 mucosal

viral shedding and transmission in Kenya. J Infect Dis

1999;179:S401-S4.

77. Blauvelt A, Glushakova S, Margolis LB. HIV-infected

human Langerhans cells transmit infection to human

lymphoid tissue ex vivo. AIDS 2000;14:647-51.

78. Baron S, Poast J, Cloyd MW. Why is HIV rarely transmitted

by oral secretions? Saliva can disrupt orally shed, infected

leukocytes. Arch Intern Med 1999;159:303-10.

79. Herzberg MC, Weinberg A, Wahl SM. (C3) The oral epithelial

cell and first encounters with HIV-1. Adv Dent Res

2006;19;158-66.

80. Tanabe H, Ouellette AJ, Cocco MJ, Robinson WE Jr. Differential

effects on human immunodeficiency virus type 1 replication

by alpha-defensins with comparable bactericidal activities. J

Virol 2004;78:11622-31.

81. Wang W, Owen SM, Rudolph DL, Cole AM, Hong T, Waring

AJ, et al. Activity of alpha- and theta-defensins against

primary isolates of HIV-1. J Immunol 2004;173:515-20.

82. Ma G, Greenwell-Wild T, Lei K, Jin W, Swisher J, Hardegen

N, et al. Secretory leukocyte protease inhibitor binds to

annexin II, a cofactor for macrophage HIV-1 infection. J Exp

Med 2004;200:1337-46.

83. Nagashunmugam T, Friedman HM, Davis C, Kennedy S,

Goldstein LT, Malamud D. Human submandibular saliva

specifically inhibits HIV type 1. AIDS Res Hum Retroviruses

1997;13:371-6.

84. Swart PJ, Kuipers EM, Smit C, Van Der Strate BW, Harmsen

MC, Meijer DK. Lactoferrin. Antiviral activity of lactoferrin.

Adv Exp Med Biol 1998;443:205-13.

85. Puddu P, Borghi P, Gessani S, Valenti P, Belardelli F, Seganti

L. Antiviral effect of bovine lactoferrin saturated with metal

ions on early steps of human immunodeficiency virus type

1 infection. Int J Biochem Cell Biol 1998;30:1055-62.



212  J Dent Assoc Thai Vol. 59 No. 4 October-December  2009

∫ ∑ § « “ ¡ ª √‘ ∑— » πå

°“√µ‘¥‡™◊ÈÕ‡Õ™‰Õ«’-1 ºà“π∑“ß™àÕßª“°:
‡æ√“–‡Àµÿ„¥®÷ß‡ªìπ‰ª‰¥â¬“°?

«‘¿“«’   π‘µ¬“π—π∑–
»“ µ√“®“√¬å
Àπà«¬√–∫“¥«‘∑¬“
§≥–·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å
Õ.À“¥„À≠à ®. ß¢≈“ 90110

‚∑√»—æ∑å: 074-451165
‚∑√ “√: 074-212900
Õ’‡¡≈: wipawee.ni@psu.ac.th

∫∑§—¥¬àÕ
°“√µ‘¥‡™◊ÈÕ‡Õ™‰Õ«’-1 ºà“π∑“ß™àÕßª“°¡’‚Õ°“ ‡°‘¥¢÷Èπ‰¥âπâÕ¬¡“° ªí®®—¬µà“ß Ê ∑’Ë

º‘«‡¬◊ËÕ‡¡◊Õ°·≈–„ππÈ”≈“¬¡’∫∑∫“∑ ”§—≠µàÕ°“√¬—∫¬—Èß°“√µ‘¥‡™◊ÈÕ‡Õ™‰Õ«’-1 ºà“π‡´≈≈å
‡¬◊ËÕ∫ÿº‘«‰ª Ÿà‡´≈≈å‡ªÑ“À¡“¬ ∫∑§«“¡π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ°≈à“«∂÷ß¿Ÿ¡‘§ÿâ¡°—π‡©æ“–∑’Ë„π
™àÕßª“°´÷Ëß¡’º≈µàÕ°“√¬—∫¬—Èß°“√µ‘¥‡™◊ÈÕ‡Õ™‰Õ«’-1 ‡´≈≈å‡¬◊ËÕ∫ÿº‘«™àÕßª“°¡’∫∑∫“∑ ”§—≠„π
√–∫∫¿Ÿ¡‘§ÿâ¡°—π‡©æ“–∑’Ë ‚¥¬∑”Àπâ“∑’Ë„π°“√ª°ªÑÕß∑“ß°“¬¿“æ·≈– √â“ß “√µâ“π®ÿ≈™’æ
∑’Ë¡’§ÿ≥ ¡∫—µ‘¬—∫¬—Èß‡™◊ÈÕ‡Õ™‰Õ«’-1 ∫∑§«“¡π’È∫√√¬“¬‡°’Ë¬«°—∫°≈‰°°“√ àßºà“π‡™◊ÈÕ‡Õ™‰Õ«’-1
∫∑∫“∑¢Õß‡´≈≈å‡¬◊ËÕ∫ÿº‘« ·≈–°≈‰°„π°“√¬—∫¬—Èß°“√µ‘¥‡™◊ÈÕ‡Õ™‰Õ«’-1 „π™àÕßª“°
‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß ∫∑∫“∑¢Õß “√µâ“π®ÿ≈™’æ‡∫µâ“-¥’‡øìπ´‘π„π°“√¬—∫¬—Èß°“√µ‘¥‡™◊ÈÕ
‡Õ™‰Õ«’-1 ∑’Ëº‘«‡¬◊ËÕ‡¡◊Õ°




