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HIV Type 1 Fails to Trigger Innate Immune Factor
Synthesis in Differentiated Oral Epithelium
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Abstract

The oral mucosa is relatively resistant to human immunodeficiency virus type 1 (HIV-1) transmission. The
mechanisms contributing to this resistance remain incompletely understood, but may include HIV-induced
synthesis of innate immune factors. We used fully differentiated oral epithelium as a surrogate for the oral
mucosa in vivo, exposed it to X4- and R5-tropic HIV-1 in culture, and quantified mRNA expression of six innate
immune factors. Neither virus increased expression of human beta defensin 2 (hBD-2) mRNA over supernatants
from uninfected lymphoblast controls. HIV-1 also failed to induce mRNA of four additional innate immunity-
related genes. Similar results were obtained with oral monolayer epithelial cells. Interestingly, the X4-tropic virus
inhibited mRNA expression of hBD-2, and of three of the other factors, at higher dosages in the differentiated
oral epithelium but not the monolayers. The failure of HIV-1 to induce innate immune factors in the differen-
tiated epithelium was not due to a lack of tissue penetration, as we detected fluorescence-tagged virions up
to 30 mm deep from the apical surface. HIV-1 does not trigger de novo innate immune factor synthesis in
oral epithelium, pointing to the role of a constitutive innate immunity for protection against HIV-1 in the oral
cavity.

Introduction

Epithelial cells that line the oral cavity are among
the sites of first exposure to human immunodeficiency

virus type 1 (HIV-1) through breast-feeding and oral–genital
contact. However, compared to genital and anorectal tissues,
oral mucosa appears to be naturally more resistant to infection
with HIV-1.1 Antimicrobial peptides produced by oral epi-
thelial cells may protect the oral mucosa against HIV-1 in-
fection.2,3 However, some of these endogenous inhibitors of
HIV-1 in saliva have also been found in the vagina and in
semen, and yet these compartments are more susceptible to
infection.4 Thus, it is not clear to what degree locally produced
innate immune factors contribute to HIV-1 resistance of the
oral mucosa.

Human beta defensins (hBDs) are small cationic antimi-
crobial proteins that are secreted by epithelial cells of several

mucosae, including the mouth.5 Recombinant hBD-2 and -3
have both been shown to possess anti-HIV-1 activity.3 HBDs
have a dual role in antiviral defense acting directly on the
virion as well as on the target cell.6 The proposed mechanisms
include interacting with viral glycoproteins such as gp120,
disrupting viral envelopes by pore formation,6 and down-
modulating the CXCR4 coreceptor on the host cell mem-
brane.7 In the oral cavity, hBDs are concentrated as high as
100mg=ml8 and may therefore aid in protecting against HIV
invasion.9 This has also been suggested by the finding that in a
monolayer cell culture of normal human oral keratinocytes
both X4- and R5-tropic HIV-1 markedly increased hBD-2 and
-3 mRNA expression.3 However, the relevance of this obser-
vation has not been confirmed in fully differentiated oral
epithelium, which corresponds better to the conditions
present in vivo. Thus, we sought to determine if the effects of
HIV-1 on oral epithelial monolayer culture can indeed be
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extrapolated to differentiated multilayer oral epithelium. In
these experiments, we employed rigorous control conditions
to identify confounding effects by factors other than HIV-1.

Materials and Methods

Viral preparation

X4-tropic HIV-1Lai (NIH AIDS Reagent Program) or R5-
tropic HIV-1386D (a primary HIV-1 strain) were grown in
pooled phytohemagglutinin (PHA)-stimulated peripheral
blood lymphoblasts (PBLB), cultured as previously described
in RPMI 1640, supplemented with 20% fetal bovine serum
(Gemini, Calabasas, CA) and 0.1% interleukin 2 (R-20).10

HIV-1 p24 antigen concentration and TCID50 (50% tissue
culture infectious dose) were determined as previously
described.11 HIV-1Lai and HIV-1386D stocks contained
2�106 pg=ml and 1�106 pg=ml Gag p24, which was equiva-
lent to TCID50 titers of 15,800 U=ml and 6460 U=ml, respec-
tively. For confocal microscopy, a molecular clone of R5-tropic
HIV-1JR-CSF was fluorescent tagged by incorporation of a fu-
sion protein of green fluorescent protein (GFP) and viral
protein R (Vpr) into the viral core.12,13

Oral tissue model

Multilayered, organotypic epithelial tissue, cultured from
oral keratinocytes derived from the gingival margin, was used
(EpiOral, MatTek Corporation, Ashland, MA). Upon arrival,
tissues were placed at the air–liquid interface in six-well plates
with 5 ml serum-free medium provided by MatTek Corp
(MatTek Corporation Media, MCM). Tissues were rested for
24 h in a 378C incubator, and cultured either for 24 or 48 h with
or without stimulants. Stimulants included HIV-1Lai or HIV-
1386D (p24 antigen 1�103–6�106 pg=ml), added either on the
apical or basal surfaces of the tissues. Apical viruses were
added in a total volume of 20ml, which completely covered
the epithelial surface. For basal surfaces, the same virus con-
centration was added directly to the MCM. Tumor necrosis
factor alpha (TNF-a) (Cell Sciences Inc., Norwood, MA)
(100 ng=ml) served as a positive control for hBD-2 expres-
sion.7 Tissues left unstimulated, stimulated with R-20, stim-
ulated with the supernatant of uninfected PBLB, or stimulated
with R-20 plus supernatant of uninfected PBLB served as
negative controls.

Oral monolayer model

Healthy gingiva was obtained from the area overlying the
impacted third molar teeth of adult humans. Procedures were
approved by the Institutional Review Board of the University
of Washington. The gingival tissue samples were processed as
previously described.14 Primary gingival epithelial cells were
grown through two passages and frozen in 500,000-cell ali-
quots. For each experiment, these cells were thawed and
grown to 80% confluence in serum-free keratinocyte growth
medium (KGM) containing bronchial epithelial growth media
supplements (Cambrex Corp., East Rutherford NJ) with
0.03 mM Ca2þ, then shifted to 0.15 mM Ca2þ medium 24 h
prior to stimulation. The epithelial monolayers were exposed
to the same dosages of virus as the organotypic tissue model
and cultured for either 24 or 48 h. TNF-a (100 ng=ml) was used
as positive control. Unstimulated cells, as well as cells ex-

posed to R-20, supernatant of uninfected PBLB, or R-20 plus
supernatant of uninfected PBLB, served as negative controls.

cDNA preparation and real time PCR

Total RNA was extracted from oral tissues and keratino-
cytes using the RNeasy Mini Kit (Qiagen Inc., Valencia, CA).
Reverse transcription was performed with 1 mg of total RNA
using the RETROscript kit (Ambion, Inc., Austin TX). cDNA
was analyzed with the iCycler system (Bio-Rad, Hercules,
CA) for quantitative real-time PCR using the Brilliant SYBR
Green QPCR Master Mix (Stratagene, La Jolla, CA). Reactions
were set up in duplicate, with each reaction containing 25 ml of
the SYBR green mixture, 5ml of cDNA, and 250 nM of forward
and reverse primers. The amplification conditions were de-
naturation at 958C for 15 s, annealing at 658C for 15 s, and
elongation at 728C for 30 s. Primers used were hBD-2 (50) CCA
GCC ATC AGC CAT GAG GGT and hBD-2 (30) GGA GCC
CTT TCT GAA TCC GCA; RPO (ribosomal phoshoprotein)
(50) CCA GCC ATC AGC CAT GAG GGT and RPO (30) GCC
TTG ACC TTT TCA GCA AG. Microarray analysis for inter-
feron regulatory factor 1 (IRF1), interleukin 1 beta (IL-1b),
chemokine (C-C motif ) ligand 5 (CCL5), and secretory leu-
kocyte protease inhibitor (SLPI) was performed using the
Oligo GEArray� Human HIV Infection & Host Response
Microarray (OHS-051; Superarray, Frederick, MD). In initial
experiments, amplification efficiency was determined for all
primer pairs by quantitative real-time PCR. Results were
normalized to the ribosomal phosphoprotein (RPO) gene
(housekeeping gene). Results are expressed as the relative fold
increase of the stimulated samples over the controls.15

Confocal microscopy

Organotypic oral tissues were rested for 24 h in a 378C
incubator after arrival and exposed to GFP-Vpr labeled
HIV-1JR-CSF (20 ml, 1.22 mg total p24 antigen) on the apical
surface for 24 h. The tissues were washed three times in PBS,
harvested, cut into 3�5-mm pieces, and sequentially washed
with 100 ml of washing solution (PBS, and PBS containing
0.1% Triton X-100), followed by a 20 min preincubation with
PBS containing 1% bovine serum albumin (BSA). The tissues
were stained with phalloidin Alexa Fluor 568 for actin fila-
ments and TOPRO-3 (1 mM) for nuclei (Molecular Probes,
Eugene, OR), embedded in Mowiol 40–88 containing 2.5%
w=v DABCO (Aldrich, Milwaukee, WI), visualized with a
Leica TCS SP spectral confocal microscope and analyzed
using Imaris software (Bitplane AG, Zurich, Switzerland).

Statistical methods

Differences of hBD-2 mRNA fold increase in HIV-1
plus=minus TNF-a-treated tissues were evaluated by un-
paired two-sided t testing between the lowest HIV dose and
the two higher HIV doses.

Results

Expression of hBD-2 in response to HIV-1
in differentiated oral epithelium

To determine if HIV-1 stimulates hBD-2 expression in oral
epithelium, different concentrations of cell-free HIV-1 in cul-
ture media were added to the apical surface of the oral tissue
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(Fig. 1A). After 24 h exposure, neither X4- nor R5-tropic HIV-1
stimulated hBD-2 mRNA expression above the increase ob-
served without stimulation, observed after treatment with
supernatants from mock-infected PBLB, or observed after
treatment with R-20. No dose dependency of HIV-1-induced
hBD-2 mRNA expression was noted other than that the
highest dose of HIV-1Lai decreased hBD-2 stimulation in
comparison to the PBLB supernatant alone. TNF-a induced
hBD-2 mRNA expression approximately 9-fold. Similar but
overall weaker responses were observed after 48 h of culture
(not shown).

Because TNF-a was such a strong stimulator of hBD-2 ex-
pression, whereas HIV-1 had no or possibly an inhibitory
effect, we were interested in determining whether HIV-1
mitigates the proinflammatory effect of TNF-a. To test this,
we simultaneously added the virus to the apical surface and
TNF-a to the basal side of the tissue. TNF-a was added to the
basal side because preliminary experiments had shown that
its effect was stronger when added to the basal than to the
apical surface of the tissue (not shown). X4-tropic HIV-1Lai at
the higher two doses inhibited the stimulatory effect of TNF-a,
whereas the lowest dose had no such effect (Fig. 1B; p¼ 0.05).
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FIG. 1. Effect of HIV-1 on hBD-2 mRNA expression in an organotypic tissue culture of the oral mucosa. (A) Expression of
hBD-2 mRNA in response to R5- and X4-tropic HIV-1. Viruses or stimulants were added to the apical side of the epithelial
tissue. All tissue inserts were placed on culture media from MatTek Corporation. (B) Effect of HIV-1 on TNF-a-induced
hBD-2 mRNA expression. TNF-a was added to the basal side at a concentration of 100 ng=ml. Viruses were added to the
apical side of the tissue. Y axes: Fold-increase of hBD-2 mRNA expression at 24 h postexposure over baseline at 0 h
(mean� SEM, n¼ 2 or 3 separate cultures). None, no stimulant added on the apical surface; R-20, RPMI plus 20% fetal bovine
serum; Sup, supernatant of mock-infected PHA-stimulated lymphoblasts; TNF-a, tumor necrosis factor alpha; HIV-1Lai,
laboratory-adapted X4-tropic HIV-1 strain; HIV-1386D, primary R5-tropic HIV-1 strain. p values between the lowest HIV-1
dose and two higher doses were 0.49 (*), 0.05 (**), 0.57 (***), and 0.28 (****).
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FIG. 2. Effect of HIV-1 concentration on hBD-2 mRNA expression in a monolayer cell culture in the presence or absence of
TNF-a (100 ng=ml). (A) Expression of hBD-2 mRNA in response to TNF-a and X4-tropic HIV-1Lai. (B) Expression of hBD-2
mRNA in response to TNF-a and R5-tropic HIV-1386D. Y axes: Fold-increase of hBD-2 mRNA expression at 24 h postexposure
over baseline at 0 h (mean� SEM, n¼ 3 independent experiments with cells from three donors). KGM, keratinocyte growth
medium; Sup, supernatant of mock-infected PHA-stimulated lymphoblasts. The 1:10 dilution in (A) and (B) corresponded to
2�105 pg=ml p24 X4-tropic HIV-1Lai and 1�105 pg=ml p24 R5-tropic HIV-1386D, respectively.
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R5-tropic HIV-1386D did not significantly suppress the stim-
ulatory effect of TNF-a ( p¼ 0.28).

In summary, HIV-1 harvested from infected PBLB culture
supernatants did not induce hBD-2 mRNA expression more
than supernatants derived from mock-infected PBLB in
our oral tissue model. In addition, higher doses of X4-tropic
HIV-1Lai attenuate the stimulation of hBD-2 mRNA expres-
sion by TNF-a (Fig. 1B).

Expression of hBD-2 in response to HIV-1
in oral monolayer cell culture

In light of a previous study that reported a stimulatory
effect of HIV-1 on hBD-2 expression in monolayer cultures of
oral epithelial cells,3 we were surprised by the failure of HIV-1
to upregulate hBD-2 in our organotypic tissue culture. To
determine if epithelial monolayer cultures exhibit a different
hBD-2 response to HIV-1 than differentiated squamous epi-
thelium, we reevaluated the effect of HIV-1 on hBD-2 pro-
duction in monolayers of gingival epithelial cells (Fig. 2). We
exposed primary gingival epithelial cells from three different
donors to either X4- or R5-tropic HIV-1. hBD-2 expression was
not more strongly upregulated by X4-tropic HIV-1Lai (Fig. 2A)
or R5-tropic HIV-1386D (Fig. 2B) than by supernatant of mock-
infected PBLB. In contrast, upregulation of hBD-2 in response
to TNF-a (Fig. 2) was much stronger, confirming the potential
of gingival epithelial cells to express high levels of this innate
immune factor. The stimulatory effects on hBD-2 expression
of supernatants from mock-infected PBLB and of TNF-a were
dose dependent (Fig. 2). We conclude that compared to mock
controls, HIV-1 failed to stimulate increased hBD-2 mRNA
expression in either organotypic oral tissue or primary oral
epithelial monolayer cultures.

Effect of HIV-1 on a panel of five additional innate
immune factors

Because we could not detect a specific stimulatory effect of
HIV-1 on hBD-2 mRNA expression by oral epithelia, we
wanted to know if HIV-1 triggered the production of other
innate immune factors. We chose four factors based on their
positive baseline expression in a preliminary microarray
screening (not shown) and on their known involvement in
innate immunity; IRF1, a member of the interferon regulatory
transcription factor family;16 IL-1b, a central mediator of the
early inflammatory response;17 CCL5, a chemotactic for T cells
and other leukocytes;18 and SLPI, a secreted inhibitor that
protects epithelial tissues from proteolytic enzymes and also
has antimicrobial properties.19 We first investigated the effect
of HIV-1 on these genes in our organotypic oral tissue model.
Expression of the different genes was markedly upregulated
by supernatants from mock-infected PBLB. However, no
further increase was noted in response to the addition of either
X4- or R5-tropic HIV-1 (Fig. 3, left panel). In fact, HIV-1Lai

exhibited a trend to downregulate three of the four genes
tested when compared to supernatants from mocked-infected
PBLB (Fig. 3, left panel), although this was not statistically
significant.

Next, we analyzed the effect of HIV-1 on the expression of
these genes in primary oral epithelial monolayer cultures
derived from three separate donors. As in the organotypic
tissue, both X4- and R5-tropic HIV-1 failed to increase gene
expression in comparison to supernatants from mocked-

infected PBLB (Fig. 3, right panel). Thus, in both organotypic
oral tissue and primary oral epithelial cells, HIV-1 did not
upregulate these innate immune factors more than matched
control supernatants.

Penetration of HIV-1 into the organotypic
oral epithelium

To evaluate how deeply HIV-1 penetrates the organotypic
oral epithelium, we added GFP-Vpr tagged HIV-1JR-CSF to the
apical surface of the tissue. By confocal microscopy, large
amounts of green fluorescent virions attached to the outer
surface of the epithelium and some virions clearly penetrated
into the deeper tissue layers from the apical surface 24 h
postexposure (Fig. 4).

Discussion

Elucidating the mechanisms of natural protection against
HIV-1 transmission across the oral mucosa may reveal clues
about how HIV-1 infection could be prevented at other mu-
cosal sites of exposure such as the vagina and the rectum.
Human beta defensins are innate antimicrobial peptides with
activity against HIV-13 and are produced in the oral cavity.5

An earlier study found that HIV-1 induced hBD-2 and hBD-3
mRNA expression in primary oral epithelial cells cultured as
undifferentiated monolayers.3 It was thus concluded that the
oral mucosa increases its production of beta defensins in re-
sponse to HIV-1 and that this capacity constitutes a mecha-
nism to prevent the virus from establishing infection. This
notion is impossible to prove directly in vivo in humans, but
as an alternative, the relevance of findings obtained with cul-
tured monolayer cells could be confirmed in either animal
models or by using organotypic tissue cultures that more
closely mimic the complete oral mucosa found in vivo.

For our study, we used a multilayered differentiated oral
epithelium to determine if HIV-1 indeed induces the expres-
sion of hBD-2 mRNA. Treatment with TNF-a demonstrated
that the oral epithelium was capable of strongly increasing
hBD-2 mRNA expression in response to an inflammatory
stimulus. However, induction of hBD-2 by both R5- and X-4-
tropic HIV-1, derived from infected PHA-activated lympho-
blasts, was significantly less and did not reach levels above
those observed after treatment with control supernatant from
mock-infected lymphoblasts. These results indicated that HIV
per se was not a stimulant of hBD-2 de novo production. Be-
cause our results differed from what we had expected to find
based on the observations of other authors with oral mono-
layer cells,3 we repeated our experiments using monolayer
cell culture of oral epithelial cells. Our findings in the oral
monolayer system were similar to those in the multilayered
differentiated oral epithelium. The monolayer cells reacted
strongly to TNF-a treatment, but stimulation of hBD-2 ex-
pression by HIV-1 was much weaker and did not exceed that
obtained with supernatant of mock-infected PHA-activated
lymphoblasts.

Finally, we tested the effect of HIV-1 on five additional
markers of innate immunity. Similar to hBD-2, stimulation of
these markers by HIV-1 did not exceed that observed by
treatment with supernatant from mock-infected lymphoblasts
in both the oral monolayers and the organotypic oral epithe-
lium. Notably, in the organotypic epithelium, the X4-tropic
HIV-1Lai showed a trend to reduce the expression of three of
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these markers in comparison to the mock supernatant (Fig. 3).
At higher dosages of the X4-tropic virus, this inhibitory effect
was also observed for hBD-2 expression in the tissue (Fig. 1).
We conclude that HIV-1 not only failed to upregulate hBD-2
and other innate factors above levels observed after treatment
with mock controls, but that the X4-tropic HIV-1Lai variant

also had an inhibitory effect on the innate immune response in
the oral mucosa.

The discrepancy between the findings by Quiñones-Mateu
et al.3 and ours may have been due to differences in the ex-
perimental conditions. In the earlier study, monolayers of oral
epithelial cells were exposed to various strains of HIV-1 at a

FIG. 4. Visualization of HIV-1 binding and penetration into oral epithelial tissue. Oral epithelial tissue was incubated with
GFP-Vpr containing HIV-1JR-CSF for 24 h and then washed and fixed. HIV-1JR-CSF virions, green; actin, red; nuclei, blue.
Arrows indicate representative virions that have penetrated beneath the epithelial surface. (A) A 30-mm cross-section showing
virion binding to the apical surface and penetrating the oral epithelial tissue. Penetration of virions was detected several
layers deep from the apical surface. (B) Red and blue are rendered transparent so that the virions within the tissue can be
seen. The deeper the scanning, the fewer virions were present. (C, D) Unexposed tissue control. Images are representative of
two binding experiments.

FIG. 3. Effect of HIV-1 on the mRNA expression of different immune markers in organotypic tissue culture of the oral
epithelium (left panel) and oral epithelial monolayer culture (right panel). Y axes: Fold increase of gene expression at 24 h
postexposure over baseline at 0 h (mean� SEM, n¼ 3). IRF1, interferon regulatory factor 1; IL-1b, interleukin-1beta; CCL5,
chemokine (C-C motif ) ligand 5; SLPI, secretory leukocyte protease inhibitor; MCM, MatTek Corporation Media; Sup,
supernatant of mock-infected PHA-stimulated lymphoblasts; HIV-1Lai, laboratory-adapted X4-tropic HIV-1 strain; HIV-1386D,
primary R5-tropic HIV-1 strain; KGM, keratinocyte growth medium; TNF-a, tumor necrosis factor alpha. Tissues were
exposed by adding the stimulants to the basal surface. Viral dosages were 2�105 pg=ml p24 for HIV-1Lai and 1�105 pg=ml
p24 for HIV-1386D, and the TNF-a dosage was 100 ng=ml.

‰
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multiplicity of infection (MOI) of 0.01 units=cell, while the
highest MOIs used in our studies were equivalent to an esti-
mated 0.003 units=cell for X4-tropic HIV-1 and 0.001 units=
cell for R5-tropic HIV-1. Thus, viral dosage may have played a
role in obtaining different findings, although our viral con-
centrations were still high compared to what is likely to be
encountered in vivo. Importantly, Quiñones-Mateu et al.3 used
supernatants from uninfected peripheral blood mononuclear
cells (PBMCs) as mock controls, which did not induce either
hBD-2 or hBD-3 mRNA expression. In our study, we used
supernatants from mock-infected PHA-stimulated lympho-
blasts as controls, rather than from uninfected PBMCs.
Because HIV-1 virions are commonly produced from lym-
phocytes that are artificially activated in vitro, for example
with PHA, the viral stock solutions are apt to contain a range
of immune factors secreted into the cell culture supernatants
along with the virus.20 We therefore believe that matched
supernatants derived from uninfected lymphoblasts are the
proper control to use for these experiments.

In our study, we observed greater upregulation of hBD-2
expression after adding TNF-a to the basal side rather than the
apical side of the organotypic oral tissue. This suggests that
basal cells, which are less differentiated, are more responsive
to stimulants than fully differentiated apical cells. However,
the response to apically applied TNF-a was still markedly
stronger than to apical HIV-1. TNF-a may diffuse better
through the tissue layers than HIV-1 virions and thus the
weak response to HIV-1 could be due to poor penetration of
the virus into the epithelium. However, by using confocal
microscopy, we showed that HIV-1 penetrated into the oral
tissue up to several layers deep from the apical surface.
Penetration of HIV-1 virions into stratified mucosal epithe-
lium has also been observed by other authors.21,22 Thus, the
minimal innate immune response of the differentiated
oral epithelium to HIV-1 in our study does not appear to be
due to an inability of HIV-1 to penetrate the intact epithelial
barrier.

Although our study does not implicate HIV-induced pro-
duction of innate immune factors, in particular hBD-2, as a
major mechanism of protection against oral transmission, this
by no means rules out constitutive expression of these factors
as a contributor to the oral defense against HIV. Moreover,
intraepithelial Langerhans cells or infiltrating lymphocytes
are lacking in our tissue model but are usually present in vivo,
and thus the participation of these cells in the innate immune
response could not be determined in our studies. Defensins
have been found as constituents of oral secretions5,8 and they
clearly possess anti-HIV properties at doses that are com-
patible with or below those measured in the oral cavity.3,23

Based on our finding that supernatants of PHA-activated but
HIV-uninfected lymphoblasts induced hBD-2 expression, we
speculate that any potential trigger of lymphocyte activation
will also indirectly increase innate epithelial cell defenses.
These triggers could be delivered by oral bacteria, contact
with food or other environmental antigens, and exposure to
semen or vaginal secretions. Moreover, innate defenses in oral
epithelial cells could be directly activated by interaction of
pathogen-associated molecular patterns in bacteria and
viruses with extracellular and intracellular pathogen recog-
nition receptor (PRR) proteins, for example, toll-like recep-
tors.24 Because the oral mucosa endures a constant exposure
to commensal and environmental microbes,5 this may result

in what appears to be ‘‘constitutive’’ expression of innate
immune factors.

Our finding that X4-tropic HIV-1 at higher doses dimin-
ished the induction of hBD-2 and other innate immune factor
expression underscores the notion that the constitutive pres-
ence of these factors provides a potential barrier for HIV-1 that
the virus seeks to counteract. However, not every virus vari-
ant seems to be capable of this, as our R5-tropic strain even at
higher concentrations did not counteract hBD-2 stimulation.
Thus, R5-tropic viruses may encounter constitutive innate
immune responses in the oral cavity that they cannot effec-
tively overcome, thus lowering the chance for oral transmis-
sion. In contrast, X4-tropic variants may be able to better
counteract defensin production in the oral cavity. However,
during early HIV-1 infection in vivo X4-tropic viruses, for still
unclear reasons, are not able to gain a systemic foothold as
easily as R5-tropic HIV-1 variants.25

In conclusion, although HIV-1 virions clearly penetrated
the differentiated oral tissue in our model, the virus did not
stimulate hBD-2 expression beyond that observed after
treatment with supernatant from uninfected PHA-activated
lymphoblasts. Yet, general hBD-2 expression levels were rel-
atively high in all control setups, indicating constitutive ex-
pression of innate immune factors in the oral mucosa. Thus,
defensins and other innate factors may contribute to protec-
tion against HIV-1 infection in the oral mucosa, but are not
particularly inducible by HIV-1. On the contrary, it appears
that some virus variants, such as in this study X4-tropic HIV-
1Lai, may counteract hBD-2 production, but how this is
achieved and whether it increases HIV-1 transmissibility
in vivo remain to be determined.
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