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Antigen-induced chemokine activation in mouse buccal epithelium
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Abstract

The oral mucosa is an active though poorly understood immunological site. Using an experimental animal system involving
antigen priming into the oral mucosa of transgenic mice expressing T cell receptor (TCR) for a peptide antigen of hen-egg lysozyme
(HEL), the expression of six chemokine receptors and seven chemokine ligands were studied before and after antigen exposure.
Within 24 h of local antigen priming, the expression of three chemokine receptor genes (CCR3, CCRS5, and CCR7) and three
chemokine ligand genes (CCL12, CCL19, and CCL25) were significantly upregulated. These included chemokines known to be
responsible for the trafficking of T cells and other leukocytes into tissue sites. Additionally, expression of the chemokine ligand gene,
CCL25 (thymus-expressed chemokine [TECK]), which has been linked to T cell migration and/or local T cell development in the
intestine, was also markedly elevated in buccal epithelia after antigen exposure. These findings define a process of selective activation
of proinflammatory chemokines and/or their receptors following local antigen exposure, and they provide the first evidence,

indicating that this may be accompanied by in situ development of T cells in oral tissues.
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The oral mucosa is continually confronted with a vast
number of pathogens and antigens, and is susceptible to
iatrogenic inflammation and hypersensitivity resulting
from dental treatment and therapy. Yet, compared to
the spleen or lymph nodes, considerably less is known
about the mechanisms that control the adaptive, innate,
or inflammatory immune response in the mouth. In
general, the oral mucosa is known to have CD4 and
CD8 T cells [1-3], and similar to other mucosal sites
[4,5], these consist of both T cell receptors (TCR)aB™
and TCRY3" T cells [6]. Increases in the numbers of
CD8" T cells in the oral mucosa have been noted in
disease conditions such as recurrent aphthous ulceration
[3]. Other types of mononuclear cells, in particular
macrophages, Langerhans’ cells, dendritic cells, and
mast cells [7-12], as well as polymorphonuclear leuko-
cytes [10,11] are also normally present in significant
numbers in the oral mucosa, or are recruited in fol-
lowing antigen deposition locally. Moreover, in various

* Corresponding author. Fax: 1-713-500-4500.
E-mail address: John.R . Klein@uth.tmc.edu (J.R. Klein).

pathological conditions such as with oral submucous
fibrosis, cytokine levels of proinflammatory and immu-
noregulatory cytokines can be significantly elevated [2].
IL-6, IL-8, and prostaglandin E, are elevated to varying
levels following in vitro exposure of human buccal epi-
thelial cells to nickel, cobalt, palladium, and triethylene
glycol dimethacrylate all of which are frequently used in
dental materials [13]. These observations collectively
point to a highly active and dynamic immunological
response in the oral mucosa.

Chemokines comprise a group of small molecular
weight peptides that are used to initiate or control a
wide variety of immunological and biological activities,
including hematopoietic cell trafficking [14,15], angio-
genesis [16], and tumor control [17-19]. These molecules
operate through the regulated expression of specific
chemokine receptors on cells of the immune system or
tissue cells, and through the elaboration of chemokines
(chemokine ligands) targeted to those receptors. Many
chemokines have been shown to play a prominent role
in the inflammatory process [20], and they are them-
selves influenced by other inflammatory molecules such
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as IL-1, TNFa, and IFN-y (reviewed in [21]). A recent
study from our laboratory demonstrated a process of
dynamic immune regulation of TCRy8" T cells in the
buccal epithelium of mice following local priming with
either bovine serum albumin (BSA) or influenza virus
[22]. That study resulted in the novel observation that
antigen priming directly into buccal tissues causes a
transient loss of TCR variable (V)y gene expression,
with subsequent recovery in expression occurring by day
4 post-antigen exposure [22]. Coupled with the overall
lack of information regarding the immune-regulating
properties within oral tissues, those findings prompted
us to explore the involvement of chemokines in the
buccal epithelium during an acute immune response to
antigenic stimulation. The experimental system selected
for this involved the use of transgenic mice expressing a
TCR heterodimer specific for peptide sequence 44-61 of
the hen-egg lysozyme (HEL) molecule [23]. This model
permitted us to examine the immune response in buccal
tissues in a system in which all T cells were focused on
the same nominal antigen. As shown here, using a panel
of 13 chemokine ligands/chemokine receptors, we dem-
onstrate: (i) that the expression of chemokine and/or
chemokine receptor genes occurs rapidly following local
antigen exposure, (ii) that chemokine ligand and/or re-
ceptor gene activation is highly selective, and (iii) that
the thymus-expressed chemokine (TECK) is upregulated
and expressed at high level following HEL priming,
suggesting a possible process of local T cell development
in the oral cavity similar to that known to occur in the
intestinal tract.

Materials and methods

Mice. Breeding pairs of transgenic mice expressing a major histo-
compatibility class II complex-restricted TCR for HEL (STOCK
TgN[TcrHEL3A9IMmd), hereafter referred to as 3A9 mice, were
purchased from The Jackson Laboratories, Bar Harbor, ME. Animals
were bred at the University of Texas Dental Branch, Houston, TX.

Animal priming, tissue isolation, and RT-PCR analyses. Mice were
anesthetized by isofluorane inhalation (IsoFlo; Abbott Laboratories;
North Chicago, IL) and injected with 100 pul of 10 mg/ml HEL (Sigma
Chemicals; St. Louis, MO) suspended in PBS. Animals were sacrificed
24h later and the buccal epithelium was isolated using published
techniques [22]. In brief, cheek tissue pieces were removed and cut from
the underlying connective tissues under a dissecting microscope. Tissue
pieces were incubated at 37°C for 2.5h in Ca’"/Mg*" free PBS con-
taining 20 mM EDTA. Epithelial sheets were removed and RNAs were
isolated using a 4PCR Kit #1914 (Ambion; Austin, TX). cDNAs were
prepared with an RT-PCR Kit #1402-2 (Clontech; Palo Alto, CA).
Primer sequences used were:

CCR2: forward 5-CCTGCAAAGACCAGAAGAGG-3
reverse  5-TCCAAGCTCCAATTTGCTTC-3

CCR3: forward 5-GCAAAATGCTGTCTGGGTTT-3
reverse  5-CCTCTGGATAGCGAGGACTG-3

CCR5:  forward 5-CACTGCTGCCTAAACCCTGT-3

reverse  3-TTCCTACTCCCAAGCTGCAT-3¥

CCR6:  forward 5-CCTACCGTTCTGGGCAGTTA-3

reverse  5-AGGGCTTGAGATGATGATGG-3

CCR7: forward 5-CGGAGATTCAAGGACAGAGC-3'
reverse  SCAGCAGGGTCACCTTCTCTC-3

CCRY:  forward 5-TGACTCCACTGCTTCCACAG-3
reverse  5-CAGAAGGGAAGAGTGGCAAG-¥

CCL5:  forward 5-ATATGGCTCGGACACCACTC-3
reverse  5S-GGGAAGCGTATACAGGGTCA-3

CCL9: forward 5-ACAGCAAGGGCTTGAAATTG-3
reverse 5-TTGTAGGTCCGTGGTTGTGA-3

CCL11: forward 5-TGACACTAACCCAGAGCCTAAG-3
reverse  5-CATAATGACTTCCAGTCCCATC-3
CCL12: forward 5-CTTCTATGCCTCCTGCTCATAGC-3
reverse  5-CGGACGTGAATCTTCTGCTTAAC-3'
CCL19: forward 5-TCTCCTCCCTCCCCTTAGAA-3
reverse  5-CGGCTTTATTGGAAGCTCTG-3
CCL20: forward 5-CGTCTGCTCTTCCTTGCTTT-3
reverse 5-AGGAGGTTCACAGCCCTTTT-3
CCL25:  forward 5-GTGATGATGCCCAGAAAGACC-¥
reverse  5-TCAGCAATCATCAATAGCCAATAG-3
B-actin  forward 5-ATGGATGACGATATGGCTG-3

reverse 5-ATGAGGTAGYCTCTAAGGT-3

Amplification consisted of 40 cycles at 95°C for 1 min, 59 °C for
1 min, and 72°C for 1 min using a Biometra T-Gradient thermocycler
(Whatman Biometra; Gottingen, Germany). For semi-quantitative
RT-PCR, 1:3 serial dilutions of cDNA were made prior to amplifica-
tion. PCR products were run on a 2% agarose gel.

Results

Regulated chemokine gene expression in 349 mice
following buccal antigen priming

3A9 mice were injected into the buccal mucosa with
HEL as described in the Materials and methods.
Twenty-four hours after priming, mice were sacrificed,
buccal epithelia were recovered, and tissues were ana-
lyzed by RT-PCR for expression of 13 chemokines re-
ceptors or chemokine ligands as shown in Table 1.
Findings were particularly notable in that there was a
spectrum of chemokine receptor or chemokine ligand
expression that consisted of three patterns. First, two
chemokine ligands (CCL5 and CCL9) were expressed at
low levels prior to antigen priming and did not increase
after priming. Second, five chemokine receptors or
chemokine ligands were expressed at high levels both
prior to and after antigen priming; these were CCR2,
CCR6, CCRY, CCL11, and CCL20. Third, six chemo-
kine receptors or chemokine ligands were significantly
upregulated within 24 h of antigen priming; these were
CCR3, CCR5, CCR7, CCL12, CCL19, and CCL25. A
summary of these findings is shown in Table 1.

To confirm the changes in chemokine receptors or
chemokine ligands that had increased following HEL
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Table 1
Differential expression of chemokine receptors and chemokine ligands
in buccal epithelia of 3A9 mice following local HEL priming

Chemokine Expression Expression
receptor (R)/ligand (L) before priming after priming
CCR2 High High
CCR3 Negative High®
CCRS5 Low High?
CCR6 High High
CCR7 Negative High*
CCR9 High High
CCL5 Low Low
CCL9 Negative Negative
CCLI11 High High
CCL12 Low High*
CCL19 Neg/low High?
CCL20 High High
CCL25 Low High?

#Increase in chemokine receptor or chemokine ligand gene ex-
pression 24 h after intra-buccal antigen priming.

priming, semi-quantitative RT-PCR analyses were done
as shown in Fig. 1. Note that by 24 h after intra-buccal
HEL priming of 3A9 mice there was at least a 9-fold
increase in gene expression of the chemokine receptors
and ligands identified in Table 1. This included three
chemokine receptor groups: CCR3 (the receptor for
Eotaxins-1, 2, and 3, MCP-2, 3, and 4, and RANTEYS),
CCRS5 (the receptor for MIP-1 and RANTES), and
CCRY7 (the receptor for MIP-3B/ELC and 6CKine/LC).
Additionally, gene expression of CCL12 and CCL19
were significantly elevated by 24 h after HEL priming.
Collectively, these form a complex pattern of chemokine
activation in the buccal epithelium following local
antigen exposure.
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Fig. 1. Semi-quantitative RT-PCR analyses of chemokine receptors
CCR3, CCRS, and CCR7, and chemokine ligands CCL12 and CCL19
from buccal epithelium of 3A9 mice following local HEL antigen
priming. Note the increase in gene expression within 24 h of antigen
exposure.
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The buccal epithelium constitutively expresses CCR9 and
CCL25, and the expression of CCL25 is upregulated after
local antigen priming

The initial screening of chemokine/chemokine recep-
tors described in Table 1 revealed the unexpected finding
that the receptor for CCL25 was expressed at high levels
in the buccal epithelium of both non-antigen-primed and
antigen-primed mice. However, CCL25, the chemokine
ligand for CCR9, was expressed at low levels in normal
3A9 mice but was significantly upregulated after HEL
priming. These findings were of particular interest since
CCL25 has been shown to have a highly selective dis-
tribution in its expression, so far limited to the thymus
and the intestine [24]. Additionally, that chemokine is
believed to be responsible for regulating the development
of T cells in the thymus and for the local development of
T cells in the intestine [24,25]. Using semi-quantitative
RT-PCR analyses, expression of CCL25 was found to
have a 3-fold increase in 3A9 after HEL priming com-
pared to unprimed mice (Fig. 2A). Because CCRY is
expressed at high levels in the buccal epithelium of un-
primed mice (Fig. 2B), this suggests that expression of
CCL25 upon antigen exposure may be involved in the
development or maturation of T cells locally in the
buccal epithelium.

Discussion

Findings from this study reveal a complex yet logical
pattern of chemokine receptor and chemokine ligand
gene activation in cells of the buccal epithelium follow-
ing antigen exposure. The marked increase in the gene
expression of CCL19 and its receptor, CCR7, is em-
blematic of an activation process that involves the local
influx of T cells and dendritic cells, especially during the
generation of a primary immune response [26]. That
pattern is further reflected by the upregulation of CCRS
gene expression, which binds to CCL3 or CCL4 (mac-
rophage inflammatory protein [MIP]-1) and to CCL5
(RANTES [regulated upon activation, normal T cell
expressed, and secreted]) [27]. Although we found no
change in the gene expression of CCLS, the possibility
remains that low level constitutive expression of CCL5
is sufficient to lead to T cell changes through the CCL5/
CCRS5 pathway.

The upregulated gene expression of CCLI2 (MCP-5)
in HEL-primed 3A9 mice was significant due to its
ability to bind CCR2 that was constitutively expressed
at high levels independent of antigen priming. Because
CCR?2 participates in T cell/monocyte migration and in
the activation of a Thl-type of inflammatory response
[21,26], these findings point to a likely process of rapid
mononuclear cell mobilization in the buccal epithelium
shortly after antigen exposure. Methods for controlling
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the regulation in the expression of other important
chemokines can be seen in situations in which the use of
a specific chemokine is controlled at the level of the
chemokine receptor. An example of this in the present
study would be the upregulated expression of CCR3, the
receptor for CCL11 (eotaxin), the latter being constitu-
tively expressed at high levels, regardless of antigen ex-
posure, thus suggesting that control of leukocyte
trafficking, in particular eosinophils [28], into buccal
epithelia is controlled at least in part by CCR3 expres-
sion. Clearly, however, CCR3 expression also would
influence numerous other chemokine-mediated events
due to the promiscuous binding of many chemokine li-
gands (e.g., CCL5, CCL7, CCLS, and others) to CCR3
[26].

One of the most surprising and intriguing findings to
emerge from this study was the upregulation of CCL25
(TECK) gene expression in buccal epithelia after HEL
priming. Interestingly, the constitutive high level of ex-
pression of CCRY, the receptor for CCL25, indicates
that the utilization of CCL25 in the buccal epithelium is
controlled through the regulated expression of CCL25.
Since CCRY is the only receptor known to be used by
CCL25 [29], this further demonstrates the specificity of
CCL25 involvement during antigenic stimulation in
buccal tissues. Studies from other laboratories describe a
very restricted pattern of CCL25 expression that is
limited to the thymus and the intestine [24,30-32].
Moreover, even throughout the gastrointestinal tract
there is a highly localized expression of CCL25 with
highest levels occurring in the duodenum, jejunum, and
ileum [24,32] and an absence of expression in the colon
[24,31,32] and stomach [24]. Additionally, CCL25 is not
expressed in other tissues that have been examined thus
far, including respiratory tissues, peripheral lymphoid
tissues, and tissues of the central nervous system [24].
The present study is the first to point to a role for
CCL25/CCRY in buccal epithelia and to tie that with an
antigen-specific response. The implications of this are
notable with regard to the potential for extrathymic T
cell development in the oral tissues. In the intestinal
mucosa, by way of comparison, CCL25 expression has
been localized in villus crypt regions [33], i.e., within
areas of the intestinal mucosa believed to be sites of
local T cell development and/or maturation. CCL25 also
has been linked to the development of TCRyd T cells in
the thymus [34]. In that vein, recent studies from our
laboratory indicate that significant numbers of TCRa3
and TCRy3 T cells are present in the buccal epithelium
of normal mice ([22]; Wang and Klein, unpublished),
and have demonstrated that the Vy gene repertoire of
buccal y8 T cells is diverse and closely resembles that of
the small intestine [35]. Curiously, there was a dramatic
and unexplained transient loss of Vy gene expression in
buccal epithelia between days 2 and 3 post-antigen ex-
posure by either non-replicating (BSA) or replicating
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Fig. 2. (A) Semi-quantitative RT-PCR analyses of CCL25 (TECK)
prior to and 24h after HEL antigen priming. Note the increase in
CCL25 gene expression after local HEL antigen exposure of 3A9 mice.
(B) CCRO, the receptor for CCL25, is expressed at high levels prior to
antigen exposure, and did not change during a three day period studied
after antigen priming.

Day 3

(influenza virus) antigens [22]. Although the basis for
that change remains unclear, the findings described here
of an active process of CCL25 gene expression following
antigen exposure suggest a process in which T cells die
or migrate out of epithelial tissues after antigen expo-
sure, and new T cells are then actively recruited into the
mucosa. This possibility as a regulatory mechanism for
modulating antigen-specific effector cells in the oral
mucosa is currently under investigation in our labora-
tory.
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