
Identification of three distinct subsets of migrating dendritic cells
from oral mucosa within the regional lymph nodes

Introduction

The internal surfaces of the body are covered with two

distinct types of mucosae.1 Type I mucosal surfaces,

which include the intestine, lung and nasal cavity, are

covered by a single epithelial layer with absorptive and

respiratory functions. In contrast, type II mucosal surfaces

are covered by stratified squamous epithelium. Type II

surfaces share many common features with the skin and

provide physical protective barriers as a first line of

defence. Oral mucosa, the cornea and vagina have type II

mucosal surfaces. Two distinct types of dendritic cells

(DCs) are found in type II mucosa. As with the skin,

Langerhans cells (LCs) reside within the epithelial layers,

whereas submucosal DCs (i.e. interstitial DCs), which are

the counterpart of dermal DCs in the skin, reside beneath

the basement membrane of the mucosal epithelium. In

general, DCs recognize pathogen-derived antigens, induce

innate immunity at local surfaces, and then migrate into

the regional lymph nodes (RLNs) via afferent lymphatic

vessels to present antigens to T cells.1–4 During this pro-

cess, DCs alter multiple properties including antigen cap-

ture, endocytosis, migration, antigen processing and

antigen presentation by upregulating and downregulating

the expression of unique receptors and cytokines.2,3

Although LCs exist in an immature state within the

epidermis of the skin, they display a mature phenotype in

the LNs.2,4 Traditionally, LCs have been thought to play a

dominant role in the induction of contact hypersensitivity

(CH). Recent studies using genetically LC-disrupted mice,

however, have shown less involvement of LCs and pro-

vide evidence for the more active involvement of dermal

DCs.5–8 CD207/Langerin, a C-type lectin endocytic recep-

tor, is highly expressed on LCs9,10 and is essential for
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Summary

To investigate the phenotypic and migrational properties of oral mucosal

dendritic cells (OMDCs), fluorescein isothiocyanate (FITC) was painted

onto mouse buccal mucosa and the expression patterns of functional mol-

ecules in FITC-bearing migrating DCs within the regional lymph nodes

(RLNs) were analysed. We found three distinct subpopulations of migrat-

ing OMDCs within the RLNs: CD11chi CD207) (F1), CD11cint/lo CD207)

(F2) and CD11cint/lo CD207+ (F3). The F1 DCs reached the RLNs earlier

(after 24 hr) but diminished immediately. Additionally, F1 DCs expressed

high levels of CD11b. The F2 DCs migrated continuously to the RLNs

and maintained the highest ratio of all three fractions. The F3 DCs

migrated slowly to the RLNs and demonstrated a late peak at 96 hr. In

addition, F3 DCs showed the highest CD205 expression levels of all three

subsets. All fractions of migrating OMDCs expressed CD80, CD86 and

major histocompatibility complex class II at high levels, suggesting that

all OMDCs are in a mature stage and have the potential for antigen pre-

sentation. All migrating OMDCs lacked CD8a expression. Taken together,

our results indicate that the lack of CD207 is one factor that identifies

submucosal DCs. Both F1 and F2 DCs lack CD207; F1 DCs are resident

and F2 DCs are newly recruited following FITC application. The F3 DCs,

which express CD207, are mucosal Langerhans cells that migrate later.

The identification of OMDC subsets should facilitate further studies

investigating the functional roles of each fraction.

Keywords: dendritic cells; migration; mucosal immunity; oral immuno-

logy; regional lymph nodes
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Birbeck granule formation, but not for LC function.11

Recent reports have demonstrated the existence of

CD207+ dermal DCs, which appear to be responsible for

CH responses.12,13 Therefore, the actual involvement of

two types of DCs in cutaneous immunity remains contro-

versial.

Little is known regarding the features of oral mucosal

DCs (OMDCs). Studies using sublingual immunotherapy

in patients with allergic rhinitis and asthma suggest toler-

ogenic properties of OMDCs, but precise functional anal-

yses have not been performed.14,15 Studies have

demonstrated that topical application of hapten onto

buccal mucosa induces both the migration of DCs and

hapten-specific T-cell responses.16,17 Comparative experi-

ments between oral mucosa and skin applications have

reported that oral mucosa sensitization induces clearly

impaired CH responses. These responses, however, can be

explained by either the lower dose of antigen concentra-

tions used or the lower number of LCs present at the

mucosal site. These responses do not appear to be a result

of the different antigen-presenting capacities of DCs.17,18

In addition, these studies did not discriminate between

the functions of submucosal DCs and LCs.17,19,20

Recently, Mascarell et al.21 performed more detailed anal-

yses of OMDCs. These studies identified four subsets of

OMDCs: CD207+ LCs in the mucosa, a major population

of CD11b+ CD11c) and CD11b+ CD11c+ myeloid DCs at

the mucosal/submucosal interface, and B220+ 120G8+

plasmacytoid DCs in the submucosa. The last three of

these subsets showed antigen-processing and antigen-pre-

senting abilities, but only CD11b+ CD11c+ myeloid and

plasmacytoid DCs induced interferon-c/interleukin-10

(IFN-c/IL-10)-producing CD4+ T cells exhibiting suppres-

sive properties, suggesting that these OMDCs have tolero-

genic properties. However, DCs alter their function

between the oral mucosa and the RLNs following migra-

tion. Therefore, to investigate the precise roles of OMDCs

in T-cell-mediated immunity, migrating OMDCs in the

RLNs should be examined. For this purpose, the identifi-

cation of migrating OMDCs in the RLNs is necessary. As

a first step, we investigated the phenotypic and migra-

tional properties of OMDCs in the RLNs. We applied

fluorescein isothiocyanate (FITC) as hapten onto buccal

mucosa and investigated the histological changes in OM-

DCs at mucosal sites. We then analysed FITC-bearing

DCs in the RLNs using flow cytometry. Comparative ear

skin painting experiments were also performed to exam-

ine differences between OMDCs and cutaneous DCs.

Materials and methods

Mice

Female BALB/c mice were purchased from Japan SLC

(Hamamatsu, Japan) and used at 6–10 weeks of age. All

animal procedures were reviewed and approved by the

Animal Care and Use Committee of Tokyo Medical and

Dental University.

FITC painting

The FITC was dissolved in a 1 : 1 (vol/vol) ace-

tone : dibutyl phthalate solution before painting.22,23 For

painting of the buccal mucosa, Vaseline was applied

around the mouth while the mouse was under anaesthesia

to prevent the FITC solution from reaching the perioral

skin tissues.16 After the buccal mucosa was swabbed with

cotton buds, 15 ll of a 1% FITC solution was applied to

both sides of the buccal mucosa. Mucosal surfaces were

then air-dried for 1 min. For ear skin painting, 30 ll of a

0�5% FITC solution was applied onto each side of the

ears.

Immunohistochemistry

Buccal mucosal tissues from intact mice or FITC-painted

mice after 2 and 6 hr were surgically removed, embedded

in Tissue-Tek (Sakura, Tokyo, Japan), frozen and stored

at )80� until use. Cryostat sections (5 lm thickness)

were fixed in absolute acetone and subjected to enzy-

matic immunohistochemistry as described previously.23

Briefly, after blocking, sections were incubated with pri-

mary monoclonal antibodies (mAbs) against major histo-

compatibility complex (MHC) class II [M5/114, rat

immunoglobulin G2b (IgG2b)], CD207 (eBioL31, rat

IgG2a), CD205 (NLDC-145, rat IgG2a), or isotype con-

trol rat immunoglobulins, and then were incubated with

biotinylated anti-rat IgG (Vector Laboratories, Burlin-

game, CA). All incubation steps, excluding those for

CD205, were performed in a microwave processor

(MI-77; Azumaya, Tokyo, Japan). A mAb against CD205

was incubated at 4� overnight. The avidin–biotin–peroxi-

dase complex (ABC) system (Vectastain Elite Universal

ABC Kit; Vector Laboratories) was used according to the

manufacturer’s instructions. Sections were visualized with

the substrate diaminobenzidine (DAB; Merck, Darmstadt,

Germany) and counterstained with haematoxylin. Digital

images were obtained using an inverted microscope and

camera system (IX71 and Pro600ES-D; Olympus, Tokyo,

Japan).

Isolation of LN cells

Mandibular and cervical (auricular) LNs from buccal

mucosa-painted mice and cervical LNs from ear skin-

painted mice were collected from RLNs at 24, 48, 72

and 96 hr after painting. For isolating a single-cell sus-

pension of LN cells, the collected LNs were digested with

Type I collagenase (400 U/ml; Sigma, St Louis, MO) at

37� for 30 min. Ethylenediaminetetraacetic acid at the
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final concentration of 5 mM was added for an additional

5 min at room temperature to disrupt T-cell–DC com-

plexes.

Flow cytometry

Cells were preincubated with supernatants for anti-CD16/

32 (2.4G2) mAb and then stained with fluorochrome-

conjugated or biotinylated mAbs. Monoclonal antibodies

against CD11c (N418), CD11b (M1/70), CD8a (53-6�7),

CD86 (GL-1), CD80 (16-10A1), MHC class II (M5/

114.15.2), CD205 (NLDC-145), F4/80 and CD207 (eBio-

L31) were used. All FITC-, phycoerythrin-, allophycocya-

nin-, peridinin chlorophyll protein–carbocyanin 5.5

(PerCP-Cy5.5)-conjugated or biotinylated mAbs were

obtained from eBiosciences (San Diego, CA) or BD-

Pharmingen (San Diego, CA). For the biotinylated mAb,

PerCP-Cy5.5-streptavidin (BD-Pharmingen) was used.

After cell surface staining, intracellular staining for CD207

was performed as described previously.24 Stained cells

were analysed on a FACSCalibur using the CELLQUEST soft-

ware (BD Biosciences, San Jose, CA).

Results

Rapid recruitment of circulating DCs into submucosal
areas after FITC painting

Fluorescein isothiocyanate has been commonly used for

monitoring skin-derived DCs in RLNs and evaluating hap-

ten-specific immune responses in murine CH models.22 In

this study, we used FITC to examine DCs in the oral

mucosa. The FITC was painted onto buccal mucosa and

changes in DCs were analysed using immunohistoche-

mistry. In the buccal mucosa from intact mice, MHC class

II+ cells with dendritic morphology were located within

both the epithelium and subepithelium (Fig. 1a). Two

hours after FITC painting, the number and intensity of

MHC class II+ cells in the submucosal layer markedly

increased (Fig. 1b). These levels were further enhanced at

MHC class II

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

Intact

2 hr

6 hr

CD207 CD205

Figure 1. Kinetic changes in major histocompatibility complex (MHC) class II, CD207, and CD205 expression within the buccal mucosa after

fluorescein isothiocyanate (FITC) painting. Cryostat sections of buccal mucosa from intact mice (a, d, g) and mice 2 hr (b, e, h), 6 hr (c, f, i),

and 24 hr (data not shown) after FITC painting were stained with anti-MHC class II (a–c), anti-CD207 (d–f), or anti-CD205 (g–i) monoclonal

antibodies (with an appropriate control antibody). Representative sections are shown. Scale bars = 50 lm.
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6 hr (Fig. 1c). The MHC class II+ cell numbers decreased at

24 hr (data not shown). In contrast, the number of MHC

class II+ cells within the epithelium did not vary at any

time-point, although the signal intensity and cell size

increased gradually and reached a maximum at 24 hr (data

not shown). Application with vehicle alone had no discern-

ible effects (data not shown). CD207/Langerin and CD205/

DEC205 are representative C-type lectin receptors that are

expressed on DCs.9,10,25 CD205 is a crucial endocytic recep-

tor expressed in DCs with high phagocytic potency.25,26

CD207+ cells were observed in the epithelium, but few

CD207+ cells were seen in the subepithelium (Fig. 1d–f).

Following FITC painting, no clear changes in CD207+ cell

number were observed; however, a marked enlargement

and elongation of CD207+ cells within the epithelium was

seen, which was similar to the changes in MHC class II+

cells. CD205+ cells were also abundant within the epithelial

layer, although the signal was weak (Fig. 1g). The intensity

of CD205+ cells within the epithelium gradually increased

after FITC application (Fig. 1h,i). These results suggest that

FITC painting of the buccal mucosa induces a rapid mor-

phological change in pre-existing subepithelial DCs. Addi-

tionally, new recruitment of DCs into the subepithelium at

earlier time-points (2 hr) was observed with a consistent

enhancement up to 6 hr. Painting with FITC also induced

a late morphological change in resident CD207+ CD205+

Langerhans cells within the epithelium.

Migration of OMDCs to RLNs

Antigen-captured DCs at the skin and mucosa migrate to

the RLNs to present antigens to T cells. To investigate the

migrational capacity and kinetics of OMDCs, we moni-

tored FITC-carrying DCs from both the oral mucosa and

ear skin to the RLNs using flow cytometry. The total

number of cells in the RLNs following painting (both

buccal mucosa and ear skin) gradually increased and this

increase continued until 96 hr; however, the increased

level observed with buccal mucosa painting was clearly

impaired compared with that after ear skin painting

(Fig. 2a). Intact submandibular and cervical LNs con-

tained approximately 2% of CD11c+ DCs and the per-

centage of CD11c+ cells gradually increased after painting

until 96 hr for both buccal mucosa and ear skin painting

(Fig. 2b). The increased levels observed with buccal

mucosa painting were consistently impaired. When FITC-

bearing DCs within LN DCs were analysed, a peak was

observed at 24 hr with both types of painting (Fig. 2c).

Levels then sharply decreased at 48 hr and were main-

tained until 96 hr. The percentage of FITC+ DCs in buc-

cal mucosa-painted mice at 24 hr was approximately

threefold lower than that in ear skin-painted mice. Buccal

mucosa painting did not increase the numbers of FITC-

bearing DCs in the RLNs, whereas FITC-bearing DCs as a

result of ear skin painting gradually increased until 96 hr

(Fig. 2d). The final difference between buccal mucosa and

ear skin painting was over eightfold. These results demon-

strate that FITC-painting induces not only migration of

DCs into the RLNs, but also the migration of other lym-

phocytes, that are presumably circulating via blood ves-

sels. The migration of OMDCs and cutaneous DCs

following local painting showed similar kinetics, although

a clear difference in cell number was observed.

Distinct subsets of migrating OMDCs

Both LCs and dermal DCs possess migrational capacity

following antigenic challenge, but the kinetics of these
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Figure 2. Changes in regional lymph node

(RLN) cells after fluorescein isothiocyanate

(FITC) painting. Mandibular and/or cervical

LN cells from intact and painted mice 24, 48,

72 and 96 hr after FITC application were

counted and stained with allophycocyanin-con-

jugated anti-CD11C or with the appropriate

fluorochrome-conjugated control antibody.

The stained cells were analysed by flow cyto-

metry. Total cell number per one LN is shown

(a). An electronic gate was placed on either

lymphocytes or CD11c+ lymphocytes and then

the percentages of CD11c+ or FITC+ cells were

evaluated (b–d). Total numbers of FITC+

CD11c+ cells were calculated from total LN cell

number and the percentage of FITC+ CD11c+

cells. Values are the mean ± SD from each

group of three mice. Data are representative of

two independent experiments.
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responses differ.7,27 We examined more detailed pheno-

types of FITC-carrying migratory DCs within RLNs. As

shown in Fig. 3(a), based on differences in CD11c and

CD207 expression, we divided FITC+ CD11c+ migratory

DCs from the buccal mucosa and ear skin into four frac-

tions: F1, CD11chi CD207); F2, CD11cint/lo CD207); F3,

CD11cint/lo CD207+; and F4, CD11chi CD207+. In RLNs

at 24 hr, F1 and F2 were the major subsets observed

within migrating DCs, followed by the F3 in both paint-

ings. F4 cells were hardly detected within FITC-carrying

migrating DCs. When cervical LNs from intact mice were

analysed, F2 DCs were the major fraction. Additionally,

intact LN DCs contained a substantial percentage (� 6%)

of F4 cells. Three fractions of migrating DCs (F1, F2 and

F3) did not express CD8a, whereas F4 DCs expressed

high levels of CD8a (data not shown). When forward

scatter (FSC) and side scatter (SSC) profiles for each frac-

tion were analysed, we found that the FSC and SSC pro-

files for F2 DCs were relatively lower in both the buccal

mucosa-painted (Fig. 3b) and ear skin-painted (data not

shown) RLNs.

Different subsets of OMDCs show different
migrational kinetics to RLNs

Next, we analysed the kinetic changes of each migrating

DC fraction (Fig. 4). In buccal mucosa-painted mice, the

percentage of F1 cells peaked at 24 hr and then rapidly

decreased. In contrast, F2 percentages were maintained at

high ratios at all time-points up to 96 hr. The percentage

of F3 DCs was lowest at 24 hr and then gradually

increased until 96 hr. Similar results were obtained for

migrating DCs induced by ear skin painting. These results

demonstrate that the three fractions of hapten-captured

Buccal mucosa(a)

(b)

FITC

CD207

FSC FSC FSC

FITC+CD11c+ gated

44·4 45·8 1·7 10·6

71·7 12·010·142·814·839·1

F1

437 ± 1 358 ± 4 514 ± 18

503 ± 3 459 ± 5 491 ± 2

F2 F3

F1 F4

F2 F3

F1 F4

F2 F3

F1 F4

F2 F3

6·02·5

CD11c+ gated

FITC FITC

C
D

11
c

100 101 102 103 104100 101 102 103 104100 101 102 103 104

100 101 102 103 104

CD207
100 101 102 103 104

CD207
100 101 102 103 104

10
0
10

1
10

2
10

3
10

4

C
D

11
c

10
0
10

1
10

2
10

3
10

4

C
D

11
c

10
0
10

1
10

2
10

3
10

4
C

D
11

c
S

S
C

S
S

C

S
S

C

10
0
10

1
10

2
10

3
10

4

C
D

11
c

10
0
10

1
10

2
10

3
10

4

C
D

11
c

10
0
10

1
10

2
10

3
10

4

Ear skin Intact

Figure 3. Identification of different subsets of migrating dendritic

cells (DCs). Regional lymph node (RLN) cells were obtained as

described in Fig. 2. Cells were stained with allophycocyanin-conju-

gated anti-CD11c and phycoerythrin-conjugated anti-CD207 mono-

clonal antibodies or with the appropriate control immunoglobulins

and analysed by flow cytometry. (a) The expressions of CD11c and

fluorescein isothiocyanate (FITC) are shown as dotted plots (four-

decade log scale) (upper panels). An electronic gate was placed on

either FITC) CD11c+ or FITC+ CD11c+ cells, and then the expres-

sion of CD11c and CD207 are also shown as dotted plots (lower

panels). Markers were positioned to include > 98% of cells stained

with control immunoglobulins in the lower left quadrant. Other

maker lines were placed to separate CD11chi and CD11clo cells

(lower panels). CD11chi CD207) cells (F1), CD11cint/lo CD207) cells

(F2), CD11cint/loCD207+ cells (F3) and CD11chi CD207+ cells (F4)

were defined based on the expression levels of CD11c and CD207.

Values are the mean percentages ± SD from each group of three

mice. Representative profiles at 24 hr after painting are shown.

(b) An electronic gate was placed on F1, F2, or F3 FITC+ lympho-

cytes and then forward scatter (FSC) and side scatter (SSC)

profiles are shown as dotted plots. Values are the mean FSC and

SSC from each group of three mice. Representative profiles at 24 hr

are shown.
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Figure 4. Each dendritic cell (DC) subset shows distinct migratory

kinetics. Regional lymph node (RLN) cells were obtained, cells were

stained, and each fraction was identified as described in Fig. 3. The

percentages of CD11chi CD207) (F1), CD11cint/lo CD207) (F2) and

CD11cint/lo CD207+ (F3) cells within FITC+ CD11c+ DCs from RLNs

at the indicated time-points are shown. Values are the mean ± SD

from each group of three mice. Representative data from two inde-

pendent experiments are shown. FITC, fluorescein isothiocyanate.
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DCs in both buccal mucosa and ear skin migrate to the

RLNs with distinct kinetics.

Phenotypic differences between the three subsets of
migrating OMDCs

Some DCs migrating from the skin express myeloid

markers, F4/80 and CD11b.28,29 We examined these

myeloid antigens on migratory DCs from the buccal

mucosa. F1 DCs expressed markedly higher levels of

CD11b compared with other DCs, and F2 DCs con-

tained both high- and intermediate-level cells (Fig. 5).

This was the only unique difference in antigenic pheno-

types between F1 and F2 DCs. Both F1 and F2 cells

expressed low levels of F4/80 and intermediate levels of

CD205. In addition, both fractioned cells expressed sim-

ilar levels of the CD80, CD86 and MHC class II mole-

cules crucial for antigen presentation. The staining

profiles of CD80 and CD86 in unfractioned RLN-DCs

revealed that the level of CD80 and CD86 expression in

F1 and F2 cells was markedly high. CD11cint/lo CD207+

F3 DCs also expressed similar levels of CD80, CD86

and MHC class II as compared with F1 and F2 DCs.

F3 DCs expressed the highest levels of CD205 and

intermediate levels of CD11b. No clear differences were

observed in each subset of migrating DCs between buc-

cal mucosa and ear skin (data not shown).

Discussion

We demonstrated that hapten-bearing, migrating DCs

from the buccal mucosa within the RLNs are divided into

at least three subpopulations: CD11chi CD207) (F1),

CD11cint/lo CD207) (F2), and CD11cint/lo CD207+ (F3).

All fractions of migrating DCs express CD80, CD86 and

MHC class II at highest levels compared with the expres-

sion of these molecules in whole LN DCs, which suggests

that they are in a mature state and have the potential for

antigen presentation. However, the migrational kinetics

and relative cell numbers among subpopulations following

hapten application showed distinct differences. F1 DCs

migrated quickly to the RLNs, but levels diminished

immediately. F2 DCs migrated at a constant rate to the

RLNs and maintained high ratios. F3 DCs migrated slowly

to the RLN and peak levels were observed at 3–4 days.

In this study, we performed the majority of the experi-

ments in parallel with ear skin painting and we observed

similar results in antigenic phenotypes and migrational

kinetics between ear skin and buccal mucosa painting.

One observed difference was that the cell numbers of

CD11b
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Figure 5. Comparison of antigenic phenotypes among three dendritic cell (DC) subsets. Regional lymph node (RLN) cells 24 hr after buccal

mucosa painting were stained with allophycocyanin-conjugated anti-CD11c, phycoerythrin-conjugated anti-CD207 and phycoerythrin-conjugated

anti-CD80, anti-CD86, anti-major histocompatibility complex class II, biotinylated anti-CD205, anti-CD11b monoclonal antibodies, or the appro-

priate control immunoglobulin. Biotinylated monoclonal antibodies were followed by peridinin chlorophyll protein–carbocyanin 5�5–streptavidin.

Samples were analysed by flow cytometry. Patterns of CD207 and CD11c expression under the FITC+ CD11c+ or CD11c+ cell gate are shown in

Fig. 3. An electronic gate was placed on CD11chi CD207) (F1), CD11cint/lo CD207) (F2) or CD11cint/lo CD207+ (F3) cells, and the expression lev-

els of respective antigens are displayed as histograms (shaded histograms) with the control histograms nearest the ordinate (open histograms)

(four-decade log scales). Data shown are representative of three to five results. FITC, fluorescein isothiocyanate.
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FITC-carrying migrating DCs from the ear skin were

approximately threefold higher than those from the buc-

cal mucosa at a maximum migration point of 24 hr. One

reason for this observed variation may have been the dif-

ference in painted surface area. For ear skin painting, the

total surface area was approximately fivefold larger than

that for oral mucosa painting. Although the distribution

(cell numbers/same length of basal cell membrane) of

MHC class II+ (CD207+) resident LCs in the steady state

for ear skin was approximately twofold higher (data not

shown), LCs are not the major source of migrating DCs

(described below). It is also possible that the unique con-

ditions existing in oral mucosa lower the migratory prop-

erty of OMDCs. Further studies are now underway on

this issue.

Our immunohistochemical staining of buccal mucosa

showed that CD207+ cells are abundant in the epithelium

and are barely present in the subepithelium. In addition,

levels did not increase after hapten application, despite

the enlargement and elongation of cells. Within LNs, we

found two fractions of CD207+ DCs: CD11chi CD207+

(F4) and CD11cint/lo CD207+ (F3). Intact LN cells con-

tained a substantial ratio of CD11chi CD207+ (F4) cells;

however, FITC-carrying migrating DCs hardly contained

this fraction for both oral mucosa and ear skin painting.

In contrast to F3 DCs, F4 DCs expressed high levels of

CD8a. F4 DCs did not express F4/80 and expressed low

levels of CD11b, CD205, CD80, CD86 and MHC class II

(data not shown). We (data not shown) and other

groups27,30 also observed similar results in the RLNs by

epicutaneous painting. The phenotypes observed for F4

DCs indicate that they are in an immature state.

CD11chi CD207+ CD8+ DCs in LNs have been proposed

to be ‘blood-derived’ lymphoid DCs that may correspond

to cross-presentation.7,27,30,31 Therefore, we propose that

CD11chi CD207+ DCs (F4) are blood-derived resident LN

DCs that are distinct from LCs migrating via afferent

lymph vessels. In contrast, CD11cint/lo CD207+ DCs (F3)

and CD11clo-hi CD207) DCs (F1 and F2) are migrating

mucosal LCs and submucosal DCs from buccal mucosa,

respectively. LCs and dermal DCs have been previously

reported to continuously emigrate to cutaneous RLNs,

even in the steady state.7 Therefore, that the intact LN

cells contained these fractions of DCs at considerable

ratios is not surprising (Fig. 3). Our kinetic experiments,

which examined FITC-carrying DCs, demonstrated that

F3 DCs show delayed migration to RLNs. Additionally,

peak migration was observed at 3–4 days after both skin

and mucosa painting. Similar results have been reported

in earlier studies using a skin painting model with a fluo-

rescent dye32 and CD207-EGFP knockin mice.7 Recent

reports have demonstrated the existence of CD207+ der-

mal DCs showing both earlier migration and involvement

in CH responses.12,13 We also observed some CD207+

cells in the subepithelium of intact buccal mucosa. There-

fore, we cannot negate the possibility that F3 contains

such submucosal/dermal CD207+ DCs in addition to

genuine LCs.

We found that CD207) migrating non-LC DCs can be

further divided into two subpopulations based on the

expression levels of CD11c: CD11chi CD207) (F1) and

CD11cint/lo CD207) (F2). Both fractions of cells expressed

comparable, moderate levels of CD205, low levels of F4/

80, and high levels of CD80, CD86 and MHC class II.

However, several different characteristics were observed.

First, F2 DCs showed the lowest FSC and SSC profiles

among the three DC fractions (F1–F3). Second, most F1

cells expressed CD11b at high levels, although F2 DCs

contained both high- and intermediate-level cells. Third,

F1 migration reached a maximum within the initial 24 hr

and then quickly decreased, while migration of F2

occurred persistently over the entire experimental period

up to 96 hr (Fig. 3). In addition, immunohistological

analyses showed that FITC application induced a rapid

recruitment of MHC class II+CD207) cells in the submu-

cosal area at earlier time-points (2–6 hr). Finally, the

number of newly recruited cells quickly increased over

the number of resident submucosal DCs (Fig. 1). Taken

together, our results indicate that the origins of F1 and

F2 cells may be resident submucosal DCs and newly

recruited submucosal DCs via blood vessels following

painting, respectively. FITC application may induce a

rapid migration of resident submucosal DCs to the

subepithelium near the site of FITC painting. These sub-

mucosal DCs may be able to uptake antigens and reach

the RLNs in the shortest amount of time. However, since

the number of resident submucosal DCs was limited,

their concentrations decreased quickly. Therefore, newly

recruited DCs (via blood vessels) may replace resident

submucosal DCs. Expression levels of CD11c and CD11b

within CD207) migrating DCs seem to be positively cor-

related and F1 cells expressed higher levels of CD86

assessed by mean fluorescence intensity. Cytokines such

as granulocyte–macrophage colony-stimulating factor,

Fms-like tyrosine kinase-3 and tumour necrosis factor-a
may directly and indirectly affect expression levels of

CD11b and CD11c.33,34 The antigenic properties of newly

recruited submucosal DCs (F2) may be affected by

sojourn time and site-specific cytokine conditions in the

submucosa. The difference between F1 and F2 cells may

come from the difference in the length of time that the

cells reside in the submucosa.

In the present study, we found that all migrating oral

DCs, including F1, F2 and F3, expressed high levels of

CD80, CD86 and MHC class II. Although these three

molecules are essential for antigen presentation, the

differential profiles of additional positive and negative co-

stimulatory molecules such as CD40, OX40L, 4-1BBL,

glucocorticoid-induced tumour necrosis factor receptor-

related receptor ligand, B7-H1 and B7-DC, or cytokine
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expression may affect various functions of DCs.2,3 This

may result in differential production of T-cell effector

cytokines and T-cell subset generation. Further studies

are required to clarify their precise role in inducing

antigen-specific T-cell-mediated immune responses.

Recent observations suggest that dermal DCs rather than

LCs play a crucial role in inducing cutaneous immune

responses.7,8 Therefore, it will be of great interest to

compare the function of these three subsets of OMDCs

and the differences between oral mucosa and skin

migrating DCs. Future studies in our laboratory will

address these issues.
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