
Short communication

Langerhans cells are dendritic cells located
in the epithelia of the oral mucosa where
they are able to capture foreign antigens.
As antigen-presenting cells, Langerhans
cells travel to the regional lymph nodes (3,
5) and there initiate antigen-specific T-cell
proliferation (2). They may play an
important role in the initiation and main-

tenance of periodontal diseases (12). To
reach the draining nodes, Langerhans cells
must first cross the basement membrane,
which contains molecules such as type IV
collagen, laminin, fibronectin and heparan
sulfate proteoglycans. In many cell types,
local proteolysis of the basement mem-
brane associated with cell migration

depends on the activity of matrix metallo-
proteinases (MMPs) (15). MMPs are
endopeptidases able to degrade extracellu-
lar matrix macromolecules, and MMP-2
and MMP-9 are particularly implicated in
the degradation of the basement membrane
(10). The activity of MMPs is regulated by
their endogenous tissue inhibitors
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Background: As antigen-presenting cells, Langerhans cells may play an important role
in the initiation and maintenance of periodontal disease. This study is the first report that
extends our knowledge of the expression of matrix metalloproteinases and their
endogenous tissue inhibitors by Langerhans cells in healthy and diseased gingival tissues.
Methods: Single and double immunolabeling procedures were carried out using
monoclonal antibodies against CD1a, matrix metalloproteinases 2 and 9, and tissue
inhibitors of matrix metalloproteinases 1 and 2, and analyzed by conventional and
confocal microscopes.
Results: Langerhans cells expressed matrix metalloproteinases 2 and 9, and tissue
inhibitors of matrix metalloproteinases 1 and 2 in healthy and diseased gingival tissues.
The tissue inhibitors of matrix metalloproteinase-positive Langerhans cells were mainly
observed in the upper epithelial layers. Matrix metalloproteinase 9-positive Langerhans
cells were observed especially during periodontitis and in the basal epithelial layer or
crossing the basement membrane.
Conclusion: During periodontal disease, changes in the expression of matrix metallo-
proteinases and their tissue inhibitors by gingival Langerhans cells could be implicated in
the migration of the cells towards the connective tissue.
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(TIMPs); TIMP-1 forms high affinity
complexes with the active forms of MMPs
(4, 14) and TIMP-2 is able to bind to the
proform of MMP-2 but not to MMP-9,
which can bind to TIMP-1.
Previous studies in our laboratory have

shown that during periodontitis the num-
ber of gingival Langerhans cells decreases
according to the severity of the periodontal
disease (11) and the important morpho-
logic changes of Langerhans cells may
reflect a cellular adaptation during the
epithelial transmigration (13). The present
study extends these quantitative studies to
further examine the role that immunoex-
pression of MMPs/TIMPs by gingival
Langerhans cells could play in the migra-
tion of Langerhans cells.

Material and methods

With patient consent, healthy and diseased
gingival tissue samples which would oth-
erwise have been discarded were obtained
from 12 patients: six from periodontitis
patients (aged 46–66 (mean ¼ 53), three
males and three females) undergoing tooth
extraction because of extreme tooth mobil-
ity due to the periodontal disease, and six
from healthy patients (aged 25–61
(mean ¼ 49), two males and four females)
undergoing tooth extraction of the third
molar or for orthodontic reasons. The
diagnosis of chronic periodontitis was
established on the basis of clinical and
radiographic criteria (bone resorption)
according to the classification system for
periodontal diseases and conditions (1).
All diseased samples were obtained during
the extraction of a tooth showing at least
one pocket depth ¼ 5 mm and gingival
index 2 and 3 from Löe & Silness (6). The
surgical procedures were performed in the
surgery room in one of Paris 5 University
Dental Clinics and gingival samples were
immediately placed in Tissue-Tek� O.C.T.
Compound (Sakura Finetek Europe B.V.,
Zoeterwoude, Netherlands) and frozen in
liquid nitrogen. Serial 6-lm-thick frozen
sections were obtained, air-dried at room
temperature for 2 h, then fixed in acetone
for 10 min and kept at ) 80�C until the day
of the study.

Single and double immunolabeling

observed by conventional microscope

For immunolabeling of Langerhans cells,
sections were incubated with CD1a mono-
clonal mouse antihuman antibody (Beck-
man Coulter, Roissy, France) at
1 : 100 dilution for 45 min, then with
peroxidase-conjugated rabbit antimouse

immunoglobulin for 30 min (Dakopatts,
Glostrup, Denmark) at 1 : 20 dilution in
TBS bovine serum albumin (BSA) 1%
with human serum, and with peroxidase-
conjugated swine antirabbit antibody
(Dakopatts) at 1 : 20 dilution for 30 min.
The peroxidase reaction was developed
with 3-amino-9-ethylcarbazole substrate-
chromogen (Sigma Immunochemicals,
Saint-Quentin Fallavier, France) for
5 min and the Langerhans cells were
shown in red. For immunolabeling of
MMPs and TIMPs, anti-MMP-2, anti-
MMP-9, anti-TIMP-1 and anti-TIMP-2
monoclonal mouse antihuman antibodies
were used at 1 : 50 dilution (Calbiochem,
Meudon, France). Rehydrated sections
were incubated with one of the primary
antibodies mentioned above for 45 min,
then with alkaline phosphatase-conjugated

rabbit antimouse antibody (Dakopatts) for
30 min at 1 : 20 dilution in TBS BSA 1%
with human serum, and with alkaline
phosphatase-conjugated swine antirabbit
antibody (Dakopatts) for 30 min at 1 : 20
dilution. The alkaline phosphatase reaction
was visualized with fast blue substrate
(Sigma Immunochemicals) for 25 min.
MMP-2, MMP-9, TIMP-1, and TIMP-2
were then revealed in blue. All single
immunolabelings were also performed
using an avidin-biotin-immunoperoxidase
technique with 3,3¢-diaminobenzidine
tetrahydrochloride with hydrogen peroxide
(Dakopatts) and the immunolabelings
shown in brown (these sections were
counterstained with hematoxylin). Non-
specific reactivity of the antibodies was
checked by omitting the primary antibody
or by using an irrelevant isotype matched

Fig. 1. Hematoxylin-eosin-saffron (HES) staining and immunolabeling of CD1a+ Langerhans cells
in healthy (A, C, E) and diseased (B, D, F) gingival sections. All the healthy and the diseased
sections were from different subjects. During periodontitis (B), HES staining showed an infiltration
of inflammatory cells into the connective tissue associated with an alteration of the epithelial
structure. In healthy gingiva (C), immunolabeled cells are located in the epithelial tissue and none of
them was seen in the connective tissue. During periodontitis (D) immunolabeled cells are located in
both epithelium and connective tissue. Furthermore, single immunolabeling of CD1a+ Langerhans
cells shown in red using amino-9-ethylcarbazole as a substrate for peroxidase also showed the
presence of CD1a+ immunolabeled cells in the connective tissue of diseased samples (F) when
compared with healthy gingival tissue (E). E, epithelium; CT, connective tissue. Magnification · 10.
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primary antibody (MMP-3 monoclonal
mouse antihuman antibody; Calbiochem).
To reassess the data obtained from single
immunolabeling, colocalization of mole-
cules (CD1a/MMPs and CD1a/TIMPs)
was analyzed by double immunolabeling.
Staining with anti-CD1a antibody was
performed using the same protocol as
described above for a single immunolabe-
ling procedure, peroxidase reaction excep-
ted. After the two peroxidase-conjugated
antibody incubations, the sections were
incubated with one of the second primary
antibodies, followed by incubations with
alkaline phosphatase antibodies. The per-
oxidase reaction occurred at the end of the
procedure, immediately before the alkaline
phosphatase reaction. The double immu-
nolabeling procedure used for identifying
the molecules located on the same cells
may give false negative results because
visualization of the first molecule can
preclude visualization of the second.
Therefore, the application procedure of
the first and second primary antibodies
was reversed. Controls omitting the second
primary antibody were also performed to

avoid cross-reactions. With the double
immunolabeling procedure the cells
expressing both immunolabeled molecules
were shown in purple.

Double immunolabeling procedure

observed by confocal microscope

The sections were sequentially incubated
with one of the monoclonal mouse anti-
human antibodies directed against MMP or
TIMP for 45 min and antimouse Cy3-
conjugated secondary antibody (Bio-
source, Besançon, France) at 1 : 1000
dilution in TBS BSA 1% with human
serum for 30 min. The sections were then
incubated with fluorescein isothiocyanate
(FITC)-conjugated CD1a antibody (Immu-
notech, Marseilles, France) at 1 : 20 dilu-
tion in TBS BSA 1% with human serum
for 30 min. Mounted slides were analyzed
using a confocal laser scanning micro-
scope (Zeiss LSM 510, Gena, Germany).
With respect to the use of color superim-
position of confocal images, FITC in green
and Cy3 in red provide clear colocalization
information of the two immunolabeled

molecules. Orange indicates that the mol-
ecules are colocalized.
In gingival samples from patients pre-

senting with chronic periodontitis, a local
infiltration of inflammatory cells in the
upper connective tissue associated with an
important alteration of the epithelial struc-
ture was noted (Fig. 1B). Furthermore,
single immunolabelings of Langerhans
cells by peroxidase reaction developed
with 3,3¢-diaminobenzidine tetrahydro-
chloride (Fig. 1D) and with 3-amino-9-
ethylcarbazole (Fig. 1F) showed that
Langerhans cells cross the basement mem-
brane and strongly migrate toward the
connective tissue. These histologic find-
ings were not observed in healthy gingival
samples (Fig. 1C, E), in which Langerhans
cells were mainly located in the epithelial
compartment and no or very few Lang-
erhans cells were noted in the gingival
connective tissue. Thus, Langerhans cell
migration was especially observed during
periodontal disease. Our results concerning
TIMP expression by Langerhans cells
showed that they express TIMP-1 and
TIMP-2 in healthy as well as in diseased
gingival tissues. However, in healthy
samples, dendritic TIMP-1+ Langerhans
cells often appeared in the upper epithelial
layers (Fig. 2A) and Langerhans cells
coexpressed TIMP-2 (Fig. 2C), whereas
in periodontitis samples (Fig. 2B)
TIMP-1+ Langerhans cells with a de-
creased number of dendritic processes
were located in the middle part of the
epithelium and the double immunolabeling
showed some TIMP-1– Langerhans cells
(Fig. 2D). Indeed, in healthy and diseased
samples, no TIMP-1+ Langerhans cells
were seen in the basal epithelial layer.
Therefore, we suggest that TIMP expres-
sion may prevent migration of some
Langerhans cells toward the connective
tissue and a decrease in the expression of
TIMPs could be implicated in migration
and crossing of the basement membrane
by Langerhans cells. Very few
MMP+ Langerhans cells were seen in
healthy gingival tissues, whereas during
periodontitis we observed some
MMP+ Langerhans cells in the middle of
the epithelium. Some MMP-2+ Langerh-
ans cells were observed in the basal
epithelial layer; however, numerous
MMP-9+ Langerhans cells were seen in
the basal epithelial layer and in the vicinity
of the basement membrane (Fig. 3). These
MMPs, which most efficiently cleave
basement membrane type IV collagen,
could be considered key enzymes involved
in the migration of Langerhans cells from
the epithelium to the connective tissue and

Fig. 2. Single immunolabeling of tissue inhibitors of matrix metalloproteinases (TIMP) 1 (A, B;
magnification · 40) and double immunolabeling of Langerhans cells/TIMP-2 (C; magnification · 10)
and Langerhans cells/TIMP-1 (D; magnification · 100) observed under conventional microscope in
healthy (A, C) and diseased (B, D) gingival tissues . The double immunolabeling procedure showed
CD1a+ cells in red, TIMP expression in blue and CD1a+TIMP+ cells in purple. In healthy gingival
samples (A), TIMP-1+ Langerhans cells presenting their characteristic morphology were mostly
observed in the upper epithelial layers, whereas during periodontitis samples (B) Langerhans cells
appeared in the middle part of the epithelium and their morphology was less dendritic. As shown in
both A and B, no TIMP-1+ Langerhans cells were observed in the basal epithelial layer. In healthy
gingival tissue (C), the double immunolabeling CD1a/TIMP-2 showed purple immunolabeled cells
in the gingival epithelium, whereas in diseased gingival tissue (D) the double immunolabeling CD1a/
TIMP-1 revealed that intraepithelial Langerhans cells correspond to a heterogeneous cell population
with purple TIMP-1+ Langerhans cells (arrow) in close contact with red TIMP-1– Langerhans cells
(arrowhead). E, epithelium; CT, connective tissue.
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in their crossing of the basement mem-
brane (7, 9). In a previous study we
showed a significant decrease in the num-
ber of Langerhans cells (11) during severe
periodontitis compared with healthy gin-
gival tissue. Thus, in response to the
bacterial elements (5) that invade the
gingival epithelium, Langerhans cells
migrate towards the connective tissue,
their migration being regulated by tumor
necrosis factor a and interleukin 1b (3).
The migratory capacity of Langerhans
cells could be closely linked to the balance
between MMP and TIMP expression, as
was suggested by other investigators (8, 9)
and the presence of MMP-2+ and, especi-
ally, MMP-9+ Langerhans cells in perio-
dontitis samples supports the hypothesis

that MMPs could participate in cell migra-
tion through the basement membrane and
towards the connective tissue.
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Fig. 3. Confocal microscopy analysis for CD1a and MMP-9 colocalization in diseased gingival
tissue. The upper left image was obtained by transmission light microscopy of the confocal
microscope. In the upper right image, Langerhans cells are revealed in green fluorescence by FITC-
conjugated CD1a antibody (arrows). On the lower left image, MMP-9 was revealed in red
fluorescence by Cy3-conjugated secondary antibody (arrows). When red and green staining overlap
(lower right image) the Langerhans cells appear orange (arrows), located near the basement
membrane (magnification · 40). E, epithelium; CT, connective tissue.
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