Neuroendocrine cells in Malassez epithelium and gingiva of the cat
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Malassez epithelium has been designated as epithelial cell rests, the biological significance of which is still
under debate. This study was designed to analyze Malassez epithelium for the presence of neuroendocrine
cells. Gingival tissue was included as a positive control. Using immunohistochemistry, confocal and light
microscopy, Malassez epithelium and gingival epithelium from mature cats (n = 5) were examined for cells
containing the neuropeptides calcitonin gene-related peptide (CGRP), substance P (SP), and vasoactive
intestinal peptide (VIP). Both Malassez epithelium and the basal epithelial cell layers in gingival rete pegs
regularly displayed cells immunoreactive to CGRP, SP, and VIP. The immunopositive cells were most
frequently present in the epithelial cell clusters and strands of Malassez located in the cervical half of the
periodontal ligament. Double immunolabeling revealed cellular co-expression of CGRP or SP with VIP,
and the neuropeptides were co-localized in the cellular compartments. Labeled cells in both epithelia were
occasionally supported by immunoreactive nerve fibers. This study shows that cells immunoreactive to
CGRP, SP, and VIP are located within the cat Malassez epithelium. The localization of neuroendocrine
cells verifies the diversity of this epithelium and confirms that Malassez epithelium is composed of different
cell types, in common with epithelia from other locations. The presence of neuroendocrine cells in
Malassez epithelium strongly suggests biological functions of this tissue, and the neuropeptide content may
thus indicate endocrine functions of the cells. O Calcitonin gene-related peptide; gingiva; Malassez epithelium;
neuropeptides; substance P; vasoactive intestinal peptide
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The developing and mature tooth is surrounded by a
continuous, net-like pattern of epithelial cells from the
Hertwig root sheath originating from the oral epithelium.
The anatomy and distribution of Malassez epithelium
within the periodontal ligament are fairly well known from
light and electron microscopic studies (1,2). Malassez
epithelial cells are located close to the root cementum over
its entire length, and are shown to persist within the
periodontal membrane throughout the life of the tooth (3).

A biological function of the Malassez epithelium has
been questioned and debated, but there is little informa-
tion and experimental evidence available. A possible role
proposed for Malassez epithelium is its maintaining the
width of the periodontal membrane by acting as a hinder
for bone in-growth (4). However, this hypothesis has been
questioned (5). Stimulation of these cells induces epithelial
cell proliferation (6) and promotes inflammatory cell
invasion (7), and necrotic pulpal tissues may initiate these
cells to form periapical cysts (8).

In the basal epithelial cell layers in oral mucosa and
gingiva (9-12), some cells are found to express protein
gene product PGP 9.5, which is localized in neuroendo-
crine cells and nerve fibers. Similar to epithelial tissues in
skin (13), in larynx and trachea (14), oral epithelium and

gingiva are reported to comprise neuroendocrine cells
containing the neuropeptides calcitonin gene-related pep-
tide (CGRP), substance P (SP), and vasoactive intestinal
peptide (VIP) (16-18).

In contrast to other oral epithelial tissues, the diversity of
Malassez epithelial cells has not been investigated
previously. The aim of this study was therefore to analyze
cat Malassez epithelium for cells immunoreactive (IR) to
the neuropeptides CGRP, SP, and VIP. Moreover, it was
of interest to establish whether neuroendocrine cells in
gingiva and Malassez epithelium share the same types of
neuropeptides.

Material and methods

Mature cats (n = 5) of both sexes, 18 months of age, were
used in this study. The experimental procedures were
registered and approved (ECA-97-0049) by the Nihon
University School of Dentistry at Matsudo, Japan, and
performed in accordance with the recommended guide-
lines of the Norwegian Experimental Animal Board.

The cats were transcardiacally perfused under deep
Nembutal (sodium pentobarbital) anesthesia, 50 mg/kg
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b.w. intraperitoneally, with heparinized 0.1 M phosphate
buffer (PB) followed by 4% paraformaldehyde and 0.2%
picric acid in 0.1 M PB, pH 7.4. The jaws were excised
and postfixed in the same fixative for 48 h. Canines and
the molar teeth were demineralized in 4N formic acid and
0.05 M sodium formate, and incisors were demineralized
in 10% EDTA containing 7.5% polyvinylpyrrolidone. The
specimens were rinsed in phosphate-buffered saline (PBS)
for 24 h and saturated in 30% sucrose in 0.1 M PB, pH
7.4, for another 24 h before cryosectioning. Incisors,
canines, and molars were cut in a mesiodistal or
buccolingual direction, 40 mm thick, on a freezing
microtome.

TImmunohustochemistry

Auvidin-biotin peroxidase (ABC) method. Free-floating sections
were incubated for 72 h with rabbit polyclonal antibodies
against CGRP (dilution 1:7500, Cambridge Research
Biochemicals, Cambridge, UK), SP (dilution 1.4000,
Eurodiagnostica, Malme, Sweden), or VIP (1:4000,
Eurodiagnostica). Prior to primary antibody incubation,
an appropriate blocking treatment with 0.3% HyOs in
methanol, and in 2% normal goat serum (NGS) (Vector
Laboratories, Burlingame, CA) in PBS and 0.3% TX, was
performed. The antigen-antibody complexes were labeled
according to the ABC method (Vector Laboratories,
Burlingame, CA) and visualized using 3'3-diaminobenzi-
dine (DAB, Sigma, MO, USA) as the chromogene. To

Fig. 1. A frontal section from gingiva and the cervical periodontium
(PE) of a cat incisor immunolabeled for calcitonin gene-related
peptide (CGRP). Cells (arrows) expressing CGRP are located in
Malassez epithelium close to the root (D) and in the basal cell layers,
mainly in the rete pegs, of gingival epithelium (E). Scale bar
=100 mm.

Fig. 2. A longitudinal section from the cervical periodontium (PE) of
a cat canine. A number of CGRP-positive cells (arrows) are displayed
in the Malassez epithelium close to the root (R). CGRP-labeled nerve
fibers (arrowheads). JE, junctional epithelium.

Fig. 3. Sagittal section from the cervical periodontal ligament (PDL)
of a cat canine immunolabeled for SP. SP-positive cells (arrows) are
located in Malassez epithelium close to the root (R) surface. V, blood
vessel. Scale bar = 50 mm.

Fig. 4. A cross-section from the midroot (R) periodontal ligament
immunolabeled for SP. Cells (arrows) immunoreactive to SP are
located close to the root (R) surface. A number of nerve fibers
(arrowheads) containing SP are shown. AB, alveolar bone. Scale
bar = 50 mm.

Fig. 5. Section from an interradicular area of the periodontal
ligament (PDL) of a cat molar. Cells (arrows) expressing vasoactive
intestinal peptide (VIP) are located within Malassez epithelial islands.
Thin, VIP positive nerves (arrowheads) are distributed in the PDL,
and some are close to Malassez epithelium. D, dentin.

Fig. 6. Cells (arrows) located in the gingival epithelial rete pegs,
Malassez epithelium, and nerve fibers (arrowheads) in the subjacent
connective tissues are substance P (SP) immunoreactive. E, gingival
epithelium. R, root.

Fig. 7. A number of cells (arrows) expressing vasoactive intestinal
peptide (VIP) localized in the basal cell layers of a gingival epithelial
rete peg (E). Some cells are supported by VIP containing nerve fibers
(arrowheads). C, connective tissues. Scale bar = 25 mm.
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enhance the chromogene reaction, 0.2% (NHy)o Ni-
(SO"96H,0 was routinely used. Between individual
incubation steps, the sections were thoroughly rinsed in
PBS. After final rinsing in PBS, the sections were mounted
on gelatin-coated slides, dried, and counter-stained in
methylene blue/azure II in 1% sodium borate in distilled
water, dehydrated and cleared, and cover-slipped with
Eukitt (Kindler, Ireiburg, Germany).

Fluorescence tmmunohistochemistry. The primary polyclonal
antibodies against CGCGRP and SP from guinea-pigs
(Eurodiagnostica) and the VIP antibody from rabbit were
used for double immunolabeling. The sections were
pretreated with NGS (1:20 in PBS and 0.3% TX), and
thereafter incubated for 24 h in a mixture of antibodies
against CGRP (dilution 1:400) and VIP (dilution 1:200), or
SP (dilution 1:200) and VIP (dilution 1:200), respectively.
After several PBS rinses, the sections were incubated for
2h in a mixture of fluorescein isothiocyante (FITC)-
labeled goat-anti-guinea-pig IgG and tetramethyl rhoda-
mine isothiocyanate (TRITC)-labeled goat-anti-rabbit IgG
diluted 1:40 in 1% BSA/PBS and 0.3% TX. The sections
were rinsed, air-dried, and mounted in aqueous mounting
medium (Vecta-Shield, Vector Laboratories, Burlingame,

CA).

Immunocontrols. Standard immunocontrols were conducted
regularly, either by omission of the primary antibodies or
the biotinylated secondary antibody, or incubation in
preabsorbed primary antibody.

Results

Neuropeptide immunoreactive cells were regularly located
in Malassez epithelium and in the basal cell layers of gingival
epithelium, as demonstrated in the same sections (Figs 1 and
6). The intensity of the labeling varied considerably among
the neuropeptide expressing cells in both epithelia, but was
generally weaker in Malassez epithelium than in gingiva. In
Malassez epithelium the labeled cells were usually located in
the cervical half of the periodontal ligament. The regional
distribution of labeled cells in gingival epithelium did not
conform to any pattern.

Single cells located in the Malassez epithelial strands
expressed CGRP (Figs 1, 2, 8a, 8b), SP (Figs 3, 4 and 6),
and VIP (Figs 5 and 8c). Both density and distribution of
the cells expressing the different neuropeptides within this
epithelium were similar and closely situated to the root
surface (Figs 1, 2, 4, 5). The labeling of SP was generally
weak in immunoreactive Malassez cells.

In the basal cell layers of the gingival epithelium,
immunolabeled cells expressing CGRP (Fig. 1), SP (Fig. 6),
and VIP (Fig. 7) were found mainly as cell clusters located
in the epithelial rete ridges, but were highly variable in
number. However, some labeled single cells were regularly
present. Occasionally, labeled single cells were also found
in the junctional epithelium (not shown).
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Fig. 8. Confocal images of a longitudinal section from the periodontal ligament of a cat canine, double-
labeled with calcitonin gene-related peptide (CGRP) and vasoactive intestinal peptide (VIP) antibodies.
Fig. 8a demonstrates cells (arrows) expressing CGRP in Malassez epithelium in cervical periodontal
ligament. Fig. 8b shows higher magnification of labeled cells (arrows) in Fig. 8a. CGRP are localized to the
cell periphery. Fig. 8c. VIP is expressed in the same cells shown in Fig. 8b. Fig. 8d. Merging of the confocal
images in b and ¢ demonstrates coexpression of CGRP and VIP, and co-localization of the peptides in
labeled cells located in Malassez epithelium (ME). AB, alveolar bone. C, connective tissues. JE, junctional
epithelium. R, root. 8a, Scale bar = 100 mm. 8b, Scale bar = 20 mm.

The morphology of the CGRP-, SP-; and VIP-
expressing cells in Malassez epithelium (Figs 3, 8b, c, d)
and in gingival basal cell layers (Fig. 7) was similar. Some
cells were roundish in shape, while others clearly
demonstrated cytoplasmic extensions (Figs 7 and 8b, c,
d). The neuropeptides were mainly excentric located in the
cell cytoplasms and in the cell spikes or extensions (Figs 3,
7, and 8b, c, d), although immunoreactivity was expressed
along the entire cell periphery. Furthermore, CGRP and
SP (not shown) were co-expressed and even co-localized
with VIP (Fig. 8d) within cells in both Malassez and
gingival epithelium.

Some of the IR cells in both epithelia, as shown in
Malassez epithelium in Fig. 5 and in gingival epithelium in
Fig. 7, were closely supported by neuropeptide-containing
nerve fibers.

Discussion

This study provides clear evidence for the presence of
neuroendocrine cells in Malassez epithelium, in accor-
dance with neuroendocrine cells located in gingival
epithelium. Furthermore, the neuroendocrine cells in cat
Malassez tissues contain and co-express CGRP, SP, and
VIP neuropeptides that are all localized in neuroendocrine
cells in other epithelia. Accordingly, these findings confirm
that Malassez epithelium is composed of different cell
types in common with epithelia from other oral tissues and
the digestive tract (14, 15,17, 18). The demonstration of
neuroendocrine cells in Malassez epithelium thus strongly
supports our suggestions that this tissue may have
biological functions and significance in maintaining home-
ostasis in the tooth supporting structures.
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In a physiological functional state, the periodontal
ligament is continuously under mechanical and immuno-
logical stress. As neuroendocrine cells represent multi-
messenger systems that exert a balanced effect in
maintaining the tissue homeostasis (19), the neuropep-
tide-producing cells in Malassez epithelium might thus
induce and support various biological responses. Stimula-
tion of neuroendocrine cells results in transient activation
of transcription factors like ¢-fos In response to cell
depolarization (19), and thus influences the regulation of
its own multi-messenger systems. This means that an
individual cell can vary the information it transmits under
different physiological conditions. Moreover, stimulation
of these cells may promote the release of neuropeptides
into the PDL, and thereby add local support to the
neurogenic signaling from the peripheral nervous system.
The neuropeptides CGRP, SP, and VIP may serve various
regulating mechanisms that can meet increasing demands
in the PDL under physiological as well as pathological
conditions. Stimulation of leucocyte chemotaxis, blood
flow increase, release of inflammatory mediators and
trophic factors are all reported effects exerted by CGRP,
SP, and VIP (10, 20, 22-24 ). Thus, it could be suggested
that the neuroendocrine cells in Malassez epithelium take
part in and serve several regulating mechanisms in the
periodontal ligament.

The local immune cell responses might transiently be
modulated by CGRP, SP, and VIP release upon
stimulation of the Malassez epithelium, as granulocytes,
lymphocytes, and macrophages are equipped with neuro-
peptide receptors (20-22). These suggestions are sup-
ported by recent findings in orthodontically stressed
periodontal tissues, where accumulation of immune cells
expressing class II molecules was regularly concentrated
around enlarged Malassez epithelial cell clusters (7).

CGRP, SP, and VIP are all shown to act as growth
factors in vitro, and may have a trophic effect on tissues
and cell populations both directly and indirectly, including
keratinocytes (23). The neuroendocrine cells may therefore
take part in maintaining the epithelial net surrounding the
roots and in stimulating epithelial cell proliferation, and
might under pathological stimuli promote the confluence
of the Malassez epithelium.

Numerous studies have shown the effects of the
neuropeptide CGRP, SP, and VIP released from sensory
nerves on the increase of blood flow, as shown in oral
tissues (10, 24, 25). It could therefore be suggested that
neuropeptides from the neuroendocrine cells may add
support to a local blood flow increase in the PDL.

So far, the identity of the neuroendocrine cells in
Malassez epithelium is not known. Cells containing
neuropeptides including SP, CGRP, and VIP (15-17)
with a similar morphology, intracellular neuropeptide
distribution, and intraepithelial location in oral epithelium
and gingiva (26), have previously been classified as Merkel
cells (27). Merkel cells are cells with a morphological
plasticity that varies from roundish cells to cells with
dendrites and cytoplasmic extensions (12). This variation
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in cell morphology is shown for Merkel cells in oral
mucosa (12), and may reflect a heterogene cell function as
a response to micro-environmental signals (19). In
agreement with a general finding in Merkel cells (16),
the intracellular CGRP-, SP-; and VIP-labeling in both
epithelia studied was regularly excentrically located within
the cells (Fig. 8).

Typical Merkel cells are part of the Merkel-neurite
complex related to slowly adapting type-1 mechanorecep-
tion (19, 28,29). Recently, a close relation has been
demonstrated between nerve endings and the Malassez
epithelium (30). In the present study, labeled cells in both
Malassez and gingival epithelia were occasionally closely
supported by neuropeptide containing nerve fibers, while
other labeled cells were without close neural support.
These findings are consistent with Merkel-neurite com-
plexes and non-innervated Merkel cells localized by means
of protein gene product (PGP) 9.5 labeling of human oral
mucosa (11).

The weak SP labeling of the neuroendocrine cells in
Malassez epithelium in this study may be due to the
method employed, but this is less likely as the nerve fibers
in the same PDL section were strongly SP positive (Figs 4
and 6). Therefore, the weak SP-labeling in the Malassez
neuroendocrine cells may rather reflect a low SP content,
L.e. the result of a functional state of the cells (19).

In conclusion, our study provides clear evidence that
Malassez epithelium contains neuroendocrine cells expres-
sing and co-expressing the neuropeptides CGRP, SP, and
VIP. These findings underline the heterogeneous nature of
Malassez epithelium in common with gingival and oral
epithelium, and with epithelial tissues in general. More-
over, these results strengthen and support the suggestion
that Malassez epithelium could have biological functions.
Endocrine functions of these cells are strongly suggested
owing to their neuropeptide content. Further identification
of the neuropeptide-containing cells in Malassez epithe-
lium is currently under investigation.

Acknowledgements.—The assistance of Drs Hiroyuki Mishima and
Kunihiro Suzuki is gratefully acknowledged. We received financial
support from the Norwegian Research Council (NFR) and A/S
Norsk Dental Depots Foundation, Norway.

References

1. Hamamoto Y, Suzuki I, Nakajima T, Ozawa H. Ultrastructure
of epithelial rests of Malassez in human periodontal ligament.
Arch Oral Biol 1989;34:179-85.

2. Yamasaki A, Pinero GJ. An ultrastructural study of human
epithelial rests of Malassez maintained in a differentiated state in
vitro. Arch Oral Biol 1989;34:443-51.

3. Spouge JD. A new look at the rests of Malassez. A review of their
embryological origin, anatomy, and possible role in periodontal
health and disease. ] Periodontol 1980;51:437-44.

4. Lindskog S, Blomlsf L, Hammarstrém L. Evidence for a role of
odontogenic epithelium in maintaining the periodontal space. J
Clin Periodontol 1988;15:371-3.

5. Wesselink P, Beertsen W. The prevalence and distribution of
rests of Malassez in the mouse molar and their possible role in



112 I H. Kvinnsland et al.

10.

11.

12.

13.

14.

16.

repair and maintenance of the periodontal ligament. Arch Oral
Biol 1993;38:399-403.

. Gilhuus-Moe O, Kvam E. Behaviour of the epithelial rests of

Malassez following experimental movement of rat molars. Acta
Odontol Scand 1972;30:139-49.

. Vaska-Vandevska V, Hals Kvinnsland I, Kvinnsland S, Jonsson

R. Immunocompetent cells in rat periodontal ligament and their
recruitment incident to experimental orthodontic tooth move-
ment. Eur J Oral Sci 1997;105:36—44.

. Ten Cate AR. The epithelial cell rests of Malassez and the

genesis of dental cysts. Oral Surg 1972;34:956-64.

. Ramieri G, Panzica GC, Viglietti-Panzica C, Springall DR,

Polak JM. Non-innervated Merkel cells and Merkel-neurite
complexes in human oral mucosa revealed using antiserum to
protein gene product 9.5. Arch Oral Biol 1992;37:263-9.
Heyeraas KJ, Kim S, Raab H-MR, Byers MR, Liu M. Effect of
electrical tooth stimulation on blood flow, interstitial fluid
pressure and substance P and CGRP-immunoreactive nerve
fibres in the low compliant cat dental pulp. Microvasc Res
1994;47:329-43.

Hilliges M, Astback J, Wang L, Arvidson K, Johansson O.
Protein Gene Product 9.5-immunoreactive nerves and cells in
human oral mucosa. Anat Rec 1996;254:621-32.

Tachibana T, Yamamoto H, Takahashi N, Kamegai T,
Shibanai S, Iseki H, et al. Polymorphism of Merkel cells in the
rodent palatine mucosa: immunohistochemical and ultrastruc-
tural studies. Arch Histol Cytol 1997;60:379-89.

Fantini F, Johansson O. Neurochemical markers in human
cutaneous Merkel cells. An immunohistochemical investigation.
Exp Dermatol 1995;4:365-71.

McDowell EM, Sorokin SP, Hout Jr RF. Ontogeny of endocrine
cells in the respiratory system of Syrian golden hamsters. I.
Larynx and trachea. Cell Tissue Res 1994;275:143-56.

. Gauweiler B, Weihe E, Hartschuh W, Yanaihara N. Presence

and coexistence of chromogranin A and multiple neuropeptides
in Merkel cells of mammalian oral mucosa. Neurosci Lett
1988;89:121-6.

Alvarez FJ, Cervantes C, Villalba R, Blasco I, Matinez-Murillo
R, Polak JM, et al. Immunocytochemical analysis of calcitonin
gene-related peptide and vasoactive intestinal polypeptide in
Merkel cells and cutaneous free nerve endings of cats. Cell Tissue
Res 1988;254:429-37.

Received for publication 14 January 2000
Accepted 8 March 2000

24.

25.

26.

27.

28.

29.

30.

ACTA ODONTOL SCAND 58 (2000)

. Heyeraas KJ, Kvinnsland I, Byers MR, Jacobsen EB. Nerve

fibres immunoreactive to protein gene product 9.5, calcitonin
gene-related peptide, substance P, and neuropeptide Y in the
dental pulp, periodontal ligament, and gingiva in cats. Acta
Odontol Scand 1993;51:207-21.

. Hilliges M, Hellman M, Ahlstréom U, Johansson O. Immunohis-

tochemical studies of neurochemical markers in normal human
buccal mucosa. Histochemistry 1994;101:235-44.

. Tischler AS. The dispersed neuroendocrine cells: the structure,

function, regulation and effects of xenobiotics on this system.
Toxicol Pathol 1989;2:307-16.

. Payan DG, Goetzl EJ. Modulation of lymphocyte function by

sensory neuropeptides. J Immunol 1985;135:783-7.

. Savino W, Dardenne M. Immune-neuroendocrine interactions.

Immunol Today 1995;16:318-22.

. Maggi CA. The effects of tachykinins on inflammatory and

immune cells. Regul Pept 1997;70:75-90.

. Tanaka T, Danno K, Ikai K, Imamura S. Effects of substance P

and substance K on the growth of keratinocytes. J Invest
Dermatol 1988;90:399-401.

Olgart L, Edwall L, Gazelius B. Neurogenic mediators in control
of pulpal blood flow. ] Endod 1989;15:409-12.

Olgart L, Edwall L, Gazelius B. Involvment of afferent nerves in
pulpal blood flow reactions in response to clinical and
experimental procedures in the cat. Arch Oral Biol 1991;36:
575-81.

Turner DF. The morphology and distribution of Merkel cells in
primate gingival mucosa. Anat Rec 1983;205:197-205.
Hartschuh W, Weihe E. Multiple messenger candidates and
marker substances in the mammalian Merkel cell-axon complex:
a light and electron microscopic immunohistochemical study.
Progr Brain Res 1988;74:181-7.

Findlater GS, Cooksey EJ, Anand A, Paintal AS, Iggo A. The
effects of hypoxia on slowly adapting type I (SAI) cutanecous
mechanoreceptors in the cat and rat. Somatosens Res 1987;5:1—
17.

Misery L. Le syst¢tme neuro-immuno-cutane (SNIC). Pathol Biol
1996;44:867-74.

Lambrichts I, Creemers J, Van Steenberghe D. Periodontal
neural endings intimately relate to epithelial rests of Malassez in
humans. A light and electron microscope study. J Anat 1993;
182:153-62.



