132 GRS 26 1 132-145, 2001

7 v b EHEHHE@REIC B T 5 ERGE O LIcBE d 5
TR O Se e AR L2 RIBIFSE

HE E
ATFEMARFEE M OFEREF 5 R
(EfL B BEE #2D
(ZfF 1 20015£10A 128D
(8 20018118 1 BD

Abstract ;: Although it is well known that crown cusps of teeth break through the covering oral
epithelium at the final stage of tooth eruption, the detailed mechanism of its process is still obscure.
This study investigated the morphological and immunohistochemical changes in the gingival and
odontogenic epithelia during the late stages of tooth eruption in the rat molar, using antibodies to
cytokeratin 14 (CK14), cytokeratin 18 (CK18), EGF receptor, p75 NGFR receptor and PCNA.
Conventional H-E staining and immunohistochemistry for CK14 showed that the dental lamina for
rat molars is composed of an oblique part that connects to the oral epithelium and a horizontal part
that directly connects to tooth germs. The oblique part of the dental lamina did not disrupt
throughout the development of molar teeth, but regressed during the late eruption period. The
regressing dental lamina contained a number of epithelial pearls and few apoptotic cells. The
apical portion of every molar tooth germ was combined with horizontal dental lamina with a wide
transitional zone, characterized by multiple layers of cuboidal epithelial cells.The
immunohistochemistry by PCNA indicated that the cells in the epithelium of the transitional zone
have a higher potential of mitosis than cells in the typical outer enamel epithelium. Disruption
occurred in the epithelium of the transitional zone and in the connective tissue with blood vessels
penetrating into the stellate reticulum of the enamel organs during the advanced eruption stages.
Epithelial cells that proliferated from the epithelium of the transitional zone extended towards the
stellate reticulum layer, and formed a reticular formation of reduced enamel epithelium by fusion
with epithelial cords thet proliferated from stratum intermedium cells of the enamel free area.
While the reticular reduced enamel epithelium showed a weak EGFR-like immunoreaction, a
similar structure was negative to anti-NGFR. By the final stage of eruption, reduced enamel
epithelium completely fused with oral epithelium at every cusp region, and keratinization
progressed not only from the outer surface but also from the inner surface in the fused epithelium.
Distribution of Markel cells was investigated using anti-CK18 as the contribution of these cells in
the formation of eruption passage was suspected. However, no Merkel cell was detected during
entire period of tooth eruption stage.
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Morphological and immunochistochemical changes of epithelial tissues of eruprion passage of the
rat molar teeth during eruption period.
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Table 1. Antibodies and conditions for immunohistochemical stainings

Antibody Dilution Incubation
CK14 (mouse mono, NEOMARKERS) 1:200 37°C 1h
PCNA (mouse mono, madac) 1:200 37°C 1h
EGFR (rabbit poly, Santa Cruz Bio.) 1:300 4°C over night
NGFR (mouse mono, oncogerne) 1:200 37°C 1h
CK18 (mouse mono, PROGEN) 1:100 4°C over night
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.
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Sagittal section of molar area of a 3 day-old rat, stained with hematoxylin and eosin. No
disruption is seen the oblique part of dental lamina (ODL). It is seen that enamel organs of tooth
germs widely contact with the horizontal part of dental lamina at their apical portions. We
tentatively call this area as “transitional zone” . Epithelium of horizontal part of dental lamina
between the first (M 1) and second (M 2 ) molar (arrow) is continuous.
B : bone, ETZ : epithelium of the transitional zone, OE : oral epithelium;
Bar : 500 y m
An enlargement of the transitional zone of the first molar of a 3 day-old rat (hematoxylin and
eosin staining). Note that the epithelium of the transitional zone (ETZ) is consist of multi-layered
cuboidal cells.
OE : oral epithelium, SR : stellate reticulum; Bar : 50 z m

Immunohistochemistry for oblique part of dental lamina of 5 day-old rat first molar using
anti-cytokeratin 14 (CK14) antibody. Note that cell clusters with irregular outline (arrows) and
epithelial pearl-like structures (arrowhead) exhibit negative affinity to anti-CK14.

OE : oral epithelium, ODL : oblique part of dental lamina; Bar : 50 £ m

Immunohistochemical localization of CKl14-like immunoreaction in the cusp region of 5 day-old
rat first molar and covering oral epithelium. Note the irregular and discontinuous epithelium of
transitional zone (arrow). Blood vessels entered from the holes of the transitional zone can be
seen in the stellate reticulum of the tooth germ (arrowhead).

D : dentin, E : enamel, ETZ : epithelium of the transitional zone, OE : oral epithelium, asterisk :
enamel free area; Bar : 100 u m

Hematoxylin and eosin staining image of the molar tooth area of a 7 day-old rat. Epithelium of
horizontal part of dental lamina between the first (M 1) and second (M 2 ) molars (arrow) is still
continuous.

B : bone, D : dentin, ETZ : epithelium of the transitional zone, OE : oral epithelium; Bar : 500 x m
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Fig. 7.

Fig. 8.
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Immunohistochemical localization of CKl4-like immunoreactions in the eruption zone at 7
day-old rat first molar. Basal layer and prickle cell layers of oral epithelium, whole layers of
oblique and horizontal parts of dental lamina, and inner enamel epithelium and stratum
intermedium of enamel free area show positive reactions of anti-CK14. Note that some cells in
free and groups (arrowheads) also show positive reaction to anti-CK14 in the stellate reticulum.

D : dentin, E : enamel, ETZ : epithelium of the transitional zone, ODL : oblique part of dental
lamina, OE : oral epithelium; Bar : 100 x m

Immunohistochemical localization of CK14-like immunoreactions in the eruption zone of the 11
day-old rat first molar. Oblique part of dental lamina has been regressed and oral epithelium and
the boundary region of oblique and horizontal parts of dental lamina fuse each other. The fusion
epithelium (FE) contains cell clusters (arrowhead) and epithelial pearls (EP) immuno-negative to
anti-CK14. Note that a reticular formation of CKl4-positive cells in stellate reticulum is
continuous with epithelia of the transitional zone (ETZ) and enamel free area (arrow).

D : dentin, E : enamel, EP : epithelial pearl, FE : fusion epithelium, OE : oral epithelium; Bar : 100/m
Immunohistochemistry for eruption zone of 15 day-old rat first molar using anti-CK14. Complete
fusion between oral epithelium and reduced enamel epithelium covering the central cusp can be
seen. Note that not only external surface (arrowhead) but also internal surface (arrow) of the
fusion epithelium exhibit keratinization.

D : dentin, E : enamel, OFE : oral epithelium, REE : reduced enamel epithelium; Bar : 250 y m

Eruption area of the 17 day-old rat first molar stained with hematoxylin and eosin. The tip of
mesial cusp has already emerged to oral cavity. The fusion epithelium over the central cusp
shows complete keratinization (arrow). I the pit region, reticular formation of reduced enamel
epithelium can be seen (REE).

D : dentin, E : enamel, OE : oral epithelium; Bar : 250 £ m
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Fig. 12. Comparison of percentage of positive
cells between epithelia of transitional
zone and outer enamel epithelium (mean
+ SD).

Asterisks indicate signficant differences
(p<0.05).

A : epithelia of transitional zone, B : outer
enamel epithelium
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Fig. 10. Immunohistochemical localization of PCNA-immunoreactive cells in the eruption area of 5

Fig.11.

day-old rat first molar. A number of PCNA-immunoreactive cells are distributed in the basal
layer of oral epithelium (OE) and in the outer layer of oblique part of dental lamina (ODL). Many
positive cells are also seen in epithelium of the transitional zone (ETZ), especially in its oral side
(arrows).

D : dentin, E : enamel, SR : stellate reticulum; Bar : 100 4 m

Immunohistochemical localization of PCNA-immunoreactive cells in the eruption area of 11
day-old rat first molar. Many PCNA-immunoreactive cells are seen in the reticular formation of
reduced enamel epithelium (arrows) at the cusp region. Note that the PCNA-immunoreactive cells
exclusively exist on the external layer of epithelial cords. Abundant PCNA-immunoreactive cells
are also distributed in the conjunctive area of the reduced enamel epithelium and the fusion
epithelium (FE).

D : dentin, E : enamel, ETZ : epithelium of the transitional zone, OE : oral epithelium; Bar : 100 x m
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Fig. 13. Immunohistochemocal localization of
EGFR-like reactions in eruption area of 11
day-old rat first molar. Weak EGFR-like
immunoreaction are localized on the oral
epithelium (OE), fusion epithelium (FE) and
epithelium of the transitional zone (ETZ).

D : dentin, E : enamel; Bar : 100 u m

Fig. 14. Localization of NGFR-like immunoreaction
in eruption area of the 3 day-old rat first
molar. A weakly positive
NGFR-immunoreaction is seen on the
connective tissue adjacent to epithelium of
the transitional zone (arrowheads).

D : dentin, ETZ epithelium of the
transitional zone, OE oral epithelium;
Bar : 100 u m

Fig. 15. Localization of NGFR-like immunoreaction

in eruption area of the 7 day-old rat first
molar. Positive NGFR-immunoreactions are
seen on the outer layers of epithelia of the
oblique part of dental lamina (arrows) and
proximal region of the transitional zone
(arrows).
D : dentin, E : enamel, ETZ : epithelium of
the transitional zone, ODL : oblique part of
dental lamina, OE : oral epithelium; Bar :
100 u m

R ITH B 3R EE R I R S Lt ii &
T F # U I 28 PCNA BEima &
gant (Fig. 115KHD, fiié= 2 v LEZHE
LA EEROBITIRIC b 2 oG lasaEs
bitc, Mie T+ 4 v FEHET SRR R 124
GHlfticimd 2 LERARBICZ < AL Tk
(Fig. 11)o

B — MRS AR L & Ak = 4 v B
TN ZEMAE B DZAL 2 DM L 145 R, it —
T A VEREESE R TS T A v B



140 T R

Fig. 16. Immunohistochemical localization of CK
18-immunoreactive cells in the maxillary
gingiva of an adult rat. Molar gingival

epithelium contains no CK 18
-immunoreactive cell (a), whereas incisor
gingival epithelium contains a few
numbers of CKIl8-immunoreactive cells
(b, arrow).

GE : gingival epithelium, JE : junctional
epithelium;

aBar:50um, b Bar:20um
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