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The tooth germs of first mandibular molars of 17.5-day-old C8H mouse embryos were trans-
planted into the renal subcapsular spaces of 3-month-old syngenic male mice. Grafts were har-
vested at timed sequences from 1, 2, 3, 4 weeks and 2, 3, 4, 5 months, and were examined histo-
pathologically by total serial sections. Of 32 cases of grafts, keratocyst-like lesions were formed
in 13 cases, and dentigerous cyst-like lesions were formed in 7 cases. None of the cases devel-
oped two cysts at the same time. In the keratocyst-like lesions the cavity developed from the
enamel epithelium in the early stage after transplantation, and in the dentigerous cyst-like le-
sion the cavity developed by cystic degeneration of stellate reticular layer of enamel organ in
the late stage after transplantation. The present experiment revealed that keratocyst-like le-
sions and dentigerous cyst-like lesions developed through different histogeneses.
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Introduction
Odontogenic cysts in human beings are not uncom-
mon. There are many types displaying various biologic
behaviors, but little is known about their histopathogene-
is. It is generally considered that each of the odontogenic
cysts is derived from one of the following epithelial
sources: 1) enamel organ, 2) reduced enamel epithelium
of a tooth crown, 3) epithelial rests of Malassez and rem-
nants of the sheath of Hertwig, 4) remnants of the dental
lamina, or 5) basal cells of oral mucosa (1, 2). However,
the exact relationship between these epithelia and vari-
ous types of cysts is unknown, and experimental studies
in this field have been limited. In order to investigate
whether enamel organ is one of the sources of odonto-
genic cysts, and which type of odontogenic cyst is closely
connected with it, we performed the following animal ex-
periment.

Materials and Methods

C3H/HeN mice were used. They were given mixing

solid food and sterile drinking water. Two-month-old
mice of both sexes mated at 9 o’clock at night and before 9
o’clock the next morning. The mice which had vaginal

plugs were recognized as becoming pregnant after 0.5 day.

And on day 17.5, the tooth germs of the embryos were in
the bell stage, in which a specialization of cells of the
enamel organ itself occur, resulting in the establishment
of four distinct epithelial layers: external enamel epithe-
lium, stellate reticulum, stratum intermedium, and inter-
nal enamel epithelium. The 17.5-day embryos were re-
moved from pregnant females and placed in 2% bovine
serum in Hanks solution. Under a dissecting microscope,

Fig. 1: First mandibular tooth germ as removed from a 17.5-day-
old mouse. IEE: internal enamel epithelium, EEE: exter-
nal enamel epithelium, DP: dental papilla SR: stellate
reticulum. H.E. x20
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the first mandibular molar tooth germs of these embryos
were dissected from the surrounding connective tissues,
dental lamina and oral epithelium. The tooth germs
which were just in the bell stage, had only components of
enamel organ, dental papilla and dental follicle, and not
other tissues, such as dental lamina and oral epithelium
(Fig. 1). Three-month-old syngenic male mice were anaes-
thetized by the intraperitioneal injection of pentobarbital
sodium (Sommonpentyl), and 32 dental germs were
transplanted under the left renal subcapsular spaces of
the mice at the rate of one graft per capita. The grafts
were harvested 1, 2, 3, 4 weeks and 2, 3, 4, 5 months after
transplantation. For histological examination, the grafts
were fixed in 10% neutral buffered formalin and deminer-
alized in 5% formic acid at 4C for 12 hours. Routinely the
paraffin-embedded specimens were serially sectioned 4
pm thick and stained with hematoxylin-eosin.

For determining the relationship between duration
of transplantation and formation of experimental odonto-
genic cysts, pearson chi-squared test ()° test) was applied.

Results
1) Histopathological Findings
(1) One-week group
At 1 week after transplantation, small amounts of
dentin and enamel appeared in the bell stage, tooth
germs and stellate cells of enamel organs were still abun-
dant. External enamel epithelium proliferated partially
and the serial sections showed that these proliferations
were sticking out of the enamel organs and were still con-
nected with enamel organs by epithelial strands (Fig. 2).
Formation of the inner space with hyperkeratinization
was observed in these epithelial nest (Fig. 3)
(2) Two-week group
At 2 weeks after transplantation, the enamel and
dentin of the tooth crown were almost formed and the
stellate reticulum layer disappeared. The size of epithe-
lial nests enlarged and keratocyst-like lesions were filled
with keratin. The inner surface of cysts was lined by with
keratinized or parakeratinized stratified squamous epi-
thelium. Basal layer of stratified squamous epithelium
was smooth without rete pegs (Fig. 4).
(3) Three-week group
At 3 weeks after transplantation, the crown was
formed and the root began to develop. Keratocyst-like le-
sions continuously increased in size and daughter-cysts
were sometimes seen. Alveolar bone developed and bone
marrow appeared.
(4) Four-week group
At 4 weeks after transplantation, parts of enamel
organs enlarged and bulged outwards and a cystic cavity
was formed. There were dentigeous cyst-like lesions, and
the epithelium of the cystic lining was composed of 2 to 4
layers of non-keratinized stratified squamous epithelium.
Basal layer of the epithelium was flat and rete pegs were
not formed (Fig. 5). The cystic cavity was filled with a
fluid, desquamated epithelial cells and foamy cells.

Experimental odontogenic cysts by the renal subcapsular transplantation of tooth germ

(5) Two-to-three-month group
Dentigerous cyst-like lesions were lined with 2 to 4

layers of flattened non-keratinized stratified squamous
epithelium. The crown of the tooth was enclosed in a cys-

Fig. 2: one-week transplantation. The cyst was connected with
enamel organ by epithelial strand. IEE: internal enamel
epithelium, EEE: external enamel epithelium SR: stel-
late reticulum, C: cyst. H.E. x10

H.E. x80
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ed outside of tooth germ and filled with keratin (*). H.E. x
160



tic cavity and the cavity was filled with a fluid.
(6) Four-to-five-month group

The dentigerous cyst-like lesions continued to de-
velop in size (Fig. 6). The lining epithelium was thin non-
keratinized stratified squamous epithelium without rete
pegs and was attached to the cementoenamel junction of
the unerupted tooth (Fig.7) In some tooth germs, large
amounts of cementum-like hard tissue was formed. The
cystic cavity was filled with a faintly eosinophilic fluid
and scanty cells. In the reduced enamel epithelium, a
cuticle-like eosinophilic substance and irregular calcifica-
tion were seen. Large amounts of alveolar bone formation
and bone marrow tissue were seen.
2) Relationship between duration of transplantation and

formation of odontogenic cyst

The findings in experimental transplants are sum-
marized in Table 1.Thirteen cases of 32 transplants de-
veloped keratocyst-like lesions during 1 to 4 weeks, and 7
cases developed dentigerous cyst-like lesions during 2 to
5 months. There was also a tendency for keratocyst-like
lesions to develop in the early stage and the dentigerous
cyst-like lesions to develop in the late stage (P<0.05).

Table 1: Relationship between duration of transplantation and
formation of odontogenic cysts

Duration of Transplanted Keratocyst-like Dentigerous  Total
transplantation cases lesions cyst-like lesions
1-2 weeks 8 8 0 8
3-4 weeks 8 1 2 3
2-3 months 8 0 2 2
4-5 months 8 4 3 7
Total 32 13 7 20
Discussion

It is well known that tooth germs continue to de-
velop even in transplanted conditions (3-6). Thus it is rea-
sonable to study histogenesis of odontogenic cysts by us-
ing transplanted tooth germs. In human beings, each of
’he odontogenic cysts have different histological features
and biological behaviors, and it can be supposed that they
have different epithelial origins. According to the devel-
opment of keratocysts, two sources of the epithelium have
been considered; remnants of the dental lamina and ex-
tensions of basal cells from the overlying oral epithelium
(7, 8). In animal experiments, it has been demonstrated
that the cervical loop and dental lamina were the sources
of odontogenic keratocyst (9). Experimental odontogenic
keratocysts by transplantation have been reported by
Bartlett ef al . and Soskolne et al. (10, 11). The histology
of the cysts in these experiment was the similar to those
seen in ours. In the present experiment, the serial sec-
tions from 13 cases of keratocyst-like lesions showed that
the epithelial nests proliferated and finally keratocyst-
like lesions were formed. Formation of keratocyst-like le-
sion was not seen within enamel organs. In those lesions,
epithelial lining of the cysts were connected with external
enamel epithelium which developed toward surrounding
connective tissues. Therefore, it is suggested that exter-
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Fig. 5: Four-week transplantation. Dentigerous cyst-like lesion is

lined with non-keratinized stratified squamous epithe-

lium (*). The cystic cavity is filled with liquid, desqua-
mated epithelial cells and infiltrating cells. H.E. x72
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Fig. 6: Five-month transplantation. Dentigerous cyst is attached
to amelocemental junction of the tooth (*). Large amount
of cementum-like (C) hard tissue is formed. TB: trabecu-
lar bone, BM: bone marrow H.E. x50

ok St N

Fig. 7: Five-month transplantation. Higher magnification of Fig.
6. Cyst is lined by non-keratinizing stratified squamous
epithelium. H.E. x160
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nal enamel epithelium is the sources of keratocyst-like le-
sions. However the biological behaviors of the keratocyst-
like lesions were considered to be different from odonto-
genic keratocysts of humans. The keratocyst-like lesion
in the present experiment did not show aggressive
growth.

Dentigerous cysts may develop by accumulation of
fluid either between the reduced enamel epithelium and
the enamel or within the enamel organ itself. Atkinson
described the formation of cysts derived from the enamel
organ around the crowns of mouse molar teeth trans-
planted subcutaneously into an inbred strain of mice (12).
He also examined proliferative populations of cells by °H
labelling method in the experimental odontogenic cysts
(13). In the present experiment, the dentigerous cyst-like
lesions occurred in the stellate reticular layer. At first cel-
lular degeneration and necrosis appeared within the stel-
late reticular layer, and a fluid accumulated. The cysts
were attached to cementoenamel junctions, showing a
tooth-containing or half-tooth-containing appearance. In
those cases proliferation of external enamel epithelium
was not observed. It is suggested that the enamel organ
is one of the sources of dentigerous cyst-like lesions. Ex-
perimental dentigerous cysts have been reported by
Riviere et al ., Al-talabani et al . and Alini et al . (14-16),
and they suggested the same histogenesis.

In the present experiment, most of keratocyst-like
lesions were observed during 1 to 4 weeks, and dentiger-
ous cyst-like lesions developed during 2 to 5 months.
None of the cases developed the two cysts at the same
time. It is supposed that keratocyst-like lesions were
formed in the early stage of tooth development, and den-
tigerous cyst-like lesion were formed in the late stage (P<
0.05).

Atkinson described that the initial loss of blood sup-
ply and subsequent establishment of vascular connection
between host and graft influenced the pattern and types
of degeneration and repair (12). Formation of experimen-
tal odontogenic cysts by transplantation without any spe-
cific pretreatment has been reported by several authors
(11-16). Maeda et al . reported that mechanical injury was
an important factor in the production of odontogenic car-

cinoma by N-ethyl-N-nitrourea (17). However Miura et al.

considered that in vitro 4-nitroquinoline-1-oxide (4 NQO)
treatment is necessary for induction of experimental
odontogenic cysts (18). In the present experiment, the in-
jury factors might have three sources. The first is the pro-
cedure of removing the tooth germ from pregnant females
and dissecting it from the surrounding tissues. The sec-
ond might come from the pressure of the renal capsule.
The third factor may be connected with the orientation of
the tooth germ under the renal capsule since the orienta-
tion has something to do with the resistance of the sur-
rounding tissues to the tooth germ.
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