
INTRODUCTION

Subcutaneous injection of enamel matrix derivative
into rat back tissue induces the formation of eosino­
philic round bodies (ERBs). When a large number
of ERBs are formed, cartilage is induced.1 Our pre­
vious studies have revealed that ERBs are a part of
amelogenin exon­5.1 We therefore artificially cre­
ated synthesised peptide (SP) with the same se­
quence as ERBs. Subcutaneous injection of SP
into the rat back tissue induces bone and endo­
chondral ossification.2 Since amelogenin plays an
important role in life phenomena,3 SP is also
thought to also be involved in important life phe­
nomena. In particular, SP promotes hard tissue for­

mation of human periodontal ligament fibroblasts,4

human periodontal ligament stem cells,5 bone mar­
row cells,6 and human dental pulp stem cells.7 SP
promotes the proliferation of gingival epithelial cells
in vitro during the first three days, but inhibits them
after that.8 In rat back tissue, SP induced bone and
endochondral ossification.2 To investigate the func­
tion of ERB, a mouse monoclonal antibody to SP
(A­ERB) has been produced.9 In the hope that A­
ERB would react with odontogenic epithelium, in
this study we performed immunohistochemical
staining of human oral cystic lesions with A­ERB.
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MATERIALS AND METHODS

Tissue samples
We studied seven human oral cystic lesions :
radicular cysts, dentigerous cysts, dermoid cysts,
epidermoid cysts, orthokeratinized odontogenic
cysts, odontogenic keratocysts, and unicystic
ameloblastomas. Three cases were chosen for
each disease. Patients who presented to Osaka
Dental University Hospital and had a histopathologi­
cal diagnosis were selected for this study. Their
clinical data are shown in Table 1. Cystic lesions in
or around the mandible were selected for this
study, because the lining epithelium of cystic le­
sions in the maxilla tends to show ciliated epithe­
lium metaplasia.This study was approved by the
Ethics Committee of Osaka Dental University (Ap­
proval No.111204­0).

Sectioning and immunohistochemical staining
Formalin­fixed, paraffin­embedded sections from
each cystic lesion were cut at 3­5 μm thickness.
Immunohistochemical staining with anti­eosinophilic
round bodies antibody (A­ERB), anti­cytokeratin 14

(CK14) antibody, anti­cytokeratin 19 (CK19 and N­
CK19) antibodies, anti­beta­catenin (β­cate ) anti­
body, and anti­ki­67 (Ki­67) antibody, as well as
haematoxylin­eosin (HE) staining were performed
on thin section specimens. There are differences in
the expression of CK19 on healthy oral mucosa
among researchers.10 As the staining properties of
anti­CK19 antibodies differ greatly depending on
the epitope recognized, we used two types of anti­
CK19 antibodies. The antibodies and their uses are
shown in Table 2. The immunohistological staining
method using A­ERB has already been described.9

Briefly, thin sectioned specimens were pre­treated
with proteinase K ( Agilent Technologies, Santa­
clara, CA, USA) for five min at room temperature. A
­ERB was diluted 1:5,000 in antibody diluent (Ag­
ilent Technologies) and reacted at 4°C overnight.
As a secondary antibody, Envision＋ system (Ag­
ilent Technologies) was used and reacted at room
temperature for 60 min. All antigen­antibody mix­
tures were visualized by the 3,3’­diaminobenzidine
reaction. The reacted slides were counter­stained
with hematoxylin. Tissues of rat mandible were
used as a control. They were cut at 5 μm and

Table 1 Clinical findings

Patient Age (yrs) Sex Site Diagnosis

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

55
81
40
39
46
20
51
18
32
47
5
86
24
34
31
32
41
30
57
20
37

M
M
M
M
M
F
M
F
M
M
F
M
M
M
M
F
F
M
M
F
M

Molar
〃
〃
〃
〃
〃

region
〃
〃
〃
〃
〃

of mandible
〃
〃
〃
〃
〃

Neck
Sublingual region
Mouth floor
Tongue
Mouth floor
Buccal region
Molar
〃
〃
〃

region
〃
〃
〃

of mandible
〃
〃
〃

Ramus of mandible
Molar
〃
〃
〃

region
〃
〃
〃

of mandible
〃
〃
〃

Radicular
〃
〃

cyst
〃
〃

Dentigerous
〃
〃

cyst
〃
〃

Dermoid
〃
〃

cyst
〃
〃

Epidermoid
〃
〃

cyst
〃
〃

Orthokeratinized
〃
〃

odontogenic
〃
〃

cyst
〃
〃

Odontogenic
〃
〃

keratocyst
〃
〃

Unicystic
〃
〃

ameloblastoma
〃
〃
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stained immunohistochemically using each antibody
and with HE. The protocol for this animal experi­
ment was approved by the Osaka Dental University
Institutional Animal Care and Use Committee (Ap­
proval No.12­03005).

Number of Ki-67 positive cases and calculation
of the Ki-67 index
Specimens stained with Ki­67 were observed using
a light microscope, and the number of positive cells
were counted. To calculate the Ki­67 index, an area
of equal size was set for three cases for each le­
sion, the number of positive cells in each epithelial
tissue sample was counted, and the mean and me­
dian values were calculated.

RESULTS

Immunohistochemical staining
A-ERB
Ameloblasts, basal cells of the gingival epithelium,
and epithelial rests of Malassez were A­ERB posi­
tive in the rat tissues used as controls (Fig. 1). The
basal cells in the lining epithelium of all of the der­
moid cysts (Fig. 2 C), one case each of the den­
tigerous cysts and orthokeratinised odontogenic

cysts, and two cases of the unicystic ameloblas­
tomas were ERB positive. However, no ERB­
positive areas were found in the radicular cysts,
epidermoid cysts (Fig. 2 D) or odontogenic kerato­
cysts. ERB expression was detected in parts of the
lining epithelium of the dentigerous cysts, in the ba­
sal cell layer of the lining epithelium of orthokera­
tinised odontogenic cysts, and in parts of the odon­
togenic epithelium of unicystic ameloblastomas
(Fig. 3).

CK14
Anti­CK14 antibodies were positive in the lining epi­
thelium of all of the cystic diseases ( Table 3 ) .
Among the radicular cysts, one case showed posi­
tivity in the basal to spinous cell layer (Fig. 4 B)
and two cases in all layers of the lining epithelium.
In the dentigerous cysts, one case was positive in
the basal and parabasal cell layers, and two cases
in all layers of the lining epithelium. In the dermoid
cysts, one case was positive from the basal cell
layer to the granular layer, one from the basal cell
layer to the spinous cell layer, and the remaining
one in the basal cell layer and parabasal cell layer.
In the epidermoid cysts, one case was positive in
the basal and parabasal cell layers, and the other
two in all layers of the lining epithelium. In the or­
thokeratinised odontogenic cysts, all three cases
were positive from the basal cell layer to the granu­
lar layer. In the odontogenic keratocysts, one case
was positive from the basal cell layer to the middle
layer of cells, and the remaining two cases were
positive in all layers of the lining epithelium. In the
unicystic ameloblastomas, all three cases were
positive in all parenchyma.

Table 2-1 Primary antibodies and usage

Abbreviation First antibody Dilution Pretreatment

A­ERB
antibody Anti­eosinophilic round body antibody that we made 1:5,000 Proteinase K

CK14 Anti­cytokeratin 14 (Roche Diagnostics) 1:1 Heat in CCl buffer
CK19 Anti­human cytokeratin 19 (Agilent Technologies) 1:200 Heat in CCl buffer
N­CK19 Anti­cytokeratin 19 (Leica Biosystems) 1:150 0.1% Trypsin in Tris buffer
β­cate Anti­beta­catenin (Leica Biosystems) 1:50 Heat in Envision FLEX high pH
Ki­67 Anti­human Ki­67 antigen (Agilent Technologies) 1:1 Heat in Envision FLEX low pH

Table 2-2 Second antibodies

Abbreviation Second antibody

A­ERB
antibody Envision＋ system (Agilent Technologies)

CK14 HRP multimer (Roche diagnostics)
CK19 HRP multimer (Roche diagnostics)
N­CK19 Envision＋ system (Agilent technologies)
β­cate Envision­FLEX (Agilent technologies)
Ki­67 Envision­FLEX (Agilent technologies)
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Fig. 1 Immunohistochemical staining using anti-ERB antibody and HE staining where (A-D) are rat incisor and the
periodontal tissue, (E and F) are molor and periodontal tissue. (C and D) are higher magnifications of (A and B). Ar-
rows show ameloblasts, broken line arrows are the basal cell layer of stratified flattened epithelium, and arrowheads
show epithelial rests of Malassez.
A and B: Original mag×2, C and D: Original mag×10, E and F: Original Mag×2.

140 J. Yin et al. Journal of Osaka Dental University , April 2023



CK19
Anti-CK19 antibodies were negative in most cystic
diseases (Figs. 4 C and 5 B), but reacted in one
case each of the radicular cysts, epidermoid cysts,
and odontogenic keratocysts. In particular, it was

positive in the basal cell layer to the spinous cell
layer of the radicular cysts and the basal cell layer
of the epidermoid cysts and odontogenic kerato-
cysts. Each specimen was stained with another CK
19 (N-CK19) antibody because the immunohisto-

Fig. 2 Immunohistochemical staining of dermoid cysts and epidermoid cysts using anti-ERB antibody and HE stain-
ing where (A and C) are dermoid cysts, and (B and D) are epidermoid cysts. (A and B) were stained with HE, while
(C and D) were immunohistochemically stained using anti-ERB antibody.
ERB: Eosinophilic round bodies, (A-D): Original mag×10, Bars: 50 μm.

Table 3 Results of positive cases in the lining epithelium

Diagnosis A-ERB CK14 CK19 N-CK19 β-cate Ki-67 (%)

Radicular cyst
Dentigerous cyst
Dermoid cyst
Epidermoid cyst
Orthokeratinized odontogenic cyst
Odontogenic keratocyst
Unicystic ameloblastoma

0/3
*1/3
3/3
0/3
1/3
0/3
*2/3

3/3
3/3
3/3
3/3
3/3
3/3
3/3

1/3
0/3
0/3
1/3
0/3
1/3
0/3

2/3
3/3
*1/3
1/3
1/3
2/3
2/3

3/3
3/3
3/3
3/3
*3/3
3/3
3/3

11.2
11.0
14.0
17.9
31.2
13.8
5.8

The Ki-67 value shows the average counted on each slide of three cases (*Positive reaction detected in a small area of
the lining epithelium).
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chemical stainability of anti-CK19 antibody is unsta-
ble. Anti-N-CK19 antibodies were positive in more
cases than anti-CK19 antibodies (Table 3). Anti-CK
19 antibodies were positive in at least one case
each of the cystic diseases (Figs. 4 D and 5 C).

β-cate
Anti-β-cate antibodies were positive in the lining
epithelium of all cystic lesions (Table 3). All or parts
of the lining epithelium had positive areas, and in
the radicular cysts, dentigerous cysts and or-
thokeratinised odontogenic cysts, β-cate was ex-
pressed at the cell membrane (Fig. 6 C). Dermoid
cysts, epidermoid cysts, unicystic ameloblastoma
and some odontogenic keratocysts showed β-cate
expression in the cytoplasm (Fig. 6 D).

Calculation of the Ki-67 positive ratio
The results for the Ki-67 positive ratio are shown in
Table 3 and Fig. 7.
The mean and median values of the orthokera-

tinised odontogenic cysts ( Fig. 6 E ) showed a
higher Ki-67 index than other cysts (Fig. 6 F).

DISCUSSION

The seven types of cystic disease used in this
study can be divided into two main categories. One
is a disease associated with the odontogenic epi-
thelium ( radicular cysts, dentigerous cysts, or-
thokeratinised odontogenic cysts, odontogenic kera-
tocysts, and unicystic ameloblastomas ) , and the
other is a disease not-associated with the odonto-
genic epithelium ( dermoid cysts and epidermoid

Fig. 3 Immunohistochemical staining of unicystic ameloblastoma using anti-ERB antibody and HE staining where
(A and C) are the epithelium lining area, and (B and D) are the budding regions. (A and B) were stained with HE,
while (C and D) were immunohistochemically stained using anti-ERB antibody.
(A-D): Original mag×10, Bars: 50 μm.
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cysts). When A-ERB reacts with the odontogenic
epithelia, it is useful for histopathological diagnosis.
We had hoped that ERB would be expressed in the
epithelium of these odontogenic diseases, espe-
cially in radicular cysts, dentigerous cysts, or-
thokeratinized cysts, odontogenic keratocysts, and
unicystic ameloblastomas. However, ERB expres-
sion was detected in very few of them (Table 3).
The expression of ERB, which is a part of amelo-
genin, may not be related to it being an odonto-
genic epithelium. Furthermore ERB was expressed
in the lining epithelium of dermoid cysts, but not in
epidermoid cysts. In other words, ERB was ob-
served in the lining epithelium of cystic walls with
skin appendages and not in the lining epithelium of
cystic walls without skin appendages.
The homology of amelogenin sequences is very

high within species,11 and in Xenopus tropicans,

amelogenin is expressed in the skin.12 In the pre-
sent study, ERB expression was identified in the
odontogenic epithelia ; ameloblasts, epithelial rests
of Malassez, and mucosal (gingival) epithelium of
rats (Figs. 1 B and 1 D). Amelogenin seems to ex-
press in the dermis, because of an evolutionary
process in vertebrates that shows reinforcement of
the dermis.13 Hence, amelogenin may be detected
in the skin. Our results demonstrated that the char-
acter of the lining epithelium of dermoid and epider-
moid cysts is different. Although dermoid and epi-
dermoid cysts are now classified as the same le-
sion,14 these two lesions may need to be separated
as different diseases.
β-cate is expressed at the cell membrane in in-

nocuous diseases, and in the cytoplasm and nu-
cleus in more aggressive ameloblastomas.15 We ob-
tained similar results. β-cate was observed at the

Fig. 4 Immunohistochemical staining of a radicular cyst stained with (A) HE, (B) anti-CK14, (C) CK19 and (D) N-
CK19. (A-D): Original mag×10, Bar: 50 μm.
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cell membrane of the lining epithelium in radicular
cysts, dentigerous cysts and orthokeratinised odon-
togenic cysts. β-cate was observed in the cyto-
plasm of epithelial tissue in some odontogenic
keratocysts and unicystic ameloblastomas. When β
-cate is expressed in the cytoplasm, the lesions
seem to have a tendency to recur. All cases, in-
cluding lesions with the non-odontogenic epithe-
lium, were immunohistochemically CK14-positive. In
the present study, staining properties of β-cate
were similar to those of CK14. Both CK14 and β-
cate are markers of odontogenic epithelium.10, 15

CK19 positive cells are said to be of odontogenic
epithelium in origin.16 The number of CK19-positive
cases was lower than that of the N-CK19-positive
cases. This was thought to be due to the difference
between the epitope of CK19 and that of N-CK19.
CK14 and CK19 are markers of the odontogenic

epithelium.17 CK14-positive areas were more com-
mon than those of CK19.10 CK19 is more frequently
expressed in dysplastic epithelium and squamous
cell carcinomas than in healthy epithelium. De-
creased CK14 expression and increased CK19 ex-
pression indicate malignant transformation.18 Scat-
tered expression of CK19 in potentially malignant
oral disease is a false positive, according to Ra-
thore et al.19 In the present study, we used two anti-
CK19 antibodies and did not see such a staining
pattern. Although the Ki-67 index of orthokera-
tinised odontogenic cysts was higher than that of
the other six lesions, the reason for this was un-
clear. The Ki-67 index of odontogenic keratocysts is
said to range from 0.54% to 23.40%.20 The Ki-67 in-
dex of the odontogenic keratocysts in our study
was 13.8% on average in the three cases, which is
consistent with the literature. It is said that although

Fig. 5 Immunohistochemical staining of a dentigerous cyst stained with (A) HE, (B) anti-CK19, (C) N-CK19, and (D)
β-cate. (A-D): Original mag×10, Bar: 50 μm.
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Fig. 6 Immunohistochemical staining of an orthokeratinized odontogenic cyst and an odontogenic keratocyst
stained using anti-β-cate antibody, anti- Ki-67 antibody and HE. (A, C and E) are orthokeratinized odontogenic cysts,
and (B, D and F) are odontogenic keratocysts. (A and B) were stained with HE and (C and D) were immunohisto-
chemically stained using anti- β-cate antibody. (E and F) were immunohistochemically stained using anti- Ki-67 anti-
body.
(A-F): Original mag×10, Insets (C and D): Original mag×40, Bars: 50 μm.
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the biological behaviour of odontogenic keratocysts
cannot be clarified by assessing the Ki-67 index
alone,20 the character of orthokeratinized odonto-
genic cysts is similar to that of odontogenic kerato-
cysts.

The authors declare no conflicts of interest associated with
this study.
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