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Abstract
Aim: This study characterized the metaplastic cells in the lining epithelium of dentiger-
ous cysts in the immunohistochemical study and the effects of mechanical forces on cul-
tured odontogenic epithelial cells in an ｉｎ︲ｖｉｔｒｏ study.  
Methods : In the immunohistochemical study, all samples of dentigerous cysts without in-
flammation were selected from the mandible.  Metaplastic cells were used for the experi-
mental group and non-metaplastic cells were used for the control group.  In an ｉｎ︲ｖｉｔｒｏ 
study, porcine Epithelial Rest of Malassez cells were cultured and centrifuged at 4,800 
rpm for 20 min as the experimental group.
Results : In the immunohistochemical study, CK7 and CK17 positive cells were observed 
mostly at the superficial layer in both groups.  CK7 positive cell ratio of mucous cells and 
ciliated cells were significantly higher than that of the control group （Ｐ<0.05）.  In an ｉｎ︲
ｖｉｔｒｏ study, CK17 mRNA expression level of the experimental group was significantly 
higher than the control group （Ｐ<0.05）.
Conclusions : CK7 and CK17 expressions on the metaplastic cells of dentigerous cysts 
might be induced by mechanical force.
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Introduction

　Odontogenic cysts arise from the odontogenic 
epithelium in the jaw which forms a saccular 
shape with a lining epithelium.  Odontogenic 
cysts are classified into two groups ; inflammato-
ry cysts and developmental cysts.  Dentigerous 
cysts are well known as developmental cysts 

and arise from the reduced enamel epithelium, 
attach to the cervical region of unerupted teeth 
and envelope their crowns1）.  Dentigerous cysts 
are the second most common cyst of the jaw 
and account for about 20％ of all odontogenic 
cysts1）.  The cysts grow due to the accumula-
tion of fluid between the reduced enamel epithe-
lium of the dental follicle and the crown of an 
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unerupted tooth.  However, the etiology of these 
cysts is still uncertain1）.  The unerupted man-
dibular third molar tooth is the most common 
localization of this cyst and accounts for about 
75％ of them1）.  
　Mucous cells and ciliated cells are often ob-
served in the lining epithelium of odontogenic 
cysts that originally appear in the epithelium of 
the paranasal sinus.  Mucous cells and ciliated 
cells are seen in developmental cysts and in in-
flammatory cysts, but they are most frequently 
observed in developmental cysts, such as den-
tigerous cysts2，3）.
　There are three major theories for the origin 
of mucous cells and ciliated cells in odontogenic 
cysts.  Firstly, Shear （1960）4） reported that mu-
cous or ciliated cells in the lining epithelium of 
the maxillary sinus and/or nasal cavity migrat-
ed into the lining epithelium of cysts arising 
from maxillary lesions but not from mandibular 
lesions.  However, that theory is not suitable for 
the lining epithelium of odontogenic cysts arising 
from the mandible, which are embryologically 
unrelated to mucous and ciliated cells.  Secondly, 
Shear（1960）4） and Browne（1972）5） reported 
that pluripotent embryological cells remained in 
the odontogenic epithelial cells and differentiat-
ed into mucous or ciliated cells during growth 
of the lesions.  Thirdly, Hodson （1956）6）, Shear 

（1960）4）, Marsland and Browne （1965）7）, Krikos 
（1966）8） and Browne （1972）5） reported meta-
plastic changes involving the transformation of 
cells to other types by some kind of stimulus.  
Presently, the third theory is the most common-
ly accepted origin of these cells.  
　Browne （1972）5） discussed that some factors 
existing in odontogenic cysts favor metaplasia 
to mucous secreting cells.  Because the lining 
epithelium of dentigerous cysts is continuously 
stimulated by cyst fluid, hypothetically, the 
pressure of the cyst fluid is one of the factors 
that can induce metaplastic changes of mucous 
and ciliated cells.  
　Metaplasia is a phenomenon defined as the 
replacement of one differentiated somatic cell 
type with another differentiated somatic cell 
type in the same tissue.  Metaplasia is classified 

as regressive metaplasia or progressive meta-
plasia.  Commonly, regressive metaplasia occurs 
during degeneration such as functional epitheli-
um to a squamous metaplasia9）.  Progressive 
metaplasia is defined as the differentiation of 
cells either to a higher or more intricate func-
tion or to a complex level of organization9）.  Ac-
cording to Sarode et al. （2017）9）, a well-known 
example of progressive metaplasia is mucous 
cells, which are considered as the transforma-
tion of simple squamous epithelial cells into mu-
cous secreting cells.
　Metaplasia is considered the most plausible 
theory of the origin of mucous and ciliated cells 
in odontogenic cysts, although their origins are 
still unclear.  In past reports, morphological ob-
servations and expression patterns of mucous 
and ciliated cells in odontogenic cysts have al-
ready been published.  However, the expression 
of cytokeratins in metaplastic cells in odonto-
genic cysts were reported in only few studies so 
far.  Previously, Saluja et al. （2019）10） reported 
the role of cytokeratin-7 （CK7） in the pathogen-
esis of odontogenic cysts.  Their study suggest-
ed that the expression of CK7 in the lining epi-
thelium of odontogenic cysts reflects the 
differentiation of the epithelium.  CK7 is ex-
pressed strongly in well-differentiated epitheli-
um.  Also, CK17 is an inducible keratin for 
stress, injury and inflammation11）.
　Therefore, we initially investigated the ex-
pression of CK7 and CK17 by metaplastic cells 
in dentigerous cysts in the immunohistochemi-
cal study.  Subsequently, in an ｉｎ　ｖｉｔｒｏ study, 
we characterized the effects of mechanical forc-
es that might cause metaplastic changes in cul-
tured odontogenic epithelial cells in terms of 
their cytokeratin expression.

Materials and Methods

　Case
　Twenty-six dentigerous cysts with either mu-
cous or ciliated metaplastic cells that were diag-
nosed by a pathologist were selected from the 
files of The Chiba Hospital of The Tokyo Dental 
College from 2000 to 2014 （Tokyo Dental Col-
lege, Ethical authorization No. 878）.  All cases 
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were selected from an origin of the mandible to 
avoid the intervention of maxillary sinus mucosa 
and were chosen from mandibular and posterior 
regions.  Exclusion criteria were as follows : all 
materials were lesions without inflammation to 
exclude the possibility that mucous cell and/or 
ciliated cell metaplasia might have resulted 
from an inflammatory process.  Glandular odon-
togenic cysts （GOC） with either mucous or cili-
ated cells were also excluded from sample col-
lection.  
　Three dentigerous cysts in which no meta-
plastic cells were observed in the lining epitheli-
um were used as the control group.  
　Immunohistochemical study
　After sectioning, all samples were stained with 
hematoxylin and eosin, alcian blue （alcian blue 
stain solution pH 2.5 for Histology, Muto Pure 
Chemicals Co., LTD. Tokyo, Japan） and with 
Kernechtrot stain （Kernechtrot stain solution, 
Muto Pure Chemicals Co., LTD. Tokyo, Japan）.  

　Immunohistochemical staining 
　Paraffin blocks were cut at 4μm thickness 
and deparaffinized with xylol.  Antigen retrieval 
was carried out with the warm bath method in 
which a kitchen electric pot was filled with Im-
munosaver （Nissin EM, Tokyo, Japan） diluted 
200 times with distilled water and kept 98℉ .  
All sections were immunohistochemically 
stained using antibodies to CK7 and CK17 as 
primary antibodies at the dilutions shown in Ta-
ble 1 for 24 h at 4℉ .  To block endogenous per-
oxidase activity, slides were immersed in 3％ 
hydrogen peroxide in methanol for 30 min.  Fur-
ther, the sections were then washed 3 times in 
distilled water.  All slides were blocked with 
10％ normal goat serum （Wako, Tokyo, Japan） 
for 30 min and then washed 3 times in 0.01 M 
PBS.  Subsequently, each section was incubated 
with a primary antibodies of CK7 （1 : 4000, 
EPR17078, abcam） and CK17 （1 : 20, E3, Dako） 
overnight at 4℉ .  The sections were then 
washed 3 times with 0.01 M PBS and then incu-
bated with a mouse or rabbit polymer HRP sec-
ondary antibody （MACH 2 Universal HRP Poly-

mer Detection, Biocare Medical, Pacheco, CA, 
USA） for 30 min at room temperature and then 
washed with 0.01 M PBS at 4℉ for 30 min.  For 
visualization, sections were treated with DAB 
TRIS tablets with hydrogen peroxide （Muto 
Pure Chemicals Co.）.  After visualization, the 
slides were washed in distilled water and then 
in 0.01 M PBS.  The sections were counter-
stained with hematoxylin and then mounted 
with Multi mount 480 （Matsunami Glass Ind, 
Ltd., Osaka, Japan）.
　All sections were observed using a light mi-
croscope （Olympus BX51 microscope） with a 
x20 objective lens.  The cells were projected 
onto a monitor via Olympus cellsens standard 
1.18 （Olympus, Tokyo, Japan） photomicrograph 
attachment with a camera for photomicrogra-
phy.  Length of 100μm was measured on the 
photomicrographs.  
　Immunochemically-positive epithelial cells in 
length of 100μm selected 5 places randomly 
were counted in both groups.  The positive cell 
ratio of CK7 or CK17 was calculated as follows :   
　Numerator of the control group was config-
ured as positive non-metaplastic cells at superfi-
cial layer and denominator was all epithelial 
cells at superficial layer.    
　Numerator of the mucous cells in experimen-
tal group was configured as positive mucous 
cells in all layers and denominator was all mu-
cous cells in all layers.
　Numerator of the ciliated cells in experimen-
tal group was configured as positive ciliated 
cells at superficial layer and denominator was 
all ciliated cells at superficial layer.

Table 1　 The information of the primers used for 
qRT-PCR

Primers Assay name
（Assay ID）

ＣＫ₇ PIG-CK7
（APRWGY2）

ncRNA
（transcribed RNA）

ＣＫ₁₇ PIG-CK17
（APPRNE4） mRNA

ɢＡＰＤʜ Ss03374854-g mRNA
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　ɪｎ　ｖｉｔｒｏ study
　Cell culture 
　Porcine Epithelial Rest of Malassez （ERM） 
cells which were provided by Prof. Yoshihiko 
Abiko, Department of Oral Pathology at the 
Health Science University of Hokkaido were 
used for the ｉｎ　ｖｉｔｒｏ study.  According to Kogai 
et al. （2016）12）, ERM cells were cultured in mini-
mum essential medium（MEM）supplemented 
with 10％ fetal bovine serum （FBS） and genta-
mycin in 60 mm culture dishes in a humidified 
atmosphere of 95％ air and 5％ CO2 at 37℉ .  Af-
ter sub-culture 3 passages, ERM cells were inoc-
ulated in 35 mm dishes.  When ERM cells had 
been cultured for 7 days and reached 70％ con-
fluence, they were used for the experiment12）.

　Application of mechanical force to the cul-
tured cells 
　For centrifugal force, a horizontal microplate 
rotor in a Hitachi centrifuge （HimacCT6D®） 
was used as a mechanical force.  The centrifugal 
experiment referred to by Redlich et al. （1998, 
2004）13，14）, which establishes a pressure model 
by centrifugation of periodontal ligament （PDL） 
cells ｉｎ　ｖｉｔｒｏ.  After the 35 mm culture dishes 
were inserted in the rotor adaptor, the device 
was set at a centrifugal force of 4,800 rpm （482 
g/cm2）, which is nearly the same as a rapid ex-
pansion of orthodontics force for 20 min （Naito et 
al. 2009）15）.  The calculation of force was based 
on the equation was described below : 

P＝（m⁂r⁂r.p.m2⁂π2）/（A⁂9.8⁂900） 

Where P＝kg pressure per cm2 of cells, m＝
mass of medium （0.002 kg）, r＝radius（0.09 m）, 
rpm＝revolution /min（4,800）and A＝area of 
contact between medium and cells （9.62 cm2）15）.  

　Quantitative real-time polymerase chain reac-
tion （qRT-PCR） analysis
　ERM cells were collected using a cell scraper 
3 hr after the treatment with mechanical force, 
and the protocol for qRT-PCR was performed.  
ERM cells without any force were used as con-
trols （n＝4）.  For mRNA expression studies, to-
tal RNAs were extracted following the protocol 

of the RNeasy® Mini handbook.  Each Total 
RNA was reverse transcribed to complementa-
ry RNA（cDNA）using ReverTra Ace® qPCR 
RT Master Mix with gDNA Remover（Toyobo, 
Osaka, Japan）according to the manufacturerʼs 
protocol.  Quantitative RT-PCR was carried out 
using the TaqMan Gene Expression Assays 

（Thermo Fisher scientific K.K., Tokyo, Japan） 
for the target genes：CK7 non-cording RNA 

（ncRNA）, CK17 mRNA and Glyceraldehyde-
3-phosphate dehydrogenase （GAPDH） as an en-
dogenous control （TapManTM Gene Expression 
Assay, Thermo Fisher Scientific K.K., Tokyo, Ja-
pan）（Table 1）.  All PCR reactions were per-
formed using a real-time PCR 7500 fast system 

（Thermo Fisher scientific K.K., Tokyo, Japan）.  
The relative expression of genes of interest was 
estimated using the ΔΔCt method.

　Statistical analysis
　The result of positive cell ratio was presented 
as means±standard error which were statisti-
cally analyzed with using Kruskal-Wallis test 
and Dunnett Multiple Comparison Test by 
PRISM® version 7.5（Graphpad Software Inc., 
San Diego, CA, USA.）.  A Ｐ<0.05 was consid-
ered to be statistically significant.
　The result of ｉｎ　ｖｉｔｒｏ experiment, quantitative 
data was presented as means±standard devia-
tion and was analyzed using F-test and T-test 
by PRISM® version 7.5.  A Ｐ<0.05 was consid-
ered to be statistically significant.

Results

　Immunohistochemical study
　Morphological findings
　Control group （Fig. 1A）
　The morphological features of cells of the lin-
ing epithelium included a thin stratified epitheli-
um mainly consisting of cuboidal and squamous 
cells.  No elongation of epithelial base was seen.  
The nuclei of these cells were comparatively 
small.  The intercellular connections were 
strong with desmosomes.  

　Experimental group （Fig. 1B, C, D）
　The lining epithelium mainly consisted of 
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squamous epithelium with some mucous and/or 
ciliated cells observed in cuboidal and squamous 
cells just in the same manner as the control 
group.  
　The mucous cells were located from the mid-
dle to the superficial layers of the lining epitheli-
um.  The cytoplasm of mucous cells located in 
the superficial layer was clear with granules 
that were stained with alcian blue.  The nuclei 
were observed at the peripheral side in the cy-
toplasm.  The mucous cells were usually gath-
ered and their size was larger than non-meta-
plastic cells.  
　On the other hand, the cytoplasm of the mu-
cous-like cells located in the middle layer was 
less clear than those in the superficial layer and 
they contained very small granules that were 
negative for alcian blue staining.  The nuclei of 
these cells were located at the periphery of the 
cytoplasm.  The intercellular spaces of mucous-
like cells in the middle layer were wide.  
　Almost all ciliated cells were located in the 
superficial layer of the lining epithelium.  The 
shapes of ciliated cells were various and their 
cytoskeleton shapes had many formations such 
as cuboidal and squamous.

　Immunohistochemical staining
　In the control group, CK7 was expressed 
weakly positive at the superficial layer （Fig.  
2A）.  CK17 positive cells were mostly seen in 
the superficial layer （Fig. 2B）.   
　In the experimental group, CK7 and CK17 
positive mucous cells were observed at the pe-
riphery of the cytoplasm.  However, CK7-posi-
tive mucous cells were focal, while CK17-posi-
tive cells existed not only in mucous cells, but 
also around the non-metaplastic epithelium （Fig.  
2C, D）.  CK7 and CK17 positive ciliated cells 
were observed at the superficial layer of the lin-
ing epithelium （Fig. 2E, F）.  
　The CK7 positive cell ratio of the control 
group was 26.7％±12.3.  For calculation of CK7 
positive cell ratio in the experimental groups, 
numbers of the samples with mucous cells were 
22 samples and numbers of the samples with 
ciliated cells were 19 samples.  The CK7 posi-
tive cell ratio of mucous cells was 70.2％±6.8 
and of ciliated cells was 78.6％±2.5.  The CK7 
positive cell ratio of ciliated cells and mucous 
cells were significantly higher than that of the 
control group （Ｐ<0.05） （Fig. 3A）.
　The CK17 positive cell ratio of the control 

Fig. 1　 Morphological findings of the lining epithelium of dentigerous 
cysts in the control and experimental groups

A, C and D are H-E staining and B is alcian blue staining. Scale bar : 20μm. 
A, Control group. The nuclei of epithelial cells were smaller than that of 
the experimental group. The cell shapes were cuboidal and squamous 
which had tight interepithelial connections. B and C are mucous cells in 
the experimental group. B : Mucous cells were detected by alcian blue 
staining and mucin granules were stained blue. C : Mucous cells were 
frequently observed at the middle to superficial layers of the epithelium. 
The interepithelial connection was loose and gaps were observed around 
epithelial cells. D : Ciliated cells were observed at the superficial layer of 
the epithelium.
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group was 44.3％±15.2.  For calculation of 
CK17 positive cell ratio in the experimental 
groups, numbers of the samples with mucous 
cells were 19 samples and numbers of the sam-
ples with ciliated cells were 19 samples.  The 
CK17 positive cell ratio of mucous cells was 

49.5％±7.3, while the CK17 positive cell ratio of 
ciliated cells was 81.3％±3.9.  The positive cell 
ratio of ciliated cells tended to be higher than cells 
in control group and mucous cells in the experi-
mental group, however there was no significance 
difference among them （Ｐ<0.05） （Fig. 3B）.  

Fig. 2　 Immunochemical staining of CK7 and CK17 in the lining 
epithelium in the control and experimental groups

Scale bar : 20μm. A and B, Expression of CK7 and CK17 in the control 
group. A, Mostly CK7 were observed positively at the superficial layer. 
B, Most CK17 positive cells were observed at the superficial layer. C 
and D, Expression of CK7 and CK17 by mucous cells in the 
experimental group. C, CK7 was stained at the outer periphery of 
mucous cells and gland-like structures at the upper layers. D, CK17 was 
stained strongly positive in mucous cells and around the area of non-
metaplastic cells. E and F, Expression of CK7 and CK17 by ciliated cells 
in the experimental group. E, CK7 was stained clearly in ciliated cells in 
the superficial layer. F, CK17 was stained strongly in ciliated areas and 
detected from the middle to superficial layer of the epithelium.

Fig. 3　 Average of CK7 and CK17 positive expression in the control and 
experimental groups

A, The CK7 positive cell ratio of cells in the experimental group was 
significantly higher than the control group（*Ｐ<0.05）. 
B, The CK17 positive cell ratio of ciliated cells was tended to be higher than 
cells in the control group and mucous cells in the experimental group（no 
significant difference）. 
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　ɪｎ　ｖｉｔｒｏ study
　The experimental design was shown in Fig. 4.  
The CK7 ncRNA expression level of the experi-
mental group analyzed 3 hr after the treatment 
with centrifugal force tended to be higher than 
the control group, however there was no signifi-
cant difference among them （Fig. 5A）.  
　The CK17 mRNA expression level of the ex-
perimental group analyzed 3 hr after treatment 
with centrifugal force was significantly higher 
than the control group （Ｐ<0.05） （Fig. 5B）.

Discussion

　The phenomenon of metaplasia is considered 
as an abnormal differentiation of regenerative 
proliferating cells due to environmental factors 
such as chronic inflammation and physicochemi-
cal stimuli.  In this study, as detailed in the Ma-
terials and Methods, inflammation was excluded 
from the samples used.  Therefore, the factor in-
volved in metaplasia was considered as a physi-
cal stimulus such as the cyst fluid in this study.  

Dentigerous cysts are odontogenic developmen-
tal cysts.  Shruthi et al. （2014）16） reported that 
dentigerous cysts enclose the crowns of un-
erupted teeth by expansion of their follicles and 
are attached to the cervical part of teeth.  Main 

（1970）17） suggested that the pressure exerted 
by a potentially erupting tooth on an impacted 
follicle obstructs the venous outflow and there-
by induces the rapid transudation of serum 
across the capillary walls.  The increased hydro-
static pressure of this pooling fluid separates 
the follicle from the crown, with or without re-
duced enamel epithelium17）.  With time, capillary 
permeability is altered so as to permit the pas-
sage of greater quantities of protein above the 
low concentration of the pure transudate17）.  
Therefore, odontogenic cells treated with me-
chanical force were used to simulate the stress 
ｉｎ　ｖｉｔｒｏ.
　Morphological findings revealed that mucous 
cells stained by alcian blue were sometimes ob-
served between squamous and cuboidal cells in 

Fig. 5　Results of the ｉｎ　ｖｉｔｒｏ study
CK7 ncRNA and CK17 mRNA expressions at 3 hours after the 4800 rpm 
centrifugal force for 20 min in the experimental and control groups （n=4）. 
A, CK7 ncRNA expression was higher than that of the control, however 
there was no significant difference between them.
B, CK17 mRNA expression was significantly higher than that of the control 
group （*Ｐ<0.05）. 

Fig. 4　Experimental design of the ｉｎ　ｖｉｔｒｏ study
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dentigerous cysts.  This was the same finding 
as reported by Takeda et al. （2005）3） who con-
cluded that the alcian blue positive cells might 
be metaplastic mucous cells.  In the cytoplasm 
of some cells around the mucous cells, a few 
small granules, which were negative for alcian 
blue staining, were also observed.  Slabbert et 
al. （1995）18） reported that the vacuolated cells 
might represent a stage in the histogenesis of 
mucous cell metaplasia.  They postulated that in 
the initial process of metaplasia, the keratino-
cytes became vacuolated and mucin granules 
began to appear and accumulate within some of 
the vacuolated cells, ultimately leading to the 
formation of mucous cells.  In this study, we 
found some similar points that support that hy-
pothesis.  It was known that mucous cells con-
tain mucin granules, however, some mucous-like 
cells with small granules did not contain mucin 
granules of sufficient size or number for positive 
staining with alcian blue.  On the other hand, it 
was still possible to think that these granules 
were observed as mucous degeneration.  The 
theory of initial process about mucous metaplas-
tic cells did not moved forward until now.  
Therefore, the mucous like cells with small 
granules were the cells of unknown origin.  It 
should be verified in near future.  
　When the cytoskeleton of an epithelial cell 
changes, the components of that cell are also 
changed19）.  Most eukaryotic cells are composed 
of cytoskeletons made of three components clas-
sified on the basis of their diameters and physi-
cochemical properties : microfilaments, interme-
diate filaments and microtubules.  Intermediate 
filaments, which serve as a scaffold for the cyto-
skeleton, are chemically very stable, long and 
unbranched filaments.  In this study, intermedi-
ate filaments such as cytokeratins were focused 
on to identify the characteristics of metaplastic 
cells.  Cytokeratins are defined as intermediate 
filament forming proteins with specific physico-
chemical properties produced in all vertebrate 
epithelia.  Cytokeratins are useful as differentia-
tion markers because their expression patterns 
are both region specific and differentiation spe-
cific.  Cytokeratins play major functional roles 

in the integrity and mechanical stability of indi-
vidual epithelial cells and via cell to cell contacts 
of those cells in epithelial tissues.  The classifica-
tion of cytokeratins are according to their bio-
chemical properties, molecular weights, distribu-
tion and preferential synthesis.  According to 
their preferential synthesis, cytokeratins are di-
vided into primary cytokeratins and secondary 
cytokeratins.  Primary cytokeratins are always 
synthesized by epithelial cells on a regular basis 
while secondary cytokeratins are produced by 
epithelial cells in addition to or instead of prima-
ry cytokeratins, for example CK7/CK19.  CK7 
is a secondary cytokeratin of simple epithelia19）.  
Rao et al. （2014）20） described the cytokeratins of 
odontogenic tissues as CK 7, 13, 14 and 19.  Ac-
cording to these reports, CK7 is considered as a 
secondary cytokeratin of simple epithelium, addi-
tionally or instead of CK19.  CK7 expression 
might support some factors that change the cyto-
skeleton and, according to Saluja et al. （2018）10）, 
CK7 is a useful marker to detect the differentia-
tion of lining epithelium.  
　The results of our immunohistochemical 
study showed that CK7 was expressed by cells 
in both the control and the experimental groups.  
There were high significant differences in the 
expression of CK7 between cells in the control 
group and cells in the experimental group

（Ｐ<0.05）.  This result suggested that the cells of 
experimental group were highly differentiated 
than the cells of control group.  This result might 
support the paper of Sarode et al. （2017）9） which 
mentioned mucous cell prosoplasia of odonto-
genic cysts and salivary gland tumors.  The lin-
ing epithelium of dentigerous cysts gradually 
produced CK7 as a secondary cytokeratin, 
which appeared in the cytoplasm instead of 
CK19.  Therefore, the increase of CK7 expres-
sion in both groups indicated that some factors 
affected on the lining epithelium for its differen-
tiation.  Also, it was suggested that the increase 
of CK7 expression in cells of the experimental 
group was associated with one direction of 
metaplastic changes.  
　According to the CK17 expression patterns, 
the ciliated cells were tended to be higher ex-
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pression levels than cells in the control and mu-
cous cells, however there were no significantly 
difference.  This result suggested that CK17 
was produced by lining epithelium of odonto-
genic cyst.  According to Rao et al. （2014）20） 
and Shetty and Gokul （2012）11）, CK17 wasnʼt ex-
pressed in odontogenic tissues.  Shetty and 
Gokul （2012）11） reported that CK17 was an in-
ducible keratin for stress, injury and inflamma-
tion.  Therefore, expression of CK17 in the 
odontogenic epithelium supports the lining epi-
thelium was suffered from the stress, injury 
and/or inflammation.  In immunohistochemical 
study, inflammation was excluded from the cas-
es, so the stress was the most considerable fac-
tor to induce CK17 expression.  Because CK17 
expression was observed widely in the lining 
epithelium of both the control and the experi-
mental groups, the stress was widely affected 
on the lining epithelium, not focally.  And also, it 
was reported that the expression of CK17 was a 
neo-expression during carcinogenesis, because 
CK17 expression was absent in normal epitheli-
um17）.  However, from the result of immunohis-
tochemical study, there was no evidence to sup-
port carcinogenic action of CK17 expression in 
the lining epithelium.  However, it might be 
suggested that the situation of lining epithelium 
both in the control and experiment groups were 
unordinary situation which was forced the epi-
thelial cells to produce different proteins which 
made CK17 and alter cytoskeletons for the ad-
aptation.  
　Shear （1960）4） and Browne （1972）5） suggested 
the presence of pluripotent embryological cells 
in the odontogenic epithelium.  According to 
that theory, the lining epithelial cells might be-
come mucous and ciliated cells in equal num-
bers, however that change did not occur in all 
cells.  Mostly, mucous and ciliated cells were ob-
served in the superficial layer of the lining epi-
thelium, so the environment of the cyst cavity 
was involved in the induction of those cells by 
progressive metaplasia.   
　According to the results of our immunohisto-
chemical study and an ｉｎ　ｖｉｔｒｏ study was exe-
cuted.  The hypothesis was that the centrifugal 

force, which was used instead of cyst fluid pres-
sure described above, would induce CK7 and 
CK17 expression in the cultured odontogenic 
epithelium.  In this experiment, porcine ERM 
cells were used instead of the reduced enamel 
epithelium.  ERM cells are known as remnants 
of Hertwigʼs epithelial sheath, which plays an 
important role in making the root of a tooth.  
This epithelium also consists of an internal 
enamel epithelium and an outer enamel epitheli-
um, so the same as the reduced enamel epitheli-
um that is considered the origin of dentigerous 
cysts.  ERM cells have been studied for their 
roles in the periodontal environment by Nakaga-
wa et al. （2009）21）, Koshihara et al. （2010）22）, 
Haku et al. （2011）23）, Matsuzaka et al. （2015）24） 

and Kogai et al. （2016）12）.  Also, studies of ERM 
cells subjected to mechanical stress, such as 
stretching stress and centrifugal force, were re-
ported by those research groups.  In an ｉｎ　ｖｉｔｒｏ　
study, the mechanical force used as the same 
force as the rapid expansion device of orthodon-
tics according to Naito et al. （2009）15） and Kogai 
et al. （2016）12）.
　The results of CK7 ncRNA expression levels 
showed that there was no relationship between 
the centrifugal force and CK7 ncRNA expression.  
CK7 expression was related to the differentiation 
in the odontogenic epithelium as described 
above.  Nakagawa et al. （2009）21） reported that 
the culture environment induced the prolifera-
tion of ERM cells, because the cells were ex-
posed to growth factors in the culture medium.  
Therefore, it was estimated that CK7 ncRNA 
expression level of ERM cells was produced by 
its proliferation and differentiation.  
　CK17 mRNA expression of the experimental 
group was significantly higher than the control 
group （Ｐ<0.05）.  This suggests that centrifugal 
force became the stimulus for the odontogenic 
epithelium to produce CK17 mRNA.  Li et al. 

（2015）19） mentioned that strong CK17 expres-
sion in ERM cells suggests that they are not 
completely quiescent but have the potential to 
enter the cell cycle.  Thus, ERM cells in the ex-
perimental group might have proliferated and 
differentiated because of the cell cycle.  Fuji-
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wara et al. （2016）25） suggested that cells rebuild 
their cytoskeleton in response to mechanical 
signals.  Actin filaments and intermediate fila-
ments are stretched like a mesh formation be-
tween cells and are cell-substrate adhesion fac-
tors.  Therefore, cytokeratins sense the external 
stress force first as mechano-sensors25）.  More-
over, CK17 is highly expressed in the repaired 
epithelium.  According to this report, CK17 
mRNA is produced as a result of stress and re-
builds the cytoskeleton against the centrifugal 
force.  
　Finally, these findings provided that the cells 
of lining epithelium were differentiated by its 
cell cycle and a cystic formation and alter cyto-
skeleton by pressure of cyst fluid from the re-
sult of increasing CK7 and CK17.  Also, our data 
indicated that the increase of CK7 in the cells 
was an essential factor to induce the metaplastic 
change.   
　Dentigerous cysts with metaplastic cells asso-
ciated with impacted teeth are particularly hard 
to diagnose from GOCs （Tanaka et al., 2018）26）.  
Okamoto et al. （2006）27）, Okita et al. （2010）28） 
and Nishimura （2018）29） reported that since the 
lining epithelium of odontogenic cysts induced a 
metaplastic change, the mucous cells and gland-
like structures appeared and accumulated mu-
cous into the cyst cavity, then GOCs were cre-
ated.  Furthermore, Nishimura （2018）29） reported 
that dentigerous cysts with ciliated cells are con-
sidered as lesions that are in the process of be-
coming GOCs.  Pires et al. （2004）30） suggested 
that CK7 expression was 100％ positive in GOCs 
and were 39％ positive in odontogenic cysts.  
CK7 should indicate the glandular differentiation 
in GOCs.  In this study, CK7 was highly positive 
in metaplastic cells, so as previously reported, 
odontogenic cysts with metaplastic cells have 
the possibility of becoming GOCs.  However, the 
origins of mucous cells and ciliated cells of the 
lining epithelium of GOCs are still uncertain.  
Because GOCs have aggressive characters and 
high recurrence rate, clinically it is helpful to 
discover the distinct markers between odonto-
genic cysts with metaplastic cells and GOCs.  
There is no study of CK17 expression in GOCs, 

so it should be explored in the future to search 
the difference points between GOCs and other 
odontogenic cysts with metaplastic cells.
　In summary, from the results of immunohisto-
chemical study and ｉｎ　ｖｉｔｒｏ study, the expres-
sion of CK7 plays a role in the differentiation 
ability of odontogenic epithelial cells which 
might be associated with progressive metapla-
sia.  CK7 ncRNA expression in ERM cells was 
increased because cultured ERM cells are in the 
cell cycle of proliferation and differentiation.  
The expression of CK17 is considered as abnor-
mal change of odontogenic epithelium.  Centrifu-
gal force, which was used instead of cyst fluid 
pressure, was not the only factor to induce CK7 
and CK17, but the cell activity was involved as 
an internal cause.  Therefore, the lining epitheli-
um of dentigerous cysts is not the same as 
odontogenic epithelium such as epithelial islands 
in the jaw and it already has the ability to pro-
liferate, differentiate and also the possibility of 
metaplastic change by physical stimulus.  

Conclusion

　In this study, CK7 and CK17 were shown to 
be effective markers to detect mucous cells and 
ciliated cells in the lining epithelium of dentiger-
ous cysts.  CK7 and CK17 expression by meta-
plastic cells of dentigerous cysts might be in-
duced by mechanical force.
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