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Cytokeratin 14 and cytokeratin 18 expressions in reduced
enamel epithelium and dentigerous cyst: Possible role in
oncofetal transformation and histogenesis- of follicular
type of adenomatoid odontogenic tumor
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INTRODUCTION

ABSTRACT

Introduction: Odontogenic cysts and tumors arise from the structures and
remnants associated with tooth development. Cysts and tumors derived from
the odontogenic tissues constitute an unusually diverse group of lesions. This
diversity reflects the complex development of the dental structures, since all
these lesions originate through some alteration from the normal pattern of
odontogenesis. Cytokeratin (CK) 14 is the typical intermediary filament of
odontogenic epithelium, CK 18 is the major components of the intermediate
filaments of simple or single layered epithelial tissue; it is not expressed
in stratified squamous epithelium. The present study was undertaken to
understand the expression pattern of these cytokeratins in dentigerous cyst,
dental follicular tissue, adenomatoid odontogenic tumor (AOT) and unicystic
ameloblastoma. Materials and Methods: The present study consists of
60 specimens consisting of 20 samples of Dentigerous cyst, 20 samples of
Reduced enamel epithelium/dental follicles, 10 samples of Follicular type of
AQOT, 10 samples of unicystic ameloblastoma. The sections of these specimens
were stained for CK 14 and CK 18. The number of cells positive for CK 14 and CK
18 was counted per 100 cells. The cells were counted in four randomly selected
high-power fields and the mean was calculated. Scoring of cytokeratin 14
expressions was done using Remmele score. Results: The highest expression
of cytokeratin 14 was noted in AOT, least was seen in dental follicle/Reduced
enamel epithelium (REE). CK18 was negative in all the cases included in the
present study. Conclusion: In the present study, the expression of CK14 was
noted in AOT, Dentigerous cyst (DC), Unicystic Ameloblastoma (UCA) and
Dental follicle/REE. The expressions between these lesions were compared.
These expression pattern may provide an insight to the histogenesis of AOT.
Key words: Adenomatoid odontogenic tumor, cytokeratin 14, Cytokeratin
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derived from the odontogenic tissues constitute an unusually
diverse group of lesions. This diversity reflects the complex

Odontogenic cysts and tumors arise from the structures and  development of the dental structures, since these lesions all
remnants associated with tooth development. Cysts and tumors  originate through some alteration from the normal pattern of
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odontogenesis.

The epithelium associated with odontogenic cysts and tumors
is derived from one of the following sources:-
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e  The pre-functional dental lamina (odontogenic
epithelium with ability to produce a tooth), which is
more abundant for obvious reasons distal to the lower
third molars
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e  The post functional dental lamina, a concept that covers
those epithelial remnants such as cell rests of Serre,
located within the fibrous gingival tissue; the epithelial
cell rests of Malassez in the periodontal ligament and the
REE, which covers the enamel surface until tooth eruption

e  The basal cell layer of the gingival epithelium, which
originally gave rise to the dental lamina

e  The dental papilla, origin of the dental pulp, which has
the potential to be induced to produce odontoblasts and
synthesize dentin and/or dentinoid material

e  The dental follicle

e  The periodontal ligament, which has the potential to
induce the proliferation of fibrous and cemento-osseous
mineralized material.l'}

Odontogenic cysts are one of the most common destructive
lesions affecting the jaws. Radicular cysts, dentigerous cysts
and odontogenic keratocysts were the most common cystic
lesions, accounting for 95.2% of all odontogenic cysts.**

Adenomatoid odontogenic tumor like many odontogenic
tumors, has an interesting history. The earliest irrefutable case
that was first found was reported from Norway by Harbitz in
1915 as ““adamantoma’’; however, the case reported by James
and Forbes from England in 1909 as an “epithelial odontome”’
is almost certainly an AOT.!"!

Like all other odontogenic tumors, the specific stimulus that
triggers proliferation of the progenitor cells of AOT is unknown.
Because of its exclusive occurrence within the tooth-bearing
areas of the jaws and its histologic resemblance to the dental
lamina and components of the enamel organ, there is no
disagreement that the AOT is of odontogenic origin.’'THC
studies revealed differences between the duct and non-duct
forming cells; the non-duct-forming columnar cells expressed
amelogenin reactivity, whereas the duct-forming cells showed
no reactivity to amelogenin or the other enamel matrix
protein (enamelin and sheathlin) antibodies.!>4!

Dentigerous cyst is one that encloses the crown of an
unerupted tooth by expansion of its follicle and is attached
to its neck. It has been suggested that dentigerous cysts may
be of either extrafollicular or intrafollicular origin and that
those of intrafollicular origin may develop by accumulation
of fluid either between the REE and the enamel or within the
enamel organ itself.

Main in 1970 suggested that the pressure exerted by a
potentially erupting tooth on an impacted follicle obstructs
the venous outflow and thereby induces rapid transudation of
serum across the capillary walls. The increased hydrostatic
pressure of this pooling fluid separates the follicle from the
crown, with or without reduced enamel epithelium. With time,
capillary permeability is altered so as to permit the passage of
greater quantities of protein above the low concentration of
the pure transudate.!”!

Unicystic ameloblastoma originates within the mandible or
maxilla from epithelium that is involved in the formation of
teeth. Potential epithelial sources include the enamel organ,
odontogenic rests (rests of Malassez, rests of Serres), REE
and the epithelial lining of odontogenic cysts, especially
dentigerous cysts. The trigger or stimulus for neoplastic
transformation of these epithelial residues is totally
unknown. "9

UCA, a variant of ameloblastoma, first described by
Robinson and Martinez refers to those cystic lesions
that show clinical and radiologic characteristics of an
odontogenic cyst but in histologic examination show a
typical ameloblastomatous epithelium lining part of the
cyst cavity, with or without luminal and/or mural tumor
proliferation.t'”

The proposed three pathogenic mechanisms for the evolution

of UCA are as follows:

e  Thereduced enamel epithelium which is associated with a
developing tooth undergoes ameloblastic transformation
with subsequent cystic development

e  Ameloblastomas arise in dentigerous cysts in which
the neoplastic ameloblastic epithelium is preceded
temporarily by a non-neoplastic stratified squamous
epithelial lining

e A solid ameloblastoma undergoes cystic degeneration
of the ameloblastic islands, with subsequent fusion
of multiple microcysts and develops into unicystic
lesions.['™

Cytokeratins/cytoskeleton is a complex dynamic network of
protein filaments that reorganizes continuously and extends
throughout the cytoplasm. It is responsible for motility,
change in shape, muscle contraction, transport of organelles
and segregation of chromosomes.!'*2%

Cytoskeleton depends on three types of proteins:

° Actin filaments:
Also known as microfilaments, are helical
polymers of actin andhave a diameter of 5 — 9nm.
They are responsible for cell surface movements
and maintain polarity of the cell.

e  Microtubules:
Are long hollow cylinders made of tubulin and
have a diameter of 25mm. They aid in positioning
of organelles within the cytoplasm.

° Intermediate filaments:
Are tough rope-like structures and have a diameter
of 10nm, in between that of microfilaments and
microtubules.['*2!

Cytokeratins are epithelia-specific intermediate filament
proteins responsible for the structural integrity of
epithelial cells. Cytokeratins consists of 20 biochemically
and antigenically different polypeptides having
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molecular weights ranging from 40KDa to 67KDa. All
epithelia can be classified based upon cytokeratin protein
expression.[1%->!

Hisham et al., 2006 showed all cells of the enamel organ were
positive for CK 14 and its configuration showed differences
related to the stage-specific state of differentiation.*

Goa et al., 1989 studied cytokeratin expressions in
premalignant and malignant lesions and concluded that the
keratin expression in oral stratified squamous epithelium is
related to the cellular differentiation level. Keratins have a
number of distinct advantages for use as marker proteins.l?”

Crivelini et al., 2003 showed that all cells of the dental germ
were positive for CK 14, except for the preameloblasts and
secreting ameloblasts, in which CK 14 was gradually replaced
by CK 19.0

Crivelini ef al., 2005 showed that CK 14 labelling indicated
differentiation grades for secreting ameloblasts or ameloblasts
in the post-secreting stage in the adenomatoid structure of
AOT and suggested that the nature of AOT is hamartomatous
with histogenesis from the reduced enamel epithelium.”

Leon et al., 2005 showed the expression of CK 14 in AOT
and concluded that the ultrastructural aspects of the AOT
tend to support a probable origin in the reduced dental
epithelium.BP” [Table 1]

Lopes et al., 2005 analyzed the immunohistochemical
expression of CKs 7, 8, 10, 13, 14, 18 and 19 in the epithelial
components of ameloblastomas and AOT and found that CKs
were expressed by several forms of ameloblastomas and AOTs,
that are typically expressed by dental germ, which suggested
that these tumors have odontogenic epithelial differentiation,
whereas it has not evidenced expression of CKs proper of
squamous epithelium. Babu et a/.,2010 in their study observed
intense expression of keratin 14 in ameloblastoma by all
tumor cells and suggested that they may retain basal cell
characteristics with a potential for proliferation.*"!

Lu et al.,2007 showed the expression of CK 18 in keratocyst
epithelial linings transfers from basal cell layer to spinous layer.
The expression of CK 18 immunohistochemical staining and CK
18 mRNA in situ hybridization were different, which showed
CK 18 might be related to proliferation of OKC epithelial
linings. Author has suggested the existence of regulation of CK
18 and CK 18 mRNA expression in these cysts.[*?! [Table 2]

Objectives

° To evaluate expression of CK 14, CK 18 in REE/Dental
follicle (DF)

e  To evaluate expression of CK 14, CK 18 in Dentigerous
cyst

e To evaluate expression of CK 14, CK 18 in Follicular
type of AOT and to evaluate the possible histogenesis of
Follicular type of AOT

e To evaluate expression of CK 14, CK 18 in UCA.

MATERIALS AND METHODS

The study consisted of 20 samples of DC, 20 samples of Dental
Follicle/REE, 10 samples of Follicular type of AOT, 10 samples
of UCA. The expression of CK 14 and CK 18 was determined
immunohistochemically using monoclonal antibodies
(BiogenexLife Sciences Pvt.Ltd. Hyderabad Telangana) and
Biogenex Polymer HRP detection system. Squamous cell
carcinoma and breast cancer were used as positive controls.
Staining was considered to be positive for CK 14 and CK 18 if
only the cytoplasm of the cells were stained. Counting of cells
was done at a magnification of x1000 and a total of 100 cells
per specimen were counted. The number of CK 14 and CK 18
positive cells per 100 cells was thus determined. The number
of positive cells in four randomly selected high power fields
were counted and mean was determined. The layer in which
CK 14 and CK 18 were expressed was noted. Intensity of
CK 14 and CK 18 expression was graded subjectively as
positive, strong positive and weak positive. Scoring of CK 14
expression was done using Remmele score.

Table 1: CK 14 expression in AOT, UCA, DC and DF/REE

AOT DC DF/REE UCA Author

- Positive/ - - Hornia, 1987
negative

- Positive/  Positive/ - Goa et al., 1989
negative  negative

- Positive - - Meara et al., 2000

Positive - Positive  Positive  Crevelini et al., 2005

Positive - Positive - Crevelini ef al., 2003

Positive - - - Esquinche, 2005

Positive - - - Freidrich et al., 2009

AOT: Adenomatoid odontogenic tumor; UCA: Unicystic Ameloblastoma;
DC: Dentigerous cyst; DF: Dental follicle; DEE: Reduced enamel epithelium

Table 2: CK18 expression in AOT, UCA, DC and
DF (Dental follicle)/REE

AOT DC DF/REE UCA Author

- Positive/ - Positive ~ Hornia, 1987
negative

- Positive/  Positive/ - Goa et al., 1989
negative negative

- Positive - Positive/ Meara et al., 2000

negative

Negative - Negative - Crevelini et al., 2005

- - Negative Negative Crevelini ef al., 2003

- - - Positive  Esquinche, 2005

Positive/ - - Negative Ferreira, 2005

negative

AOT: Adenomatoid odontogenic tumor; UCA: Unicystic Ameloblastoma;
DC: Dentigerous cyst; DF: Dental follicle; DEE: Reduced enamel epithelium
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RESULTS

The highest expression of cytokeratin 14 was noted in
AOT [Figure 1], moderate in DC [Figure 2], UCA [Figure 3]
and least was seen in dental follicle/Reduced enamel
epithelium[Figure 4]. Cytokeratin 18 was negative in all the
cases included in the present study [Figure 5-8].

The mean percentage of CK 14 positive cells in different groups
was evaluated by one-way ANOVA statistics. Highest mean
percentage with 3.90 was seen in AOT and least positivity of
CK 14 expression was seen in DF/REE with 3.0526 which
were not statistically significant [Tables 3 and 4].

Statistical analysis was done using SPSS software, T-test
between AOT, Dentigerous cyst and UCAwith respect to
percentage, positivity, intensity and Remmeles score of CK
14 expressions was determined. Results showed statistically
significant differences between AOT and dentigerous cyst/

Figure 1: Photomicrograph showing rosettes and ducal pattern of
adenomatoid odontogenic tumor (AOT). (H&E stain, x100)

Figure 3: Photomicrograph showing cystic cavity lined by 2-4 layered
squmaous epithelium with underlying fi brocellular connective tissue
of dentigerous cyst (DC) (H&E stain, x100)

UCAwith AOTshowing more percentage, positivity, intensity
and Remmele score for CK 14 expression as compared to
dentigerous cyst and UCA.

DISCUSSION

AOT is an odontogenic tumor whose origin is still controversial.
Some, but not all of the follicular types of AOT may be derived
from the odontogenic epithelium of a dentigerous cyst. Dental
lamina remnants likely represent progenitor cells for the
peripheral type of this benign odontogenic tumor. Following
entrapment, these epithelial remnants proliferate in response
to an unknown stimulus, giving rise to the lesion. Furthermore,
Malassez remnants found in the periodontal ligament may
possibly give origin to an extrafollicular AQT.B0-33:341

The study analyzed cytokeratin expression in the epithelium
of odontogenic neoplasms. The typical intermediate filament
of odontogenic epithelium is CK 14. All cells of the REE and

Figure 2: Photomicrograph showing AOT stained with CK 14.
(IHC stain, x100)

Figure 4: Photomicrograph showing DC stained with CK 14.
(IHC stain, x100)
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Figure 5: Photomicrograph of unicystic ameloblastoma (UCA)
showing cystic cavity lined by stratifi ed squamous epithelium with
basal columnar cells and superfi cial stellate reticulum like cells. (H&E
stain, x40)

Figure 7: Photomicrograph showing Dental follicle (DF)/Reduced
enamel epithelium (REE). (H&E stain, x100)

Table 3: Expression of CK 14 in study groups

Groups Positive Negative
expression (%) expression (%)
Adenomatoidodontogenic tumor 10 (100) Nil (0)
Unicysticameloblastoma 10 (100) Nil (0)
Dentigerous cyst 20 (100) Nil (0)
Dental follicles/REE 15 (75) 5(25)

REE: Reduced enamel epithelium

Table 4: Mean percentage of CK 14 expression in study
groups

Groups Number Mean Std. deviation
AOT 10 3.900 0.56135
UCA 10 3.5000 0.70711
DC 20 3.4500 0.94451
DF/REE 20 3.0526 1.47097
Total 60 3.4542 1.11097

AOT: Adenomatoid odontogenic tumor; UCA: Unicystic Ameloblastoma;
DC: Dentigerous cyst; DF: Dental follicle; DEE: Reduced enamel epithelium

Figure 6: Photomicrograph showing UCA stained with CK 14. (IHC
stain, x100)

Figure 8: Photomicrograph showing DF/REE stained with CK 14. (IHC
stain, x200)

AOT exhibited CK 14 and thus it was hypothesized that AOT
arises from REE.*®

Our study findings correlate with the above-mentioned study,
as CK 14 expression was seen in AOT and DF/REE.

Meara JG et al. studied the pattern of cytokeratin 18 expression
in Odontogenic keratocyst (OKC) and DC. DC showed intense
staining as compared to OKC.P Positive expression of CK
18 and CK 14 is seen DF/REE and DC, suggesting that the
possible source of DC could be REE.7

Hormia et al., 1987 suggested that DC arose between the
REE and the enamel, or by the spilt in the enamel organ
itself. Author proposed that their results suggested that two
histogenic entities could occur that could not be distinguished
by routine histological examination.*®!

It has been quoted that the cytokeratin 18 positive cells could
have a specific histogenic origin and could, consequently, have
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distinct functional characteristics. Another possibility is that
the expression of cytokeratin polypeptide No. 18 in follicular
cysts is a sign of oncofetal transformation in these lesions. This
implication is supported by the finding that dermal keratinocytes,
which in normal adult skin are devoid of cytokeratin polypeptide
No. 18, do express this polypeptide in fetal skin and after
oncogenic transformation. It remains to be elucidated whether
the presence of cytokeratin polypeptide No. 18 in follicular
cyst epithelium could be associated with the development of
ameloblastomatous changes in the cyst wall.?"3%

With reference to aforementioned data, the present study
showed negative expression of CK 18 in DC, AOT, UCA and
DF/REE. So we are unable to correlate the CK 18 expression
in any of the lesions included in our study for their oncofetal
transformation.

Results from our study showed CK 14 is positive with AOT,
DC, DF/REE and UCA, whereas CK 18 was negative in all
these cases. Cases which were positive for CK 14 and CK 18
were supposed to be evaluated for expression of calretinin.
But none of the cases in our study were positive for both CK
14 and CK 18 hence calretinin was not analyzed as quoted.
The expression of CK 14 in all the lesions in the present study
was compared between the groups.

In AOTs, immunopositivity for CK 14 was detected in all cases.
The CKs was expressed by ameloblastomas and AOTs, that
have shown typical CKs of dental germ suggesting that these
tumors have odontogenic epitheilial differentiation, whereas
it has not evinced proper CKs of squamous epithelium.*4

Neoplasms related to the odontogenic apparatus may be
composed only of epithelial tissue or epithelial tissue
associated with odontogenic ectomesenchyme. The
immunohistochemical detection of different cytokeratin
polypeptides has made it easier to explain the histogenesis
of many epithelial diseases. The expression of CK 14 in the
REE probably indicates that AOT originates from REE, which
is in consistence with the findings of research work done by
various authors. Despite advances in the field of epigenetic
alteration, origin of AOT is still controversial. However,
additional studies with a larger sample size are necessary to
prove this hypothesis.
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