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Abstract
Introduction. Odontogenesis is the process by which teeth form, and where different 
molecules are expressed, among them some cytokeratins (CK) like CK14 and CK19. Rem-
nants of odontogenic epithelium may persist once the development process is complete, 
which has been suggested to be involved in the development of ameloblastoma, one of the 
most common benign odontogenic tumors. It has been suggested that CK14 and CK19 
are useful markers of ameloblast differentiation and that they could have implications for 
tumor behavior. The aim of this study was to describe the patterns of immunohistochemi-
cal expression of these cytokeratins in tooth germs and ameloblastomas.
Materials and methods. We worked with 6 solid multicystic ameloblastomas and 5 tooth 
germs. The immunohistochemistry technique was used to visualize CK14 and CK19. 
Results. We detected CK14 and CK19 immunoexpression in the epithelium and no ex-
pression in the ectomesenchyme in both tooth germs and ameloblastomas. It was conclu-
ded that CK19 can be considered an efficient marker of ameloblast differentiation, whereas 
CK14 is gradually replaced by CK19 in the inner epithelium of the enamel organ, showing 
strong immunoexpression in secretory ameloblasts.
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Introduction
Odontogenesis is a biological process by 
which stomodeal ectodermal cells interact 
with underlying ectomesenchymal cells to 
form teeth. Tooth development includes 
growth, migration and cell differentiation, 
as well as a series of events that result from a 
complex and intricate cascade of genes that 
are expressed in a specific place and sequence 
(1).
Several molecules are expressed both in the 
ectomesenchyme and in the ectoderm, and 
they have different roles (2). Good exam-
ples of this are the cytokeratins expressed 
by epithelial cells and which are responsible 
for diverse biological mechanisms where 
epithelia participate (3-6). Once odontoge-
nesis is complete, there are areas in maxilla 
and mandible where we can find remnants 
of odontogenic epithelium (7). It has been 
suggested that these remnants can give rise 
to various lesions such as cysts and odonto-
genic tumors. The most frequent odonto-
genic tumor is the ameloblastoma, a loca-
lly aggressive benign neoplasm which has a 
wide spectrum of histological patterns that 
resemble the early stages of odontogenesis 
(8). 
The aim of this study was to describe the pat-
terns of immunohistochemical expression of 
two cytokeratins, CK14 and CK19, in tooth 
germs and ameloblastomas. As the expression 
of these two cytokeratins has been shown in 
odontogenesis and carcinogenesis, and its 
usefulness as a prognosis tool in various ma-
lignant neoplasms has been proven, we belie-
ve that it is important to try to understand 
the role of these intermediate filaments in 
embryonic and tumor progression processes 
(9). This is why we decided to study these two 
cytokeratins in normal embryonic processes 
(odontogenesis) and in pathological neoplas-
tic processes (ameloblastoma).

Materials and methods
For the immunohistochemical study we wor-
ked with 6 solid multicystic ameloblastomas 
from the Oral Pathology Lab of Universidad 
Autónoma Metropolitana Xochimilco (Mexi-
co) and 5 tooth germs from the Histology 
Department of the School of Dentistry, Uni-
versidad de la República (Uruguay). Both tu-
mors and tooth germs were stored and placed 
in paraffin blocks. A descriptive-observational 
study was conducted.
Immunohistochemistry technique 
Sections measuring 2-μm were cut and placed 
on poly-L-lysine coated slides. The sections 
were deparaffinized in a stove at 45oC for 30 
minutes and subsequently left in xylol for 5 
minutes. The sections were hydrated with de-
creasing concentrations of absolute alcohols 
(90%, 70% and 50%) and rinsed with disti-
lled water. To unmask epitopes, the antigen 
retrieval technique was used with a 10mM 
(pH 6.2) sodium citrate solution using a pres-
sure cooker in microwave oven at full power 
(750 W) for 5 minutes. Then they were left to 
cool to room temperature and subsequently 
rinsed with distilled water. Endogenous Pe-
rixodase were blocked with hydrogen peroxi-
de (0.9%), followed by washes with distilled 
water and phosphate buffered saline pH 7.4 
(PBS). Monoclonal primary antibodies were 
incubated against CK 14 (Clone N3C3 Ge-
netex, CA, USA, dilution 1:100) and against 
CK 19 (Clone RCK108, Dako Corporation, 
Carpinteria CA, USA, dilution 1:100) for 
45 minutes. The sections were then incuba-
ted with the second biotinylated anti-mouse/
anti-rabbit antibody and with the streptavi-
dine/peroxidasa complex (LSA-B + Labeleds-
treptavidin-biotin, DakoCorporation, Car-
pinteria CA, USA) for 30 minutes each one. 
The products of the reaction were visualized 
with 3.3’-diaminobenzidine-H2O2 (DBA) 
substrate (Dako Corporation, Carpinteria, 
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CA, USA). The sections were counterstained 
with Mayer’s hematoxylin. Oral mucosa and 
skin fragments were used as positive controls; 
as negative controls, the incubation with the 
primary antibodies was omitted.

Results
In this study we detected CK14 and CK19 im-
munoexpression in the epithelium and no ex-
pression in the ectomesenchyme both in tooth 
germs and in ameloblastomas. When obser-
ving the enamel organ we can see how CK19 
expression varies in the different layers depen-
ding on the area observed (Figure 1A). For 
example, upon analyzing the inner epithelium 
of the enamel organ, there is stronger CK19 
expression on the cell membrane (basal, apical 
and lateral surfaces); in the intermediate layer 
the expression was strongly positive for CK19 
around the nucleus; the stellate reticulum was 
strongly positive for CK19 in the extensions, 
with a lower positive expression in the body 
cell (Figure 2A), while in the outer epithelium 
the expression is uniform in the cytoplasm, fo-
llowing the flat shape of the body cell, and fina-
lly in the involuting dental lamina we observed 
intense staining and a homogeneous pattern 
(Figure 3A). Immunostaining was negative for 
CK14, except for weak immunostaining ob-
served in the inner epithelium (Figures 1B and 
2B). However, there was stronger immunostai-
ning in the dental lamina (Figure 3B).

Figure 1 - Tooth germ (100X). A- CK19 Immuno-
histochemical staining. B - CK14 Immunohisto-
chemical staining.

Figure 2 - At greater magnification we can see the 
inner epithelium, intermediate layer and stellate re-
ticulum (400X). A - CK19 Immunohistochemical 
staining. B - CK14 Immunohistochemical staining. 

Figure 3 - Dental lamina. A - CK19 Immunohisto-
chemical staining. B - CK14 Immunohistochemical 
staining.

Figure 4 - Cervical loop (400X). A - CK19 Immu-
nohistochemical staining. B - CK14 Immunohisto-
chemical staining. 

As for ameloblastomas, three of the six solid/
multicystic ameloblastomas included in this 
study were follicular ameloblastomas and 
three were plexiform ameloblastomas. All the 
tumors were positive for CK14 and CK19. 
Immunopositivity was greater for CK14 than 
for CK19: there was focal immunostaining 
for CK19 and mainly diffuse immunostai-
ning for CK14.



7Immunohistochemical analysis of CK14 and CK19 in tooth germ and ameloblastoma

Figure 5 - Ameloblastoma (400X) A - CK14 Immu-
nohistochemical staining. B - CK19 Immunohisto-
chemical staining.

CK19 positivity was predominantly mode-
rate, showing some variations depending on 
the tumor area, as in follicular ameloblas-
tomas, immunostaining was found in the 
islands and follicles of odontogenic epithe-
lium with cytoplasmic positivity both in pe-
ripheral basal cells with inverse polarization 
and in central cells that resemble the stellate 
reticulum. However, said staining was not 
uniform, since in the tumor itself we found 
foci that were more positive than others, and 
inside the same follicles there were areas with 
positivity variations that did not follow a set 
pattern (see figure 5). As for plexiform ame-
loblastomas, plexuses and cords also showed 
moderate immunostaining which was not 
uniform, with areas that were more strongly 
positive than others.
CK14 positivity was in general more inten-
se and less focal, appearing uniformly along 
all the cords and plexuses of the odontogenic 
epithelium for the plexiform variation, and 
for the follicular variety, the follicles and is-
lands of the odontogenic epithelium appea-
red uniformly in the entire tumor.

Discussion
Cytokeratin expression patterns in odonto-
genic epithelium have been poorly descri-
bed (10-16). Domingues et al. (10), in their 
immunohistochemical study, showed that 
epithelial cells of the tooth germ and the 

remnants of the dental lamina are positive for 
CK14 and CK19 with slight changes in their 
expression pattern, depending on the odon-
togenesis stage. Our study shows similar re-
sults, particularly for CK19, when observing 
the changes in the inner epithelium from the 
cervical loop to the future incisal edge, area 
where the position of calcified material beg-
ins. Domingues et al. found that the inner 
epithelium of the enamel organ was stron-
gly positive for CK14 in the bell stage, while 
once in the late bell stage, this epithelium, af-
ter ameloblast differentiation, showed weaker 
staining for CK14. This staining appeared in 
the basal and apical surfaces of the cells. We 
also found areas of the inner epithelium with 
weak immunostaining for CK14. In contrast, 
CK19 showed weak immunostaining in the 
inner epithelium in the bell stage, but when 
these cells are differentiated in ameloblasts, 
the positive intensifies and the cell membra-
ne begins to show (that is to say, the basal, 
apical and lateral surfaces). Our studies agree 
with these findings, as we see how the inner 
epithelium increases CK19 expression as the 
cells differentiate into ameloblasts. We have 
also observed that as well as having stronger 
CK19 staining, its distribution changes. The 
least differentiated cells present diffuse stai-
ning while the most differentiated cells show 
strong staining in the areas close to the cell 
membrane (Figure 4). Domingues et al. sta-
te that the most prevalent cytokeratin in the 
remnants of dental lamina was CK14, which 
strongly stained all cells, while CK19 appea-
red only in some cells of the dental lamina, 
with a non-homogeneous pattern. However, 
in our preparations, staining is strong and has 
a homogeneous pattern for both cytokeratins 
(Figure 3). Domingues et al. also observed 
CK14 expression in the stellate reticulum, ex-
pression which was stronger in the early bell 
stage. They also found CK 19 expression, but 
it was slightly weaker. In our cases we did not 
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find CK14 immunoexpression, probably due 
to the fact that they belong to more advanced 
embryological stages than the early bell sta-
ge. As for CK19, we found strong positivity 
in the extensions, while it was weaker in the 
body cell (Figure 2). As for the outer epithe-
lium of the enamel organ, they only report 
staining for CK14 and for CK19; we can 
only add that CK19 expression is uniform in 
the cytoplasm, following the flat shape of the 
body cell. 
Crivelini et al. (11), Ferreira Lopes et al. (12), 
Leon et al. (13), Kasper et al. (14), Heikin-
heimo et al. (15) and Gao et al. (16) have also 
studied CK19 expression in tooth germ, al-
though not in depth. They found CK19 in 
the enamel organ (11-16) and in the dental 
lamina (11, 13, 14). Crivelini et al. and Leon 
et al. agree with our findings. They report-
ed that CK14 is gradually replaced by CK19 
in the inner epithelium of the enamel organ, 
with strong CK19 immunoexpression in se-
cretory ameloblasts (15).
Given the changes in the expression of CK14 
and CK19 in the inner epithelium of the ena-
mel, some authors have suggested that CK19 
could be considered a marker of ameloblast 
differentiation (10, 11). 
Many authors have studied these two cytoke-
ratins in depth in tumors, among which we 
find odontogenic tumors. They do it to deter-
mine their histogenesis or as differential diag-
nosis for other lesions. Many have shown that 
the aberrant expression of CK14 and CK19 
can be an early finding in the pathogenesis of 
oral squamous cell carcinoma and can be used 
as a marker of tumor differentiation (17-19). 
Several studies show that CK19 expression 
increases according to the degree and stage of 
the cancer, including epithelial neoplasms of 
the oral cavity (20, 21).
Our studies show that CK19 expression was 
mainly moderate, showing some variations in 
the positivity depending on the tumor area. 

As for follicular ameloblastomas, there was 
immunostaining in the islands and follicles of 
the odontogenic epithelium. There was cyto-
plasmic activity both in peripheral basal cells 
with inverse polarization as in central cells 
that resemble the stellate reticulum. Howe-
ver, said staining was not uniform, since in 
the tumor itself we found foci that were more 
positive than others, and inside the same fo-
llicles there were areas with positivity varia-
tions that did not follow a set pattern.
Some authors (12, 22, 23) studied CK19 ex-
pression in ameloblastomas and report that 
they found it in all the cells of the tumor, but 
they do not mention the changes of intensity 
that we found. Crivelini et al. report finding 
CK19 expression in some groups of cells with 
squamous metaplasia and a weak reaction in 
the central and flat stellate cells of cystic struc-
tures, which points to non-uniform staining, 
as we observed in our studies. They attribute 
this to the fact that CK19 characterizes only 
ameloblasts and preameloblasts with comple-
te differentiation, which does not happen in 
ameloblastomas. In our studies, CK14 positi-
vity was generally more intense and less focal, 
appearing uniformly along all the cords and 
plexuses of the odontogenic epithelium for 
the plexiform variety, and for the follicular 
variety, the follicles and islands of the odon-
togenic epithelium were uniformly positive 
in the entire tumor. Several authors report 
CK14 positivity in the peripheral cells of the 
follicles (11, 12, 22), but there is no agree-
ment regarding its presence or not in inner 
cells: some report negativity in the central 
area of cells that resemble the stellate reticu-
lum (12), and others say that CK14 is expres-
sed in most inner cells, while, as stated above, 
we noted CK14 expression in all cells.
We conclude that, as reported by several 
authors, CK19 can be considered an effecti-
ve marker of ameloblast differentiation (10, 
11, 20, 21) because, when the cells of the in-
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ner epithelium differentiate into ameloblasts, 
immunostaining is usually strongly positive. 
Conversely, CK14 expression decreases. This 
points to the participation of these two in-
termediate filaments in the biology of dental 
organ formation. Regarding the results ob-
served in ameloblastomas, the fact that the 
expression of CK14 is stronger than that of 
CK19 would suggest that these neoplastic 
cells do not go through ameloblast differen-
tiation. This could be supported by the fact 
that these tumors do not produce calcified 
material. Given the inherent limitations of 
this study, both regarding the number of 
cases included and the use of only one im-
munoexpression technique, future studies 
should be conducted. They should include a 
representative sample of the different types of 
ameloblastomas and tooth germs and the use 
of various experimental approaches.
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