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Cell proliferation study in human tooth germs
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Abstract
The aim of this study was to determine the expression of MCM4-5-6 in human tooth 
germs in the bell stage. Materials and methods: Histological samples were collected from 
four fetal maxillae placed in paraffin at the block archive of the Histology Department 
of the School of Dentistry, UdelaR. Sections were made for HE routine technique and 
for immunohistochemistry technique for MCM4-5-6. Results: Different regions of the 
enamel organ showed 100% positivity in the intermediate layer, a variation from 100% to 
0% in the inner epithelium from the cervical loop to the incisal area, and 0% in the stellar 
reticulum as well as the outer epithelium. Conclusions: The results show and confirm the 
proliferative action of the different areas of the enamel organ.
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Introduction
Tooth organogenesis is a process involving a 
wide range of cellular functions which include, 
alternately, the participation of ectomesenchy-
mal and epithelial elements, represented by the 
dental papilla and the enamel organ, respective-
ly (1).During tooth development, the germ un-
dergoes different morphological stages, includ-
ing the bud stage, the cap stage and the early 
and advanced bell stage (1). Regarding structure, 
the tooth germ has three parts: two of ectomes-
enchymal origin (the papilla and the dental sac 
or follicle), and an epithelial one (the enamel or-
gan) (2). Dental papilla is responsible for the for-
mation of pulp and dentin, both on the crown 
and the root. In turn, the dental sac or follicle 
is responsible for the development of the deep 
periodontium components and the connective 
elements of the superficial periodontium. Fi-
nally, the enamel organ participates in enamel 
formation, especially at the start of the inner 
epithelium (3). All these physiological processes 
occur, among other things, through the cellular 
proliferation that results from an increase in the 
number of cells because of cell division (4).
There are various cell proliferation markers, in-
cluding the MCM2-7 complex (minichromo-
some maintenance)  (5).The MCM2-7 complex 
is formed by six different proteins (MCM2, 
MCM3, MCM4, MCM5, MCM6, MCM7) 
and is part of the prereplication complex of the 
cell cycle, so it has an essential role in DNA 
replication  (67). One of its roles is to start the 
replication process at the right time, for which 
it must change its three-dimensional structure. 
When inactive, the MCM2-7 complex has a 
reversible discontinuity in its toroidal struc-
ture. As MCM2 and MCM5 bind, they close 
this discontinuity, which allows the MCM2-7 
complex to activate (89). It is also responsible for 
helicase activity (10), stops replication (11), verifies 

that all the DNA is replicated (12), and prevents 
DNA from replicating more than once in the 
same cell cycle (13). The proteins in this complex 
are expressed throughout the cell cycle from the 
early G1 phase onwards, as well as in cells with 
proliferative potential, but not in quiescent 
cells (G0) (14).
This work aims to study the proliferative ac-
tivity of human tooth germs in the bell stage 
through the expression of molecules from the 
MCM4-5-6 complex in the outer epithelium, 
stellate reticulum, intermediate stratum and in-
ner epithelium of the enamel organ.

Materials and methods
We studied eight human tooth germs classified 
in the bell stage from the archive of the Histolo-
gy Department, School of Dentistry, Universi-
ty of the Republic, Montevideo, Uruguay. They 
were obtained from four fetal maxillae placed 
in paraffin blocks of between 17 and 24 weeks 
of development. They are listed as processed in 
1970 and were cut with a microtome, in 4-mi-
cron sections, and placed on silanized plates. A 
section was taken per sample to be stained with 
the hematoxylin and eosin technique, as well 
as three sections for immunohistochemistry 
(IHC) for MCM4-5-6 proteins.
For the immunohistochemical technique, the 
sections were deparaffinized in a stove at 45ºC 
for 60 min and subsequently left in xylol for 5 
minutes. They were then hydrated with decreas-
ing concentrations of absolute alcohols (90%, 
80%, 70% and 50%) and rinsed twice with 
distilled water. To unmask epitopes, the anti-
gen 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 6 min. Then they were left to cool 
at room temperature and subsequently rinsed 
with distilled water. Endogenous peroxidase 
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were blocked with hydrogen peroxide (0.9%) 
for 5 minutes, followed by washes with distilled 
water and pH 7.4 phosphate buffered saline 
(PBS). The slides were placed on plates and 
then in racks for immunohistochemistal tests by 
capillary action. We incubated the monoclonal 
primary antibodies against MCM4-5-6 (Leica 
Biosystems, Newcastle, UK, dilution 1:100) 
for 45 minutes. The sections were then incu-
bated with the second biotinylated anti-mouse/
anti-rabbit antibody and with the streptavidin/
peroxidase complex (LSA-B + Labeled strepta-
vidin-biotin, DakoCorporation, Carpinteria 
CA, USA) for 30 minutes each. The products 
of the reaction were visualized with substrate 
3.3’-diaminobenzidin-H2O2 (Dako Corpora-
tion, Carpentry, CA, USA). The sections were 
counterstained with Mayer’s hematoxylin. Am-
eloblastoma specimens were used as blank sam-
ples.
The positive cells in the outer epithelium, stel-
late reticulum and intermediate stratum were 
counted, as well as in the cervical, middle and 
apical thirds of the inner epithelium of the 
enamel organ, according to the method de-
scribed by Bologna et al. (15).
We evaluated the expression of each antibody 
in selected areas rich in epithelial cells. Five mi-
crophotographs were taken per case, with 40x 
magnification in each field, with an Olympus® 
light microscope. The image was converted to 
JPEG format. Each file was opened in Micro-
soft PowerPoint, and with the “table” function, 
we created a 10x10 table which was superim-
posed on the microphotograph to facilitate 
the count. The positive and negative cells were 
counted manually. The rule of three was ap-
plied (total of positive cells x100/total number 
of cells). The percentage of positive cells was 
calculated for each field.

Results
Once the specimens had been analyzed, we 
noted that the distribution of cell positivity in 
each of the thirds of the inner epithelium of 
the enamel organ was uniform for all the com-
ponents of the MCM complex studied (Fig.1).
However, these cell proliferation markers are 
not expressed in the outer epithelium cells of 
the enamel organ and of the stellate reticulum, 
but express 100% positivity in the intermediate 
stratum cells.

Fig. 1 - The image shows how the inner 
epithelium areas were systematized (A). 
Average percentage of positively marked cells 
in each sector of the inner epithelium of the 
enamel organ in the germs studied for MCM 
4 (B), MCM 5 (C) and MCM 6 (D). 40x 
magnification.

The peripheral section of the dental papil-
la presents a reverse distribution for the three 
markers, showing a continuum of lower prolif-
eration rate in the cervical portion of the papil-
la, somewhat greater in the middle third and a 
high positivity rate in the third incisal or occlu-
sal plane (Figs. 2 and 3).
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Fig. 2. Panoramic view of the tooth germ 
in the bell stage. We observe MCM4 
immunoexpresion, which is positive inside the 
enamel organ and negative in the area of the 
outer epithelium. 10X magnification.

Discussion
Immunodetection of proteins involved in the 
process of cell proliferation is usually performed 
using biomarkers such as Ki-67, which is con-
sidered the gold standard (16). This paper aims, 
for the first time, to identify three cell prolifera-
tion markers not studied so far in tooth germs: 
MCM4, 5 and 6. One of the differences be-
tween this complex and protein Ki-67, among 
others, is that protein Ki-67 is not expressed 
in the early G1 stage but from late G1, and 
continues throughout the cell cycle, except in 
quiescent cells (G0). The MCM complex mol-
ecules are expressed even in early G1, and are 
considered more sensitive in terms of their mo-
lecular detection (17-18).
Previous studies conducted by Muica et al. in 
2014 determined that Ki-67 expression de-
creases with the progress of the tooth develop-
ment stages in all tissues and strata that make 
up the tooth germ (19). Kero et al. support these 
results after their study conducted in the same 
year, where they determined that increased cell 
proliferation allows the enamel organ to grow, 
while its selective reduction in the different 
components of the germ leads to the disintegra-
tion of certain dental structures (20). The fall of 
the cell proliferation index coincides with the 
beginning of the ameloblast and odontoblast 

Fig. 3. MCM6 immunoexpresion inside the enamel organ, where we observe a continuum of 
positivity in the inner epithelium at cervical (A), middle (B) and crown (C) levels. The three 
sectors have almost 100% of positivity in the cells of the intermediate stratum (arrow). 40x 
magnification. 
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differentiation (20). In turn, each cell layer that 
makes up the tooth germ has specific prolifera-
tion activity. The proliferation rate of the inner 
epithelium of the enamel organ and the den-
tal papilla peak in week 14, falling in week 21 
during the late bell stage. This coincides with 
the appearance of mature enamel in the crown 
area, or ameloblast and odontoblast differenti-
ation (20). Additionally, both the outer epitheli-
um and the stellar reticulum showed a steady 
decline in the proliferation activity throughout 
this stage. The distribution of proliferating cells 
was more uniform at the dental papilla in all 
the stages studied, compared to the rest of the 
cell layers (20).
Comparing our results with the studies cited, 
in our study there is a gradual decrease in the 
MCM4, 5 and 6 percentage in the epithelium 
of the enamel organ, which might indicate a 
decline in the proliferation to promote selec-
tive tooth disintegration. This makes it possible 
to move to a more mature state of the tissue, 
which coincides with the differentiation of am-
eloblasts and odontoblasts. This also presents 
the negative expression of markers at the outer 
epithelium and the stellar reticulum.
Although MCM markers are more sensitive in 
certain tissues compared to the action of Ki-
67  (17-18), we believe that these studies can be 
compared to our results.
Studies based on the invagination patterns of 
the Hertwig epithelial root sheath and the me-
sial root formation, as well as the formation of 
the tooth bifurcation, determine that these re-
gions are correlated with the condensation of 
highly proliferative mesenchymal cells. In mo-
lars, the percentage of Ki-67 was 50% higher 
than in the mesial root areas with bifurcation, 
which suggests that pulp proliferation induces 
epithelial migration at this stage (21-22).
Therefore, based on our results, where the pos-
itive expression of these three MCM proteins 
decreases (100% at the incisal level, 47-56% in 
the middle and reaching 1.334.33% at cervical 
level in the early bell stage), we believe that as 

odontogenesis stages progress jointly with cell 
differentiation, the different strata of tooth for-
mation express levels of cell proliferation in a 
differential manner, with an epithelial-mesen-
chymal induction, concluding with the normal 
development of teeth.

Conclusions
According to the data obtained, we can consid-
er that the proteins of the MCM Complex 4, 
5 and 6 are indicators of proliferative activity 
in the process of ondontogenesis. Our findings 
show a continuum of concentrations of these 
molecules with marked differences between the 
cervical, middle and crown sections of the inner 
epithelium of the enamel organ. This is con-
sistent with the cellular activity described by 
several authors in the literature. Such evidence 
is also found in the cells of the dental papilla, 
which should be the focus of further research.
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