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Summary 

Rodent incisors are known to be continuously growing teeth that are maintained by both 

the cell-proliferation at the apical end and the attrition of the incisal edge.  This type of 

tooth had a special epithelial structure for the maintenance of stem cells, showing the 

bulbous epithelial protrusion at the apical end.  The morphological transition of the 

epithelial-mesenchymal compartment by serial transverse sections of the apical end 

toward the incisal direction is likely to reflect the development of the tooth germ in the 

prenatal stage.  Based on the present histological and previous molecular biological 

studies, the special structure at the apical end is obviously different from the cervical 

loop giving rise to Hertwig’s epithelial root sheath (HERS), in human, mouse and rat 

molar tooth germs.  Hence, we propose a new concept that the eternal tooth bud 

producing various dental progeny is formed at the apical end of continuously growing 

teeth, and a new term "apical bud" for indicating this specialized epithelial structure.  

Furthermore, BrdU labelling analysis suggested that the guinea-pig molars, which were 

continuously growing teeth, also possessed plural specific proliferative regions and 

“apical bud” at the apical end. 
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Introduction 

Rodent incisors are continuously growing teeth, and all stages of odontogenesis 

including amelogenesis and dentinogenesis can be surveyed if we prepare the sections 

of the tooth from the apical end to the incisal edge.1-3  This phenomenon is maintained 

by both the cell-proliferation at the apical end and the attrition of the incisal edge.  

Recent molecular biological studies have clearly demonstrated the existence of the 

niche for the self-renewing adult stem cells in these rodent incisors and the molecular 

signals regulating the maintenance and cell fate decision of adult stem cells by the 

epithelial-mesenchymal interaction through fibroblast growth factor (FGF) signalling.4,5  

The term “cervical loop” has been so far used for indicating the epithelial tissue situated 

at the proliferative end of the rodent incisor.4-6  However, the “cervical loop” is the 

term referring to the junctional zone where the inner enamel epithelium meets the 

external enamel epithelium at the rim of the enamel organ.7  Thus, there is no suitable 

term for indicating this specialized epithelial compartment at the apical end of rodent 

incisors. 

The stem cells divide slowly to give rise to one daughter cell that remains in 

the apical region and another cell enters the zone of rapidly dividing inner enamel 
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epithelial cells (transit-amplifying cell population) to differentiate into ameloblasts to 

deposit the enamel matrix.  In addition to the previous cell proliferation assays in 

rodent incisors,1,2,4,8,9 our recent cell kinetic studies by double staining of 

5-bromo-2’-deoxyuridine (BrdU) and Ki67 as the markers of dividing cells have clearly 

shown the presence of adult stem cells in the apical end of rodent incisors.10  Thus, the 

apical region of these teeth is totally different from “cervical loop” in rodent molars or 

human teeth from the viewpoint of the morphology and the biological significance. 

The continuously growing teeth are represented not only by rodent incisors but 

also molars in certain other species, including rabbits, guinea-pigs, and field voles.  In 

these animals, the structural similarity of the dental epithelium has been detected.11-13  

Basically, these specific structures are composed of a large amount of the stellate 

reticulum and the basal epithelium.  The present study aims to clarify the 

morphological features of the apical end of continuously growing teeth from both 

rodent incisors and guinea-pig molars and the structural similarities and differences 

between these two species. 
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Materials and Methods 

All experiments were performed following the Guidelines of the Niigata University 

Intramural Animal Use and Care Committee.  The incisors were dissected carefully 

from the mandibles of 2 or 3-day-old mice after the amputation of heads under deep 

anesthesia.  Dissected teeth were fixed in 2% paraformaldehyde + 2.5% glutaraldehyde 

+ 1% acrolein in 0.01M phosphate buffer saline (PBS) (pH 7.2) overnight at 4°C.  

They were then post-fixed in 1% OsO4 with 1.5% potassium ferrocyanide for 2 hours, 

dehydrated through a graded series of ethanol and embedded in Epon 812.  Serial 

semithin sections were cut at a thickness of about 1 μm and stained with toluidine blue 

at both parallel and right angles to the long axis of the apical end of the epithelial 

compartments. 

For the observation of three-dimensional features of the apical end of the 

epithelial compartments, the dissected incisors of 2 or 3-day-old mice were incubated in 

2% collagenase Dulbecco’s minimum essential medium (D-MEM) at 4°C for 8 hours 

and the epithelium were separated with the mesenchyme carefully using the forceps.  

The separated tissues were fixed in 2% paraformaldehyde + 2.5% glutaraldehyde + 1% 

acrolein in 0.01M PBS (pH 7.2) overnight at 4°C.  They were then post-fixed in 1% 
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OsO4 with 1.5% potassium ferrocyanide for 2 hours, dehydrated through a graded series 

of ethanol and critical-point-dried with liquid CO2 (Hitachi, HCP-1).  The specimens 

were sputter-coated with gold in a vacuum evaporator (Eiko, IB-3) and observed by 

scanning electron microscopy (SEM; Hitachi S-570) using an accelerating voltage of 

5-15 kV. 

Three or 4-week-old guinea-pigs were injected by an intraperitoneal injection 

of BrdU 2 hours or 5 days before the fixation and transcardially perfused with 

physiological saline followed by 4% paraformaldehyde in 0.1 M phosphate buffer (pH 

7.4) under deep anesthesia by an intraperitoneal injection of chloral hydrate (350 

mg/kg).  The maxillae and mandibles including molar teeth were en block and 

immersed in the same fixative for an additional 6 hours.  Following decalcification 

10% ethylenediaminetetraacetic acid (EDTA) solution for 4 weeks at 4°C, the 

specimens were dehydrated through a graded series of ethanol and embedded in paraffin.  

Serial horizontal sections of the molars, 5 mm thick, were stained with hematoxylin and 

eosin (H&E) or processed for BrdU cell proliferation assay using BrdU 

immunohistochemistry system (Merck Chemical Ltd, UK). 
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Results 

Morphological features of the stem cell component in continuously growing incisors 

Sagittal semithin sections of the rodent incisor tooth germ including the apical end 

showed that the labial epithelial compartment appeared as an oval-shaped structure.  

The morphology of serial transverse sections of the apical epithelial compartment 

showed the morphological features equivalent to bud, cap and bell stages-tooth germs of 

molar teeth.  These structures were composed of the cells of inner and outer enamel 

epithelium, and stellate reticulum.  Cutting more incisally, the mesial and lateral 

Hertwig’s epithelial root sheaths (HERS) elongated toward lingual side and met each 

other finally to encircle the dental pulp totally (Fig. 1).  The SEM clearly demonstrated 

that three-dimensional views of the apical epithelial compartment appeared as a human 

head-like structure equipped with his arm corresponding to the cervical loop (Fig. 1). 

 

Morphological features of the stem cell component in continuously growing molars 

Serial horizontal paraffin sections from the apical end to the occlusal surface of 

guinea-pig molars showed plural buds and bell stage-tooth germ (Fig. 2).  When cells 

labeled by BrdU are examined at 2 hours after BrdU injection, they were localized in 
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the inner enamel epithelium and basal epithelium of the buds.  At 5 days after 

injections, the labeled cells reside only at the border between the stellate reticulum and 

the basal epithelium.  The occlusal view of the molar represented the S-shaped features, 

and the buccal side of the tooth was covered with enamel: the lingual side – both 

enamel and cementum (Fig. 2). 

 

Discussion 

Adult stem cells are present in many vertebrate regenerative tissues including the 

hematopoietic system, nervous system, gut, gonads, skin, olfactory epithelium and 

tooth.4,14-16  Adult stem cells have been shown to undergo asymmetric cell division 

resulting in one daughter cell remaining in the stem cell compartment and another 

undergoing further cell divisions and giving rise to differentiated cells.4,14  It is 

reasonable to suppose that a variety of continuously growing teeth possess the dental 

adult stem cells.  The present and previous10 cell kinetic studies using BrdU and/or 

Ki67 as the markers of dividing cells clearly demonstrated that the dental epithelium of 

the rodent incisor and the guinea-pig molar has a special structure for the maintenance 

of stem cells at the apical end including the cell-proliferative region. 
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The serial semithin sections represented that the morphological features of the 

apical epithelial compartments from mouse incisors were equivalent to bud, cap and bell 

stages-tooth germs at the prenatal stage.  These structures were composed of the cells 

of inner and outer enamel epithelium, and stellate reticulum.  These morphological 

features were also observed in the guinea-pig molar where plural specific proliferative 

regions existed at the apical end and the serial transverse sections of the apical end 

reflect the development of the tooth germ with limited growth.  These results suggest 

that the situation of dental stem cell niche in the mouse incisor also applies to the tooth 

germ of guinea-pig molars.  In the latter cases there may be plural stem cell 

compartments. 

Concerning the molecular mechanism of continuously growing teeth, previous 

studies elucidated that the molecular signals regulating the maintenance and cell fate 

decision of adult stem cells, such as Notch-1, Lunatic fringe, fibroblast growth factor 

(FGF)-10, are expressed in the epithelial structure and the surrounding 

mesenchyme.4,5,10,13  In the case of the tooth with limited growth, on the other hand, 

these signals were transiently expressed during cap stage when the tooth grows rapidly 

and epithelium undergoes folding morphogenesis, and their expressions ceased 
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gradually according to the progress of the tooth development.17  Taken together, the 

tooth bud corresponding to the developing tooth germ at the prenatal stage is eternally 

maintained at the apical end of continuously growing teeth.  Thus, we would like to 

propose the new term “apical bud” for referring to the epithelial stem cell compartment 

in continuously growing teeth and to claim that “apical bud” is obviously different from 

the cervical loop and/or cell population of inner enamel epithelium as transit-amplifying 

cells in the molar germs with limited growth.  
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Figure legend 

Fig. 1. A diagram showing three-dimensional transverse views at different position of a 



12 

rodent incisor.  The morphological transition by the transverse view from the 

apical to incisal edge is very similar to that of the tooth germ from bud to bell 

stage, respectively (a–c).  Cutting toward the incisal edge, the mesial and lateral 

Hertwig’s epithelial root sheath (HERS) elongate toward lingual side and finally 

encircle the dental pulp (d, e).  The right panel indicates the three-dimensional 

view of the apical epithelial compartment obtained from a lower incisor of a 

3-day-old mice by scanning electron microscopy (SEM).  The apical epithelial 

region (*) appears as a human head-like structure and the cervical loop (arrows) 

corresponds to its arms. 

Fig. 2. A diagram showing transverse views at different positions of a guinea-pig molar.  

Continuously growing molars show the developmental stages including bud-bell 

stages, the development and fusion of HERS, and the formation of both crown- 

and root-analogue dentin at the buccal and lingual sides, respectively.  

Interestingly, another epithelial compartment (*) appears in the lingual side to 

result in the S-shaped dentin formation. 


