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Abstract: 

For any ectodermal organ to develop there must be an interaction or cross talk between the 

epithelial cells and the mesenchymal cells. This is regulated by certain signaling pathways and 

the process is termed as epithelial mesenchymal interactions. 

EMI‟s are the basis of organogenesis. They are of prime importance in tooth development. 

Purpose of review:  

 This review aims on presenting the brief representation of most of the(up to date) reviews on 

EMI through a single window.  

By understanding the EMI in physiology and pathology  it will aid in taking the research on 

regeneration of tooth to further heights.  

 

 

Introduction: 

Development of tooth proper precedes through a series of highly orchestrated inductive 

interaction and reciprocal inductions between the dental epithelium and mesenchyme. This is 

epithelial mesenchymal interactions in tooth development ( 1,2,3,4,5)  

Both dental epithelial and mesenchymal tissues are indispensable for the tooth development 

([6]Mc Carrol and Dahlberg, 1934,[7] Koch 1967 ) 
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The tooth development is considered to be segmental or sequentially arranged organ system in 

which specific numbers of teeth are developed in defined location along the linear axis of the 

jaw. This is mediated by epithelial and mesenchymal interactions.  

Thus, this review aims at providing a briefly compiled version of recent revierw of literature on 

EMI‟s of tooth development. This will enable in understanding the etiology of many dental 

pathology (abnormality) to aid in the process of dental correction or regeneration.  

EMI in other Tissues:  

 During the embryonic development of ectoderm derived appendages undergo EMI‟s to give rise 

to a large variety of highly specialized organs such as hair follicles, mammary glands salivary 

glands etc. In the process of embryonic development the ectoderm is composed of surface 

ectoderm, neural crest and neural tube. This will give rise to the epidermis or skin and the oral 

epithelium ([8]Carlson, 2004) 

 EMT during Embryogenesis and Organ Development: 

                     Following the earliest stages of embryogenesis, the implantation of the embryo and 

the initiation of placenta formation are both associated with an EMT that involves the parietal 

endoderm (9). In particular, the trophoectoderm cells, which are precursors of the 

cytotrophoblast, undergo an EMT in order to facilitate invasion of the endometrium and the 

subsequent proper anchoring of the placenta, enabling its function in nutrient and gas exchange 

(10,11).Historically, epithelial and mesenchymal cells have been identified on the basis of their 

unique visual appearance and the morphology of the multicellular structures they create[12] 

(Shook andKeller, 2003). 

 

EMT associated with tissue regeneration and organ fibrosis: 

                       EMTs are found to be associated with fibrosis occurring in kidney, liver, lung, and 

intestine [13-16].Some of the earliest proof of this came from the study of transgenic mice 

bearing germ-line reporter genes whose expression was driven by epithelial cell–specific 

promoters. The behavior of these reporters provided direct evidence for epithelial cells serving, 

via EMTs, as important precursors of the fibroblasts that arise during the course of organ fibrosis 

(17-19) Fibroblast-specific protein 1 (FSP1; also known as S100A4) 
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EMT associated with cancer progression and metastasis: 

                         Excessive epithelial cell proliferation and angiogenesis are hallmarks of the 

initiation and early growth of primary epithelial cancers [20].The subsequent acquisition of 

invasiveness, initially manifest by invasion through the basement membrane, is thought to herald 

the onset of the last stages of the multi-step process that leads eventually to metastatic 

dissemination, with life-threatening consequences. The genetic controls and biochemical 

mechanisms underlying the acquisition of the invasive phenotype and the subsequent systemic 

spread of the cancer cell have been areas of intensive research. In many of these studies, 

activation of an EMT program has been proposed as the critical mechanism for the acquisition of 

malignant phenotypes by epithelial cancer cells[21]. Many mouse studies and cell culture 

experiments have demonstrated that carcinoma cells can acquire a mesenchymal phenotype and 

express mesenchymal markers such as α-SMA, FSP1, vimentin, and desmin [22].These cells 

typically are seen at the invasive front of primary tumors and are considered to be the cells that 

eventually enter into subsequent steps of the invasion-metastasis cascade, i.e.,intravasation, 

transport through the circulation, extravasation, formation of micrometastases, and ultimately 

colonization (the growth of small colonies into macroscopic metastases)[21,23,24].An apparent 

paradox comes from the observation that the EMT-derived migratory cancer cells typically 

establish secondary colonies at distant sites that resemble, at the histopathological level, the 

primary tumor from which they arose; accordingly, they no longer exhibit the mesenchymal 

phenotypes ascribed to metastasizing carcinoma cells .Origin of fibroblasts during fibrosis and 

its reversal by BMP-7. (A) Different sources of fibroblasts in organ fibrosis. Four possible 

mechanisms aredepicted.  

                     One study suggests that about 12% of fibroblasts are from bone marrow, about 30% 

can arise via local EMT involving tubular epithelial cells under inflammatory stress, and about 

35% are from EndMT .The remaining percentage likely emerge via proliferation of the resident 

fibroblasts and other still unidentified sources. (B) Systemic treatment of mice with renal fibrosis 

with recombinant human BMP-7 reverses renal disease due to severe attenuation of the 

formation of EMT- and EndMT-derived fibroblasts. The proposed  role of EMT as a facilitator 

of metastatic dissemination requires the additional notion that metastasizing cancer 

cells must shed their mesenchymal phenotype via a MET during the course of secondary tumor 

formation [25].The tendency of disseminated cancer cells to undergo MET likely reflects the 
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local microenvironments that they encounter after extravasation intothe parenchyma of a distant 

organ, quite possibly the absence of the heterotypic signals they experienced in the primary 

tumor that were responsible for inducing the EMT in the first place (21,26,27). These 

considerations indicate that induction of an EMT is likely to be a centrally important mechanism 

for the progression of carcinomas to a metastatic stage and implicates MET during the 

subsequent colonization process .However, many steps of this mechanistic model still require 

direct experimental validation. Moreover, it remains unclear at present whether these phenomena 

and molecular mechanisms relate to and explain the cancerous development of the non-epithelial 

cells. 

Epithelial mesenchymal interactions- In normal physiology: 

                        All ectodermal appendages develop through similar cellular mechanism that 

involve an intimate and controlled inmteraction between the epithelium and the mesenchyme and 

share common morphological feature during early organogenesis ([28] Pispa & Thesleff  ).  

The first mprphological sign of an appendage development is the thickening of the epithelium 

that forms the appendage placode . In most of the cases the placode invaginates into the 

mesenchyme and due to an important proliferation activity gives rise to bud while the 

surrounding mesenchyme starts to condense. The bud epithelium grows further into the adjacent 

mesenchyme and finally acquires thetooth specific configuration ([29]Irma Thesleff et al,) 

Induction of EMT appears to be highly tissue- and cell type-specific ([30]Thiery,2003), because 

factors that induce EMT under some circumstances can have quite different effects in others 

([31]Janda et al., 2002). Some of the cytoplasmicsignal transduction pathways are fairly well 

defined – for example, the activation and nuclear translocation of SMAD proteins following 

association of TGF_ with its cell surface receptors ([32]Shi and Massague, 2003). In other 

cases, activation of EMT involves more pleiotropic signals, as in the case of reactive oxygen 

species (ROS) produced in response to exposure to matrix metalloproteinases (MMPs 

([33]Radisky et al., 2005). ROS can influence a number of signaling pathways ([34]Finkel, 2003; 

[35]Hussain et al.,2003), and can also directly induce EMT ([36]Mori et al., 2004). Inducers of 

EMT can directly alter cytoskeletal structure and lead to breakdown of cellcell and cell-ECM 

interactions ([31]Janda et al., 2002; [37] Ozdamar et al., 2005), but an important component of 

the EMT pathway involves activation of key transcription factors ([38]Huber et al., 2004; 
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[39]Nieto, 2002;[40] Peinado et al., 2003). Many of the EMT-responsive genes activated by 

these transcription factors encode proteins involved in induction of EMT, and so create feedback 

loops that may help sustain the mesenchymal phenotype. 

(emt2) 

.Tooth Regeneration:   

By using the EMI‟s but not necessarily dental ectoderm and dental mesenchyme, tooth can be 

regenerated. This fact has been proved by the following studies,  

Single tooth regeneration was achieved by using a re aggregation system, where enamel organ or 

embryonic dental epithelial cells harvested from tooth buds was combined with dental or non-

dental mesenchymal stem cells and transplanted and grown in the omentum or jaw bone of host 

animals. In these experiments individual albeit small teeh were generated which exhibited 

mature tooth structures. [41,42,43]Stem cells derived from other tissues such as Bone Marrow 

can contribute to the ameloblast layer in the invivo formed tooth after recombining them with 

dental or mesenchymal cells[44]Hu et all , 2006) all these cells having a common origin it is 

conceivable that adult stem cells from other ectodermal derived tissues may be able to 

differentiated into dental epithelium.  

A research work, by ([45]Naka Gawa et all, 2009) Suggest that recombination of post natal non-

dental oral epithelium and embryonic dental mesenchyme gives rise to tooth like structures 

demonstrating that adult oral epithelial cells also retain plasticity.  

Signaling pathways in EMI’s:  

Several signaling pathways are involved in the development of tooth or any ectodermal organ, 

these have been identified initially by the studies on mice. But there are difference between 

rodent and human tooth development. Mice have only one set of teeth which is equivalent to 

human deciduous dentition. ([46] Paul.T.Sharpe, et al)  
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Genes Expressed During Tooth Development 

Bar-X BarH1 Homologue in Vertebrates (TF)  They corresponds closely to the 

ectomesenchymal cells that will develop into 

molars in mice.[48]  

 

BMP Bone Morphogenetic proteins (SP) Expression of BMP 4 in the early oral 

epithelium has been shown to be neccassary 

for induction of tooth formation ([47] 

Ohazama et al, 2004 b) 

 

Dlx Distaless Homologue in vertebrates 

(TF) 

Normal development of mandibular 

molars.[48] 

 

Fgf Fibroblast growth factor (SP) During early odontogenesis FGF signaling 

determines the positioning and patterning of 

teeth ([49]Naubiiser et al 1997)  

 

MSX MSH- like genes in vertebrates (TF) The early expression of MSX1 & MSX2 

homeobox genes before initiation of tooth 

germs are restricted to distal, midline, 

ectomesenchyme where incisors are canines 

are present in human dentition. [48] 

 

Wnt Wingless homotype in vertebrates Wnt Signaling has been implicated in the 

induction of placode formation during early 

developmental stages of several ectodermal 

organs. ([50]Andl et al, 2002, chu et al, 2004) 
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Note:  

SP- Secreted Protein  

TF- Transcription factor  

Ref: for the above table: 

Tencate‟s oral histology, development, structure anf functions. ([29]Irma Thesleff,) 

EMI in pathology:  

BMP 7 deficiency may occasionally lead to lack of teeth in mice ([51]Zouvelou et al, 2009) 

Cre mediated loss of epithelial BMPr 1a results in striking defects like early arrest of tooth 

morphogenesis at bud stage ([50] Andl et al, 2004)  

Miscrepression of Barx-1 in distal ectomesenchyme cells, which results in incisor toothe germs 

developing as molars.  

Hyper activation of canonical wnt signaling in mouse oral epithelium results in the formation of 

super numerary teeth due to a continuous induction of dental epithelium thickening and 

subsequent tooth development throughout life ([52]Jarvinen et al, 2006) 

Ectodermal Dysplasia syndrome: 

The current knowledge on the molecular mechanism of dental placode formation has derived 

largely from studies on syndromes called ectodermal dysplasia. 

Ectodermal dysplasia are defined as a higly heterogeneous group of  rare heritable disorders 

characterized by defects in 2 or more organs of ectodermal origin ( [53] Pinheiro & Freiro, Maia, 

1994, )  

Mutations in the transcription factor P63 cause the EEC (ectrodactyly-ectodermal dysplasia 

clefting syndrome) [54] 
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Eda signaling is required for the formation of oral epithelium and growth of placodes. When the 

EDA receptors is over activated it may lead to extra teeth aberrant cusp morphology in molars 

etc. [55] 

Conclusion: 

We have described in detail about the epithelial mesenchymal interactions in physiology and 

pathology in a simple way for easy understanding. This review will serve to be a tool for taking 

the new research works on tooth development to greater peaks.  
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