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INTRODUCTION

As tooth crown formation completes
and root formation begins, the inner
and outer enamel epithelial cells pro-
liferate from the cervical loop of the
enamel organ to form a continuous
sheath
cells, which is known as Hertwig's
epithelial root sheath (HERS). Through

reciprocal epithelial-mesenchymal inte-

containing double layer of

ractions, HERS plays an important
role in root development, including root
morphogenesis (root size, shape and
number), dentinogenesis and cemetoge-
nesis. However, the precise nature of

this role remains unclear. At later
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stage of root development, following
the formation of first radicular mantle
dentin, HERS fragments into discrete
clusters of cells and migrate away
from the root to the region of future
periodontal ligament, which form the
epithelia cell rests of Malassez (ERM).

Development of HERS

HERS consists of the inner and outer
enamel epithelial cells excluding the
stratum intermedium and stellate reti-
culum. The cells of the inner enamel
epithelium (IEE) are square and the
ones of the outer enamel epithelium
(OEE) are rectangularl'Z). And the
width of the OEE cells is higher than
that of IEE cells throughout the period of
root developmentS). In mouse injected
with siRNA targeting ameloblastin
(AMBN), HERS revealed a multilayered

appearance and 5-bromo-2-deoxyuridine
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(BrdU) positive cells increased in the
outer layers”.

In some researches of mice and rat
molars, during root formation, the number
of HERS cells in normal molars reduces
gradually, and total HERS length decre-
ased after PN15, which may be associ-
ated with occlusion and sequentially effect

350 1t was reported

on root elongation
that the presence of insulin-like growth
factor-I (IGF-I) resulted in elongation of
HERS and increased cell proliferation in
its outer layer in mouse molar”. Hepa-
tocyte growth factor (Hgf), as one of the
mediators of epithelial-mesenchymal
interactions in rodent tooth, stimulates
proliferation of HERS cells in culture
and HERS elongation in an organ-
culture system. This effect is downre-
gulated when an antibody against the
Hgf receptor is added to the culture
medium®. In the contrary, excess epide-
rmal growth factor (Egf) signaling caused
a disordered rate of cell proliferation in
IEE and OEE and inhibited HERS for-
mation” . Additionally, BMP4 also inhi-
bits HERS elongation under in vitro

organ culture systemm).

Function of HERS

The classic theory on HERS function
relates HERS with the establishment of
root shape during root formation". The

proposed roles of HERS in root forma-

tion rang from structural division of
dental

dental follicle and dental papilla, regu-

ectomesenchymal tissues to
lating tooth-root shape and numbers,
inducing the differentiation of mesenc-
hymal stromal/stem cells into odonto-
blasts and cementoblasts, and acting as
a precursor of cementoblast cell'”.

At the onset of HERS elongation from
the cervical loop, HERS cells extend in
apical direction, structurally separating
dental follicle and dental pulp'®. It is
believed that HERS is the inducer and
regulator of root formation determining
the shape, size and number of roots. The
closure patterning of the pulp chamber
floor and the fusion of tooth roots are
determined by the separating and elon-
gating patterns of HERS"™'Y. HERS also
plays an essential role in determining
root number. At approximately postnatal
day 12, the buccal and lingual processes
of the first mouse molar-the multi-root
tooth-grow horizontally and contact each
other to form the furcation of the tooth
and give rise to the root contour. After
segregation into multi-root canals, each
root, continues its elongation to complete
root formation'!?.

Two types of epithelial-mesenchymal
interactions occur during root formation,
through which HERS functions as an
inducer of odontogenesis and cemento-
genesis. One of these is the interaction

occurring between HERS and the dental
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papillae. It has been well accepted that
the inner epithelial cells of HERS induces
dental papilla cells to differentiate into
odontoblasts'*!'”. TGF-8/BMP signaling
plays an important role on this progress,
that HERS secretes TGF-8, which induces
the differentiation of dental papilla cells
into odontoblasts, and BMP4 also func-
tion as a stimulator for odontoblast
differentiation during root develop-
1013.18) * Basides, dental papilla cells
are stimulated by Sonic Hedgehog (Shh)
and enamel matrix protein released from
HERS, thereby compelling them to

differentiate into root dentin formative
19.20)

ment

odontoblasts Laminin 5 is also
reported as secreted by HERS and can
induce dental papilla cell attachment,
growth, migration and differentiation®" .

The second epithelial-mesenchymal
interaction occurs between HERS and the
dental follicle - formation of periodontal
tissues, including the cementum, perio-
dontal ligament, and alveolar bone.
According to the classic theory, HERS
initiates cementoblast differentiation. As
HERS starts disintegrating and form
fenestrations, mesenchymal cells from
the surrounding dental follicle enter
through these fenestration and contact
the newly formed dentin. These mese-
nchymal cells then differentiate to form
cementoblasts forming cementum. It has
also been proposed that HERS may be

the progenitor cells for other mesenc-
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hymal cell populations within the perio-
dontal ligament® .

By far, the origin of cementoblast is
controversial. Excluding that cemento-
blasts rise from mesenchymal cells of
dental follicle, another possibility is that
HERS cells undergo an epithelial-
mesenchymal transformation and become
functional cementoblasts. In a research
of porcine root formation, the osteogenic
capacity of HERS in vitro strongly
supports the notion that HERS is capable
of producing cementum directly. Electron
microscopic and immunocytochemical ana-
lyses suggest that HERS is the cellular
origin of the cementoblasts. Transmission
electron microscopy data revealed that
dissipated HERS cells acquire the typical
morphological features of cementoblasts
during the very early stage of porcine
root formation, which can be explained
by a phenotypic conversion of epithelial

2 However, in

mesenchymal transition
the contrary, a recent study on rat molar
cementogenesis, using keratin-vimentin
and keratin—runt-related transcription factor
2 (Runx?2) double immune-labelling,
reported that HERS cells were unable to
transform to an intermediate phenotype
from epithelial to mesenchymal cells to
give rise to cementoblasts® .

Various genes, including TGF-8, BMPs,
FGFs, Egfr, Shh, Notch, Gli, Msx2, HGF
and others, are involved in HERS during

the process of root development® .
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Previous studies have suggested that BMP4
and MSX2 are involved in epithelial-
mesenchymal interactions during root
development™. Bmp-2 and Bmp—4 were
detected in both TEE and OEE, and
Bmp-4 expression was weaker than
Bmp-2 expression. Msx-1 was not
detected in the HERS cells, in contrast,
strong Msx—2 expression was detected in
the HERS cells compared with the
reaction of the dental pulp and dental
follicle” .

is strongly expressed in the HERS,

During root development, Shh

which suggests a function in root for-
mation. Patched, the membrane receptor
of Shh, and Glil, a transcript activated
by Shh, are also detectable in HERS*"* .
Human HERS cells have been reported
to express some stem cell markers, such
as Bmi-1, Nanog, SSEA-4 and Oct3/4*
VIP-VPAC1
directly promote proliferation of HERS

cells and contribute to root formation®.

signaling pathway could

Fate of HERS

During initial tooth-root formation, HERS
cells undergo an extensive period of
proliferation. At later stage, however,
these epithelial cells decrease in number.
When the first layer of dentin has been
laid down, HERS loses its structural con-
tinuity and close relation to the surface
of the root. These epithelial remnants
are found in the periodontal ligament of

erupted teeth and are called epithelial

10

rests of Malassez, which present as an
epithelial network of strands or tubules
near the external surface of the root.
Excluding ERM, there are other possible
mechanisms put forward to explain the
observed decrease in the number of
HERS cells, including apoptosis and
epithelial-mesenchymal transformation
(EMT)?39

Epithelial-mesenchymal
transformation

Epithelial-mesenchymal transformation
of HERS cells has been suggested®.
Diverse studies showed that HERS cells
participate in cementum formation
through EMT**?637
investigators have reported that HERS

Recently, many

cells possess mesenchymal or cemento-
blastic characteristics both in vitro and
in vivo. It was reported that human
HERS cells expressed multiple types of cell
markers, including epithelial molecules
(amelogenin, cytokeratin, and E-cadherin),
cementogenic/osteogenic molecules (BSP and
OCN), mesenchymal molecule (vimentin),
and epithelial-mesenchymal transition-
associated molecules (B-catenin and N-
cadherin). Both HERS cell clusters and
individual HERS cells can co-express
different markers, such as cytokeratin/
N-cadherin and E-cadherin/osteocalcin.
In addition, HERS cells expressed TGF#
-related molecules TGF-81, TGF# receptor
I, and TGF# receptor 11. TGF-81 signaling
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pathway has been identified as one of the
most important mechanisms that contribute
to the epithelial-mesenchymal transfor-
mation process and was capable of
inducing the epithelial-mesenchymal
transformation of HERS cells through
activating the PISK/AKT pathway®®®.
On the other hand, both TGF-81 and
FGF2 could induce the EMT of HERS
cells by activating the MAPK/ERK signal
pathway. FGF2 could induce HERS cells
to cementoblast-like cells while TGF-81
could induce periodontal ligament fibro-
blast-like cells®.

HERS may contribute to the commitment

Wnt3a expressed by

of adjacent dental follicle cells toward a
cementoblast/osteoblast phenotype40). Their
finding is consistent with in situ studies
demonstrating Wnt/B-catenin signaling
in the region of the developing HERS in
Axin2-lacZ reporter mice’” and that a
strong signal for A-catenin was detected
within HERS at the apical root and

pre-odontoblasts in wild-type mice*? .

CONCLUSION

In summary, there is increasing evidence
from animal studies that HERS is not
only a barrier between dental follicle
and dental papilla cells but is also,
through various signaling pathway and
epithelial-mesenchymal interactions, invo-

lved in determining the shape, size and
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number of roots, the development of
dentin and cementum or may act as a
source of mesenchymal progenitor cells
for cementoblasts in the periodontium
through epithelial-mesenchymal transfor-

mation.
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