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Expression and roles of syndecan-4 in dental
epithelial cell differentiation

ZHILING YAN'}, GUOQING CHEN'?, YALING YANG'?, LIANG SUN'", ZONGTING JIANG'?,
LIAN FENG'?, MEI YU'?, WEIHUA GUO** and WEIDONG TIAN'*

IState Key Laboratory of Oral Diseases, “National Engineering Laboratory for Oral Regenerative Medicine,

West China Hospital of Stomatology, Sichuan University; Departments of 30Oral and Maxillofacial Surgery
and 4Pedodontics, West China School of Stomatology, Sichuan University, Chengdu, Sichuan 610041, PR. China

Received April 29, 2014; Accepted August 1, 2014

DOI: 10.3892/ijmm.2014.1910

Abstract. Syndecan-4 (SDC4), a transmembrane heparan
sulfate proteoglycan, acts as a signal transducer. It affects the
growth and differentiation of a number of tissues and organs.
However, the specific mechanisms through which SDC4
regulates the differentiation of dental epithelial cells (amelo-
genesis) and tooth development remains largely unknown. In
the present study, to identify the SDC4-regulated processes in
dental epithelial cells, the SDC4 expression pattern was exam-
ined in mouse molar and postnatal incisor tooth germs during
the late bell stage of development. Small interfering RNA
(siRNA) was designed for this study and used to downregulate
SDC4 expression in the rat dental epithelial cell line, HAT-7.
The results revealed that SDC4 was mainly present in the oral
epithelium, the dental epithelial cells of enamel organs in the
molars and the cervical loops in the incisors. When the inner
enamel epithelial cells gave rise to ameloblasts, however, the
loss of SDC4 expression was evident. SDC4 was also expressed
in stratum intermedium (SI) cells in the incisors and in dental
mesenchymal cells adjacent to the cervical loops in molars
(E18) and postnatal incisors. Fibroblast growth factor 10
(FGF10) promoted proliferation and slightly decreased cell
differentiation. The knockdown of SDC4 using specific siRNA
led to a decrease in cell proliferation and a highly significant
increase in amelogenin, ameloblastin, kallikrein 4 and matrix
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metalloproteinase 20 expression, molecules that are known
to participate in the formation of enamel. These effects were
attenuated by FGF10, which upregulated SDC4 expression.
Taken together, these results suggest that SDC4 participates in
amelogenesis, and FGF10 may modulate dental epithelial cell
behaviors through the regulation of SDC4 expression.

Introduction

Syndecan (SDC)4 is a cell surface heparan sulfate proteo-
glycan (HSPG). Its heparan sulfate (HS) chains and core
protein could control the stability, movement and reception
of diffusible heparin-binding growth factors (1). In addition,
it can form physical connections between the extracellular
matrix (ECM) and intracellular signaling to affect the growth
and differentiation of a number of tissues and organs (2,3).

SDC4 is highly complex by virtue of its external side chains,
and thus interacts with a variety of ligands, such as vascular
endothelial growth factors (VEGFs), platelet-derived growth
factors (PDGFs) and fibroblast growth factors (FGFs) (4). At
the cell membrane, SDC4 stabilizes the interactions between
ligands and receptors by forming a ternary complex, which
has been demonstrated in several signaling pathways (5,6).
Proteolytic cleavage and shedding of its extracellular domain
can spread FGF signaling to adjacent cells, thus regulating the
local reception of FGF signaling activity (7). Its cytoplasmic
domains can also initiate FGF-induced signaling independently
of FGFRs through the activation of Rho GTPases, such as Racl,
which plays an essential role in the dental epithelium, involving
cell-matrix interactions and matrix biomineralization (8,9).

FGF signaling plays critical roles in tooth development (10).
In molar tooth development, FGF4, 8 and 9 act as epithelial
signals, mediating inductive interactions between the dental
epithelium and the mesenchyme during the initiation of tooth
development and the regulation of tooth shape (11). FGF10
signaling is also important for the continuous growth of
murine incisors as it maintains dental epithelial stem cells
and regulates enamel formation. FGF10 knockout mice lack
cervical loop structure and have enamel defects (12,13).

In the present study, to determine the roles of SDC4 in rodent
tooth development, particularly in dental epithelial cell differ-
entiation, the expression patterns of SDC4 during the late bell
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stage of development of molar tooth germs and its localization in
postnatal mice incisors were examined. The rat dental epithelial
cell line, HAT-7, was used to examine the interactions between
SDC4 and FGF10 and their effects on dental epithelial cell prolif-
eration and differentiation. Our results reveal the temporospatial
expression of SDC4 in molars and incisors during amelogenesis,
providing some evidence that FGF10 signaling interacts with
SDC4 to affect dental epithelial cell behavior.

Materials and methods

Animals and tissue preparation. The animal experimental
protocol was approved by the Ethics Committee of West China
College of Stomatology, Sichuan University, Chengdu, China.
C57BL/6J mice were purchased from the experimental Animal
Laboratory of Sichuan University. The appearance of a vaginal
plug was designated as day 0. Heads were dissected from
embryonic mice on embryonic day 18 (E18) and from newborn
mice on postnatal days (P)2,4 and 7. These heads were fixed in
freshly prepared 4% paraformaldehyde overnight at 4°C, cut in
half along the midline, dehydrated, embedded in paraffin wax,
serially sectioned at 6 ym and either stained with hematoxylin
and eosin (H&E) or used in immunohistochemistry.

Immunohistochemistry. Tooth germs (incisors and molars),
sectioned as described above, were incubated with rabbit
polyclonal anti-SDC4 antibody (1:500; Abcam, Cambridge,
MA, USA). The sections were then stained using a 3,3'-diami-
nobenzidine DAB kit (Dako, Carpinteria, CA, USA).
Immunohistochemical control was performed by replacing
the primary antibody with phosphate-buffered saline (PBS).
These immunostained sections contained no specific immu-
noreactions and were counterstained with hematoxylin. The
immune reactions were visualized under a light microscope
(Olympus BX43F; JEOL, Tokyo, Japan).

Cell culture and transfection with small interfering RNA (siRNA).
HAT-7 cell line was graciously provided by Professor Hidemitsu
Harada, Department of Oral Anatomy and Developmental
Biology, Osaka University Graduate School of Dentistry, Osaka,
Japan. The HAT-7 cells were plated with Dulbecco's modified
Eagle's medium/F-12 (DMEM/F-12; Gibco-BRL, Grand Island,
NY, USA) supplemented with 10% fetal bovine serum (FBS) and
penicillin-streptomycin. The cells were grown in a humidified
atmosphere at 37°C with 5% CO,, and the medium was changed
every 3 days. For transient transfections, the cells were cultured
in medium without antibiotics 24 h prior to transfection. Three
different nucleotides (SDC4 siRNA 1, 2 and 3) targeting rat
SDC4 mRNA (GenBank accession no. NM_012649.2) were
designed and tested for silencing. Their sequences are shown in
Table I. The cells were transfected with the siRNAs (50 nM) and
Lipofectamine® RNAIMAX transfection reagent (Invitrogen,
Carlsbad, CA, USA) (1:1 v/v). Non-silencing siRNA with no
homology to any known mammalian gene was used as a negative
control. The RNAi-mediated knockdown of SDC4 expression
was verified by quantitative reverse transcription-polymerase
chain reaction (RT-qPCR) and western blot analysis.

Cell proliferation assay. Cells transfected with SDC4 siRNA
were used 24 h after transfection, and recombinant mouse
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Table I. Sequences of the 3 different nucleotides (SDC4 siRNA 1,
2, 3) targeting rat SDC4 mRNA expression (GenBank accession
no. NM_012649.2).

Nucleotide Sequence (5'—3")

siRNA 1
Sense strand
Antisense strand

siRNA 2
Sense strand
Antisense strand

siRNA 3
Sense strand
Antisense strand

GGCAGAUACUUCUCUGGAGATAT
dTdTCCGUCUAUGAAGAGACCUC

CCUUGGUGCCACUAGAUAAJTAT
dTdTGGAACCACGGUGAUCUAUU

GGUCUUGGCAGCUCUGAUUdTAT
dTdTCCAGAACCGUCGAGACUAA

SDC4, syndecan-4; siRNA, small interfering RNA.

Table II. Oligonucleotide primer sequences utilized in RT-qPCR.

Gene Product

name Primer sequence (5'—3") size (bp)

SDC1  F: TTCTCATTGTGGGGAGGTCTA 82
R: CTGCTGGGGCTCTAAAACAG

SDC2 F: CACCGAGAAACATTCAGACAA 88
R: GGCAAAGAGAAAGCCAATCA

SDC3  F: TGCGGTTCATTCCTGACATA 98
R: GAGTTCCTCAAACGGGGTATC

SDC4 F: GGGCAAGAAACCCATCTACA 100

R: TGAAGTCCAAGCAGCACTCA

AMBN F: GAGAAAGGAGAGGGTCCAGAAG 126
R: GTCATTGGGGAAAGCAAGAAGT

AMGN F: ACCTCTGCCTCCACTGTTCTC 102
R: ACTTCTTCCCGCTTGGTCTT
ENAM F: GGTGTCTTCCCTCTCCCTAAA 141

R: AGTGGTTTGCCATTGTCTTTCT

KLK4 F: CCGAACTACAATGACCCTTCTT
R: TCAGATGCTACCGAGAGATTCA

MMP20 F: GCCTTGCTGTCCTTGTCAC 95
R: GAGGTGGTAGTTGCTCCTGAAG

RUNX2 F: GAAATGCCTCTGCTGTTATGAA 102
R: CCGTTATGGTCAAAGTGAAACTC

GAPDH F: ATCATCCCTGCCTCTACTGG 177
R: CTGCTTCACCACCTTCTTGA

209

F, forward; R, reverse; SDC4, syndecan-4; AMBN, ameloblastin;
AMGN, amelogenin; ENAM, enamelin; KLK4, kallikrein 4; MMP20,
matrix metalloproteinase 20; GAPDH, glyceraldehyde 3-phosphate
dehydrogenase.

FGF10 at 10 ng/ml (R&D Systems, Minneapolis, MN, USA)
was added for a further 48 h. Cell proliferation was assayed
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Figure 1. Localization of syndecan-4 (SDC4) in first molar tooth germs of mice at embryonic day 18 (E18) and newborn mice at postnatal day(P)2, P4 and P7.
(A and B) At the late bell stage of development (E18), SDC4 was intensely expressed in the oral epithelium, stellate reticulum (SR) cells, and inner and outer
enamel epithelium. It was also observed in mesenchymal cells adjacent to the cervical loop structure. (C and D) At P2, SDC4 was observed among the pre-ame-
loblasts. (D-F) At P4, SDC4 protein was faintly detected in newly differentiated ameloblasts and odontoblasts. (G and H) At P7, SDC4 was almost undetectable
in ameloblasts and odontoblasts. The expression of SR was also decreased. (B, D, F and H) Magnifications of the dark boxed areas in (A, C, E and G). Oee, outer
enamel epithelium; Iee, inner enamel epithelium; Pre-am, pre-ameloblasts; Od, odontoblasts; Am, ameloblasts; De, dentin; En, enamel. Scale bar, 100 ym.

with a BrdU incorporation experiment. Briefly, cells on the
coverglass were incubated with BrdU (10 #M; Sigma-Aldrich,
St. Louis, MO, USA) for 1 h and fixed by immersing the cells
in 4% paraformaldehyde for 10 min. DNA denaturation was
performed in 2N HCI for 30 min at 37°C prior to incubation
with 6 ug/ml anti-BrdU antibody (Millipore, Billerica, CA,
USA) overnight at 4°C. Alexa-Fluor 488-labeled goat anti-
mouse IgGs (1:1,000; Invitrogen) was used as a secondary
antibody. After counterstaining with 4'.6-diamidino-
2-phenylindole (DAPI) (1:1,000; Sigma-Aldrich), the number
of BrdU-positive cells was quantified under a fluorescence
microscope (Leica, Wetzlar, Germany) and the results are
presented as a ratio.

RT-gPCR. Total RNA was extracted from the cells using
TRIzol reagent (Invitrogen). cDNA was prepared from 5 ug

total RNA using a First Strand cDNA Synthesis kit (Thermo
Fisher Scientific, Waltham, MA, USA). After the cells were
transfected with SDC4 siRNAs, the expression of SDC4 mRNA
was quantified by quantitative PCR using a SYBR-Green
probe and used to screen the most effective siRNA. After the
cells were transfected with siRNA 1 for 48 h, the expression
of SDCI1, 2, 3 and 4 was also assayed. Amelogenesis-related
gene expression was assessed by RT-qPCR following transfec-
tion and/or FGF10 treatment. The target gene primers used
are listed in Table II. The genes of interest were normalized
to the levels of glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) and presented relative to the control levels.

Western blot analysis. Cell lysates were collected from
siRNA-and/or FGF10-treated HAT-7 cells to screen the effec-
tive siRNA and to evaluate the effects of siRNA and FGF10 on
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Figure 2. Localization of syndecan-4 (SDC4) in incisors of postnatal mice. (A) Hematoxylin and eosin (H&E) staining of postnatal mouse incisors. (B-D) SDC4
protein expression was detected in labial and lingual cervical loops and surrounding mesenchymal cells. (E-G) From the proximal to distal parts of the incisor,
SDC4 protein expression was not detectable in pre-ameloblasts, pre-odontoblasts, ameloblasts or odontoblasts. It was restricted to stratum intermedium (SI) cells,
and the staining in this area gradually declined along with cell differentiation. (C and D) Magnifications of the boxed areas in (B), and (E-G) are magnifications
of the dark boxed areas in (A). Lacl, labial cervical loop; Licl, lingual cervical loop; Oee, outer enamel epithelium; SR, stellate reticulum; Iee, inner enamel
epithelium; Pre-od, pre-odontoblasts; Pre-am, ameloblasts; Od, odontoblasts; Am, ameloblasts; De, dentin; En, enamel. Scale bar, 100 pzm.

the protein expression of SDC4, amelogenin (AMGN), amelo-
blastin (AMBN) and kallikrein 4 (KLK4). The samples were
boiled in Laemmli sample buffer and loaded onto a sodium
dodecyl sulfate-polyacrylamide gel (SDS-PAGE) followed by
transfer onto nitrocellulose membranes. The primary anti-
bodies used were rabbit polyclonal anti-SDC4 (1:500; Abcam),
anti-AMGN (1:500), anti-AMBN (1:500) and anti-KLK4
(1:500) antibodies (all from Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA). Anti-f-actin (1:1,000; Abcam) anti-
body was used as an internal standard.

Statistical analysis. All experiments were performed inde-
pendently at least 3 times. All data are presented as the
means + standard deviation (SD). Statistical significance was
assessed using two-tailed Student's t-tests for 2 groups or the
analysis of variance Tukey's test for more than 2 groups. Values
of P<0.05 and P<0.001 were considered to indicate statistically
signficant differences.

Results

SDC4 expression in mouse molars during the late bell stage
of development. SDC4 expression was mainly detected in
the oral epithelium and dental epithelial cells, including the
inner and outer enamel epithelium and stellate reticulum (SR)

cells (Fig. 1B). It was also found in mesenchymal cells adjacent
to the lateral sides of the epithelial bud at E18 (Fig. 1A). On P2,
SDC4 was expressed in the pre-ameloblasts (Fig. 1C and D),
but its expression was almost undetectable in the ameloblasts
on P4 and P7 (Fig. 1E-H). Immunostaining in the SR also
decreased along with amelogenesis (Fig. 1).

SDC4 expression in mouse postnatal incisors. SDC4 expres-
sion was detected in the labial cervical loop, lingual cervical
loop and surrounding mesenchymal cells (Fig. 2B-D). From
cervical loops to the distal part of incisors, SDC4 protein
expression was not detectable in pre-ameloblasts, pre-odon-
toblasts, ameloblasts or odontoblasts. It was restricted to the
stratum intermedium (SI) cells, and the staining in this area
gradually declined along with cell differentiation (Fig. 2E-G).

SDC4 silencing in HAT-7 cells. For the analysis of molecular
function, SDC4 was knocked down in HAT-7 cells, an immor-
talized dental epithelial cell line derived from the cervical stem
cell population of 6-day-old rat mandibular incisors [provided
by Professor Hidemitsu Harada (14); (Fig. 3A)]. RT-qPCR and
western blot analysis revealed that SDC4 was successfully
knocked down using siRNA. siRNA 1 showed the highest
inhibition efficiency and had no effect on the gene expression
of SDC1, 2 or 3 (Fig. 3B-D).
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Figure 3. Syndecan-4 (SDC4) silencing in HAT-7 cells. (A) Morphology of HAT-7 cells. Scale bar, 50 ym. (B and C) RT-qgPCR and western blot analysis revealed
that SDC4 was successfully knocked down by small interfering RNA (siRNA); siRNA 1 showed the highest inhibition efficiency. (D) siRNA 1 had no effect on
the gene expression of SDC1, 2 or 3. All data are presented as the means + standard deviation (SD) of triplicate experiments. “P<0.05 and “P<0.001.
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Figure 4. Cell proliferation was detected by BrdU incorporation assay. Cells
treated solely with fibroblast growth factor 10 (FGF10) exhibited an approxi-
mately 1.6-fold greater number of BrdU-positive cells than the controls, and
cells transfected with small interfering RNA (siRNA) a markedly reduced
proliferation. FGF10 partially reverse the inhibitory effect exerted by syn-
decan-4 (SDC4) siRNA. All data are presented as the means + standard
deviation (SD) of triplicate experiments. ‘P<0.05 and “"P<0.001.

SDC4 and FGFI0 co-regulate HAT-7 cell proliferation. To
determine the effects of SDC4 on cell proliferation and the
response of these siRNA-treated cells to FGF10, recombinant
mouse FGF10 was added to the HAT-7 cell culture medium
following transfection, and a BrdU incorporation analysis was
then performed (Fig. 4). The cells treated solely with FGF10

exhibited an approximately 1.6-fold greater number of BrdU-
positive cells than the controls, and the cells transfected with
siRNA exhibited a marked decrease in proliferation. Exogenous
FGF10 partially reversed the inhibitory effect exerted by
siRNA targeting SDC4.

SDC4 affects HAT-7 cell differentiation and is regulated by
FGF1I0 signaling. Following treatment with siRNA and/or
recombinant protein FGF10, the expression of amelogenesis-
related genes were evaluated by RT-qPCR and western blot
analysis (Fig. 5). When SDC4 expression was reduced by
siRNA, the expression of AMGN, AMBN, KLK4 and matrix
metalloproteinase (MMP)20 increased. Enamelin (ENAM)
was unaffected and RUNX2 expression slightly decreased
when SDC4 expression decreased (Fig. 5A). FGF10 down-
regulatex the expression of AMGN, AMBN and KLK4. The
addition of exogenous FGF10 weakened the effect exerted by
siRNA targeting SDC4 and upregulated SDC4 protein expres-
sion (Fig. 5B).

Discussion

Tooth formation is regulated by interactions between the epithe-
lium and the underlying neural crest-derived mesenchyme (15).
The earliest morphological sign of tooth formation in mammals
is the appearance of the dental lamina, forming as a thickening
of oral epithelium. The epithelium of the lamina thickens at
sites where teeth will grow, forming dental placodes at these
sites. During this bud stage, the dental epithelium segregates
into peripheral basal cells (inner and outer enamel epithelium)
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Figure 5. (A and B) Amelogenesis-related gene and protein expression was evaluated by RT-qPCR and western blot analysis. Fibroblast growth factor 10 (FGF10)
was downregulated the expression of amelogenin (AMGN), ameloblastin (AMBN), kallikrein 4 (KLK4) and matrix metalloproteinase 20 (MMP20). When
SDC4 expression was reduced by small interfering RNA (siRNA), the expression of these 4 genes increased. Enamelin (ENAM) was unaffected and RUNX2
expression slightly decreased when SDC4 expression decreased. FGF10 weakened the effects exerted by siRNA by upregulating SDC4 protein expression.
All data are presented as the means + standard deviation (SD) of triplicate experiments. “P<0.05 and “P<0.001. Rel. gene expression, relative gene expression.

and centrally located loosely arranged cells, termed SR cells.
The size and shape of the tooth crown becomes apparent during
the cap and bell stages of development. Beginning from late
bell stage (E18), the inner enamel epithelium differentiates into
pre-ameloblasts and then ameloblasts, which secrete enamel
matrix (16,17).

To the best of our knowledge, this study is the first to
evaluate SDC4 expression in molar germs at the late bell
stage of development. It was detected primarily in the oral
epithelium and the dental epithelial cells of the enamel organ
in molar germs, including SR cells, the inner and outer enamel
epithelium, and pre-ameloblasts, but not in ameloblasts. The
intense immunostaining in the SR was decreased along with
amelogenesis, possibly due to the retraction of the SR and the
decrease in the number of cells (18,19). These results indicate
that SDC4 expression patterns may be critically controlled
during enamel organ development.

The expression of SDC4 was also analyzed in mouse inci-
sors. Rodent incisors continue to grow throughout adult life
due to the presence of dental epithelial stem cells, which give
rise to enamel-secreting ameloblasts. Incisors are an excellent
model for investigating the molecular underpinnings of amelo-
genesis as epithelial cells at different stages of differentiation
can be easily detected in postnatal incisors. In the present study,
SDC4 protein expression was detected in the cervical loops.
A loss of SDC4 expression was also evident in the epithelial
cells of the postnatal incisors when the inner epithelium gave
rise to ameloblasts. In addition, the amount staining in the SI
cells gradually decreased along with amelogenesis. Previous
studies have demonstrated that epithelial cell behaviors are
regulated by an integrated gene regulatory network, among
which FGF10 signaling regulates epithelial stem cell prolif-
eration and SI cell differentiation (12,13). FGF10, detected in
the mesenchyme surrounding the labial cervical loop, binds to
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FGFR2b, which is expressed in the epithelium of the cervical
loop (20). In this study, the distribution of SDC4 in incisors
suggests it is closely related to dental epithelial cell differentia-
tion and may be involved in FGF10 signaling.

However, this localization of SDC4 in incisors contradicts
earlier findings presented in the study by Muto et al (21), who
synthesized rabbit antibody to the ectodomain of the mouse
SDC4 core protein and found that SDC4 was expressed
throughout the tooth cellular compartments, including amelo-
blasts. In this study, the anti-SDC4 antibody was the synthetic
peptide surrounding the intracellular domain of SDC4 (22).
Due to the fact that the cytoplasmic domains of the core
protein are conserved, and the extracellular domain of SDC4
can be proteolytically cleaved, a process mediated by a variety
of proteases of the MMP family, it can thus be suggested that
the SDC4 ectodomain may be cleaved to the ameloblasts that
synthesize MMP20 at the secretory stage (23).

SDC4 was also expressed in dental mesenchymal cells
adjacent to cervical loops both in molars (E18) and postnatal
incisors. In molar germs, the dental mesenchyme is not
segregated into the dental papilla and the peripheral dental
follicle at the beginning of the bell stage (24). It has recently
been suggested that there is a population of putative mesen-
chymal stem cells between cervical loops in incisors (25). This
intriguing similarity between molar and incisor germs suggests
that SDC4 may also have a function in regulating dental
mesenchymal cells.

Coincidentally, the suggestion of SDC4 functionality was
replicated in our in vitro studies. The HAT-7 cells were used
here to assess the mechanisms through which SDC4 affects
the proliferation and differentiation of dental epithelial cells.
The HAT-7 cell line is an immortalized dental epithelial cell
line derived from the cervical stem cell population of rat
mandibular incisors. It can shift from the transient amplifica-
tion stage to ameloblast lineage cells (26). SDC4 expression
was downregulated by siRNA, which had no effect on the gene
expression of SDC1, 2 or 3, the other three known members of
the SDC family (27).

Our results revealed that SDC4 expression was associ-
ated with low levels of AMGN, AMBN, KLK4 and MMP20,
while the specific siRNA knockdown of SDC4 led to a highly
significant increase in the expression of these 4 genes; the gene
expression of ENAM and RUNX?2 was unaffected. As regards
the amelogenesis-related genes, AMGN, AMBN and ENAM
are scaffold proteins required to support rod formation and
hydroxyapatite (HA) crystallization during enamel forma-
tion (16). RUNX2 is a key regulatory transcription factor that
suppresses genes that are expressed during the secretory stage,
such as AMGN and ENAM, and thus regulates enamel forma-
tion (28). MMP20 and KLK4 are proteases that break down
enamel proteins to form a mineralized layer of enamel (23).
Among the genes investigated in this study, they were the
most profoundly affected genes when SDC4 expression was
inhibited.

In addition, the present study demonstrated that FGF10
promoted cell proliferation and inhibited amelogenesis-related
genes expression. Previous studies have demonstrated that
FGF10 regulates dental epithelial stem cell proliferation
and maintenance. Arrest in FGF10 signaling contributes to
the terminal differentiation of the cells (20). Therefore, it is
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possible that exogenous FGF10 kept the cells in a less differ-
entiated state. Furthermore, the addition of exogenous FGF10
weakened the effects of siRNA through the upregulation of
SDC4 protein expression, indicating that SDC4 is under the
control of FGF10 signaling.

SDC4 is thought to be involved in the formation of the
receptor-ligand complex (29,30). It is possible that the ternary
combination of FGFI0, its receptor and SDC4 decrease when
SDC4 expression decreases. In this study, we demonstrate that
SDC4 may regulate epithelial cell behaviors through FGF10
signaling. However, several heparin-binding growth factors
interact with SDC4 and may also regulate cell proliferation
and differentiation during tooth development (31). The specific
mechanisms through which SDC4 affects amelogenesis remain
to be elucidated in future sutdies.
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