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Abstract Chondroitin sulfate proteoglycan (CSPG) is
an important component of extracellular matrix (ECM), it
is composed of a core protein and one or more chondroi-
tin sulfate glycosaminoglycan side chains (CS-GAGs).
To investigate the roles of its CS-GAGs in dentinogen-
esis, the mouse mandibular first molar tooth germs at early
bell stage were cultivated with or without p-xyloside. As
expected, the CS-GAGs were inhibited on their incorpora-
tion to CSPGs by p-xyloside, accompanied by the change
of morphology of the cultured tooth germs. The histologi-
cal results and the transmission electron microscopy (TEM)
investigation indicated that p-xyloside exhibited obvious
inhibiting effects on odontoblasts differentiation compared
with the control group. Meanwhile the results of immu-
nohistochemistry, in situ hybridization and quantitative
RT-PCR for type I collagen, dentin matrix acidic phos-
phoprotein 1 and dentin sialophosphoprotein, the products
of differentiated odontoblasts, further proved that odonto-
blasts differentiation was inhibited. Collagen fibers detected
in TEM decreased and arranged in disorder as well. Thus
we conclude that the inhibition of CS-GAGs incorporation
to CSPGs can affect odontoblast differentiation in cultured
embryonic mouse molars.
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Introduction

Extracellular matrix (ECM) is a complex network which
fills up the extracellular space within all tissues and organs.
It is well accepted that the ECM molecules play an impor-
tant role in the regulation of cell morphology, growth,
migration, adhesion, differentiation, and apoptosis (Hynes
2009). It is also believed that the stage-specific ECMs
being essential in the epithelial-mesenchymal interactions
to control morphogenesis and dentinogenesis during tooth
development, although its exact molecular mechanisms
are unknown (Thesleff et al. 1991; Rozario and Desimone
2010).

Chondroitin sulfate proteoglycans (CSPGs), as a major
member of the ECMs, is reported to be involving in a vari-
ety of cell activities such as cellular proliferation, migra-
tion and adhesion during embryogenesis (Carulli et al.
2005). CSPGs are composed of a core protein and one or
more chondroitin sulfate glycosaminoglycan side chains
(CS-GAGs). CS-GAGs consists of glucuronic acid and
N-acetylgalactosamine with one or more sulfates attached,
4- or 6-carbons of the galactosamine moiety most com-
monly (Ponedel’kina et al. 2012). Biochemical stud-
ies revealed that during tooth morphogenesis, CS-GAGs
were the most abundant glycosaminoglycans in embryonic
mouse molars, as cytodifferentiation occurred, the total
amount of chondroitin sulfate, however, decreased (Garud
et al. 2008). Our previous study and those of others also
indicated that CSPGs expressed in the ECM with a specific
temporal—spatial pattern and the sulfation pattern of the
core protein varies with the process of tooth development
(Schwartz 1977; Takagaki et al. 2002; Jiang et al. 2010; Wu
et al. 2010), which indicated that the CS-GAGs might act
key roles during tooth development.
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The main hard tissue in tooth—dentin, is a mineralized
connective tissue. A variety of molecular interactions occur
in the process of dentin mineralization, including many col-
lagen—noncollagenous protein interactions. Type I collagen,
secreted by odontoblasts, is one of the major structural pro-
teins of the dentin ECM, making up 90% of organic matrix
proteins. It is known that type I collagen interacts with
many non-collagenous proteins, playing a crucial role dur-
ing dentinogenesis (Veis 1993; Maciejewska et al. 2006).
Non-collagenous proteins are also considered to be impor-
tant components in regulating collagen mineralization
and hydroxyapatite crystal growth during dentinogenesis
(Zhang et al. 2017). The vast majority of non-collagenous
proteins in dentin is the SIBLING (small integrin-binding
ligand, n-linked glycoprotein) family, mainly including
dentin matrix acidic phosphoprotein 1 (DMP1), dentin
sialophosphoprotein (DSPP) which are also secreted by
odontoblasts (Fisher et al. 2001).

According to previous studies, we speculate that CS-
GAGs might act essential roles during tooth development.
To clarify the exact roles of CS-GSGs in dentinogenesis,
in the present study we cultured tooth germ organs with
or without 4-methylumbelliferyl-p-p-xyloside (Xyl-MU),
which could inhibit the CS-GAGs incorporation of CSPGs.
Then we investigated and analyzed the effects of Xyl-MU
on tooth morphogenesis and odontoblast differentiation, as
well as some odontoblast-related genes and proteins.

Materials and methods
Animals

Pregnant ICR mice were purchased from the Shanghai Lab-
oratory Animal Center of the Chinese Academic of Science
(Shanghai, China). All animal work was done according to
the National Institutes of Health guidebook and approved
by the Committee on the Ethics of Animal Experiments of
Tongji University. The presence of a vaginal plug was used
as an indication of embryonic day O (EO). The first man-
dibular molar tooth germs of E16.5 were dissected under
stereomicroscope and used for organ cultures.

Organ culture

Mandibular first molar germs from E16.5 mouse embryos
were dissected and cultured on 0.1 pm Omnipore filters
(Millipore, America) in a modification of Trowell’s system.
Two tooth germs from each mandible were divided into the
control and experimental groups. The explants were cul-
tured in DMEM/F12 medium supplemented with 10% FBS,
100 pg/ml ascorbic acid, 50 U/ml penicillin, and 50 pg/ml
streptomycin (complete medium, all from Sigma, USA) in a
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humidified atmosphere of 5% CO, in air at 37 °C. Medium
was changed every other day. Tooth germs were cultured
in the presence or absence of 2 mM 4-methylumbelliferyl-
B-p-xyloside (Xyl-MU), a selectively inhibitor of the CS-
GAGs incorporation (Sigma, USA). The tooth germs were
photographed every other day and tooth size (width, cusp
height and total height) was measured (n=12) using the
method reported in the previous literature to evaluate their
growth (Wu et al. 2010). Each experiment was repeated
three times.

Tissue preparations

After 6 days or 8 days’ cultivation, tooth germs were fixed
in 4% paraformaldehyde in 0.1 M phosphate buffer (pH
7.4) at 4 °C for 24 h, followed by embedding in paraffin.
Serial sections (5 pm) were cut for hematoxylin—eosin (HE)
staining, immunohistochemistry and in situ hybridization.
HE staining was observed under a microscope (Nikon
Eclipse 80i, Japan).

Transmission electron microscopy (TEM)

Tooth germs cultured for 6 days were rinsed in Hanks
medium, immersed for 4 h at 4 °C in a fixative solution
containing 2.5% glutaraldehyde in 0.1 M sodium caco-
dylate buffer (pH 7.4), then post-fixed with 1% osmium
tetroxide for 30 min at room temperature. The samples
were rinsed in the same buffer, dehydrated in graded etha-
nol, then embedded in Epon 812 (TAAB, Berkshire, UK).
Ultrathin sections stained with uranyl acetate and lead cit-
rate were examined with a HITACHI H-800 transmission
electron microscope operating at 80 kV.

Antibodies and immunohistochemistry

A SABC kit (Boster, Wuhan, China) was used for immu-
nohistochemistry. 2B6, 3B3 and CS-56 mouse monoclo-
nal antibodies were purchased from Seikagaku (Tokyo,
Japan). 2B6 recognizes unsaturated uronic acid linked to
N-acetylgalactosamine 4-sulphate (Adi-4S) and 3B3 rec-
ognizes unsaturated uronic acid coupled to N-acetylga-
lactosamine 6-sulphate (Adi-6S). These epitopes are pro-
duced by chondroitinase ABC digestion. CS-56 recognizes
the GAG portion of native CSPGs. These antibodies have
been widely used in immunohistochemistry for CS-GAGs
(Dondi and Muir 1976; Kresse and Schonherr 2001; Sep-
tier et al. 2001; Tendrio et al. 2003; Zhang et al. 2014;
Yang et al. 2016). Rabbit polyclonal antibody against type
I collagen, DMP1 and secondary antibody were obtained
from Abacam (ab21286, ab103203, ab6720). Briefly, the
sections were deparaffinized and rehydrated by gradient
elution using xylene and ethanol followed by incubation in
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3% H,0, to suppress endogenous peroxidase activity. Sec-
tions were digested or incubated in sodium citrate buffer
and heated for antigen retrieval. A concentration of 5%
BSA was applied to sections for 20 min at room tempera-
ture. Next, primary antibodies were applied to the sections
at 4 °C overnight. The sections were then incubated with
biotinylated secondary antibody. An SABC kit was used
for subsequent staining. Finally, diaminobenzidine (DAB)
or 3-amino-9-ethylcarbazole (AEC) was used as color
developing agents, after counterstaining with hematoxylin,
these sections were mounted with Permount TM Mounting
Medium, and observed under microscope.

RNA extraction and quantitative RT-PCR

Total RNA of tooth germs (E16.5 cultured for 8 days, n=38)
were extracted using RNeasy Mini Kit (Qiagen, Hilden,
Germany) according to instruction of manufacturer. The
amount and the integrity of RNA were assessed by meas-
urement of absorbance at 260 and 280 nm. First-strand
cDNA synthesis was performed with a cDNA synthesis kit
(Qiagen). The levels of type I collagen, DMP1 and DSPP
and were measured by quantitative RT-PCR with SYBR
Green Master Mix (TaKaRa Biotech, Dalian, China) and
normalized to the level of GAPDH mRNA. These experi-
ments were performed in triplicate. Primer sequences used
in quantitative RT-PCR are listed in Table 1.

In situ hybridization

In situ hybridization used digoxigenin-labeled RNA
probes for type I collagen (Kindly supplied by Prof. Shu-
nichi Shibata, Tokyo Medical and Dental University,
Tokyo, Japan) and the Nucleic Acid Detection Kit (Roche
Diagnostics, Mannheim, Germany) was performed.
Briefly, deparaffinized sections were washed in PBS and
fixed with freshly prepared 4% paraformaldehyde (PFA)
in PBS for 15 min. These sections were treated in pro-
teinase K at 37 °C and fixed again with PFA in PBS for
another 15 min. After washing in PBS, they were treated
with 0.2 m HCI for 10 min and were acetylated in 0.25%
acetic anhydride in 0.1 m triethanolamine (pH 8.0) for
10 min. Hybridization was performed at 50 °C for more
than 16 h in a humid chamber. After hybridization, sec-
tions were washed with 2x SSC and 50% formamide

solution. Hybridization signal was detected by adding
alkaline phosphatase substrate (NTB/BCIP; Roche Diag-
nostic, Dallas, TX) in detection buffer (10% polyvinyl
alcohol 70-100 kD, 100 mmol/l Tris, pH 9, 100 mmol/l
NaCl, 2 mmol/l Levamisole; Sigma-Aldrich, St. Louis,
MO). The duration of hybridization signal development
was for 1 h at room temperature. Each section was exam-
ined after counterstaining with methyl green and sense
probes were used as the negative control. We examined
three to four different explants for each group (cultured
for 8 days), in order to confirm the consistency of the
findings.

Statistical analysis

Data were shown as the arithmetic mean =+ the standard
error of the mean. Statistical analysis was carried out
using IBM SPSS Statistics 22 for Windows (IBM Cor-
poration, Armonk, NY, USA). The significance of differ-
ences between groups was tested using Student’s ¢ test.
Differences were considered significant when p <0.05.

Results
CS-GAGs synthesis were inhibited by Xyl-MU

The epitopes of the CS-GAG chains, 2B6, 3B3 and
CS-56 were detected by immunohistochemical method
on tooth germs after 6 days’ cultivation. The distribu-
tion patterns of them in the control group were identical
to those observed at comparable developmental stages
in vivo as previous report (Schwartz 1977; Takagaki et al.
2002; Wu et al. 2010). The immunostaining of 2B6 was
detected in the stellate reticulum and the cuspal region of
the dental papilla while CS-56 was detected in the den-
tal papilla but not in the stellate reticulum in the con-
trol group, the 3B3 immunostaining pattern was similar
to CS-56 but decreased in the cuspal region (Fig. la—c).
However, in the Xyl-MU treated tooth germs, 3B3, 2B6
and CS-56 immunostaining were considerably reduced.
3B3 (Fig. 1d) and 2B6 (Fig. le) were completely devoid,
and CS-56 was nearly abolished (Fig. 1f).

Table 1 Primers sequences

- O Gene Forward primer Reverse primer Bp
used in the quantitative RT-PCR
Collal AAGAATGGCGATCGTGGTGA AGCCACGATGACCCTTTATGC 154
DMP1 CAGAGGGACAGGCAAATAGTGAC CATCGCCAAAGGTATCATCTCC 168
DSPP GTGGGGTTGCTACACATGAAAC CCATCACCAGAGCCTGTATCTTC 169
GAPDH GACATCAAGAAGGTGGTGAAGC GAAGGTGGAAGAGTGGGAGTT 117
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Fig. 1 Immunohistochemistry. A Immunohistochemical staining of
tooth germs after 6 days’ cultivation for 2B6, 3B3 and CS-56. The
immunostaining of 2B6 was detected in the stellate reticulum and
the cuspal region of the dental papilla while 3B3 and CS-56 were
detected in the dental papilla in the control group (triangle in a, b,
¢). In the Xyl-MU treated group, they were considerably reduced that
3B3 and 2B6 (d, e¢) were completely devoid and CS-56 was nearly
abolished (arrow in f). B Immunohistochemical staining of tooth

Xyl-MU caused morphological variation of cultured
tooth germs

Tooth molar germs were treated with or without 2 mM
Xyl-MU in organ culture system. Under a normal condi-
tion, after 6 days’ culture, tooth germs of E16.5 mice grew
and showed well developed cusps (Fig. 2a). In contrast, in
the presence of Xyl-MU, the growth of the cultured tooth
germs and cusp formation were inhibited (Fig. 2b). Mean-
while, after measurement, the tooth germ width, cusp
height and total height were inhibited by 17, 70 and 11%
respectively (n=12) (Fig. 2B).

Xyl-MU affected the histogenesis of cultured tooth
germs

In addition to the morphological defects, Xyl-MU also
affected the histogenesis of cultured tooth germs (Dondi
and Muir 1976). In the control explants, after 6 days’ cul-
ture, the base membrane disappeared and be replaced by
an evident predention deposition, odontoblasts were fully
differentiated in the main cusp (Fig. 3a, b). Whereas in the
Xyl-MU treated tooth germs, the base membrane could still
be seen clearly and the underlying dental mesenchyme cells
was flat, the odontoblast differentiation was inhibited and,
as a consequence, the deposition of predentin was severely
affected and nearly absent (Fig. 3c, d).
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germs after 8 days’ cultivation for type I collagen. Type I collagen
was detected in the dental papilla of both group. But in the predentin
of the control group, type I collagen staining was thicker and stronger
than that of Xyl-MU treated group (arrow in g and h). C Immuno-
histochemical staining of tooth germs after 6 days’ cultivation for
DMPI1. DMP1 was detected in odontablast located regions in the con-
trol group, while immunostaining was weak in the Xyl-MU treated
group (arrow in i and j). Scale bar 100 pm

Xyl-MU altered the ultrastructure of cultured tooth
germs

TEM results indicated that the odontoblasts at the cusp
tip area were arranged in parallel in proximal region and
odontoblast process could be seen in the predentin. While,
odontoblasts in the Xyl-MU treated groups showed a
cube or flat shape, and there were no odontoblast pro-
cesses observed. The predentin in the control group could
be obviously observed and the thickness of the predentin
could reach 10 pm at some certain place after cultured for
6 days, almost five times thicker than that in the Xyl-MU
treated group. (Fig. 3e, g). Meanwhile, collagen fibers were
regularly arranged in the predentin in the control group
(Fig. 3f), but they were disorder-arranged in the Xyl-MU
treated group (Fig. 3h).

The effects of Xyl-MU on the related gene and proteins
of odontoblast

Immunohistochemistry

Type I collagen was detected in dental papilla cells of
both group. In the predentin of the control group, type
I collagen staining was strong. But in the predentin of
the Xyl-MU treated explants, the staining was weaker
(Fig. 1g, h). DMP1 was detected in odontoblasts-located
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Fig. 2 Measurement of cultured tooth germs. A Tooth germs of
E16.5 were cultured with or without 2 mM Xyl-MU for 6 days. The
tooth germ and cusps were well developed in the control group while
the tooth germ was smaller and cusps formation was inhibited in Xyl-

regions in the control group, while immunostaining was
weak in the Xyl-MU treated explants (Fig. 1i, j).

Quantitative RT-PCR

Total mRNA of type I collagen, DMP1 and DSPP from
tooth germs cultured for 8 days from two groups were
isolated and subjected to quantitative RT-PCR. Com-
paring with the control explants, the expression level of
type I collagen, DMP1 and DSPP were decreased in the
samples of the Xyl-MU treated tooth germs (Fig. 4A).

Relative tooth germ size(%)

M control
Opxy

width cusp height total height

MU group (arrow in a, b). B Tooth germ width, cusp height and total
height were measured and found to be inhibited in Xyl-MU group.
(n=12) *p<0.05, **p<0.01 (Student’s ¢ test). Scale bar 100 pm (a,
b)

In situ hybridization analysis

The results of the in situ hybridization for type I collagen
demonstrated that its expression in the two groups were
quite different. In the control group, type I collagen mRNA
expressed obviously in predentin, while it was detected very
weak in the predetin of Xyl-MU treated tooth germs (Fig. 4a,
b). This outcome was coinciding with the finding of TEM,
immunohistochemistry and quantitative RT-PCR.
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Fig. 3 Histogenesis and ultrastructure of cultured tooth germs. A HE
staining of tooth germs after 6 days’ cultivation. The base membrane
disappeared, the predention deposition was evident and odontoblasts
were fully differentiated in the control group, while the base mem-
brane could still be seen clearly, the odontoblast differentiation was
inhibited and the predentin deposition was nearly absent in the Xyl-
MU treated group (arrow in b, d). B TEM images of tooth germs
after 6 days’ cultivation. The thickness of the predentin (pd) in the

Discussion

The process of tooth development depends on well-regu-
lated reciprocal interaction between dental epithelium and
dental mesenchyme which acts as an indispensable initiator
(Thesleff and Nieminen 1996). The stage-specific ECMs
plays a critical role during the epithelial-mesenchymal
interactions. CSPGs, as a major family of noncollagene-
nous macromolecules in the ECMs, also make significant
contributions during tooth development. It is reported that
the CS-GAGs are important components of CSPGs, and
many of its functions are accomplished by the CS-GAGs
alone or in conjunction with the core protein (Wight 2002).
Our previous study also showed that the expression of CS-
GAGs changed in different stages of tooth development
(Jiang et al. 2010).

The prolongation of CS-GAGs synthesis depends on
glycosyltransferase, but p-xyloside can compete with the
xylosided—proteoglycan core protein for the glycosyltrans-
ferase thus selectively inhibits the glycosaminoglycan side
chains incorporation of chondroitin sulfate proteoglycans
(Garud et al. 2008). Therefore, in order to further clarify
the role of CS-GAGs during tooth development, we cul-
tured tooth germs with or without Xyl-MU. Our immuno-
histochemistry result showed a reduced immunostaining of
3B3, 2B6 and CS-56, which recognized CS-GAG chains in
the Xyl-MU treated group. This result indicated that Xyl-
MU could inhibit the incorporation of CS-GAGs to CSPGs
in the cultured tooth germs.

The morphological changes discovered in the pre-
sent study showed that the tooth germs growth and cusp
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control group was almost five times thicker than that in the Xyl-MU
treated groups. Odontoblasts (ob) showed a cube or flat shape and
odontoblast processes (A in f) could not be observed in the Xyl-MU
treated group. Collagen fibers (* in f, h) were regularly arranged in
the control group but were in disorder in the Xyl-MU treated group.
pd predentin, ob odontoblast. Scale bar 100 pm (a—d). Scale bar
5 pm (e, g). Scale bar 1 pm (f, h)

formation were significantly inhibited compared with the
control group when treated with Xyl-MU. It is known that
tooth germs develop from the dental lamina stage through
the bud, cap, bell stage to the formation of hard tissue,
and finally form the crown and roots (Thesleff and Niem-
inen 1996). Tooth germs of E16.5 are in the early bell
stage, which is a critical period for tooth development to
change the shape of the tooth, since the inner enamel epi-
thelium is growing and folding towards underlying mesen-
chymal growth and deep mesenchymal cells are gathering
in the future cusp region, then mesenchymal cells start to
polarize to form odontoblasts (Linde and Goldberg 1993;
Morita et al. 2014). According to our experimental find-
ings, the control group basically consistent with the histo-
logical changes shown in those previous studies, however,
the Xyl-MU treated group appeared inhibition effect on
cusp formation and odontoblast differentiation. Similar
changes were observed in Mark’s research as well (Mark
et al. 1990). To provide more microscopic evidence for
Mark’s and our finding, we performed transmission elec-
tron microscopy method, the results showed a more clear
and direct image of differentiation-inhibited and depolar-
ized odontoblasts in the Xyl-MU treated group, as well as
the collagens synthesized in disorder and the thinner pre-
dentin. These results indicated that the inhibition of synthe-
sis of CS-GAGs would lead to the inhibition of odontoblast
differentiation, thus affecting the formation of the predentin
and dentin matrix.

When odontoblasts are fully differentiated, there are usu-
ally some specific molecular markers, such as type I colla-
gen, DMP1, and DSPP (D’souza et al. 1997; Embery et al.
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Fig. 4 Quantitative RT-PCR and in situ hybridization analysis. A
Quantitative RT-PCR for type I collagen, DMP1 and DSPP of tooth
germs after 8 days’ cultivation. The expression level of type I col-
lagen, DMP1 and DSPP were significantly decreased in the samples
of Xyl-MU treated tooth germs. Data were shown as the mean +SD;

2001; Lee et al. 2016). The result of quantitative RT-PCR
of those markers, as well as in situ hybridization, showed
an expression decrease in the Xyl-MU treated tooth germ,
which is in consistent with the findings of the immuno-
histochemical and TEM results. The decrease was caused
by the inhibition of odontoblast differentiation. Functional
differentiated mature odontoblasts would become less
when they were inhibited, then type I collagen, DMP1 and
DSPP which were secreted by odontoblasts would decrease
as well. Since the mineralization of dentin occurs within
the type I collagen network (Yamauchi et al. 1996), and it
also needs those noncollagenous protein like DMP1 and
DSPP, so it resulted in the reduction of predentin synthesis
consequently.

H control

* = Xyl-MU

*p<0.05, **p<0.01 (Student’s ¢ test). B In situ hybridization for
type I collagen mRNA of tooth germs after 8 days’ cultivation. Type
I collagen mRNA was expressed obviously in predentin of the control
group, while it was very weak in Xyl-MU treated group (arrow in a,
b). Scale bar 100 pm (a, b)

Taken together, our present study hinted that CS-GAGs
would affect odontoblast differentiation during tooth devel-
opment. But the specific mechanism is not clear yet, so
here we put forward some conjectures. It is reported that
there were three main ways to regulate epithelial-mesen-
chymal interaction in morphogenesis cell differentiation
of tooth germ: (1) the direct contact between the cells; (2)
the interaction of extracellular matrix molecules and their
receptors; (3) the interaction between signal molecules like
growth factors (Thesleff et al. 1996; Kazuto et al. 1999; Du
et al. 2016). Moreover, studies have shown that CS-GAGs
of CSPGs could not only offer support for the cell growth,
but more importantly provided space for cytokines storage
and transportation (Wight 2002; Xie et al. 2015; Shi et al.
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2016). Thus, we speculate that it left insufficient intercellu-
lar space for odontoblasts to proliferate and polarize when
the CS-GAG chains were inhibited, then the odontoblasts
differentiation were affected. The unique structure of CS-
GAGs extending from the core protein could create a loose
and hydrated matrix environment according to Landolt’s
research (Landolt et al. 1995; Sotoodehnejadnematalahi
and Burke 2013), so it may offer help to storage growth fac-
tors and cytokines in such microenvironment. The enamel
knot, a signaling or organizing center of the tooth, has been
reported to produce a range of molecular signals such as
fibroblast growth factors (FGF), bone morphogenetic pro-
teins (BMP) and Wnt signals. These molecular signals can
direct the growth of the surrounding epithelium and mesen-
chyme thus provide positional information for tooth mor-
phogenesis and regulates the growth of tooth cusps (Jern-
vall et al. 1994; Vaahtokari et al. 1996). Therefore, when
the CS-GAG chains were inhibited, the growth factors and
cytokines within the enamel knot might run off and brought
impact to the epithelium and mesenchymal cells growth,
resulting in defective odontoblast differentiation and cusp
formation. However, the possible effect of Xyl-Mu on
enamel knot formation needs our further investigation.

In sum, we conclude that the inhibition of CS-GAGs
incorporation of CSPGs by p-xyloside can affect the dif-
ferentiation of odontoblasts, lead to the decreased secretion
of type I collagen, DMP1 and DSPP, finally altered tooth
morphogenesis and dentinogenesis in cultured embryonic
mouse molars. It highlights the significance of CS-GAGs
of CSPGs during the development of the tooth germs,
which needs our sustained attention and further study about
their secrets.
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