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Abstract
Tooth eruption requires osteoclastogenesis and subsequent bone resorption. Secreted frizzled-
related protein-1 (SFRP-1) negatively regulates osteoclastogenesis. Our previous studies indicated
that SFRP-1 is expressed in the rat dental follicle, with reduced expression at days 3 and 9 close to
the times for the major and minor bursts of osteoclastogenesis respectively, but it remains unclear
as to what molecules contribute to its reduced expression at these critical times. Thus, it was the
aim of this study to determine what molecules regulate the expression of SFRP-1 in the dental
follicle. To that end, the dental follicle cells were treated with cytokines that are maximally
expressed at days 3 or 9, and SFRP-1 expression was determined. Our study indicated that CSF-1,
a molecule maximally expressed in the dental follicle at day 3, down-regulated SFRP-1
expression. As to EMAP-II, a highly expressed molecule in the dental follicle at day 3, it had no
effect on the expression of SFRP-1. However, when EMAP-II was knocked downed by siRNA,
the expression of SFRP-1 was elevated, and this elevated SFRP-1 expression could be reduced by
adding recombinant EMAP-II protein. This suggests that EMAP-II maintained a lower level of
SFRP-1 in the dental follicle. TNF-α is a molecule maximally expressed at day 9, and this study
indicated that it also down-regulated the expression of SFRP-1 in the dental follicle cells. In
conclusion, CSF-1 and EMAP-II may contribute to the reduced SFRP-1 expression seen on day 3,
while TNF-α may contribute to the reduced SFRP-1 expression at day 9.
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INTRODUCTION
The dental follicle (DF) plays a crucial role in tooth eruption, because surgical removal of it
prevents the tooth from erupting [1]. Structurally, the DF is a loose connective tissue sac that
encases the unerupted tooth, and it is adjacent to alveolar bone at its periphery. For the tooth
to erupt, the alveolar bone must be resorbed to create an eruption pathway [2, 3]. Research
has revealed that osteoclast precursors (mononuclear cells) are recruited into the DF and
then differentiate into osteoclasts, the multinucleate cells required for bone resorption and
formation of the eruption pathway [4, 5]. For the eruption of the first mandibular molars of
rats, osteoclast precursors are recruited into the DF by the chemoattractic molecules: colony-
stimulating factor-1 (CSF-1) and monocyte chemoattractant protein-1 (MCP-1), both of
which are maximally expressed in the DF at postnatal day 3 [6, 7, 8]. Our recent study found
that endothelial monocyte-activating polypeptide II (EMAP-II) also contributes to this
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recruitment [9]. The fusion of the recruited osteoclast precursors is regulated by another
crucial molecule, receptor activator of nuclear factor-kappa B ligand (RANKL), which is
expressed in the DF [10]. Moreover, osteoprotegerin (OPG), a decoy receptor for RANKL
and a negative osteoclastogenesis regulator, is down-regulated by CSF-1 in the DF at day 3
[11]. With RANKL presence in the DF, a decrease in OPG level at day 3 provides a
favorable microenvironment to promote osteoclast formation.

Secreted frizzled related protein-1 (SFRP-1) was originally identified in a mouse eye cDNA
library, with its distribution found in many other tissues such as brain, heart, kidney, lung,
retina and spleen [12], as well as periodontal tissues infected with the bacteria P. gingivalis
[13]. SFRP-1 is a secreted soluble protein with a frizzled-like cystein-rich domain (Fz) [12].
Because of its frizzled-like domain, SFRP-1 functions as an antagonist of Wnt signaling by
competitively binding to Wnt proteins. As a negative regulator of Wnt signaling, SFRP-1
plays an important role through Wnt signaling in many aspects of cell proliferation,
morphology, differentiation, motility, and bone homeostasis [14]. In addition, SFRP-1 has
been identified as a tumor suppressor [15], and is involved in apoptosis of periodontal
ligament fibroblasts [16].

Studies in recent years have revealed the role of SFRP-1 in bone formation. SFRP-1
expression has been identified in osteogenic cells such as osteoblasts and chondrocytes [17].
The expression of SFRP-1 is increased in human osteoblast cells during advancing
osteoblast differentiation, with a peak level at the preosteocytic stage and a decline in mature
osteocytes, followed by an accelerated rate of cell death [18]. Knockout of SFRP-1 in mice
reduces the apoptosis of both osteoblasts and osteocytes, enhances the proliferation and
differentiation of these cells, and increases trabecular bone formation [19]. By contrast,
overexpression of SFRP-1 in mice inhibits osteoblast differentiation and its function, and
reduces bone formation [20]. These results indicate that SFRP-1 inhibits bone formation
through its effect on osteoblasts.

Other studies have shown that SFRP-1 inhibits osteoclastogenesis. Initial studies indicated
that reduction of SFRP-1 by antiserum in the co-culture of murine osteoblasts and splenic
cells stimulates osteoclastogenesis [17]. Similarly, knockdown of SFRP-1 by siRNA in
KUSA osteoblast cells also enhances osteoclastogenesis in the co-culture of KUSA cells and
bone marrow cells [17], which suggests that enhanced osteoclastogenesis is related to the
reduced SFRP-1 in osteoblasts. Moreover, increased osteoclastogenesis is also observed in
the bone marrow cell cultures from SFRP-1 knockout mice as compared to wild-type mice
[19]. Direct inhibition of osteoclastogenesis by SFRP-1 has been shown by addition of
recombinant SFRP-1 protein in culture. In cultures of murine splenic cells, SFRP-1 inhibited
osteoclastogenesis in a dose-dependent manner [17]. This inhibition was also observed in
cultures of mouse RAW 264.7 cells or purified rat bone marrow cells in which stromal cells/
osteoblasts are not present [17, 21], which suggests that SFRP-1 may exert its inhibitory
effect on osteoclastogenesis through osteoclast precursors directly. In addition, SFRP-1 also
can bind to RANKL to block osteoclastogenesis [17].

By DNA microarray, we found that SFRP-1 was expressed in the rat DF, with its expression
reduced at postnatal days 3 and 9 [21], the approximate times for the major and minor bursts
of osteoclastogenesis respectively [5, 22]. We also showed that SFRP-1 inhibited
osteoclastogenesis in cultures of rat bone marrow cells [21]. Because of the crucial role of
the DF in tooth eruption, this study was conducted to determine what molecules regulate the
reduced expression of SFRP-1 in the rat DF for osteoclastogenesis and tooth eruption.
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MATERIALS AND METHODS
DF Cell Cultures

Harlan Sprague-Dawley rats (Harlan Laboratories, Indianapolis, IN, USA) were housed in
the School of Veterinary Medicine at Louisiana State University in compliance with a
protocol approved by the Institute of Animal Care and Use Committee (IACUC). The DF
was isolated surgically from the first mandibular molars of 5- to 6-day-old rats and
trypsinized to obtain the DF cells as previously described [23]. The DF cells were cultured
for 5 to 6 passages to ensure uniform cell population in an incubator at 37 °C and 5% CO2 in
minimum essential medium (MEM) (Sigma-Aldrich, St. Louis, MO, USA) plus 10% (V/V)
newborn calf serum, 1 mM sodium pyruvate, 1% penicillin/streptomycin and 0.2%
fungizone. The cells of passages 6 to 9 were used in this study.

DF Cell Treatments
The DF cells of passages 6 to 9 were grown in T-25 flasks until confluence. The cells were
then cultured for an additional 8 h in serum-free MEM medium supplemented with 0.3% (v/
v) bovine serum albumin (BSA) and placed in the same medium before the experimental
treatments. The DF cells were treated with the following cytokines separately for time
course studies: human EMAP-II (Pepro Tech, Rocky Hill, NJ, USA) at a concentration of 50
ng/ml for 3, 6, 9, 12 and 24 h; human CSF-1 (Pepro Tech) at a concentration of 50 ng/ml for
3, 6, 9, 12 and 24 h; and rat IL-1α (Pepro Tech) at concentrations of 5, 10, 15 and 20 ng/ml
for 3, 6, 9 and 12 h. In addition, the DF cells were treated with rat TNF-α (Pepro Tech) at a
concentration of 15ng/ml for 3, 6, 9 and 12 h in a time-course study, and at concentrations of
0, 5, 10, 15, or 20ng/ml for 6 h in a concentration-course study. The concentrations and
times for the above cytokines were based on our previous studies [9, 10, 24]. The DF cells
were collected for RNA isolation after designated treatments. Each of above treatments was
repeated four times, each with a different set of DF cell cultures.

RNA Isolation
Total RNA was isolated from the DF cells using an automatic system QIAcube (Qiagen Inc.,
Valencia, CA, USA), with RNA mini column and DNase I digestion per manufacturer’s
instructions. The RNA was quantified using a NanoDrop 8000 spectrophotometer (Thermo
Scientific, Wilmington, DE, USA). The RNA quality was ensured by an A260/A280 ratio of
2.0 or higher.

In Vitro Transfection of the DF Cells with siRNA
A Dicer substrate siRNA was designed using online software provided by Integrated DNA
Technologies (Coralville, IA, USA), and synthesized by the same company as two single
strands: sense strand 5′-
rUrGrCrUrUrCrUrCrCrCrArCrArUrCrGrArCrUrUrCrCrUrCrArC-3 ′ a n d a n t i-sense
strand 5′-rGrGrArGrGrArArGrUrCrGrArUrGrUrGrGrGrArGrArArGCA-3′ based on
EMAP-II mRNA sequences (Genbank accession no. NM_053757). The siRNA duplex was
annealed from these two single strands, targeting the rat EMAP-II mRNA at nucleotides
582–606. Scrambled siRNA not targeting any mRNA was used for the controls. For
transfection, the DF cells were cultured in T-25 flasks one day before transfection in MEM
medium plus 1 mM sodium pyruvate and 10% heat-inactivated fetal calf serum such that the
cells were 30–40% confluent at the time of transfection. Transfection was carried out using
Lipofectamine™ RNAiMAX per manufacturer’s instructions (Invitrogen, Carlsbad, CA,
USA). Briefly, siRNA and transfection reagent were diluted to 50 nM and 50-fold
respectively in 500 μl Opti MEM I Reduced Serum Medium (Invitrogen). After 5 min of
incubation at room temperature, the diluted siRNA and transfection reagent were combined,
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and incubated at room temperature for another 25 min to form siRNA-Lipofectamine™

RNAiMAX complex. The resultant 1 ml of complex was added to 4 ml of the DF cell
culture to bring the final siRNA concentration to 5 nM. For controls, the DF cells were
transfected with scrambled siRNA under the same conditions. The cultures were incubated
at 37 °C with 5% CO2 for 24, 36, 48, 60 and 72 h. After designated time periods following
transfection, the DF cells were collected for determination of gene expression using real-
time RT-PCR.

To determine if EMAP-II can decrease SFRP-1 expression after EMAP-II expression was
knocked down by siRNA, the DF cells were transfected first with control siRNA (Csi) or
EMAP-II siRNA (Esi) as above. After 36 h at which SFRP-1 expression was significantly
elevated in response to EMAP-II knockdown, the transfected DF cells were subjected to
human EMAP-II (50 ng/ml) (E) treatment for an additional 6, 12 or 24 h.

Reverse Transcription-Polymerase Chain Reaction (RT-PCR) and Real-time RT-PCR
To determine gene expression, 2 μg total RNA was reverse transcribed by M-MLV Reverse
Transcriptase (Invitrogen) to synthesize the first strand cDNA per the manufacturer’s
instructions. The reverse transcription was performed at 37 °C for 1 h, followed by 10
minute incubation at 70 °C to inactivate the reverse transcriptase.

Real-time RT-PCR was used to analyze the expression of SFRP-1 in the DF cells. The
following primers were designed based on its mRNA sequences (GenBank accession no.
AF167308): 5′-TAAAGAATGGCGCCGACTGTC-3′ and 5′-
TGGCTGTGAGCAAGAACTGGC-3′. The real-time RT-PCR was performed as our
previous study [10] with SYBR® Green Master Mix (Applied Biosystems, Foster City, CA,
USA). The relative gene expression (RGE) was calculated with glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) as an internal control using the formula 2−ΔΔC

T. The primer
sequences for GAPDH were 5′-GTGGACCTCATGGCCTACATG-3′ and 5′-
TCAGCAACTGAGGGCCTCTC-3′.

Immunostaining
For detection of SFRP-1 protein expression in the DF cells, the DF cells were cultured on
coverslips coated with poly-L-lysine in 6-well plates, and treated with or without human
CSF-1 (50 ng/ml) (Pepro Tech) for 12 h. The cells then were fixed with 4%
paraformaldehyde for 10 min, and permeabilized with 0.2% Triton X-100. After blocking
with 2% normal goat serum (Vector Laboratories, Burlingame, CA, USA) in Tris-buffered
saline (TBS) buffer for 1 h at room temperature, the cells were incubated with rabbit IgG or
rabbit anti-human SFRP-1 polyclonal primary antibody (Catolog # ab4193) (Abcam,
Cambridage, MA, USA) at a concentration of 5 μg/ml overnight at 4 °C in TBS buffer
containing 2% normal goat serum. Next, the cells were washed three times with TBS buffer
and incubated for 1 h with biotinylated goat anti-rabbit IgG secondary antibody (1:100
dilutions in TBS buffer). Following three washes with TBS buffer, the cells were further
incubated for 30 min with avidin-biotinylated horseradish peroxidase (HRP) (Vector
Laboratories), and then incubated with 3, 3′-diaminobenzidine tetrahydrochloride (DAB)
(Vector Laboratories) for 5 min before counterstaining with hematoxylin.

Statistical Analysis
Data from the TNF-α concentration-course study and EMAP-II siRNA knockdown were
analyzed using SAS program (version 9.1) (SAS Institute, Cary, NC, USA). Analysis of
variance (ANOVA) was carried out to evaluate SFRP-1 gene expression, and then the means
were separated with the least significant difference (LSD) test at a significance level of P ≤
0.05. Data from other experiments were analyzed using paired t-tests at P ≤ 0.05.
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RESULTS
CSF-1 Decreases SFRP-1 Expression

CSF-1 is maximally expressed in the rat DF of the first mandibular molar at postnatal day 3
[6], and it down-regulates OPG expression [11]. To determine if CSF-1 decreases SFRP-1
expression, the DF cells were treated with CSF-1 for 3 to 24 h, and the SFRP-1 expression
was determined by real-time RT-PCR. As seen in Figure 1, SFRP-1 expression was reduced
at 6 h after CSF-1 treatment. The maximal reduction of SFRP-1 expression was reached at 9
to 12 h, with a maximal reduction of 32% as compared to their time-wise controls. The
expression level at 24 h was lower than the controls, but it was not statistically significant.

As CSF-1 decreased SFRP-1 gene expression, immunostaining was performed to determine
if SFRP-1 protein was also decreased. As shown in Figure 2A, CSF-1 treatment resulted in a
reduced staining for SFRP-1 as compared to the control without CSF-1 treatment (Figure
2B), indicating that CSF-1 decreased SFRP-1 protein expression. Thus, CSF-1 reduced both
SFRP-1 gene expression and protein expression.

IL-1α, which is maximally expressed in the stellate reticulum adjacent to the DF at postnatal
days 1 to 3 [25], did not affect the expression of SFRP-1 in the DF cells (data not shown).

Up-regulation of SFRP-1 by EMAP-II knockdown
EMAP-II is maximally expressed in the dental follicle at postnatal day 3 [9]. To determine if
EMAP-II decreases SFRP-1 expression, the DF cells were treated with human EMAP-II but
there was no effect on SFRP-1 expression (data not shown). This may be attributed to a high
level of constitutive EMAP-II expression (about 60% of GAPDH expression at postnatal
day 3) that might mask the treatment effect. Therefore, EMAP-II siRNA, which knocks
down EMAP-II expression by more than 95% in our previous study [9], was used to knock
down EMAP-II expression and then SFRP-1 expression was determined. As shown in
Figure 3, knockdown of EMAP-II expression resulted in an increase of SFRP-1 expression
from 24 to 72 h. SFRP-1 expression was significantly higher from 36 to 60 h, with a
maximal increase of 1.7-fold at 48 h. This suggests that high level of EMAP-II in the DF
cells suppresses SFRP-1 expression and maintains its low level.

To determine if EMAP-II decreases SFRP-I expression after EMAP-II was knocked down,
the cells were treated with EMAP-II after 36 h of transfection with siRNA. As shown in
Figure 4, knockdown of EMAP-II expression by siRNA (Esi) resulted in an increase of
SFRP-1 expression as compared to control siRNA knockdown (Csi). In contrast, siRNA
knockdown plus EMAP-II treatment (Esi+E) significantly decreased SFRP-1 expression at
12 and 24 h as compared to EMAP-II knockdown only (Esi). At 12 h, SFRP-1 expression
was reduced by EMAP-II to a level similar to that without EMAP-II knockdown (Csi). This
demonstrates the inhibitory effect of EMAP-II on SFRP-1 expression in the DF cells.

TNF-α Decreases SFRP-1 Expression
Because TNF-α is maximally expressed at postnatal day 9 [26], the experiments were
conducted to determine if it decreases SFRP-1 expression. As shown in Figure 5A in a
concentration-course study, TNF-α significantly decreased SFRP-1 expression at a
concentration of 10 ng/ml, with a maximal reduction of 25%. Reduction in SFRP-1
expression was similar from concentrations of 10 to 20ng/ml. Similarly, SFRP-1 expression
was decreased significantly at 6 to 9 h by TNF-α as seen in time-course study (Figure 5B).
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DISCUSSION
Osteoclastogenesis is required for resorption of alveolar bone to provide a pathway for tooth
eruption [2]. It is well recognized that osteoclasts differentiate from precursors in the
presence of CSF-1 and RANKL through a complicated pathway [27], in which OPG
negatively regulates osteoclastogenesis. As a soluble receptor, OPG inhibits
osteoclastogenesis by acting as a decoy receptor to bind to RANKL so as to block the cell-
to-cell interaction [28]. In vivo and in vitro studies indicated that OPG inhibits
osteoclastogenesis and prevents bone loss caused by excessive bone resorption [28], and it is
regarded as a protective molecule for bone loss. Consequently, a decline in OPG expression
could favor osteoclastogenesis. Such a reduced OPG expression occurs at day 3 in the DF of
the first mandibular molar of the rat, and thus provides a favorable microenvironment for the
major burst of osteoclastogenesis at this time [29]. This reduction of OPG expression is due
to an up-regulation of CSF-1 at day 3 which, in turn, down-regulates OPG [11]. Given that
another osteoclastogenesis inhibitor, SFRP-1, is expressed in the DF, what are the
molecule(s) that may down-regulate it in order for osteoclastogenesis to occur?

In our previous studies using a DNA microarray, we found that SFRP-1 had a
chronologically reduced expression in the DF of the first mandibular molar of the rat at days
3 and 9 [21] and that these times approximately correlated with the major and minor bursts
of osteoclastogenesis in the DF. Thus, we hypothesized that the molecules with maximal
expression in the DF or adjacent stellate reticulum at day 3 and day 9 might act to down-
regulate SFRP-1 expression to promote osteoclastogenesis. To test this hypothesis, this
study was carried out to determine if EMAP-II, CSF-1, IL-1α, and TNF-α could down-
regulate SFRP-1 expression in the DF cells. Our study indicated that CSF-1, EMAP-II and
TNF-α indeed did down-regulate SFRP-1 expression.

CSF-1 plays important roles in the regulation of tooth eruption because CSF-1 mutant rats
are toothless [30]. Our previous studies showed that CSF-1 regulates osteoclastogenesis
through its recruitment of osteoclast precursors and its down-regulation of OPG [7, 11]. In
this study, we showed that CSF-1 also down-regulates the expression of SFRP-1 in the DF
cells. Because CSF-1 is maximally expressed at day 3 in the first mandibular molar, it may
be responsible for the down-regulation of SFRP-1 in the DF at day 3 in vivo. Thus, the
reduced expression of both OPG and SFRP-1 might provide a favorable microenvironment
to allow for the major burst of osteoclastogenesis at day 3.

EMAP-II is highly and maximally expressed in the dental follicle at day 3, and it acts as a
chemoattractant to recruit osteoclast precursors, as shown in our previous study [9]. In this
study, direct treatment of EMAP-II on the DF cells had no effect on the expression of
SFRP-1. This may be due to the high level of EMAP-II secreted by the DF cells that masks
the treatment effect. Therefore, siRNA was used to knock down EMAP-II expression. After
EMAP-II was knocked down, the SFRP-1 expression was significantly up-regulated,
indicating that the constitutive high levels of EMAP-II suppress SFRP-1 expression.
Moreover, after EMAP-II was knocked down, the up-regulated SFRP-1 expression could be
reduced by recombinant EMAP-II protein, suggesting that EMAP-II could inhibit SFRP-1
expression if there were no high levels of EMAP-II. This also suggests that the high level of
EMAP-II helps to maintain the lower levels of SFRP-1 seen at day 3. However, it remains
unclear as to how EMAP-II suppresses SFRP-1 expression.

As mentioned above, both EMAP-II and CSF-1 contributed to the down-regulation of
SFRP-1 expression, but they might act differently. Regarding EMAP-II, its high levels both
in vitro and in vivo may help to maintain the lower levels of SFRP-1, while CSF-1 may
directly down-regulate the expression of SFRP-1. In addition, EMAP-II may be partially
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responsible for the high levels of CSF-1 at day 3, as knockdown of EMAP-II by siRNA
resulted in reduction of CSF-1 [9]. Thus, it is possible that EMAP-II acts alone or partially
through its up-regulation of CSF-1 to suppress SFRP-1 expression. Given that RANKL level
is low at day 3, the down-regulation of SFRP-1 by EMAP-II and CSF-1 is quite significant.

Unlike CSF-1 and EMAP-II, IL-1α had no effect on SFRP-1 expression in the DF cells, a
finding similar to in KUSA osteoblast cells [17]. It is not expected, however, given that
IL-1α enhances CSF-1 expression [31], and in this study we showed that CSF-1 down-
regulated SFRP-1 expression. This could be explained by the dual functions of IL-1α. On
the one hand, IL-1α enhances CSF-1 expression [31], which then down-regulated SFRP-1
expression as shown in this study. On the other hand, IL-1α enhances the expression of
cyclooxygenase-2 (COX-2), resulting in production of prostaglandin E2 (PGE2) in intestinal
myofibroblast cells and adrenal cells [32, 33], and PGE2 up-regulates SFRP-1 expression in
KUSA cells [17]. Therefore, it is possible that absence of effect of IL-1α on SFRP-1
expression is the outcome of its down-regulation of SFRP-1 through CSF-1 and its up-
regulation of SFRP-1 through production of PGE2, leading to no change in SFRP-1
expression.

Besides the major burst of osteoclastogenesis at day 3, there is a minor one at day 10 [22].
However, the OPG level at this time is not down-regulated as opposed to day 3. This raises a
question regarding what microenvironment favors osteoclastogenesis at this time. This could
be explained by a reduction in SFRP-1 as shown in this study and an increase in RANKL as
our previous studies indicated [10, 21]. An increase in RANKL expression may be regulated
by TNF-α, a molecule that is maximally expressed at day 9 [26]. In this study, we found that
TNF-α also down-regulates SFRP-1 expression in the DF cells, suggesting that down-
regulation of SFRP-1 at day 9 may be regulated by TNF-α. The down-regulated SFRP-1,
coupled with increased RANKL expression, could create a favorable condition for the minor
burst of osteoclastogenesis. In addition to up-regulating RANKL expression and down-
regulating SFRP-1 expression, TNF-α may also promote osteoclastogenesis directly [34].

CONCLUSIONS
Our studies have shown that CSF-1, a molecule maximally expressed in the DF at day 3,
down-regulates SFRP-1 expression in the DF cells. This down-regulation could result in a
reduced SFRP-1 level in the DF at day 3, thereby promoting the major burst of
osteoclastogenesis seen at this time. Similarly, TNF-α, a molecule maximally expressed in
the DF at day 9, also down-regulates SFRP-1 expression in the DF cells, and could do the
same in the DF to create a favorable microenvironment for the minor burst of
osteoclastogenesis seen at day 10. Moreover, our studies have shown that high EMAP-II
suppresses SFRP-1 expression in the DF cells, and an in vivo high level of EMAP-II at day
3 could maintain a low SFRP-1 level, thereby promoting the major burst of
osteoclastogenesis. In addition, CSF-1 and EMAP-II may function together to maintain a
low SFRP-1 level in the DF seen at day 3 to promote the major burst of osteoclastogenesis.
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Figure 1.
Inhibition of SFRP-1 expression in the dental follicle cells by CSF-1. The dental follicle
cells were treated with CSF-1 at a concentration of 50ng/ml for 3 to 24 h, and the expression
of SFRP-1 was determined by real-time RT-PCR. The results are presented as the means ±
standard deviations of four independent experiments. An asterisk (*) and asterisks (**)
indicate significant difference (P<0.05) and highly significant difference (P<0.01) between
the treatments and its paired controls respectively.
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Figure 2.
Reduction of SFRP-1 protein in the dental follicle cells by CSF-1. After being treated with
CSF-1, the dental follicle cells were immunostained for SFRP-1 protein level. The treated
cells showed a reduced staining of SFRP-1 protein (A) as compared with control cells
without treatment (B). In the staining controls in which primary antibody was replaced by
IgG, no staining was observed in the cells treated with CSF-1 (C) or the cells without
treatment (D). Scale bar: 50 μm.
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Figure 3.
Up-regulation of SFRP-1 in the dental follicle cells by knockdown of EMAP-II with siRNA.
The DF cells were transfected with a siRNA at a concentration of 5 nM that targets EMAP-
II mRNA or a control siRNA that does not target any sequence. The expression of SFRP-1
was determined by real-time RT-PCR from 24 to 72 h after transfection. The results are
presented as mean ± standard deviation of four independent experiments. An asterisk (*) and
asterisks (**) indicate significant difference (P<0.05) and highly significant difference
(P<0.01) between the treatments and paired controls respectively.
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Figure 4.
The dental follicle cells were transfected with a siRNA that targets EMAP-II mRNA (Esi)
(slashed bars) or a control siRNA that does not target any sequences (Csi) (open bars) for 36
h, and then the cells were further treated with human recombinant EMAP-II (Esi+E) (close
bars) at a concentration of 50ng/ml for an additional 6, 12 and 24 h. The SFRP-1 expression
in the dental follicle cells were determined by real-time RT-PCR. The results are presented
as the means ± standard deviations of four replications, and significant difference (P<0.05)
within each time point between the means was indicated by different letters.
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Figure 5.
Inhibition of SFRP-1 expression in the dental follicle cells by TNF-α. The dental follicle
cells were treated with TNF-α at concentrations of 0 to 20 ng/ml for 6 h (A), and at a
concentration of 15 ng/ml for 3 to 12 h (B). The expression of SFRP-1 in the dental follicle
cells was determined by real-time RT-PCR. The results are presented as the means ±
standard deviations of four independent experiments. A different letter between the means
(A) or an asterisk (*) (B) indicated significant difference (P<0.05).
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