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Abstract
Endothelial monocyte-activating polypeptide II (EMAP-II) is an inflammatory cytokine with
chemotactic activity. Because the dental follicle (DF) recruits mononuclear cells (osteoclast
precursors) to promote the osteoclastogenesis needed for tooth eruption, it was the aim of this
study to determine if EMAP-II may contribute to this recruitment. Using a DNA microarray,
EMAP-II was found to be highly expressed in vivo in the DFs of day 1 to day 11 postnatal rats,
with its expression elevated at days 1 and 3. Using a siRNA to knock down EMAP-II expression
also resulted in a reduction in expression of CSF-1 and MCP-1 in the DF cells. Addition of
EMAP-II protein to the DF cells partially restored the expression of CSF-1 and MCP-1. In
chemotaxis assays using either conditioned medium of the DF cells with anti-EMAP-II antibody
added or conditioned medium of DF cells with EMAP-II knocked down by siRNA, migration
indexes of bone marrow mononuclear cells were significantly reduced. These results suggest that
EMAP-II is another chemotactic molecule in the dental follicle involved in recruitment of
mononuclear cells, and that EMAP-II may exert its chemotactic function directly by recruiting
mononuclear cells and indirectly by enhancing the expression of other chemotactic molecules
(CSF-1 and MCP-1).
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The dental follicle (DF), a loose connective tissue sac that surrounds the unerupted tooth,
provides the microenvironment for the cellular and molecular events needed for tooth
eruption. The cellular events include the influx of mononuclear cells into the DF and their
fusion into osteoclasts. In the first mandibular molar of rats, the peak level of mononuclear
cells in the DF is reached at day 3 postnatally, the time of maximal number of osteoclasts on
the surface of the bony crypt (1,2). Parallel to the cellular events, several molecular events
occur at this time. The dental follicle maximally expresses and secretes monocyte
chemoattractant protein-1 (MCP-1) and colony-stimulating factor-1 (CSF-1) at day 3
postnatally to recruit mononuclear cells (3,4,5). Moreover, CSF-1 acts to inhibit
osteoprotegerin (OPG), an osteoclastogenesis inhibitor expressed by DF, resulting in its
down-regulation at day 3 (6,7). Another molecule, receptor activator of nuclear factor-kappa
B ligand (RANKL) is expressed in the DF (8). In conjunction with a stable level of RANKL,
the low level of OPG at day 3 results in higher ratio of RANKL to OPG, thus creating a
favorable microenvironment for mononuclear cells to differentiate and fuse into osteoclasts
that resorb alveolar bone to form an eruption pathway for the tooth.
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Chemokines, a superfamily of secreted proteins with low molecular weight (8-16 kDa) that
regulate the migration and interactions of white blood cells, play an important role in
recruiting mononuclear cells (osteoclast precursors) into sites where they differentiate into
osteoclasts (9). Chemokines are categorized structurally into four subfamilies according to
their number and position of conserved cysteine residues: CC, C, CXC and CX3C (10). CC
denotes adjacent cysteines and CXC and CX3C denote one residue and three residues
between them respectively.

One cytokine, endothelial monocyte-activating polypeptide II (EMAP-II), although it does
not fall into the above chemokine subfamilies, has a domain that is structurally homologous
to other chemokines (11), and acts as a chemokine to induce migration of endothelial
progenitor cells via the chemokine receptor CXCR3 (12). EMAP-II was originally isolated
from the supernatant of murine methylcholanthrene A fibrosarcoma cells and has been
characterized as a pro-inflammatory cytokine (13). In vitro, EMAP-II modulated
procoagulant activity of endothelial cells through the tissue factor, and induced migration of
monocytes, as well as granulocytes and neutrophils. In vivo, injection of EMAP-II into the
footpads of mice induced an acute inflammatory response characterized by tissue swelling
and polymorphonuclear leukocyte infiltration (13). EMAP-II has also been reported to
trigger cell apoptosis (14), and it has elevated expression in apoptotic tissues and remodeling
tissue where elevated EMAP-II attracted macrophages for removal of the dead cells (15).
The inflammatory effect of EMAP-II was also seen in the pathogenesis of periodontitis in
which elevated EMAP-II expression was observed in aggressive periodontitis, but not in
chronic periodontitis nor in normal periodontal tissue (16).

In our previous study using a chemokines and receptors DNA microarray, EMAP-II was
identified as being expressed in the DF cells (17). Because of its high expression level in the
DF cells and its chemotactic effect on mononuclear cells found in other studies (13,18), it
was the aim of this study to characterize the expression patterns of EMAP-II in rat DF in
vivo and to determine its possible role in recruiting mononuclear cells for
osteoclastogenesis, as well as its effect on the expression of other chemotactic molecules in
the DF.

Material and methods
Dental follicle isolation and cell culture

Rats (Harlan Sprague-Dawley) were maintained in the School of Veterinary Medicine at
Louisiana State University in compliance with a protocol approved by the Institutional
Animal Care and Use Committee (IACUC). DFs were isolated surgically from the first
mandibular molars of the rats at postnatal days 1, 3, 5, 7, 9 and 11 for RNA isolation. DF
cells were obtained by trypsinizing the DFs of the first mandibular molars of 5- to 6-d-old
rats and culturing them 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 as previously reported (19). DF cells of passages 6 to 9
were used for the experiments.

RNA isolation
Total RNA was isolated from the DFs or DF cells using Tri-Reagent (Molecular Research
Center, Cincinnati, OH, USA). As controls, total RNA was also isolated from spleen and
bone (tibia of hind limb without marrow) of 6 to 8 month old rats using the Tri-Reagent with
pestle grinding. The RNA was then treated with DNase I (Ambion, Austin, TX, USA) to
remove possible DNA contaminations. Total RNA was quantified by a spectrophotometer at
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an absorbance (A) of 260 nm, and RNA purity was confirmed by an A260/A280 ratio of 2.0
or higher.

DNA microarray analysis
DNA microarrays were performed as in our previous study (17). Briefly, total RNA (1-1.5
μg) from the DFs of rats aged 1 – 11 days was labeled with biotin-16-UTP (Roche Applied
Science, Indianapolis, IN, USA) to generate complementary RNA (cRNA) using
TrueLabeling-AMPTM 2.0 kit (SuperArray Bioscience, Frederick, MD, USA) per
manufacturer’s instructions. Then, 4 μg of the labeled cRNA was hybridized to a rat
chemokines and receptors oligo-DNA microarray containing 113 genes (SuperArray
Bioscience) in a hybridization oven at 60°C for 18 h, followed by two washes at the same
temperature. Next, the array was blocked in blocking buffer at room temperature for 40 min,
incubated with alkaline phosphatase-conjugated streptavidin for 10 min, and washed four
times. Finally, the array was incubated at room temperature with a CDP-Star
chemiluminescent substrate for 5 min.

The image was acquired after 20 min of exposure using a FluoChemTM 8800 image system
(Alpha Innotech Corp., San Leandro, CA, USA). The gene expression data were obtained
and analyzed using software GEArray Expression Analysis Suite (SuperArray Bioscience).
The gene expression level was expressed as the ratio of EMAP-II gene to the internal
control, glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene.

RT-PCR and real-time RT-PCR
To detect gene expression, 2 μg total RNA was reverse transcribed by M-MLV Reverse
Transcriptase (Invitrogen, Carlsbad, CA, USA) 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 min incubation at 70°C to inactivate the reverse transcriptase.

Real-time RT-PCR was used to analyze the expression of EMAP-II, CSF-1 and MCP-1 in
the DF cells. The primers were designed for the following genes based on their mRNA
sequences in GenBank: 5′-CCTGTCGACGTATCACGCCT-3′ and 5′-
CCCACATCGACTTCCTCCAC-3′ for EMAP-II (GenBank accession No. NM_053757);
5′-CGAGGTGTCGGAGCACTGTA-3′ and 5′-TCAACTGCTGCAAAATCTGTAGGT-3′
for CSF-1 (accession no. NM_023981); and, 5′-CACGCTTCTGGGCCTGTT-3′ and 5′-
TGAGACAGCACGTGGATGCT-3′ for MCP-1 (accession no. NM_031530). The real-time
PCR was performed as our previous study (20) with SYBR Green Master mix (Applied
Biosystems, Foster City, CA, USA). The relative gene expression (RGE) was calculated
with β-actin as an internal control using the formula 2-ΔΔC

T. Semi-quantitative PCR also
was performed for 26 cycles using the above sequences.

Immunostaining
For detection of EMAP-II expression in vivo, mandibles of postnatal day 5 rats were fixed
in formalin, decalcified, dehydrated and sectioned at 5 μm thickness. Endogenous
peroxidase activity was quenched by incubating sections in 3% hydrogen peroxide for 10
min. After two washes with Tris-buffered saline (TBS) plus 0.025% Triton X-100, the
sections were blocked at room temperature for 1 h with 2% normal rabbit serum (Vector
Laboratories, Burlingame, CA, USA) in TBS buffer, and then incubated with goat
polyclonal anti-human EMAP-II primary antibody (Pepro Tech, Rock Hill, NJ, USA) at a
concentration of 2 μg/ml overnight at 4°C in TBS buffer plus 2% normal rabbit serum. For
controls, the primary antibody was replaced by goat IgG (Prepro Tech). After incubation
overnight, the sections were washed 3 times and incubated with biotinylated rabbit anti-goat
IgG secondary antibody (diluted 1: 100 in TBS buffer plus 1% BSA) for 1 h. Following 3

Liu and Wise Page 3

Eur J Oral Sci. Author manuscript; available in PMC 2009 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



washes, the sections were incubated with avidin-biotinylated horseradish peroxidase (HRP)
(Vector Laboratories) for 30 min and then incubated in 3, 3’-diaminobenzidine (DAB) for 5
min, followed by counterstaining with hematoxylin. The same procedure was applied for the
DF cells except that the cells were fixed in ice-cold methanol for 5 min and air-dried.

In vitro transfection of DF cells with siRNA
Dicer substrate siRNA was designed according to the software provided by Integrated DNA
Technologies (Coralville, IA, USA) (21). The siRNA duplex, annealed from two RNA
strands (5’-rUrGrCrUrUrCrUrCrCrCrArCrArUrCrGrArCrUrUrCrCrUrCrCrArC-3’ and 5’-
rGrGrArGrGrArArGrUrCrGrArUrGrUrGrGrGrArGrArArGCA-3’), was synthesized by
Integrated DNA Technologies, targeting the rat EMAP-II mRNA at nucleotides 582-606.
The DF cells were cultured one day before transfection in T-25 flasks in MEM plus 1 mM
sodium pyruvate and 10% heat-inactivated fetal calf serum such that cells were 30-40%
confluent at time of transfection. Transfection was carried out using LipofectamineTM

RNAiMAX per manufacturer’s instructions (Invitrogen). Briefly, siRNA was diluted to 100
nM and transfection reagent was diluted 50-fold using Opti MEM I Reduced Serum Medium
(Invitrogen). After 5 min of incubation at room temperature, an equal amount of diluted
siRNA and transfection reagent were combined, and incubated at room temperature for 20
min to form siRNA-LipofectamineT RNAiMAX complex. One ml of the complex was
added into 4 ml cell culture to bring the final siRNA concentration to 10 nM. For controls,
the cells were transfected without siRNA. The culture was incubated at 37°C with 5% CO2
for 24, 48 and 72 h. After transfection, the cells were collected for determination of gene
expression using real-time RT-PCR.

Treatment of DF cells with EMAP-II after EMAP-II knockdown
The DF cells were transfected with 2 nM siRNA targeting EMAP-II as described above.
Twenty-four h after transfection, the cells were then treated with human EMAP-II (Pepro
Tech, Rock Hill, NJ, USA) at a concentration of 50 ng/ml for 24 h. Two controls, one
without siRNA, and another with 2 nM siRNA but without EMAP-II treatments, were
included in the experiments. The cells were collected, and real-time RT-PCR was used to
determine the expression of CSF-1 and MCP-1 after endogenous EMAP-II expression was
confirmed to be knocked down.

Chemotaxis assay
The DF cells at passages 6-9 were cultured in an incubator at 37°C until confluent. Two
days after medium change, the conditioned medium (CM) was collected and stored at -20°C
for chemotaxis assays. The CM from DF cells with EMAP-II knocked down was collected
at 24 and 48 h after transfection, and stored at the same conditions.

Bone marrow mononuclear cells were isolated from six-week old rats, purified using density
gradient centrifugation (17), and suspended into α-MEM medium (Invitrogen) at a density
of approximately 1 × 106 per ml.

The chemotaxis assays were conducted in Costar Transwell® 24-well plates (Costar
Corning, Cambridge, MA, USA), each well of which has lower chamber and upper chamber
separated by a polycarbonate membrane with 5 μm pores. The upper chambers were loaded
with 1 × 105 bone marrow mononuclear cells in 100 μl, and the lower chambers were filled
either with 600 μl MEM medium for chemotactic activity of EMAP-II, or 600 μl CM from
the DF cell culture for chemotactic activity of EMAP-II secreted by the DF cells. For
chemotaxis assays of EMAP-II, human recombinant EAMP-II (Pepro Tech, Rock Hill, NJ,
USA) was added into the lower chamber at concentrations of 0, 0.1, 1 or 10 nM. For
chemotaxis assays of the CM of DF cells, two sets of experiments were conducted: A)
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EMAP-II antibody added to the CM or B) CM from DF cells with EMAP-II knocked down
by siRNA. For experiment A, three treatments were included: 1) MEM; 2) CM only; and 3)
CM plus 10 μg/ml EMAP-II antibody (R & D Systems, Mineapolis, MN, USA). For
experiment B, five treatments were included: 1) MEM; 2) and 3) CM from 0 and 2 nM
siRNA transfection for 24 h respectively; 4) and 5) CM from 0 and 2 nM siRNA
transfection for 48 h respectively. The plates were incubated for 2 h at 37°C with 5% CO2.

After incubation, the medium in the lower chambers containing cells that had migrated
through the membrane from the upper chambers was collected, centrifuged at 12,000 × g for
5 min, and resuspended into 20 μl medium. The cell number of each well was represented by
the total of two counts, each with 0.9 μl of the cell suspension counted with a
hemocytometer in all of the 9 mm2 scaled area. The chemotactic activity was expressed as a
migration index; i.e., the number of cells that had migrated into the lower chamber after
treatment divided by the number of cells that had migrated into the lower chamber with
MEM medium.

Statistical analysis
Data from DNA microarray (three repeats), gene expression from EMAP-II treatments
(three repeats) and chemotaxis assay of human EMAP-II (four repeats) were analyzed using
SAS program (version 9). Analysis of variance (ANOVA) was carried out to evaluate the
treatment effects, and then the means were separated with the least significant difference
(LSD) test at a significant level of P < 0.05. Data from gene expression of CSF-1 and
MCP-1 (three repeats) and chemotactic activity of conditioned medium from DF cells (four
repeats) were analyzed using paired t-test at P < 0.05.

Results
Expression of EMAP-II mRNA in the DF

The results from RT-PCR showed a strong expression of EMAP-II in the DF cells, as
compared to its low expression in spleen and no expression in bone (Fig. 1A).

To determine EMAP-II expression levels and chronological changes in vivo, DNA
microarrays were performed. As seen in Fig. 1B, EMAP-II was strongly expressed in the DF
from day 1 to day 11. Chronologically, EMAP-II showed a strong expression at early days
(day 1 and 3), with a significant reduction starting at day 5 and reaching its lowest level at
day 9. The expression levels at day 1 and day 3 were 2.7- and 3.2-fold higher, respectively,
than those at day 9.

EMAP-II protein expression in DF
Immunostaining for EMAP-II protein expression showed that DF strongly stained for
EMAP-II (Fig. 2A). Some staining in the apex of ameloblasts was observed, which was
likely due to a physical entrapment of the antibody. Slight staining of the alveolar bone also
was observed. In vitro, the DF cells strongly stained for EMAP-II protein (Fig. 2C). No
staining was seen in the control (Fig. 2B,D).

Reduction of CSF-1 and MCP-1 expression in the EMAP-II-knockdown DF cells
Because the expression of both CSF-1 and MCP-1 are elevated at day 3, experiments were
conducted to determine if EMAP-II affects their expression. To that end, expressions of
CSF-1 and MCP-1 in the DF cells were examined after EMAP-II expression was knocked
down by Dicer siRNA targeting EMAP-II mRNA. Dicer siRNA knocked down EMAP-II
expression in DF cells by 96-98% from 24 to 72 h after transfection, as determined by real-
time RT-PCR (data not shown). As shown in Fig. 3A, CSF-1 expression was reduced after
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transfection, with a significant reduction at 48 h. Similarly, MCP-1 expression was also
reduced significantly at 48 h after transfection (Fig. 3B).

Human EMAP-II was also used to treat DF cells and expression of CSF-1 and MCP-1 were
evaluated. However, the results showed that expression of both CSF-1 and MCP-1 remained
unchanged (data not shown). This could be attributed to a high endogenous expression of
EMAP-II that is maximal, and thus, the cells do not respond. Therefore, EMAP-II
expression in the DF cells was knocked down using siRNA, and then the cells were treated
with human EMAP-II. As seen in Fig. 4, EMAP-II (50 ng/ml) significantly increased the
expression of CSF-1 and MCP-1 after endogenous EMAP-II expression was knocked down.
These results suggest that endogenous EMAP-II elevates the expression of CSF-1 and
MCP-1.

Chemotactic activity of EMAP-II in DF cells
To determine if EMAP-II attracted mononuclear cells from rat bone marrow, human EMAP-
II was applied in a chemotaxis assay. As shown in Fig. 5, EMAP-II at a concentration of 0.1
nM facilitated mononuclear cell migration. With an increase of EMAP-II concentrations
from 0.1 to 10 nM, the migration index had a 1.8-fold increase (Fig. 5).

To determine if EMAP-II secreted by the DF has chemotactic activity, a chemotactic assay
was performed using the conditioned medium (CM) of the DF cells in the presence of
EMAP-II antibody. As seen in Fig. 6A, CM had a strong chemotactic activity with a
migration index of 6.1 in the absence of antibody. Addition of 10 μg anti-human EMAP-II
resulted in reduction of chemotactic activity with a migration index of 4.4, about a 30%
reduction in chemotactic activity.

Similarly, CM from DF cells with EMAP-II expression knocked down by siRNA showed
that knock-down of EMAP-II resulted in reduction of chemotactic activity by the CM (Fig.
6B). Using either 24 h or 48 h CM from siRNA transfection resulted in the migration index
being reduced by more than 31% at 24 h as compared to controls, and by more than 43% at
48 h(Fig. 6B).

Discussion
EMAP-II is an inflammatory cytokine originally discovered in the supernatant of murine
fibrosarcoma cells (13). Using DNA microarrays, our previous study showed that EMAP-II
was highly expressed in DF cells (17). This study further demonstrated that EMAP-II was
abundantly expressed in DF both at mRNA and protein levels, and its expression was
characterized by maximal expression early (days 1 and 3) but reduced to base level at later
days (days 7, 9 and 11). The timing of maximal EMAP-II expression correlates with the
influx of mononuclear cells into the DF and the major burst of osteoclastogenesis seen at
day 3 (1,2). In conjunction with the reports that EMAP-II has chemotactic activity for
monocytes and macrophages after injection of EMAP-II into mouse footpad (13), and that
lungs from rats treated with EMAP-II showed an increase in the number of monocytes/
macrophages (18), we hypothesize that EMAP-II in the DF likely acts as a chemotactic
agent to attract mononuclear cells that fuse to form osteoclasts for alveolar bone resorption.

As seen from the chemotaxis assay, the CM of DF cells is chemotactic for mononuclear
cells as seen by their migration through the membrane into the lower chamber of transwells.
Adding EMAP-II antibody into the CM of the DF cell culture resulted in a decrease in the
migration index for bone marrow mononuclear cells. This indicated that EMAP-II expressed
in the DF cells was secreted into the medium, and contributed to the chemotactic activity of
the CM. Our previous studies have shown that MCP-1 and CSF-1 have chemotactic activity
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for mononuclear cells (4), and their expression was up-regulated at day 3, the time of
maximal influx of mononuclear cells (osteoclast precursors) into the DF. Thus, this study
shows that in addition to CSF-1 and MCP-1, EMAP-II also likely plays a role in
chemotactic attraction of mononuclear cells into the DF.

The chemotactic activity of EMAP-II was also confirmed in CM obtained from the DF cell
cultures with EMAP-II expression knocked down. Using siRNA targeting EMAP-II mRNA
expression in the DF cells, EMAP-II expression was knocked down by 96% after
transfection. In turn, the chemotactic activity of the conditioned medium obtained at 24 h
after transfection was reduced by 31%, but MCP-1 expression remained unchanged and
CSF-1 had only a slight decrease as determined by real-time RT-PCR. This suggested that
reduction in chemotactic activity at this time was mainly due to EMAP-II reduction. Greater
reduction in chemotaxis at 48 h (43%) is likely due not only to EMAP-II knockdown, but to
the significant reduction in expression of MCP-1 and CSF-1 at this time. On the other hand,
knockdown of EMAP-II caused significant reduction in expression of CSF-1 and MCP-I,
and addition of EMAP-II partially restored their expression (Figs. 3 and 4). This strongly
suggests that endogenous EMAP-II up-regulates the expression of CSF-1 and MCP-1.
Therefore, EMAP-II probably plays dual roles in recruitment of mononuclear cells into DF
as follows: 1) directly, by attracting mononuclear cells into dental follicle and 2) indirectly,
by up-regulating the expression of both MCP-1 and CSF-1, molecules that also attract
mononuclear cells into the DF, as previously shown (4).

In addition to recruiting mononuclear cells for osteoclastogenesis, EMAP-II appears to
promote acute tissue inflammation. Treatment of rats with LPS resulted in acute
inflammation in the lungs and rapid induction of EMAP-II expression, which, in turn,
promoted recruitment of monocytes/macrophages into the lung tissue (18). Similarly,
injection of EMAP-II into the mouse footpad caused acute inflammation, along with
increased numbers of monocytes/macrophages (13). Other studies have also linked
chemotactic activity of EMAP-II for monocytes/macrophages to acute inflammation in
injured tissues (22,23,24). These studies suggest that injury in spinal cord and brain caused
EMAP-II expression, followed by accumulation of monocytes/macrophages into the sites of
injury, resulting in acute inflammation. The use of Rapamycin to reduce neointima
formation induced by vascular injury appears to be due to Rapamycin inhibiting EMAP-II
expression and thus reducing the recruitment of inflammatory cells to the adventitia of the
vessel (24). Thus, the inflammatory effect of EMAP-II is attributed to its chemotactic
activity for recruitment of inflammatory cells.

The chemotactic activity of EMAP-II also plays a role in tissue remodeling and
development. In mouse embryos, EMAP-II is most abundant at sites of tissue remodeling,
where many apoptotic cells are present (15,25). It is believed that apoptosis results in release
of mature EMAP-II, and it recruits macrophages to remove the dead cells for tissue
remodeling or development. In that vein, given that the DF develops into the periodontal
ligament (PDL), it would be of interest to determine if apoptosis and EMAP-II regulate PDL
formation.

EMAP-II also has anti-angiogenic activity, which makes EMAP-II a potential cytokine to
suppress primary and metastatic tumor growth (26,27).

The molecule(s) that contribute to the up-regulation of EMAP-II at early days postnatally in
the DF is unknown. Although LPS, apoptosis and injury can induce EMAP-II expression
(15,18,22,23,25), these factors are unlikely responsible for the tooth eruption process. The
LPS released during periodontitis might affect EMAP-II and inflammation in the PDL, but
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the factors that up-regulate EMAP-II in the DF for eruption need to be determined in future
studies.
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Fig. 1.
Expression of EMAP-II in the dental follicle cells (DFC) and dental follicle (DF). (A) High
expression levels of EMAP-II in the DFC by PCR as compared to weaker expression in
spleen (SP) and no expression in bone. (B) Chronological expression of EMAP-II in the DF
of postnatal days 1 to 11 rats as determined by DNA microarray. EMAP-II expression was
expressed as the ratio of EMAP-II gene to the internal control glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) gene. The results were presented as means ± standard deviations
of three independent litters of rats. The bars labeled without same letter are statistically
different each other. Note that the expression of EMAP-II was higher at days 1 and 3 as
compared to other days.
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Fig. 2.
Immunostaining for EMAP-II protein in rat mandibles (A, B) and DF cells (C, D).
Expression of EMAP-II was seen in dental follicle (DF) and DF cells. There is some
expression in ameloblasts (AM) and alveolar bone (AB), but no expression in stellate
reticulum (SR). Controls for immunostaining (B and D) with IgG used to replace the
primary antibody showed little or no staining. Scale bar: 50 μm.
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Fig. 3.
Reduction of CSF-1 and MCP-1 expression in the DF cells after EMAP-II expression was
knocked down by siRNA. DF cells were transfected without siRNA (control) or with 10 nM
of siRNA (siRNA) targeting EMAP-II mRNA for 24, 48 and 72 h, and expression of CSF-1
and MCP-1 was determined using real-time RT-PCR. The experiments were repeated three
times, and the data were analyzed using paired t-tests. A significant difference between
treatment pairs is indicated by an asterisk (*). The expression of CSF-1 (A) and MCP-1 (B)
were reduced significantly at 48 h after transfection with siRNA (P < 0.05).
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Fig. 4.
Up-regulation of CSF-1 and MCP-1 expression by EMAP-II in the DF cells after EMAP-II
was knocked down by siRNA. DF cells were treated with EMAP-II (50 ng/ml) for 24 h after
endogenous EMAP-II expression was knocked down. Expression of CSF-1 (A) and MCP-1
(B) were determined using real-time RT-PCR. Control: transfection without siRNA; siRNA:
transfection with 2 nM siRNA; siRNA+EMAP-II: transfection with 2 nM siRNA for 24 h,
and then treated with 50 ng/ml EMAP-II for 24 h. The experiments were repeated three
times and the results were analyzed using SAS software. Knockdown of EMAP-II resulted
in reduction of CSF-1 and MCP-1 expression, and the expression of CSF-1 and MCP-1 were
increased significantly by EMAP-II treatments (P < 0.01).
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Fig. 5.
Chemotaxis assay of human EMAP-II on rat bone marrow mononuclear cells. In Transwells,
the control was 600 μl MEM medium loaded in the lower chambers (0 nM) and treatments
were MEM plus human EMAP-II (0.1-10 nM). In the upper chamber, 100 μl bone marrow
mononuclear cells were loaded. After 2 h, the cells that migrated through the membrane into
lower chambers were collected and counted. The migration index was expressed as the ratio
of the cell number in lower chambers with EMAP-II to that in lower chambers without
EMAP-II. The experiments were repeated four times, and the results were analyzed with
SAS software. The human EMAP-II attracted a significant number of cells (P < 0.01) at all
concentrations tested.
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Fig. 6.
Reduction in chemotactic activity of the conditioned medium (CM) from the DF cells with
EMAP-II antibody added (A) and CM from DF cells with EMAP-II knocked down (B). The
chemotaxis assay was performed as in Fig. 5 except that 600 μl CM (Control) or CM plus 10
μg anti-EMAP-II antibody (antibody) or CM from DF cells with EMAP-II knocked down by
10 nM siRNA (siRNA) was loaded in the lower chambers of Transwells. The controls in 6B
were CM from the DF cells transfected without siRNA. The migration index was calculated
as the ratio of cells migrating into conditioned medium to those migrating into MEM
medium. The experiments were repeated four times, and the results were analyzed using
paired t-tests with an asterisk (*) denoting a significant difference between treatment pairs.
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Both anti-EMAP-II antibody (6A) and siRNA targeting EMAP-II mRNA expression (6B)
reduced the chemotactic activity of the CM significantly (P < 0.01).
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