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VEGF and FGF-2 Released
In Palatal Suture after Rapid
Maxillary Expansion (RME)
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Vascular endothelial growth factor (VEGF) and basic fibroblast growth factor
(FGF-2) have the ability to increase vascular proliferation and permeability.
The aim of this study was to quantify the release of two diffusible angiogenic
growth factors (VEGF and FGF-2) after rapid maxillary expansion (RME). Thirty
animals were randomly assigned to two groups. Control group (5 rats - intact
suture) and Experimental groups (25 rats with RME) which were evaluated in
different periods of treatment. Five animals were euthanized in different periods
of healing at 0, 1, 2, 3, 5 and 7 days after RME. RT-PCR was used to evaluate
the gene expression of angiogenic growth factors released on different periods
of study. Data were submitted to statistical analysis using ANOVA followed by
Tukey test and significance was assumed at a=0.05. RT-PCR showed that mRNAs
of VEGF and FGF-2 were expressed in intact palatal suture tissue. mRNAs of
VEGF and FGF-2 was upregulated in early periods (24 h) after RME (p<0.001 and
p<0.01, respectively). The molecular levels of VEGF never returned to its original
baseline values, and FGF-2 expression decreased up to day 5 (p<0.001) and
suddenly increased at day 7, returning to its original level. RME increased VEGF
secretion, but decreased FGF-2 secretion when compared to intact tissue. The
results showed that these angiogenic growth factors are released and regulated
in the palatal suture tissue after RME and could make an important contribution
to the knowledge of overall reparative response of the suture tissue during the
bone remodeling process.
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Angiogenesis is the process of new blood vessel
development from pre-existing capillaries (1). It is
found in different situations, such as embryonic tissues,
inflammatory processes, wound healing and repair, and
pathological processes that involve blood vessel growth
such as tumorigenesis (1). Angiogenesis is a complex
process with extracellular matrix remodeling, secretion
of proteolytic enzymes, endothelial cell migration and
proliferation, capillary differentiation, and anastomosis (1);
and it is a critical step of wound healing. This process is
regulated by interplay of several cytokines growth factors
(GFs) (2). A large number of angiogenic inducers have
already been identified, including vascular endothelial
growth factor (VEGF) and basic fibroblast growth factor
(FGF-2) (1). There are considerable evidences to indicate that
VEGF and FGF-2 play a critical role in neovascularization
(1,3).

Fibroblast Growth Factor-2 (FGF-2), also named
basic FGF (bFGF) is known to stimulate angiogenesis
in vivo (4), and is thought to play a significant role in
neovascularisation of damaged or traumatised tissue (5).
It shows increased expression in hypoxic conditions and
during wound healing. FGF-2 enhances endothelial cell
proliferation and induces endothelial cell sprouting (6).

Vascular endothelial growth factor (VEGF) also known
as the vascular permeability factor (VPF), plays a central
role in angiogenesis, promoting the formation of new
capillaries (7), although it was initially described as an
inducer of vascular permeability (8). VEGF is required for
endothelial cell differentiation during vasculogenesis,
and for the sprouting of new capillaries from pre-existing
vessels during development (9). VEGF is considered a
specific mitogenic factor for vascular endothelial cells
and also shows a paracrine function on environment.
VEGF is produced by various cells, such as tumor cells (10),
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and smooth-muscle cells and pericytes around vascular
endothelium (11). Studies also indicated that VEGF induced
the differentiation of osteoblasts (12).

VEGF has been found to be 50,000 times more potent
than histamine in enhancing permeability to fluids and
proteins (2). VEGF also plays a critical role in angiogenesis
and neovascularization, which actually can increase and
extend the severity of the inflammatory processes because
of the increased transport of inflammatory cells, nutrients,
and oxygen to the site of inflammation (13).

Previous studies indicate that a combination of
angiogenic growth factors are released following
orthodontic force, orthopedic force, (14) and that these
factorsare diffusible and able to induce angiogenesisin other
tissues (14). So the angiogenesis (or neovascularization) isa
critical part of the wound healing process in all tissues and
local angiogenesis is a prerequisite for successful repair in
the suture and bone after rapid maxillary expansion (RME).
So after RME, the repair and reorganization of the capillary
plexus appears necessary for a specific bone response.
However, the nature and origin of the angiogenic stimuli
in these reparative states are unclear.

Investigation of the growth factors released and their
role in the angiogenic response of the palatal suture to
orthodontic force is actually required. It is well known that
vascularization is very important during bone remodeling
and tooth movement. After the angiogenesis process,
which is previously required for bone formation in palatal
sutural, RME also induce a mechanical stress that resulting
in bone remodeling followed by apposition between the
palatal suture borders, as a similar reparative process found
in other bone tissues. Alveolar bone remodeling consists
of an interaction of bone resorption by osteoclasts with
bone formation by osteoblasts (15).

A research about the growth factors is required to
improve the knowledge about which growth factors are
released, as well as their roles in the angiogenic response
of the palatal suture after orthopedic force. Vascularization
is the crucial process during bone rermodeling and tooth
movement. The aim of this study was to evaluate the
expression of two angiogenic growth factors (VEGF and
FGF-2) in intact suture and RME. We used RME in rats on
different periods of treatment and quantified the vascular
growth factors involved using the RT-PCR method.

Material and Methods
Study Design

The study was approved by the Committee of Ethics
in Animal Reserch, School of Dentistry, Ribeirdo Preto/
University of Sdo Paulo, Brazil. A total of 30 wistar Albinus
male rats (fifteen-week-old) were used. The animals
were housed in an air-conditioned room, automatically
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controlled temperature (20-23 °C) and 12/12h light/dark
cycle and 50% relative humidity. The animals received a
standard pelleted laboratory diet and water ad libitum.
The rats were randomly assigned to two groups. Control
group (n=5 with intact suture) euthanized at day 0, and
Experimental groups (n=25,with 5 animals in each period
of treatment) with midpalatal suture expansion, was
euthanized at day 1, 2, 3, 5 and 7 after RME procedure.
The animals were weighed during all periods of evaluation
in order to appoint some possible effects of animals
preparation or RME procedure.

Anesthesia and RME Procedure

The animals were anesthetized with a combination
of ketamine (Agener®, 40 mg/Kg) and xylazine (Syntec®,
20 mg/Kg) intramuscularly at 1:2 ratio (1 mlL/kg body
weight) in all procedures. The experimental animals were
submitted to RME for different periods of evaluation. The
immediate expansion of midpalatal suture was performed
by inserting a 1.5mm-thick circular metal ring fabricated
from 0.5 mm diameter stainless steel orthodontic wire
(Dental Morelli Ltda®, Sorocaba, SP, Brazil). This device was
inserted between the maxillary incisors (Fig. 1) to induce
the maximum expansion rate in the midpalatal suture. The
initial magnitude force used in the experiments was 0.56
N (measured by a Dontrix force gauge, GAC International
Inc.). A occlusal radiograph was performed to confirm
the opening of midpalatal suture. This appliance was
kept in position with light cured adhesive (3M® Unitek,
Monrovia, CA). Five animals were euthanized in each
experimental periods with an overdose of Ketamine and
Xylazine anesthetic. The tissue samples from palatal suture
were obtained aseptically and kept in eppendorfs with

Figure 1. A: RME was performed in midpalatal suture by inserting
a circular metal ring (1.5 mm - thickness X 0.5 mm - diameter)
between the maxillary incisors. B: Occlusal radiograph after RME
midpalatal suture.
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RNAlater® (Ambion Inc., Austin, TX, USA) and stored at
-80°C temperature.

RNA Extraction and cDNA Synthesis

The connective tissue between palatal bones and palatal
bone edges of the suture were removed to analysis. We
removed all gingival tissue and all this area was dissected
to reach the deep planes and collect the tissue of study.
Total RNA was extracted from the sample tissues using the
SV Total RNA Isolation System (Promega, Madison, WI).
The expression of RNA was measured using GeneQuant
1300 device (Amersham Biosciences, Piscataway, New
Jersey). The RNA purity was determined from A260/A280.
The total RNA was then stored at -80 °C. Complementary
DNA (cDNA) was synthesized using 1 pg of RNA through
a reverse transcription reaction using 1 plL reverse
transcriptase (High Capacity cDNA Reverse Transcription Kit,
Applied BioSystems) and 1 uL of RNAse inhibitor (Appied
BioSystems). Reverse transcriptase reactions were carried
outin Eppendorf Mastercycler Gradient (Eppendorf, Milan,
Italy) at 25 °C for 10 min, 37 °C for 120 min and 85 °C for
5 min. The cDNA was then stored at -20 °C.

TagMan real-time quantitative reverse transcriptase
polymerase chain reaction

Reverse-transcription (RT)-PCR products were
analyzed by quantitative real-time (RT-PCR) in TagMan
Gene Expression Assays (Applied Biosystems, Foster City,
California) for the target genes: VEGF (Rn 01511604-m1
101pb) and FGF-2 (Rn 00570809-m1 63pb). The TagMan
Endogenous Control (Applied Biosystems) for the target
gene GAPDH (glyceraldehydes adenosine-phosphate
dehydrogenase) was used as the reference gene. All
assays were run four times to ensure reproducibility with
comparable results and water was used as the negative
control. All PCR reactions were performed by using CFX
96 Real-time PCR detection system (Bio-rad, California,

[ control Group
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(Relative Expression)

B

Figure 2. VEGF mRNA expression. mRNA expression of VEGF after RME
group increased from 1 to 7 days of experiment. mRNA expression of
VEGF in the control group did not change at all. The data are shown
as the fold increase of the corresponding 7 days of experiment. Results
are expressed as percentage of controls (mean + S.D.; n=5). Significant
different from controls: *p<0.05; **p<0.001.
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EUA). TagMan Gene Expression Assays was used to evaluate
gene expressions as the second step in a two-step RT-PCR.
Assays were done in 20 pL single-plex reactions containing
TagMan Fast Universal PCR Master Mix, TagMan Gene
Expression Assays (primers and probes), distilled water
and complementary DNA, according to the manufacturer's
instructions (Applied Biosystems, Roche-Branchburg, NJ,
USA). Amplification conditions included at 50 °C (2 min),
denaturation at 95 °C (10 min), and then run for 40 cycles
at 95 °C (15 s) and 60 °C (1 min), followed by the standard
denaturation curve on the CFX 96 Real-time PCR detection
system (Bio-rad,California, USA). For mRNA analysis,
the relative level of gene expression was calculated in
reference to GAPDH expression using the cycle threshold
(Ct) method. The threshold cycle (Ct) method was analysed
by the 2-AACT method.

Statistical Analysis

The data are expressed as the mean and standard
deviation (SD) and it was perfomed in GraphPad Prism
Statistics software, v5 (GraphPad Software Inc., San Diego,
California, EUA). It was used Dahlberg's formula to fix some
errors of the method based on the double measurements.
Statistical differences among groups were evaluated with
one-way analysis of variance (ANOVA) and Tukey's multiple
comparison post-test. The level of significance was p<0.05.

Results
Quantitative RT-PCR

The effects of RME on VEGF and FGF-2 mRNA expression
in palatal suture tissue are shown in Figs. 2 and 3. Intact
suture tissue released high levels of angiogenic growth
factors (VEGF and FGF-2) at approximately 1.01- and 1.07-
fold, respectively. The RME were found to induce VEGF gene
expression in suture palatal tissue (Fig. 2). The analysis of
the VEGF mRNA gene expression, after normalization by

Figure 3. FGF-2 mRNA expression. mRNA expression of FGF-2 after
RME group increased after 24 h and suddlenly decreased from 2 to 5
days of experiment. The data are shown as the fold increase at 7 days
of experiment. mRNA expression of FGF-2 in the control group did not
change at all. Results are expressed as percentage of controls (mean + S.D.;
n=>b). Significant different from controls: *p<0.05; **p<0.01; **p<0.001.
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GAPDH, demonstrated that levels of VEGF mRNAs increased
about 0.99; 0.56; 1.57; 0.28 and 0.85-fold after RME for
1,2,3, 5and 7 days, respectively (Fig. 2). The levels of the
FGF-2 mRNAs increased 0.20-fold at 1 day and decreased
about 0.48; 0.14; 0.57 and 0.06-fold after RME for 2, 3, 5
and 7 days, respectively (Fig. 3).

The intact suture tissue released high levels of
angiogenic growth factors (VEGF and FGF-2) about 1.01
and 1.07-fold respectively. After RME procedure the tissue
samples showed a significant immediate increase on day 1
for VEGF and FGF-2 genes as compared to day O (control
group). The increase was of 98,01% for VEGF and 19.62%
for FGF-2. The increase of VEGF was obtained 24 h after
RME and did not returned to initial values during the
experimental fase. The upregulation FGF-2 expression was
obtained 24 h after RME (p<0.001) and then returned to
initial values at 7 days.

Discussion

The RME forces affect the dental and bone tissue
inducing circulatory disturbances (16) and vascular changes.
These effects are part of the inflammatory response. (17).
Changes in oxygen levels in the dental tissue have also
been attributed to circulatory disturbance following force
application (18) and it is extremely complex. Inflammatory
changesin the dental tissues are accompanied by release of
several endogenous chemical mediators (e.g. prostanoids,
and neuropeptides), vasodilatation process, increased
vascular permeability and leukocyte extravasation (19).
Several tissue reactions begins after RME procedure and it is
similar to those observed in a wound healing process. These
reactions may also involve a similar group of angiogenic
growth factors.

During orthodontic tooth movement, a cascade of
biochemically active factors is involved in the breakdown
and regeneration of the supporting tissues. It has been
observed that the type of tooth movement or force applied
is not play an important key in blood vessels stimulation.
Activation of the vascular system is the key factor (18).
The magnitude of the force does not need to be excessive,
even small forces of short duration of around 4 h may be
adequate to evoke cellular responses (20). The data of the
present research show the expression of VEGF and FGF-2
are significant upregulated at 24 h (p<0.01) after RME
and they are probably very important factors during the
tissue healing after force application. These results indicate
that VEGF and FGF-2 were released by the palatal suture
tissue after RME, and they are involved in the angiogenic
response after tissue damage.

When RME procedure on day 1 was compared to days
2-7, it was observed that continuous force application
appeared to show a permanent angiogenic response in
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the suture tissue, although these results was reduced when
compared to day 1. The results suggest that growth factors
are present in the palatal suture tissue over all periods of
evaluation. The expressions at 2-7days was different from
those values observed on early period of evaluation (day
1). It means that growth factors are upregulated at initial
periods after RME procedure and the expression returns
to baseline at day 7. At different periods of treatment,
several angiogenic growth factors can be recruited in
midpalatal tissues. The mediators signaling are based on
stage of injury and healing, and the cells involved on
each period of study.

Under mechanical stress, angiogenesis plays a key
role in the healing process of the palatal suture tissue
and is a determinant factor to bone tissue formation
and deposition. Injured tissue cells secrete angiogenic
growth factors to stimulate angiogenesis which precedes
the reparative bone formation. VEGF is a crucial
regulator of vascular development during embryogenesis
(vasculogenesis) as well as in blood-vessel formation
(angiogenesis) in tissues (13). VEGF has also been
involved in the regulation of bone growth, remodeling
and tooth movement with a prominent role in osteoclast
differentiation and bone resorption (21). Derringer and
Linden (14) reported that mechanical stress stimulates
the production of VEGF.

In our study, the rate of increase in VEGF mRNA
expression at 24 h was higher than the other groups. The
high values during the fisrt day of the experiment could
be due to the presence of the inflammatory infiltrate.
The initial high level of VEGF can explain its persistance
after 7 days in our study and highlights its role in
angiogenesis during tissue healing after injury. In our
study all experimental groups showed VEGF expression.
Furthermore VEGF was expressed also in intact tissue
(control group) with no signs of inflammation which
suggests that VEGF was also produced in healthy dental
tissue. Several authors (2,8) suggested that this VEGF
protein expression would be indicative of physiological
angiogenesisand it plays an important role in maintaining
homeostasis, which corroborates the findings of VEGF in
the present research.

FGF-2 play a significant role in neovascularisation of
damaged or traumatized tissue. Additionally, FGF-2 is a
mitogen factor that is involved in fibroblast proliferation
(22) and the recruitment of progenitor fibroblasts at the
injury tissue (23). It is suggested that at certain times
growth factors may act synergistically. On the other hand,
the presence of one growth factor may be predominant
while the production or binding of other factors declines.
FGF-2 can regulate endothelial secretion of VEGF and
have been reported a synergistic effects between FGF-2
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and VEGF in vitro (24). Simultaneously, interactions with
inflammatory cells, neuropeptides and systemic hormones
can occur (25). The reduced FGF-2 secretion after 2 two
days observed in our study can affected the proliferation
and the migration of progenitor palatal suture cells.

Researches revealed several studies evaluating the
expression and role of VEGF and FGF-2 in the dental
pulp (25) but there is no study about the expression
of this protein after RME. So the present study clearly
demonstrated that palatal suture cells secrete VEGF and
FGF-2, particularly after injury (RME). The expression of
these factors was on the initial periods of healing (1 day
after injury) and corresponds well to the pathological
changes in the palatal suture tissue following injury. The
level of these factors returned to initial values after 7
day, mainly the FGF-2. The return to initial values only
after 7 day confirms their very early potential effects on
angiogenesis.

Although the results of RT-PCR showed an evident
VEGF and FGF-2 expression on palatal suture after RME, it
wassuggested to conduct further studies to investigate the
distribution of a couple of receptor after mechanical stress
to elucidate bone remodeling process in midpalatal suture.
In addition, the possibility of using angiogenenic agents
in orthodontic movement requires further investigations.

One limitation of this study is the short period of
evaluation to understand the global process of bone
healing that includes cell recruitment, angiogenesis and
mineralization. For example we observed an increasing
expression of VEGF over time, but we were not able to
certify if the angiogenic molecular expression would be
able to stabilize and the even effect of that on vessel
sprouting.

In conclusion, the results of this study indicate that
VEGF and FGF-2 growth factors released after RME and
mechanical stress may play a role in the angiogenic response.

Resumo

Fator de crescimento endothelial (VEGF) e fator de crescimento de
fibroblasto (FGF-2) tem a capacidade de aumentar a proliferagdo e
permeabilidade vascular. O objetivo deste estudo foi quantificar a
liberagdo dos dois fatores de crescimento (VEGF e FGF-2) apos expansio
rapida da maxilla (ERM). Trinta animais foram divididos aleatoriamente
em dois grupos. Grupo Controle (5 ratos - sutura intacta) e grupos
Experimentais (25 ratos submetidos a ERM) que foram avaliados em
periodos diferentes de tratamento. Cinco animais foram eutanaziados
em diferentes periodos de avaliacdo aos 0, 2, 3, 5 e 7 dias apos ERM. RT-
PCR foi usado para avaliar a expressdo génica dos fatores de crescimento
liberados nos diferentes periodos de estudo. Os dados foram submetidos
a analise estatistica usando ANOVA sequido do pos-teste de Tukey com
nivel de significancia de =0.05. RT-PCR mostrou que os RNAm de VEGF
e FGF-2 estavam expressos na sutura palatina mediana intacta. Os RNAm
de VEGF e FGF-2 foram estimulados nos periodos iniciais (24h) apos ERM
(p<0.001 e p<0.01, respectivamente). Os nivies moleculares de VEGF nunca
retornaram aos valores originais, e a expressdo de FGF-2 reduziu até o
dia 5 (p<0.001) e de repente aumentou até o dia 7, retornando aos niveis
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originais. ERM aumentou a secrecdo de VEGF, mas diminuiu a secrecao
de FGF-2 quando comparado ao tecido intacto. Os resultados mostraram
que estes fatores de crescimento sdo liberados e regulados na sutura
palatina mediana apos ERM e podem ser de importante contribuicdo
para o entendimento da resposta reparadora geral do tecido da sutura
durante o processo de remodelacdo Ossea.
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