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Introduction
Bisphosphonates are widely used for the preven-

tion and treatment of osteoporosis, which is frequent 

found in postmenopausal women and older adults. 

These increase bone mass and bone trabecular thick-

ness by inhibiting osteoclastic bone resorption. Bis-

phosphonates are also used to treat multiple myelo-

ma, bone metastasis, and Paget’s disease. Although 

bisphosphonates are beneficial, side effects may 

occur during or even after treatment. The treatment 

of nitrogen-containing bisphosphonates may result in 

osteonecrosis of the jaw (ONJ), first identified since 

2003 in individuals administered intravenous bis-

phosphonate therapy and in individuals receiving oral 

therapy since 20061). ONJ involves necrotic exposed 

bone in the jaw, pain, possible secondary infection, 
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swelling, painful lesions and various dysesthesias2,3). 

The Food and Drug Administration lists alendronate, 

etidronate, ibandronate, risedronate, pamidronate, 

zoledronic acid, zoledronate, and tiludronate as po-

tentially increasing the risk of ONJ4). Seven to ten 

% of individuals with multiple myeloma and 4% of 

those with breast cancer had ONJ2). Reports of ONJ 

after oral therapy vary, but amount to 4% of bisphos-

phonate users1,5,6). 

Various theories to explain the high risk of ONJ 

in the mandible and maxilla include inhibition of os-

teoclasts, decrease of angiogenesis and modification 

of blood vessels7) and suppression of bone turnover, 

all of which cause accumulation of microdamage 

of jaw bone8). This microdamage may eventually 

lead to microfractures with trauma and infection and 

localized ONJ may result if the bone is not cared 

sufficiently7). Secondary infection, commonly acti-

nomycosis, will exacerbate the problem9). Retarded 

epithelial regeneration and diminished vascularity 

also have been implicated as pathogenic features of 

ONJ10). 

Angiogenesis, the development and remodeling 

of new blood vessels from an already existing vascu-

lature, plays an important role in tissue growth and 

repair during wound healing. Moreover, angiogenesis 

is a fundamental regulatory process involved in the 

pathogenesis of several human diseases. The main-

tenance of vascular homeostasis is dependent upon 

the balance of pro- and antiangiogenic factors and 

is tightly regulated by receptor-ligand interactions 

as well as interactions between cells and the extra-

cellular matrix11,12). The hallmark for healing of the 

alveolar socket after tooth extraction is the ability to 

develop a vascular supply since growth and repair of 

tissues require nutrients, growth factors and oxygen 

which are mainly supplied by blood vessels. Thus, 

angiogenesis is a fundamental requirement for the 

socket healing.  

Vascular endothelial growth factor (VEGF) is 

expressed temporospatially during angiogenesis in 

vivo. The VEGF family comprises six subgroups of 

proteins: VEGF-A, -B, -C, -D and -E and placenta 

growth factor (PlGF)13). VEGF-A is the most potent 

and pivotal mediator of angiogenesis and a highly 

specific mitogen for vascular endothelial cells. The 

VEGF-A gene is organized as a single gene of ap-

proximately 14 kbp. Differential splicing of full-

length VEGF-A pre-mRNA gives rise to two known 

families of proteins consisting of multiple isoforms 

that differ by only six amino acids at their C-termi-

nus. Thus far, at least 14 subtypes of VEGF-A are 

known: namely, VEGF111, VEGF121, VEGF121b, 

VEGF145, VEGF145b, VEGF148, VEGF162, 

VEGF165, VEGF165b, VEGF183, VEGF183b, 

VEGF189, VEGF189b and VEGF206. Conventional 

VEGF-Axxx isoform family is angiogenic, while the 

VEGF-Axxxb family is antiangiogenic14,15). VEGF-B 

can induce inflammatory cell chemotaxis and has 

a role to play in inflammatory angiogenesis16). 

VEGF-C is expressed during embryonic develop-

ment in regions where lymph vessels sprout from 

blood vessels. In adults, VEGF-C is mainly restricted 

to the lymphatic endothelium and has been implicat-

ed in the development of lymphatic vessels17,18). 

Bisphosphonates are known to have antiangio-

genic properties owing to their ability to significantly 

decrease circulating levels of VEGF9,19). Spite of 

the importance, there are few reports to elucidate 

the relationship between the expression of overall 
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VEGF isoforms and ONJ. In the present study, as a 

causative factor for ONJ, it was hypothesized that 

bisphosphonates inhibit angiogenesis and induce in-

flammatory reactions by regulating VEGF regulation. 

This study tested the hypothesis.

Materials and Methods

In vitro study

Cell viability test

SV1103 mouse periodontal ligament cell line 

was used in in vitro study. Cells were cultured in 

Dulbecco's Modified Eagle Media (Gibco-BRL, MD, 

USA) supplemented with 10% fetal bovine serum 

(Gibco-BRL, MD, USA) and 1% penicillin-strepto-

mycin in a humidified atmosphere of 5% CO2 at 37℃

. Cell viability was tested using Cell proliferation 

and Cytotoxicity Assay kit (Dojindo, Tokyo, Japan). 

2*104 cells/well were seeded in a 96 well plate for 16 

hours and thereafter, treated with disodium pamidro-

nate (Hanlim pharmaceutical company, South Korea) 

at different concentrations for 1 and 3 days. Optical 

density was spectrophotometically measured at 450 

nm using ELISA reader EL800 (BioTek, VT, USA ).  

mRNA and protein levels

Transcriptional and translational levels of VEGF 

isoforms were determined by RT-PCR and Western 

blotting, respectively. mRNA level was also deter-

mined by real time RT-PCR and RT-PCR and West-

ern blotting was described below in vivo study.

 

In vivo study

Animals 

All procedures were performed in accordance 

with the ethical standards formulated by the animal 

care and use committee in Chonnam National Uni-

versity. Seven week-old female Sprague-Dawley rats 

weighing approximately 200g were housed in labo-

ratory animal care-approved facilities for 1 week for 

acclimatization. 

Induction of osteoporosis and bisphosphonate 

treatment

For all experimental period, standard food of 

pellets was provided ad libitum with water. All rats 

were then randomly divided into two groups: control 

group (n = 15, osteoporosis group) and experimen-

tal group (n = 15, osteoporosis and bisphosphonate 

group). To establish standard osteoporosis animal 

model in the co ntrol20), bilateral surgical ovariecto-

my was performed and housed for 16 weeks. Briefly 

for ovariectomy, general anesthesia was achieved 

by intraperitoneal injections of Zoletil 50 (0.05 mg/

kg, Virbac, Carros cedex, France). After abdominal 

region was disinfected with potadine and shaved, 

abdominal cavity was opened to surgically remove 

bilateral ovaries. All rats received intramuscular an-

tibiotic injection for 3 postoperative days. For exper-

imental group, the same procedures were performed 

for ovariectomy. At week 8 after ovariectomy, rats 

underwent intraperitoneal injection of disodium 

pamidronate (3.5 mg/kg/wk, Hanlim pharmaceutical 

company, Seoul, South Korea) for further 8 weeks to 

establish osteoporosis prevention model. At week 17 

after ovariectomy, the first maxillary molars were ex-

tracted bilaterally under anesthesia without causing 
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fractures in the alveolar bone. 

Histological preparations 

Maxillary alveolar sockets for the 1st molars 

were surgically isolated at day 3 and 7 after ex-

traction and immersion-fixed in 4% paraformalde-

hyde solution overnight. Tissues were decalcified 

in ethylene diamine tetra-acetic acid (pH 7.4) over 

several weeks and were then routinely processed for 

embedding in paraffin. Sagittal sections were cut 5 

μm-thick for H-E and immunofluorescence staining.

RNA preparation 	

After portions of the alveolar bone for the 1st 

maxillary molars at day 3 and 7 after extraction were 

surgically cut, they were immediately frozen in liquid 

nitrogen and crushed as finely as much. Total RNA 

was extracted using a Trizol® Reagent (Invitrogen, 

Oregon, USA) and RNA samples were treated with 

DNAse I (Gibco BRL, MD, USA). RNA samples 

were quantitated using Nonodrop 2000 spectropho-

tometer (Thermo scientific, DE, USA) and qualified 

by measuring OD 260/280 ratios. 

RT-PCR 

Primers were custom-designed. The housekeep-

ing gene b-actin was used as a reference. Their base 

sequences, amplicon size and Genbank No. were 

summarized in Table 1. For the reverse transcription 

reaction and PCR, AccPowerⓇ RT PreMix (Bioneer, 

Daejeon, Korea) and AccPowerⓇ PCR PreMix (Bi-

oneer, Daejeon, Korea) was used, respectively. Brief-

ly, mixtures of total RNA and 200 pmole Oligo dT18 

were incubated at 70℃ for 5 min and transferred to 

AccPower RT PreMix tube. cDNA synthesis reaction 

was performed at 42℃ for 1 hr, followed by incu-

bation at 94℃ for 5 min for the inactivation of the 

reverse transcriptase. PCR reactions were conducted 

in a Palm-Cycler thermocycler (Corbett Life Sci-

ence, Sydney, Australia) with the following profile: 

denaturation for 30 sec at 95℃, annealing for 1 min 

at 60℃ and 30 sec extension step at 72℃, followed 

by a final extension step of 10 min at 72℃. Products 

were resolved on a 1.5% agarose gel and stained with 

SYBG® safe DNA gel stain (Invitrogen, Carlsbad, 

CA, USA). Products were resolved on 1.2% agarose 

gel and stained with SYBG® safe DNA gel stain (In-

vitrogen, Carlsbad, CA, USA) and their product size 

was checked using a 100 bp marker (Takara, Otsu, 

Shiga, Japan). For the negative PCR control, cDNA 

template was substituted with distilled water. 

Real-time RT-PCR

cDNA synthesis was performed as described 

in the RT-PCR section and used for the real-time 

amplification of the target genes. Amplified cDNA 

was detected using the SYBR Green PCR Master 

Mix Reagent kit (Qiagen, Valencia, CA, USA). PCR 

conditions were as follows: incubation for 10 min at 

95℃, followed by 27 cycles of 10 sec denaturation 

at 95℃, annealing for 15 sec at 63℃ and 20 sec ex-

tension at 72℃. The target and reference genes were 

amplified in separate wells using a Rotor-Gene RG-

3000 (Corbett Research, Morklake, Australia). The 

reaction mixture lacking cDNA was used as a nega-

tive control in each run. 

Data were analyzed using the Corbett Robotics 

Rotorgene software (Rotorgene 6 version 6.1, Build 

90 software). Ratios of the intensities of the target 

genes and b-actin signals were used as a relative 
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measurement of the expression level of target genes. 

To ensure experiment accuracy, real-time PCR as-

says were conducted in triplicate for each sample. 

The mean fold change of mRNA expression was cal-

culated using the 2-ΔΔCt method and the range of the 

fold changes was calculated from the standard error 

of the ΔΔCt values.

Western blot 

Protein was extracted from portions of the alve-

olar bone for the 1st maxillary molars at day 3 and 

7 after tooth extraction using Ready prep protein 

extraction kit (Bio-RAD, Hercules, CA, USA). After 

samples were crushed in a liquid nitrogen solution 

and resolved in the protein extraction solution with 

a proteinase inhibitor cocktail (Roche, Mannheim, 

Germany) for 1 hr, supernatant protein lysates were 

quantified using Amersham GeneQuant Pro (Amer-

sham-Pharmacia Biotech, Arlington Heights, IL, 

USA). After boiled in a 5x SDS sample buffer for 

10 min, protein lysates were loaded onto 10% con-

tinuous gradient SDS-polyacrylamide gel and then 

Table 1. Oligonucleotides used for RT-PCR 

Gene Sequence (5' to 3') Amplicon (bp) Genbank No.

mVEGF-A
Forward TCCTCTCCTTACCCCACCTC
Reverse  TCTTTTCTCTGCCTCCGTGA

190 NM_001110268.1

mVEGF-B
Forward ACGGGCCCGGCTGCTTTTATG
Reverse  TGAGGGGAGACAGCCAGCCA

259 NM_001185164.1 

mVEGF-C
Forward AGAAGTATGCCGCTGTGTCC
Reverse  TGTTACCATGGTCCCACAGA

152 NM_009506.2 

mβ-actin
Forward GAATCCTGTGGCATCCATGA
Reverse  TCAGCAATGCCTGGGTACAT 

138 NM_007393.2

rVEGF-A
Forward GCAGATCATGCGGATCAAAC
Reverse  ACGCGAGTCTGTGTTTTTGC

202 BC_168708 

rVEGF-B
Forward AGACTTTTTCCACGGGCTTT
Reverse  TGCATTTCCTTTTTGGAACC

201 NM_053549.1 

rVEGF-C
Forward CGCTGTGTCCCATCATATTG
Reverse  GCCAGTCCATTCCCACAGTA

197 NM_053653.1 

rβ-actin
Forward GCTGACAGGATGCAGAAGGA
Reverse  TGGACAGTGAGGCCAGGATA

124 NM_031144

m VEGF A-165
Forward GTCCAAGATCCGCAGACGTGTAA
Reverse  CTCACCGCCTTGGCTTGTCACAT

182 NM_001025250.3

m VEGF A-165b
Forward GTCCAAGATCCGCAGACGTGTAA
Reverse  TAATCGGTCTTTCCGGTGAGAGGT

115 NM_001025250.3

r: rat, m: mouse
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transferred to a Protran nitrocellulose membrane 

(Whatman GmbH, Dassel, Germany). The membrane 

was blocked with TBS-T buffer〔10 mM Tris-buff-

ered isotonic saline (pH 7.0), 0.1% merthiolate, 

0.1% Tween-20〕containing 5% skim milk for 1 hr 

at room temperature with shaking. The membrane 

was then incubated with 1: 1000 purified rabbit poly-

clonal primary antibody raised against amino acids 

of VEGF (Abcam plc, Cambridge, UK) overnight at 

4℃ with gentle shaking. Purified mouse monoclonal 

primary antibody to β-actin (Sigma-Aldrich Co., 

ST Louis, MO, USA) was used for the reference. 

Washed with TBST for 10 min, the membrane was 

incubated with 1:3000 anti-rabbit horseradish per-

oxidase (HRP)-conjugated antibody for VEGF and 

anti-mouse HRP-conjugated secondary antibody for 

β-actin (Cell Signaling Technology, Beverly, MA, 

USA) for 2 hr. Bound antibodies were visualized 

with Immobilon Western chemiluminescent HRP 

substrate (Millipore, Billericas, MA , USA).	

Immunofluorescence stain

Tissue sections were routinely processed and 

rinsed with PBS. The same primary antibody of 

1:500 dilution against VEGF which was used for the 

Western blot were used for the immunofluorescence 

stain. 

Immunofluorescence staining was performed 

using TSATM Kit (Invitrogen, Carlsbad, CA, USA). 

Briefly, after endogenous peroxidase in sections was 

blocked by 1% H2O2 for 1 hr, they were reacted with 

primary antibodies overnight, followed by incubation 

in HRP-conjugated secondary antibody for 1 hr. Fi-

nally, they were then incubated in Alexa Fluor 488Ⓡ 

tyramide working solution for 10 min, followed by 

propidium iodide stain for nuclei. Reactants were 

visualized and photographed using an LSM confocal 

microscope (Carl Zeiss, Standort Göttingen-Vertrieb, 

Deutschland). The primary antibody was substituted 

with normal serum for testing immunological speci-

ficity.

Results

In vitro

Cell viability test

SV1103 mouse periodontal ligament cells were 

tested for their viability after the pamidronate treat-

ment for 1 and 3 days. By the treatment at a concen-

tration 20 μg/ml only for 1 day, absorbance value 

was significantly reduced. By the treatment for 3 

days, absorbance value was significantly reduced at a 

concentration 10 and 20 μg/ml (Fig. 1).

Figure 1. SV1103 mouse periodontal ligament cells were 
treated with pamidronate for 1 and 3 days. Absorbance 
value was significantly reduced by the treatment at 10 
μg/ml concentration for 3 days and 20 μg/ml concen-
tration for 1 and 3 days. Data represent means ± SE of 
measurements (n = 5). Each value obtained from pamid-
ronate treatment was compared with the control (0 μg/
ml). * p < 0.05
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Effects on mRNA and protein levels

SV1103 mouse periodontal ligament cells were 

tested for changes in Vegf mRNA and protein ex-

pression after the pamidronate treatment at concen-

tration of 0.1 μg/ml to 10 μg/ml for 1 and 3 days. 

Western blot results revealed that the protein level 

was increased by the 10 μg/ml treatment for 3 days 

(Fig. 2a). To further analyze changes in each VEGF 

isoform, mRNA levels of VEGF-A, -B and -C were 

determined, revealing that VEGF-A were increased 

approximately 5 and 13 times, respectively and 

VEGF-B were also increased 3 and 17 times by the 

10 μg/ml treatment for 1 and 3 days, respectively.  

VEGF-C mRNA level was increased, but the fold 

change was negligible (Fig. 2b). VEGF-A is the most 

potent mediator of neovascularization in both health 

and disease. In the present study, effects of pamidro-

nate treatment on VEFG-A165 and VEFG-A165b were 

investigated. Both VEFG-A165 and VEFG-A165b were 

increased significantly (Fig. 2c).  

In vivo

Effects on mRNA and protein levels

To investigate the effects of bisphosphonate on 

VEGF, pamidronate (3.5 mg/kg/wk) was treated for 

3 and 7 days. Alveolar bone for the maxillary 1st 

molars including remnants of periodontal ligaments 

after tooth extraction were surgically isolated for the 

extraction of proteins and RNA. Western blot result 

revealed that VEGF protein level was apparently 

increased by the pamidronate treatment for 3 days 

after ovariectomy (Fig. 3a). These results were also 

confirmed at a transcription level by RT-PCR. The 

VEGF-A and -B mRNA level was increased by the 

pamidronate treatment for 3 and 7 days after ovariec-

tomy, respectively. However, VEGF-C mRNA level 

was not affected (Fig. 3b). 

(a)

(b)

(c)

Figure 2. (a) Western blot results revealed that the 
VEGF protein level was much increased by the 10 μg/
ml treatment for 3 days. (b) The gel image from RT-PCR 
revealed that amplicons for VEGF-A, -B and -C isoforms 
were generated and also confirmed quantitatively by 
real time RT-PCR. (c) Real time RT-PCR result revealed 
that both proangiogenic VEGF-A 165 and antiangiogenic 
VEGF-A 165b were increased approximately 7 times by 
the 10 μg/ml treatment for 1 day and this increase was 
enhanced by the treatment for 3 days. Real time RT-PCR 
data (means ± SE) were from 3 independent experi-
ments. The comparison was made within the same day 
and isoforms. * p < 0.05. 
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(a)

(b)

Figure 3. (a) Western blotting also revealed that 45 kDa 
protein of VEGF were increased by the pamidronate 
treatment for 3 days after ovariectomy. (b) The gel image 
of RT-PCR obtained from in vivo samples which were ob-
tained from the alveolar socket after tooth extraction. The 
transcriptional level was increased by the pamidronate 
treatment for 3 days after ovariectomy. 

H-E and Immunofluorescence staining

Morphological changes after tooth extraction 

were observed by H-E staining. The alveolar sock-

et of rats without ovariectomy and pamidronate 

treatment at day 7 after tooth extraction was on the 

healing process with immature woven bone and con-

nective tissues. Also, epithelium and lamina propria 

tissues were continuous and covering the growing 

bony tissues. The alveolar socket of ovariectomized 

rats without pamidronate treatment was largely filled 

with connective tissues. From the peripheral region 

of the alveolar socket woven bone was growing. 

Also, epithelium and lamina propria tissues were 

covering the socket, but they were not continuous. 

However, the alveolar socket of ovariectomized rats 

with pamidronate treatment for 7 days was filled 

with many inflammatory cells. At the periphery of 

the socket, remaining periodontal tissues were found 

without cell proliferation (Fig. 4) 

Figure 4. Alveolar socket at day 7 after tooth extraction. 
The alveolar socket without ovariectomy and pamidro-
nate treatment is filled with growing immature woven 
bone (asterisks) and connective tissues without inflam-
matory cells apparently. The alveolar socket of ovariec-
tomized rats without pamidronate treatment is filled with 
connective tissues at the central region and woven bone 
at the periphery (asterisks). Surface epithelial tissues are 
not continuous (arrow). Most portion of the alveolar sock-
et of ovariectomized rats with pamidronate treatment is 
filled with neutrophilic inflammatory cells at the central re-
gion. At the periphery of the socket, remaining periodon-
tal tissues (asterisks) are found without any proliferation. 
H-E stain
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To localize VEGF expression in the alveolar 

socket at day 3 after tooth extraction, immunofluo-

rescence staining was performed. Weak immunoreac-

tivity against VEGF was observed in the remaining 

periodontal tissues and vessels under vasculogenesis 

in rats without any treatment. The immunoreactivity 

in ovariectomized rats was also found weak in tissues 

under regeneration as well as remaining periodontal 

tissues. The reactivity in ovariectomized rats with 

pamidronate treatment was strong in neutrophilic in-

flammatory cells (Fig. 5).

Figure 5. VEGF in the alveolar socket was localized at 
day 3 after tooth extraction using immunofluorescence 
staining. The reactivity in the socket without any treat-
ment is weak. The rectangular area was magnified to 
show in the remaining PDL tissues. Weak reactivity is 
found in regenerative tissues of ovariectomized rats 
without pamidronate treatment. The reactivity in ova-
riectomized rats with pamidronate treatment is strong in 
inflammatory cells.       

Discussion
For the in vivo study, standard osteoporosis 

animal model was made by bilateral surgical ova-

riectomy according to the Li et al. report20), since bi-

sphosphonatesare widely used for the prevention and 

treatment of osteoporosis in postmenopausal women. 

In the present study, 3.5 mg/kg/wk pamidronate was 

administered for 8 weeks. This was relatively long 

term therapy of high concentration and comparable 

to the adminstration of 3 mg/kg/d for 21 days for 

ONJ model in rats21). 

In the present in vitro study, not low but high 

concentration (≥3.8 x 10 -3 M) of pamidronate 

treatment for 3 days also gave rise to reduced pro-

liferation of periodontal ligament cells which are 

important in the regeneration of the alveolar socket 

after tooth extraction, suggesting a possibility that 

ONJ is implicated with high dose of bisphospho-

nate treatment. Also, this result was consistent with 

a report that exposure of high concentration (≥ 6 x 

10-5 M) of pamidronate for 3 days resulted in the 

reduced human primary osteoblasts proliferation by 

apoptotic cell death22). Also, individuals receiving 

IV bisphosphonates are at significantly greater risk 

of ONJ than those using oral bisphosphonates. The 

reason for this greater risk has been speculated that it 

is because oral doses (1%) are not absorbed as easily 

as IV doses (50%). At least 5% of people receiving 

IV bisphosphonates develop ONJ1,7). Of all people 

diagnosed with ONJ, 94% were taking a high dose of 

IV bisphosphonate therapy, mostly pamidronate or 

zoledronic acid8,23). 

Many in vitro studies have shown that bisphos-

phonates inhibited angiogenesis through endothelial 

cells. Bisphosphonates inhibited integrin-mediated 

adhesion and migration24,25), reduced proliferation, 

induced apoptosis and decreased capillary-like tube 

formation in vitro of endothelial cells (Fournier et al., 

2002). Also, in vivo, Fournier et al26). found a 50% 

reduction in revascularization in rat prostate glands 
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after treated with zoledronate. However, many ques-

tions remain as to what are underlying mechanisms 

for the antiangiogenesis of bisphosphonates and 

whether the antiangiogenic properties play a major 

role in the pathogenesis of ONJ. In this study, it was 

hypothesized that bisphosphonates treatment may 

downregulate the VEGF expression during the heal-

ing process of the alveolar socket, leading to the re-

duction of vasculogenesis and healing ability, which 

subsequently can lead to delayed socket healing and 

increased time for potential bacterial infection. Sur-

prisingly however, VEGF expression was increased 

by the treatment.

In in vitro studies, VEGF expression was exam-

ined after the pamidronate treatment. The level of 

VEGF expression was not changed at the low con-

centration of pamidronate (less than ≥3.8 x 10-4 M), 

but the level increased at higher concentration (≥3.8 

x 10-3 M). This was also confirmed at the translation 

level using Western blot. To further analyze changes 

in each VEGF isoform, mRNA levels of VEGF-A, 

-B and -C were determined. The treatment at high 

concentration (10 μg/ml) increased the VEGF-A and 

-B expression, whereas it little affected the VEGF-C 

expression. In in vivo study, Western blot result 

revealed that VEGF protein level was apparently in-

creased by the pamidronate treatment for 3 days after 

ovariectomy and also confirmed by RT-PCR. The 

VEGF-A and -B mRNA level was increased by the 

pamidronate treatment for 3 and 7 days after ovariec-

tomy, respectively. However, VEGF-C mRNA level 

was little affected. This in vivo and in vitro results 

suggest that VEGF is involved in socket healing 

somehow. 

VEGF-A is the most potent and pivotal mediator 

of angiogenesis and vasculogenesis and a highly spe-

cific mitogen for vascular endothelial cells. Conven-

tional VEGF-Axxx is angiogenic, while VEFG-Axxxb 

isoform family is anti-angiogenic27). VEGF-Axxxb iso-

forms resulting from this C′ terminal exon 8 splicing 

event, generate proteins of the same length as VEGF-

Axxx isoforms; however, the terminal six amino acids 

are different, since exon 8a codes for Cys-Asp-Lys-

Pro-Arg-Arg and exon 8b for Ser-Leu-Thr-Arg-Lys-

Asp. A balance of proangiogenic and antiangiogenic 

VEGF-A is necessary for normal development and 

function. Unregulated expression of VEGF-A165 is 

detrimental in tissue development. VEGF-A165b play 

a significant role in the modulation of VEGF-A165-

driven responses28,29). In the present study, the mRNA 

expression level of VEGF165b as well as VEGF165 

was increased by the pamidronate treatment. This 

suggested that proangiogenic activity was negatively 

regulated, which is detrimental in the alveolar sock-

et healing. VEGF-B can induce inflammatory cell 

chemotaxis and has a role to play in inflammatory 

angiogenesis16). VEGF-C is mainly restricted to the 

lymphatic endothelium and has been implicated in 

the development of lymphatic vessels17,18). 

In the present study, the alveolar socket was 

undergoing active bone formation in the rats without 

ovariectomy and pamidronate treatment. The socket 

in the ovariectomized rats was also undergoing bone 

formation, but the maturity was less. This findings 

implied that ovariectomy negatively affected the 

socket healing. In one case with pamidronate treat-

ment in ovariectomized rats, the socket was infected 

and infiltrated with numerous neutrophilic leuko-

cytes. This finding was coincident with the report 

that bacterial infection at tooth extraction sites lead 
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to a delay in the wound healing process30). The im-

munofluorescence investigation revealed that reac-

tivity against VEGF was weak in the ovariectomized 

rats without pamidronate treatment. However, strong 

reactivity was observed in the infiltrated leukocytes 

in ovariectomized rats with pamidronate treatment. 

In fact, neutrophils are able to produce different an-

giogenic molecules31,32). and play a role as cellular 

effectors of pathologic angiogenesis33). In addition, 

infection has been suggested as a cause of ONJ. ONJ 

shows heavy infiltration of inflammatory cells and 

bacterial flora34). The oral cavity has unique environ-

mental features which are vulnerable to ONJ. The 

intimate relationship of teeth to the jaws allows a 

portal of entry for microbes and other inflammatory 

products to the underlying bone, a situation that is 

not found in any other part of the body35). Bisphos-

phonates promote jaw osteonecrosis through facili-

tating bacterial colonization. Actinomyces coloniza-

tion of exposed bone in the bisphosphonate treated 

group was increased statistically significantly (11/18; 

61%) when compared to the nontreated group (2/11; 

18%, P = 0.021)36). Ongoing periodontal disease was 

present in a significant number of ONJ patients37). 

It is not likely that the antiangiogenic property 

of bisphosphonates is the sole cause for the develop-

ment of ONJ38). In the present study, RT-PCR, West-

ern blot and immunofluorescent study revealed that 

VEGF was increased by the pamidronate treatment. 

These findings were consistent with the report that 

VEGF participates in some pathological courses such 

as thrombosis, inflammation and ischemia39). Particu-

larly, this study revealed that VEFG-B was increased 

by the pamidronate treatment. When considering its 

roles of inflammatory cell chemotaxis and inflam-

matory angiogenesis16), the increased expression can 

be related with inflammatory reaction in the alveolar 

socket, which can be further implicated in underlying 

mechanism of ONJ. Inflammatory cells have been 

shown in bone biopsies from ONJ patients. T cell 

activation and proliferation in ONJ was suggested as 

a hypothesis35). Nitrogen-containing bisphosphonates 

such as pamidronate are well-known to cause a flu-

like acute phase reaction in many patients, which 

has been linked to the intracellular accumulation and 

subsequent presentation to T cells of isopentenyl py-

rophosphate products accrued from the inhibition of 

the enzyme farnesyl pyrophosphate (FPP)-synthase 

by the N-containing bisphosphonates40). Reduced 

viability, growth, and migration of cells in the bone 

and soft tissues were causative for ONJ. Exposed 

jawbone after tooth extraction can be a reliable co-

factor40). 

All together, this study suggested that uncon-

trolled bisphosphonate treatment may induce ONJ by 

altering VEGF regulation as another mechanism of 

ONJ. 
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한글초록 

골다공증 유발 백서에서 Bisphosphonate에 의한 발치창내  
VEGF 발현 변화 

양동욱, 한금동, 김선헌

전남대학교 치의학전문대학원 구강해부학교실

비스포스포네이트는 파골세포의 활성을 억제하여 골 손실을 억제하며 골다공증 치료에 널리 이용되고 

있다. 비스포스포네이트는 특히 악골에서 골괴사를 일으키는 심각한 부작용을 가지나 그 부작용에 대한 원

인 및 기전은 뚜렷이 밝혀져 있지 않다. 발치와 치유에는 혈관 성장이 필수적이다. 따라서 본 연구는 비스포

스포네이트가 혈관성장인자의 발현을 억제함으로써 발치와 치유에 장애를 초래하며 궁극적으로 골괴사 요

인이 됨을 가정하고 다음과 같은 실험 결과를 얻었다. 

골다공증을 유발하기 위하여 백서 암컷에서 외과적으로 난소를 제거하고 16주 후 대조군으로 이용하였

다. 실험군은 난소 절제 후 8주에 격일로 pamidronate(3.5 mg/Kg/wk)를 투여하였다. 16주에 상악제1대구

치를 발치 후 3일, 7일에 희생하였다. 치주인대세포는 발치와 재생에 중요하므로 생쥐 치주인대세포를 배양

하여 pamidronate를 처리하였다. in vitro 실험에서 치주인대세포는 고농도(10 μg/ml) 처리에서 VEGF-A, 

-B가 모두 증가되었으나 VEGF-C는 변화가 없었다. in vivo 실험에서 VEGF 발현은 in vitro와 유사하였

다. 비스포스포네이트 투여군의 발치창에서는 중성백혈구의 침윤이 뚜렷하였으며 백혈구는 VEGF에 대한 

강한 면역반응을 나타내었다. 이상의 결과는 VEGF-A 또는 -B가 염증세포를 유인하여 골괴사를 유발하는 

인자로 작용할 수 있음을 시사하였다.

주제어: VEGF, 비스포스포네이트, 골괴사


