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Angiostatinin Dis Hareketi Uzerine Etkileri
Effects of Angiostatin on Tooth Movement

GIRIS

Ortodontik  dis  haraketi, kontrolli
mekanik kuvvetlerin uygulanmasi ile dislerin
basin¢ tarafinda osteoklastlar tarafindan
rezorpsiyon,  karsi  gerilim  tarafinda
osteoblastlar tarafindan kemik olusumu ile
baslar. Klinik ortodontinin etkinligine
ragmen, osteoklast aktivitesinin degistirilmesi
ile tedavi etkinliginin artmasini saglayacak
birtakim sartlar mevcuttur. Bu kapsamda,
ankraj alinan dislerin istenmeyen hareketi ve
hareket ettirilmis dislerin relapsi, mevcut
kuvvet saglama sistemlerinin yetersizligi
yuzinden esas klinik sorunlardir. Giincel
arastirmalardaki ilerlemeler, osteoklastlari
inhibe eden biyolojik modilatorlerin
kullanilmasiyla bu sorunlarin
giderilebilecegini ve ortodontik tedaviye yeni
yardimci  yontemler  gelistirilebilecegini
disundirmektedir (1). Bisfosfonatlar (2) ve
osteoprotegerin  (OPG) dahil, reseptor-
aktivator nuklear faktor-kB ligand (RANKL)
ile alict reseptort arasindaki baglantiyi
engelleyen ve osteoklast cogalmasini ve
etkinligini onleyen, ¢coziinebilir protein olan
bircok inhibitor incelenmistir (3). Ancak, bu
inhibitorlerin dis hareketi tizerindeki goreceli
etkileri tam olarak bilinmemektedir.

Angiogenezisin sirktler bir inhibitoru
olan angiostatin, kringle olarak adlandirilan 4
protein yapisi iceren plasminojen yayilim
bolgesinden elde edilir (4-8). ilk olarak,
Lewis akciger hiicresi karsinomu icin fare
modelinin idrar ve serumundan
saflagtirllmistir  (4).  Angiostatin, sirkuler
plazminojenlerdeki MMP-2, MMP-3, MMP-
7, MMP-9 ve MMP-12 gibi cesitli matriks
metalloproteazlarindan (MMP) olusturulabilir
(9-11). Angiostatin, in vitro olarak endotelyal
hicrelerin proliferasyonunu, migrasyonunu,
farklhilagsmasini ve tiip formasyonunu engeller
(5,7,12). Angiostatinin sistemik uygulanmasi,
tumor  metastazinin - blayimesini  ve
norovazkilarizasyonunu kuvvetli bir bicimde
engeller  (4,5,7). Angiostatinin  anti-
angiogenik  ozellikleri icin, cesitli
mekanizmalar 6ne slrilmastir. Angiostatin
endotelyal  hicre  yilizeyindeki  ATP
sentezleyen o ve B alt bilesenlerine
baglanarak enerji kaynagini keser (7,8,13).
Angiostatin  ayrica, integrin  avp3’e
baglanarak angiogenez icin gerekli olan
avB3 kaynakli sinyal transdiiksiyonununda
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INTRODUCTION

Orthodontic tooth movement is induced
by the controlled application of mechanical
force, which results in bone resorption by
osteoclasts on the compression side of teeth,
and bone formation by osteoblasts on the
opposing (tension) side. Despite the efficacy
of clinical orthodontics, there are a number of
circumstances under which treatment
efficiency might be improved by modulating
the activity of osteoclasts. In this regard, the
undesired movement of anchor teeth, and the
relapse of moved teeth, are major clinical
problems that result from the limitations of
available force delivery systems. Recent
research advances suggest that biological
modulators which inhibit osteoclasts could
be used to address these problems and
provide new adjunctive approaches to
orthodontic treatment (1). Several such
inhibitors have been examined, including
bisphosphonates (2) and osteoprotegerin
(OPG), a soluble protein that inhibits
receptor-activator of nuclear factor-kB ligand
(RANKL) interactions with its cognate
receptor, and prevents osteoclast
differentiation and activation (3). However,
the relative efficiency of these inhibitors in
preventing tooth movement is unknown.

Angiostatin, a circulating inhibitor of
angiogenesis, was derived from plasminogen
spanning the first 4 kringle domains (4-8). It
was originally purified from the urine and
serum of a mice model for Lewis lung cell
carcinoma (4). Angiostatin can be generated
from circulating plasminogen by various
matrix metalloproteases (MMP) including
MMP-2, MMP-3, MMP-7, MMP-9 and MMP-
12 (9-11). Angiostatin blocks proliferation,
migration, differentiation and tube formation
of endothelial cells in vitro (5,7,12). Systemic
administration of angiostatin strongly blocks
neovascularisation and growth of tumor
metastasis (4,5,7). Several mechanisms have
been proposed for the anti-angiogenic
properties of angiostatin. It binds to & and B
subunits of ATP synthase on the cell surface
of endothelial cells and inhibits proliferation
by reduction of energy supply (7,8,13).
Angiostatin also acts via binding to integrin
avB3, perturbing the avB3-mediated signal
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rol oynar 8,14). Ayrica, angiostatin kompetatif
antagonist gibi davranarak endotelyal ve diiz
kas hiicrelerinin hepatosit biytime faktoriine
olan duyarlihgini engeller (5,6).

Kemik, gogus, prostat, akciger, bobrek ve
tiroid kanserleri icin cok yaygin bir metastatik
bolgedir (15,16) Mevcut arastirmalar,
metastatik htcrelerin osteoklast kaynakli
kemik rezorbsiyonunu stimule etmesinin ve
rezorbe kemikte kemik tirevi buylime
faktorlerinin tiimor blylimesini arttirmasinin
bir  kisir  dongti  oldugu  gorusini
desteklemektedir (16).

insan  MDA-MB-231 gogus  kanser
hiicrelerinin hayvanlarda yuksek vazkilarize
kemik lezyonlarina neden olduguna (17), ve
hayvanlarin  TNP-470 antikanser ilaci ve
antiangiogenik ozelliklere sahip fumagillin ile
sistemik olarak tedavi edildiginde, MDA-MB-
231 hicrelerinin  neden oldugu kemik
metastaz formasyonunu distirdiigiine dair bazi
deneysel calismalar mevcuttur (18). Ancak bu
calismalardaki sonuclar, spesifik angiogenez
inhibitorlerinin -~ kemik  metastazlarinda
kullanimint énermemektedir (18).

Angiostatin, osteoklast fonksiyonlarini
dogrudan inhibe ederek kanser kaynakli
kemik yikimini ve osteolitik lezyonlarin
ilerlemesini belirgin sekilde durdurur. Kemik
rezorbsiyonunu engellemesiyle angiostatin
dolayli olarak kemikten salinan biytime
faktorlerinin salinimini da sinirlar (19).
Anjiyostatin, cesitli yonleriyle bir anti
angiogenez faktorti gibi davranabilir. 1k
olarak, angiostatin  endotelyal hticre
proliferasyonunu durdurabilir. ikinci olarak,
angiostatin endotelyal hiicre apopitozisine
neden olabilir. Uctincii olarak ise, endotelyal
hiicre  migrasyonunu ve invazyonunu
durdurabilir. Bunlara ek olarak, angiostatin
endotelyal nedenli vazodilatasyonu
dizensizlestirir (7). Angiostatin, hsp90 ve
eNOS arasindaki etkilesimi azaltabilir. eNOS
aktivitesinin ayristirllmasiyla, angiostatin
endotelyal nedenli vazodilatasyonun
olumsuz yonde bir dizenleyicisi gibi
davranir (20).

Ankraj alinan diglerin  istenmeyen
hareketleri ve daha 6nceden hareket etmis
olan dislerin relapsi ortodonti kliniginde
onemli bir sorundur. Dental implantlar ankraj
korunmasi icin siklhikla kullaniimaktadir;
ancak bunlar invaziv cerrahi prosedirler
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transduction necessary for angiogenesis
(8,14). Furthermore, angiostatin inhibits the
responses of endothelial and smooth muscle
cells to hepatocyte growth factor by acting as
a competitive antagonist (5,6).

Bone is a very common metastatic site for
human breast, prostate, lung, kidney, and
throid cancers (15,16). Current investigations
support the notion that there is a vicious
circle at the bone metastatic site at which
bone-residing metastatic cells stimulate
osteoclast mediated bone resorption and
bone-derived growth factors released from
resorbed-bone promote tumor growth (16).
There is some experimental evidence to
indicate that human MDA-MB-231 breast
cancer cells cause the development of highly
vascularized skeletal lesions in animals (17),
and systemic treatment of animals with the
anticancer drug TNP-470, synthetic analogue
of fumagillin with antiangiogenic properties,
reduces the formation of bone metastases
caused by MDA-MB-231 cells (18). However,
these results do not suggest the use of specific
angiogenesis inhibitors in treating bone
metastases (18).

Angiostatin markedly inhibits progression
of osteolytic lesions. It inhibits cancer-
induced bone destruction through a direct
inhibition of osteoclast functions. By
inhibiting bone resorption, angiostatin
indirectly limits the release of bone-derived
growth factors (19).

Angiostatin  can act as an anti-
angiogenesis factor in several aspects. Firstly,
angiostatin can inhibit endothelial cell
proliferation. Secondly, angiostatin can
induce endothelia cell apoptosis. Thirdly,
angiostatin can inhibit endothelial cell
migration  and  invasion.  Moreover,
angiostatin can downregulate endothelial-
dependent vasodilation (7). Angiostatin can
decrease the interactions between hsp90 and
eNOS. By uncoupling eNOS activity,
angiostatin acts as a negative regulator of
endothelial-dependent vasodilation (20).

The undesired movement of anchor teeth,
and relapse of previously moved teeth, are
major clinical problems in orthodontics.
Dental implants are increasingly used to
preserve anchorage, but these are costly and
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gerektirmekte ve maliyeti arttirmaktadir.
Ankraj saglanmasi icin farkli bir strateji ise,
biyolojik inhibitorlerin osteoklastik kemik
rezorbsiyonda kullanimi ile
gerceklestirilebilmektedir (1). Lokal bolge,
osteoklastik aktivitenin diizenlenmesinde asil
merkezdir ve calismalar, farkli etkenlerin
cesitli biyomediyatorler sayesinde ortodontik
dis hareketini etkileyebilecegini gostermistir
(1,2,3,21,22,23). Angiostatin  gticli  bir
osteoklastik ~ aktivite  karsiti  olarak
bilinmektedir (19). Ancak, genel
dishekimligindeki  kullanimindaki  rolt,
ozellikle ortodontik dis haraketi esnasinda
kemik sekillenmesi (izerine etkileri heniiz
incelenmemistir. Bu yilizden bu c¢alismada,
istenilmeyen dis hareketleri ve relapstan
korunma durumlarindaki  klinik yararin
belirlenmesi icin angiostatinin deneysel
olarak dis hareketleri tizerine etkilerinin
incelenmesi amaclanmustir.

GERECLER ve YONTEM

Calisma vyaklasik olarak ayni yasta,
baslangicta agirlik ortalamasi 250 gram olan
30 tane yetiskin Sprague Dawley tiirt erkek
rattan olusmaktadir. Ratlar, rastgele 5 esit
gruba bolinmusttr. Ratlar, 24°C de 1si
kontrolli ve 12 saat aydinhik /karanlik
dongustine sahip mekanlarda standart peletle
ve suyla ad libitum beslenmistir. Deneyler,
Gulhane Askeri Tip Akademisi, Deney
Hayvanlari  Kullanim Yonergesine gore
yuratilmustar.

Ratlara yaylarin uygulanmasi esnasinda,
Xylazine HCL (10 mg/kg) (Alfazyne 2%,
Egevet, izmir, Turkiye) ve Ketamine HCL (90
mg/kg) (Alfamine 10%, Egevet, izmir,
Turkiye) anestezi olarak uygulanmistir. Ayni
kimyasallar daha sonra, 6limcil dozda
sakrifikasyon amagli kullaniimistir.
inhalasyon anestezisi amaciyla cesitli
uygulamalar 6éncesinde isoflurane (10mg/kg)
kullanilmigtir. Bu uygulamalar, angiostatin ve
NaCL solusyonlarinun giinde iki kez 7 giin
boyunca  kullanimini  ve  c¢alismanin
sonundaki sakrifikasyonu icermektedir. Buitiin
gruplara, her iki taraftaki mandibular birinci
azilar ve kesiciler arasina Ni-Ti kapali sarmal
yaylar (0.305 x 0.915 mm) uygulanip 0.008
inc paslanmaz celik tel yardimiyla
baglanarak 60 gramlik resiprokal ortodontik
kuvvet uygulanmistir (Sekil 1). Yaylarin
olusturabilecegi travmaya bagl enfeksiyon ve
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require invasive surgical procedures. An
alternative  strategy ~ for  maintaining
anchorage may be the use of biological
inhibitors of osteoclastic bone resorption (1).
The local microenvironment is central to the
regulation of osteoclastic activity, and studies
show that different factors may influence the
rate of orthodontic tooth movement via
various  biomediators (1,2,3,21,22,23).
Angiostatin has been suggested to have a
strong  anti-osteoclastic  activity  (19).
However, its role in general dentistry,
especially in bone remodeling during
orthodontic tooth movement has not been
investigated yet. Therefore, in this study, we
aimed to evaluate the effects of angiostatin on
bone remodeling during experimental tooth
movement due to determine the clinical
utility in preventing undesired tooth
movement and relapse.

MATERIALS and METHOD

The study comprised 30 adult male
Sprague Dawley rats of approximately same
age with an average initial weight of 250
grams. The rats were randomly divided into 5
equal groups. The animals were fed on a
standard pellet diet with tap water ad libitum
in a temperature-controlled chamber at 24°C
with a 12 hr light/dark cycle. The
experiments were carried out according to
the guidelines for the use of experimental
animals of Gulhane Military Medical
Academy.

The rats were anesthetized with Xylazine
HCL (10 mg/kg) (Alfazyne 2%, Egevet, lzmir,
Turkey) and Ketamine HCL (90 mg/kg)
(Alfamine 10%, Egevet, Izmir, Turkey)
combination for the application of the
springs. The same chemicals were also used
for sacrification at lethal dose. Isoflurane
inhalation anesthetic (10mg/kg) was used
before various procedures. These procedures
included the administration of angiostatin
and NaCl solutions twice a day during 7 days
and the sacrification at the end of the study.
Orthodontic force was applied to all groups.
Ni-Ti closed coil springs (0.305 x 0.915 mm),
exerting 60 g of reciprocal force, were
inserted between the mandibular first molars
and incisors at each side cleat by a 0.008
inch stainless steel ligature wire (Figure 1).
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Sekil I. Deneysel dis hareketi

i¢in olusturulan ¢alisma

modeli.

Figure L. The study model for

228

the experimental tooth

movement.

o6dem olusmamasi icin profilaktik olarak tek
doz Colicillin (0.1 ml/kg i.m.) (100 mg/ml

Ampicillin -+ 250.000 I1U/ml Colistin
Sulphate, Egevet, izmir, Turkiye)
uygulanmisti. Uygulanan kuvvet, kuvvet
Olcer ile olgtilmus ve yaylar deney boyunca
aktive edilmemistir.

Angiostatin (A.G. Scientific Inc., San
Diego, CA, ABD) 0.9 % NaCl cozeltisinde
¢ozinmis ve 1, 3 ve 10 pg/20 pl olmak
tzere 3 farkh konsantrasyonda hazirlanmistir.
1. Grupta, 1 pg/20 pl angiostatin glinde 2 kez
olmak uzere vyaklasik 60 g ortodontik
kuvvetle beraber uygulanmistir. 2. ve 3.
Gruplarda sirasiyla 3 ve 10 pg/20 pl
angiostatin ayni sekilde uygulanmistir. Son 2
grup kontrol gruplari olarak kullanilmistir. 4.
Gruptaki ratlara 0.9 %NaCl soltsyonlari ayni
sira ve doz ile uygulanmigtir (20pl/12 saat).
Deneysel soltisyonlar karsilikli olarak alt
birinci azilarin meziobukkal subperiostal
bolgelerine komsu olarak enjekte edilmistir.
5. Gruba sadece ortodontik kuvvet
uygulanmistir.  Ratlar, deney boyunca
gozlenmis ve deneyin 7. gtiniinde sakrifiye
edilmislerdir. Mandibulalari disseke edilip
yumusak dokulardan arindirilmig ve 72 saat
boyunca 0.1 M fosfat ilave edilmis 2.5 % lik
glutaraldehit soltisyonunda fikse edilmistir.

Kemik Histomorfometrisi

Histolojik  kesitler ~ Cutting-Grinding
teknigi  kullanilarak hazirlanmigtir  (24).
Mandibulalar, artan seri etanol konsantras-
yonlari ile dehidrate edilmistir. Dehidratas-
yon sonrasinda, ornekler etanol-metil
metakrilat karsimina maruz birakilarak
plastik infiltrasyonu gerceklestirilmistir. Son
polimerizasyon islemi, Technovit 7.200 VLC
(Heraeus-Kulzer GmbH & Co. KG, Hanau,
Almanya) ile tamamlanmistir.

Demirel, Olmez, Akin, Mermut Gokee, Kiirkgii, Sagdic

Prophylactic antibiotic, Colicillin (0.1 ml/kg
i.m.) (100 mg/ml Ampicillin + 250.000 IU/ml
Colistin Sulphate, Egevet, lzmir, Turkey) was
administered for once to prevent infection
and edema that could be caused by trauma
during application of springs. The force was
measured with a gauge, and the springs were
not reactivated during the experiment.
Angiostatin (A.G. Scientific Inc., San
Diego, CA, USA) was dissolved in 0.9 %
NaCl and prepared at 3 different
concentrations, as 1, 3 and 10 pg/20 pl. In
the Tst group, 1 pg/20 pl angiostatin was
administered twice a day with approximately
60 g of orthodontic force. In the 2nd and 3rd
groups, 3 and 10 pg/20 pl angiostatin was
administered with the same sequence and
dose, respectively. The last 2 groups were
used as control groups. In 4th group, 0.9
%NaCl solutions were administered to the
rats together with orthodontic force with the
same amount and prescription (20pl/12
hours). The experimental solutions were
injected into the mesiobuccal subperiosteal
area adjacent to the bilateral lower first
Only
administered in the 5th group. The rats were

molars. orthodontic  force was
monitored during the experiment and they
were sacrified on the 7th day of the
experiment. Mandibulae were dissected,
cleaned of soft tissue and fixated for 72 hours
in 0.1 M phosphate-buffered 2.5 %

glutaraldehyde solution.

Bone Histomorphometry

The histological sections were prepared
according to the  “Cutting-Grinding
(24).  Mandibulae
dehydrated by using increasing ethanol

Technique” were
concentrations. After dehydration, specimens
were exposed to plastic infiltration in an
increasing mixture of ethanol-methyl
methacrylate. Final polymerization process
was accomplished with Technovit 7.200 VLC
(Heraeus-Kulzer GmbH & Co. KG, Hanau,
Germany).

Tissue blocks with 100 pm thickness were
prepared with a sawband, transferred to a
micro-grinding system and tissue thickness of
10-20 um was obtained. The sections were

agitated in 10 % H202 for 5 minutes, rinsed

Tiirk Ortodonti Dergisi 2012;25:224-238
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Doku kesitleri, bant testere ile 100 pm
kalinliginda hazirlanmis, daha sonra mikro
taglama aktarthp 10-20 pm
kalinhginda kesitler elde edilmistir. Kesitler,
10 % H202 soliisyonunda 5 dakika boyunca
ytkanmis, su ile durulanip kurutulduktan
sonra Toluidine mavisi ile sabitlenmistir.
Bituin kesitler 1sik mikroskobu ile incelenmis
ve normalden 4 kat buyitilmis gortntuler
bilgisayar ortamina WinTAS (Trabecular
Analyze System, V. 1.2.9) yazilimi ile
incelenmek lizere taginmistir.

Birinci azilarin interradikuler (servikal,
orta, apical) alanlarinda ¢ farkh olgtim
yapilmistir.  Standardizasyon icin, birinci
azilarin mezial ve distal kokleri arasindaki
bolge interradikiiler ~ bolge  olarak
belirlenmistir. Servikal, orta ve apikal
interrradikuler alanlarin tanimlanmasi igin,
bifurkasyon ve kok ucu arasindaki bolge (¢
esit alana boltinmiistir. Olctimler, iki kez
tekrarlanarak yapilmistir ve ortalama deger
alinmigtir. Batiin ol¢timler ve hesaplamalar,
Amerikan Kemik ve Mineral Arastirmalari
Dernegi isimlendirme kilavuzuna uygun
olarak gerceklestirilmistir  (25). Kemik
histomorfometrisi icin gelistirileb bilgisayar
yazilimi ile, trabekuler kemik hacmi (BV/TV),
trabektler kemik sayisi (Tr.N) ve trabekuler
ayriklik (Tr.Sep) olctlImustdir.

sistemine

istatiksel Yontem

istatiksel ©lctimler, SPSS 10.0 (SPSSFW,
SPSS Inc., Chicago, 1l., ABD) vyazilim
paketiyle gerceklestirilmistir. Tanimlayici
istatistik degerleri, ortalama + standart sapma
ile gosterilmistir (Tablo 1). Batun gruplar
farklar, Kruskal-Wallis  testi
yardimiyla incelenmis ve angiostatin (Grup 1,
2 ve 3) ve kontrol gruplar (Grup 4 ve 5)
arasindaki farklar Mann-Whitney U testi
yardimiyla 6l¢tlmdsttr (Tablo 2-4). 0.05 ten
az ya da esit P degerleri istatiksel olarak
anlamli kabul edilmistir (26).

arasindaki

BULGULAR

BV/TV, Tr.N ve Tr.Sep arasindaki farklar,
Kruskal-Wallis testine gore istatiksel olarak
anlamli bulunmustur (Sirasiyla P < .01, P <
.05, ve P < .001) (Tablo 2).

Turkish Journal of Orthodontics 2012;25:224-238

in water, wiped dry and stained with

Toluidine blue. All sections were evaluated
using a light microscope and x4 images were
transferred to a computer with WinTAS
(Trabecular Analyze System, V. 1.2.9)
program (Figure 2-5).

Three different measurements in the
interradicular area of the first molars
middle and

performed. For the standardization, the

(cervical, apical)  were
interradicular area of the first molar was
defined as the area between the mesial and
distal roots of the molar. In order to define the
cervical, middle and apical interradicular
area, the area between the bifurcation and
root apex was divided into three equal areas.
Measurements were repeated twice and
mean values were calculated. All
measurements and calculations were done
following the American Society for Bone and
Mineral Research nomenclature and
guidelines (25). Trabecular bone volume
(BV/TV), trabecular bone number (Tr.N), and
trabecular separation (Tr.Sep) were measured
using the software package developed for

bone histomorphometry.

Statistical Method

The statistics were performed by SPSS
10.0 (SPSSFW, SPSS Inc., Chicago, Il., USA)
statistical package. Descriptive statistics were
shown as mean + standard deviation (Table
1). The differences between all groups were
investigated by Kruskal-Wallis test and the
differences between angiostatin (Group 1,2
and 3) and control groups (Group 4 and 5)
were determined with Mann-Whitney U test
(Table 2-4). P values less than or equal to 0.05
were evaluated as statistically significant (26).

Sekil IL. Angiostatin Group
1'in histolojik kesiti (1 pg); A)
trabekiiler kemik, B) kemik
rezorbsiyon alani, C) birinci

molar disin kokd.

Figure IL. Histological section
of angiostatin Group 1 (1
pg); A) trabecular bone, B)
bone resorption area, C) root

of the first molar.
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Sekil . Angiostatin Group
2'nin histolojik kesiti (3 pg);
A) trabekiiler kemik, B) kemik
rezorbsiyon alani, C) birinci

molar disin kokd.

Figure IIl. Histological section
of angiostatin Group 2 (3 pg);

A) trabecular bone, B) bone
resorption area, C) root of the

first molar.

Tablo I. Angiostatin ve
kontrol gruplarinda BV/TV,
Tr.N ve Tr.Sep
parametrelerinin tanimlayici

istatistik degerleri.
Table I. Descriptive statistics

of BV/TV, Tr.N and Tr.Sep for

angiostatin and control.
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Gruplar Arasi Farklihiklarin

Kargilagtirilmasi

Her bir gruptaki angiostatinin dis haraketi
sirasinda kemik sekillenmesi tzerine etkin
dozuna karar vermek icin, doza bagimh grup

karstlastirmalari gerceklestirilmistir.
Angiostatin gruplarinin karsilastiriimasinda
(Grup 1, 2 ve 3 arasinda), Grup 3 ve 1
arasindaki BV/TV deki anlamli artis disinda
biutin parametrelerde istatiksel olarak
anlamsiz degisiklikler gozlenmistir. Ayrica,
kontrol gruplar arasindaki degisimler (Grup
4 ve 5) istatiksel olarak anlamsiz bulunmustur
(Tablo 3).

Angiostatinin kemik sekillenmesi tizerine
etkilerini incelemek icin, angiostatin gruplari
(Grup 1,2 ve 3) ve kontrol gruplari (Grup 4 ve
5) arasinda karsilastirma yapilmistir. Grup 1
ile Grup 4 ve 5 karsilastirildiginda, sadece
Tr.Sep’daki artis anlamli  bulunmustur
(Sirasiyla P < .05 ve P < .001). Grup 2, Grup
4 ile karsilastirlldiginda, BV/TV artisi (P < .05)
ve Tr.Sep azalmasi (P < .05) istatiksel olarak
anlamh bulunmustur. Ek olarak, Grup 2,
Grup 5 ile karsilastinldiginda,  Tr.Sep
azalmasi da istatiksel olarak anlamli
bulunmustur (P < .001). Grup 3 ile Grup 4
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RESULTS

The results of the Kruskal-Wallis test
showed significant differences in BV/TV, Tr.N
and Tr.Sep (P < .01, P < .05, and P < .001,
respectively) (Table 2).

Comparison of Between-Group

Differences

In order to determine the effective dose of
angiostatin in bone remodeling during
orthodontic tooth movement in each group,
the dose dependent group comparisons have
been done. In the comparison of angiostatin
1, 2 and 3),

statistically insignificant alterations were

groups (between Group

observed in all parameters in angiostatin
groups; except the increase in BV/TV was
significant in the comparison of Group 3 with
Group 1. The differences between control
groups (between Group 4 and 5) were also
statistically not significant (Table 3).

In order to determine the effect of
the
have been done between

angiostatin in  bone remodeling,
comparisons
angiostatin groups (Group 1, 2 and 3) and
control groups (Group 4 and 5). In the
comparison of Group 1 with Group 4 and 5,
only the decrease in Tr.Sep was significant (P
< .05 and P < .001, respectively). The
increase in BV/TV (P < .05) and the decrease
in TrSep (P < .05) were significant in the
comparison of Group 2 against Group 4. In
addition, the decrease in Tr.Sep was also
statistically significant in Group 2, compared
with Group 5 (P < .001). Increase in BV/TV
and Tr.N (P < .001 and P < .01, respectively)
and decrease in Tr.Sep (P < .01) were

significant in the comparison of Group 3 with

BV/TV Tr.N Tr.Sep
Ortalama SS Ortalama SS Ortalama SS
Mean SD Mean SD Mean SD
Angiostatin 1 mg (Grup 1) 23,780 7,380 25,630 8,768 40,922 12,098
Angiostatin 3 mg (Grup 2) 28,950 14,884 27,690 11,210 38,267 17,735
Angiostatin 10 mg (Grup 3) 29,872 7,674 28,135 6,779 32,594 13,996
Kuvvet+ Saline (Grup 4) 17,165 8,654 19,494 5887 54,300 13,037
Force+Saline (Group 4)
Kuvvet (Grup 5) 18,225 12,783 19,168 8,661 64,800 12,994

Force (Group 5)

BV/TV: Trabekuler Kemik Hacmi, Tr.N: Trabekuler Kemik Sayisi, Tr.Sp:Trabekuler Ayriklik,

SS: Standart sapma.

BV/TV: Trabecular Bone Volume, Tr.N: Trabecular Bone Number,
Tr.Sp: Trabecular Separation, SD: Standard deviation
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2 Anlamlilik/
X P Significance
BV/TV 14,531 0,006 *
Tr.N 10,055 0,040 *
Tr.Sep 23,902  <0,001

BV/TV: Trabekuler Kemik Hacmi, Tr.N: Trabekuler Kemik Sayisi, Tr.Sp: Trabekuler Ayriklik /
BV/TV: Trabecular Bone Volume, Tr.N: Trabecular Bone Number, Tr.Sp: Trabecular Separation

*P<.05 " P<.01, "™ P <.001

karsilastinldiginda, BV/TV ve Tr.N artisi
(Sirastyla P < .001 ve P < .01) ve Tr.Sep
azalmasi (P < .01) istatiksel olarak anlamli
bulunmustur.  Grup 3 ile Grup 5
kiyaslandiginda, BV/TV ve Tr.N artisi ve
Tr.Sep azalmasi da istatiksel olarak anlamli
bulunmustur (Sirasiyla P < .05, P < .05, ve P
<.001) (Tablo 3).

TARTISMA

Lokal cevre, osteoklastik aktivitenin
dizenlenme merkezidir. Pek cok cesitli
faktorler, bircok biyomedyatorler aracihigr ile
ortodontik dis haraketini etkileyebilir
(1,2,3,21,22,23,27,28). Bu calismada,
angiostatinin dis haraketi sirasinda kemik
sekillenmesi lzerine etkileri incelenmistir.
Deneysel dis hareketleri, gtincel calismalara
uygun sekilde, kapali sarmal yaylarin her bir
tarafta mandibular birinci buyik azilar ile
keserler arasina baglanmasi ile
gerceklestirilmistir (23,27,28).

Ankraj alinan disin hareket etmesi,
ortodontide tedavi zamaninin uzamasina
ve/veya optimal klinik elde
edilmesine engel olan, istenilmeyen bir
komplikasyondur  (1). Bu calismada,
angiostatinin ratlarda, hareket eden molar
dislerin alveolar kemigindeki osteoklast
aktivitesini azaltmadaki goreceli etkilerini
inceledik.  Angiostatinin,  gicla  bir
osteoklastik avtivite onleyici oldugu ileri
strdlmdastir  (19). Bizim c¢alismamizda,
uygulanan en yiiksek doz angiostatin grubu
ile  kontrol gruplar karsilastirildiginda
gozlenen vyaklasik 17% BV/TV artisi, 14%
Tr.N artisi ve 16% Tr.Sep azalmasi bulgulari,
angiostatinin gticlt bir osteoklast miktari ve
aktivite inhibitori oldugu gosterilmistir.

Kemik metastazinin deneysel olarak
incelendigi model MDA-MB-

sonucun

lizerinde,

Turkish Journal of Orthodontics 2012;25:224-238

Group 4. When Group 3 and Group 5 were
compared, the increase in BV/TV and Tr.N,
and the decrease in Tr.Sep were also
statistically significant (P < .05, P < .05, and

P < .001, respectively) (Table 3).

DISCUSSION

Local microenvironment is central to the
regulation of osteoclastic activity. A variety of
factors might influence the rate of
orthodontic tooth movement via various
biomediators (1,2,3,21,22,23,27,28). The
present study evaluated the effects of
angiostatin on bone remodeling during
orthodontic tooth movement. Experimental
tooth movement was performed according to
the recent studies, with a closed coil spring
ligated to the mandibular first molars and
incisors at each side (23,27,28).

The movement of anchor teeth is an
undesired complication in orthodontics, which
may result in prolonged treatment time and/or
a less than optimal clinical outcome (1). In the
present study we evaluated the relative efficacy
of angiostatin in reducing the osteoclast activity
at the alveolar bone of the moved molar tooth
in rats. Angiostatin has been suggested to have
a strong antiosteoclastic activity (19). Our
results demonstrate that angiostatin is a
powerful inhibitor of osteoclast recruitment
and activity, with an increase in BV/TV, Tr.N
and a reduction in Tr.Sep of approximately
17%, 14% and 16%, respectively when
compared the highest dose angiostatin and
control groups.

In an experimental model of bone
in which MDA-MB-231/B02
breast cancer cells were engineered to
produce at the bone metastatic site, a specific

metastasis

angiogenesis inhibitor, angiostatin inhibited

Tablo II. Tiim gruplar igin

Kruskal-Wallis testi.

Table II. Kruskal-Wallis test of

all groups.
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Sekil IV. Angiostatin Group
1'in histolojik kesiti (1 pg); A)
trabekiiler kemik, B) kemik

rezorbsiyon alani, C) birinci

molar disin kokd.

Figure IV. Histological

section of angiostatin Group

1 (1 pg); A) trabecular bone,

B) bone resorption area, C)
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root of the first molar.

hiicreleri  kemik

231/B02 gogiis kanseri
metastazi bolgesinde tretilmistir, spesifik bir

angiogenez inhibitori olan angiostatin,
dogrudan osteoklast fonksiyonlarini
engelleyerek kanser kaynakli kemik yikimini
engellemistir (19). Histomorfometrik 6l¢tim,
angiostatinin kemik ytizeyindeki osteoklast
sayisini milimetre basina (N.Oc/BS) 77 %
oraninda azaltugini gostermistir. Ayrica,
saflastirilmis  angiostatin,  monontiklear
hiicrelerin multintiklear hticrelere farklilas-
masini ve olgun osteoklastlara farklilagmasini
engellemistir (19). Calismamizin yontemi ve
uygulama sekli, yukarida bahsedilen
calismadan farkli olmasina ragmen, bulgu-
larimiz bahsi gecen calismayla uygunluk
gostermektedir.

Deneysel dis hareketlerinde angiostatinin
lokal uygulamasi yonindeki calismalarin

olmamasi nedeniyle, calismamizda doz
ayarlamasi, diger sistemik ve lokal
uygulamalar ile vyapilan calismalara

goreyapilmistir. Literatlr calismasi sonucun-
da, hicre kiltirt uygulamalari ve sistemik
etki elde etmek igin (i.v),
intramuskuler (i.m) ve subkutandz (s.c)
uygulamalara rastlanmistir (29-32). Klinik bir
calismada, farmakokinetik (FK) ve toksitite
ozellikleri icin 3 farkli doz seviyesinde insan
angiostatini glinde iki kez s.c enjekte edilmistir
(29). Denekler 7.5, 15, ve 30 mg/ml/gin
dozlari, 7 glinliik bekleme periyodunu takiben
28 glin Ust tste giinde 2 kez s.c olmak tizere
almiglardir. Uzun streli ve giinde 2 kez olmak
lizere uygulanan angiostatin tedavisi, secilen
dozlarda denekler tarafindan iyi tolere
edilmistir. Ratlarda, kisa sureli FK etkileri ve
elastaz kaynakli angiostatinin [angiostatin (k1-
3)] tim viicut dagihimi, radyoaktif proteinin i.v
olarak enjeksiyonu sonrasinda belirlenmistir
(30). FK analizlere dayanarak, angiostatinin

intravenoz
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cancer-induced bone destruction through a
direct inhibition of osteoclast functions (19).
Histomorphometric quantification revealed
that angiostatin expression caused a 77 %
decrease of the osteoclast number per
(N.Oc¢/BS).
Furthermore, purified angiostatin inhibited

millimeter of bone surface
the differentiation of mononuclear cells into
multinuclear cells and mature osteoclasts
(19). Although the technique and type of
administration of the current study was
different from the above study, our findings
are in agreement with the result of the
mentioned studly.

The absence of investigations for local
administration of angiostatin in experimental
tooth movement, lead us to take advantage
with
applications to adjust the doses for our

from other studies systemic/local
experiment. In literature review, intravenous
(i.v.), intramuscular (i.m.) and subcutaneous
(s.c.) administrations to obtain systemic
effects and cell culture applications were
found (29-32). In a clinical study to evaluate
the pharmacokinetics (PK) and toxicity of
three dose levels of recombinant human
angiostatin was administered twice daily by
s.c. injection (29). Subjects received 7.5, 15,
or 30 mg/ml/day divided in two s.c. injections
for 28 consecutive days followed by a 7-day
washout period. Long-term twice-daily s.c.
treatment with angiostatin was well tolerated
and feasible at the selected doses. Short-term
PK and whole body distribution of elastase
derived angiostatin [angiostatin (k1-3)] in rats
after i.v. injection of radiolabelled protein
(30). Based on the PK
analyses, it was calculated that administration

were determined

of angiostatin (k1-3) to rats in a bolus
injection of 22 pg/kg followed by a
continuous infusion of 15pg/kg/hr would
permit blood concentrations of angiostatin
(k1-3) to be 0.3 pg/ml. To maintain blood
levels between 0.1 and 0.5 pg/ml, 26.6 pg/kg
angiostatin (k1-3) should be dosed every 2 hr.
Continuous administration  significantly
improves both inhibition of angiogenesis and
tumor growth as compared with bolus
(31).

indicate that continuous administration to be

injections of angiostatin Findings

superior to the conventional twice-daily
bolus injections. Systemic administration of

Tiirk Ortodonti Dergisi 2012;25:224-238
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gruplar z p Anlamlilik /
roups Significance
BV/TV -1,376 0,171 NS
1-2  Tr.N -0,528 0,616 NS
Tr.Sep -0,660 0,515 NS
BV/TV -2,111 0,035 *
1-3  Tr.N -0,716 0,491 NS
Tr.Sep -1,771 0,080 NS
BV/TV -0,415 0,696 NS
23 TrN -0,415 0,696 NS
Tr.Sep -0,754 0,468 NS
BV/TV -0,114 0,912 NS
4-5 TrN -0,076 0,971 NS
Tr.Sep -1,740 0,089 NS
BV/TV -1,898 0,060 NS
1-4 Tr.N -1,634 0,109 NS
Tr.Sep -2,214 0,027 *
BV/TV -1,423 0,165 NS
1-5 Tr.N -1,687 0,097 NS
Tr.Sep -3,373 <0,001 e
BV/TV -2,214 0,027 *
2-4 TrN -1,687 0,097 NS
Tr.Sep -2,108 0,036 *
BV/TV -1,950 0,053 NS
2-5 TrN -1,687 0,097 NS
Tr.Sep -3,320 <0,001 e
BV/TV -3,110 <0,001 o
3-4 TrN -2,793 0,004 **
Tr.Sep -3,004 0,002 >
BV/TV -2,425 0,014 *
3-5 TrN -2,425 0,014 *
Tr.Sep -3,742 <0,001 e

BV/TV: Trabecular Bone Volume, Tr.N: Trabecular Bone Number, Tr.Sp: Trabecular Separation. /
BV/TV: Trabekuler Kemik Hacmi, Tr.N: Trabekuler Kemik Sayisi, Tr.Sp: Trabekuler Ayriklik.

* P < .05, NS: Not Significant

(k1-3)  ratlara  15pg/kg/saat  devamli
infizyonunu  takiben  22pg/kg
enjeksiyonu uygulanmasi, anjiyostatin (k1-3)
konsantrasyonunun 0.3 pg/ml olmasina izin

vermektedir. Kan konsantrasyonunun 0.1 ve

bolus

Turkish Journal of Orthodontics 2012;25:224-238

human angiostatin potently inhibits the
growth of three human and three murine
primary carcinomas in mice (32). An almost
complete inhibition of tumor growth could
be observed without detectable toxicity or

Tablo III. BV/TV, Tr.N ve
Tr.Sep parametrelerinde
gruplararas farklarin

karsilagtirilmast.
Table IIl. Comparison of

between-group differences for

BV/TV, Tr.N and Tr.Sep.
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Sekil V. Kontrol grubunun
histolojik kesiti; A) trabekiiler

kemik, B) kemik rezorbsiyon

alani, C) birinci molar disin

kokii.

Figure V. Histological section

of control group; A)

trabecular bone, B) bone

resorption area, C) root of
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the first molar.

icin, 26.6 pg/kg

0.5 pg/ml saglanmasi

angiostatin ~ (k1-3)  her 2 saatte bir
uygulanmalidir. Angiostatinin devamli olarak
uygulanmasi, bolus  enjeksiyon ile

kiyaslandiginda angiogenezisi belirgin sekilde
durdurmakta  ve  timor
engellemektedir (31). Bulgular,
uygulamanin geleneksel uygulanan giinde 2

blylimesini
devamli

kez bolus enjeksiyonuna gore daha tstiin
oldugunu gostermektedir. Insan angiosta-
tininin  farelerde sistemik uygulanmasi,
kuvvetli bir sekilde ti¢ insan ve (¢ sican
kaynakli karsinomunun biytimesini
durdurmustur (32). Gunlik 100 mg/kg dozun
ard arda 60 gtin boyunca uygulanmasi, timor
buytimesinin  toksitite ya da direng
gozlenmeden nerdeyse tamamen engellen-
mesine neden olmustur (32). Daha 6nceki
calismalarin  1siginda, sik  ve
angiostatin uygulamalar sistemik ve lokal etki

devamli

amaciyla kullanilmaktadir; angiostatin icin
doz ayarlamasi seyrek araliklarla uygulanan
sistemik dozlarin altindadir. Buna ek olarak,
doza  bagimli  angiostatin  etkilerinin
gozlenmesi icin biz, angiogenik inhibitort g
farkli dozda uyguladik.

Otero ve ark. (33) ratlarda deneysel dis
hareketlerini arastirmis ve 36. saatin sonunda
hareketin sonlandigini tespit etmislerdir.
Otero ve ark (33) a gore, hyalin
dejenerasyonu 48. saatte olusmus ve
rezorpsiyon alanlari en yiksek seviyelere
ulasmistir. 60. saatte, osteoklast miktarlari en
yuksek degerlere ulasmis ve 72. saatte
rezorbsiyon alanlari azalmaya baglamistir.
84. ve 108. saatlerde, rezorbsiyon alanlari ve
osteoklast sayilarinda 6nemsiz azalmalar
gozlenmistir (33). Bu arastirmaya gore, bizim
calismamizin, hareket eden disin etrafinda
sabit bir bolgesel cevre saglanmasi icin 108
saatten uzun stirmesi kararlastirilmistir. Ratlar
tzerinde deneysel dis hareketinin incelendigi
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resistance at a daily dose of 100 mg/kg body
weight for 60 consecutive days (32). In the
light of previous studies, the continuous and
frequent administrations of angiostatin are
used for systemic effects and with the aim for
local administration; the dose adjustment for
angiostatin was below the systemic doses
with rare periods. Additionally, we intended
to observe the dose dependent effects of
angiostatin, therefore we administered three
different doses of the angiogenic inhibitor.

(33)
experimental tooth movement in rats and

Otero et al. investigated the
they determined the movement ended at the
36th hour. According to Otero et al. (33),
hyaline degeneration occured at 48th hour
and the resorption areas reached their
maximum levels. At 60th hour, the amount of
osteoclasts reached their maximum values
and at 72nd hour the resorption areas began
to decrease. Between 84th and 108th hours,
insignificant reduction occurred related to
the resorption areas and osteoclast numbers
(33).
determined that our study had to continue
more than 108 hours in order to obtain a

According to that study, it was

stable local environment around the moved
teeth. Based on previous studies related to
experimental tooth movement in rats
(23,27,28) it was chosen an experimental
period of 7 days.

The outcomes of the WinTAS analysis
revealed that in the Group 3, the increases in
BV/TV were 74 % and 63.9 % when
compared with the control groups 4 and 5
respectively. Similarly, in the comparison of
Group 2 with Group 4 the increase in BV/TV
was 68.7 %. These findings showed the
possible mediator effect of angiostatin over
osteoclasts and/or osteoblasts that lead to an
increase in bone volume. In the comparison
of the parameter Tr.N; the increases were
44.3 % and 46.8 % for the Group 3 when
compared with the control groups 4 and 5,
respectively. These findings supported the
increases in BV/TV, and strengthen the
evidence of an increase in bone volume.
When the Tr.Sep values of angiostatin groups
were compared with control groups; the
decreases in Tr.Sep were 24.6 %, 29.5 %, and
40 % against the control group 4 and 36.9 %,
41 %, and 49.7 % against the control group
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benzer calismalara dayanarak deney stresi 7
gtin olarak secilmistir (23,27,28).

WinTAS analizi sonuclari, Grup 3 ile
Grup 4 ve 5 karsilastinldiginda, Grup 3'te
BV/TV artisinin sirasiyla 74 % ve 63.9 %
oldugunu ortaya koymustur. Benzer sekilde
Grup 2 ile Grup 4 karsilastirildiginda, BV/TV
artist 68.7 % dir. Bu sonuclar angiostatinin,
osteoklastlar ve/veya osteoblastlar (izerine
olasi medyator etkisini ve onun neden oldugu
kemik hacmi artisini gostermektedir. Tr.N
parametrelerinin kiyaslamasi sonucu; Grup 3
ile kontrol gruplar olan Grup 4 ve 5
karsilastinldiginda, artiglar sirasiyla 44.3 %
and 46.8 % olmustur. Bu bulgular, BV/TV
artisini destekler niteliktedir ve kemik hacmi
artist  gortstint kuvvetlendirmektedir.
Angiostatin  gruplarinin Tr.Sep degerleri
kontrol gruplarnyla kiyaslandiginda; sirasiyla
Grup 4’e gore Tr.sep azalmasi Grup 1'de 24.6
%, Grup 2'de 29.5 % ve Grup 3'te 40 % iken,
Grup 5 e gore karsilastinldiginda Grup 1'de
36.9 %, Grup 2’de 41 % ve Grup 3'te 49.7 %
olarak bulunmustur. Angiostatin gruplarinda
BV/TV ve TN artislarni ve Tr.Sep azalmasi,
angiostatinin kemik rezerbsiyonuna etkisini
destekler niteliktedir. Bu etki, osteoblastlarin
aktivasyonu ve/veya osteoklastlarin
inhibisyonu yoluyla olabilmektedir. Bu
bulgular, angiostatinin osteoklastik hticreler
tzerine durdurucu etkisini gozlemlemis olan
Peyruchaud ve ark. (19) ile benzerlik
gostermektedir. Grup 1 kiyaslandiginda Grup
3’te BV/TV deki 25%’lik artis ve kontrol
gruplariyla kiyaslandiginda Grup 3’teki bittin
parametrelerdeki degisiklikler (BV/TV, Tr.N
and Tr.Sep) istatiksel olarak anlamli
bulunmus; tim bunlar angiostatinin doza
bagl etkisini ortaya koymustur.

NOS (nitric oxide synthase) ile angiostatin
arasinda bir iliski vardir (6,34). Ozellikle
NOS inhibisyonu, angiostatin Gretiminin
artmasina neden olmaktadir. NO dretiminin
inhibistonu, MMP-2 ve MMP-9 aktivitesinin
artisina neden olup angiostatin Gretimini
saglamaktadir (34). Ayrica, angiostatin eNOS
ile heatshockprotein90 (hsp90) etkilesimini
degistirip vazodilatasyonu bozmaktadir (20).
Angiostatin varliginda endotelyum uyarilirsa,
daha az miktarda hsp90 eNOS ile etkilesime
girer. Boylece, eNOS'un -NO ‘'a ve
tretiminden, -NO den Uretimine
yonlendirir. Bu bilgiler bizlere, angiostatinin

Turkish Journal of Orthodontics 2012;25:224-238

5, respectively. Increases in BV/TV and Tr.N,
and decreases Tr.Sep in the angiostatin groups
reinforced the argument that angiostatin
affects the rate of bone resorption. This could
be through the inhibition of osteoclasts
and/or activation of osteoblasts. These
findings are in accordance with the results of
Peyruchaud et al. (19) who had demonstrated
the inhibitory effect of angiostatin on
osteoclastic cells. 25% increase in BV/TV in
group 3 when compared with group 1, and
the statistically significant alterations in all
parameters (BV/TV, Tr.N and Tr.Sep) in group
3 against the control groups revealed a dose
dependent effect of angiostatin.

There is an association between NOS
(nitric oxide synthase) and angiostatin (6,34).
Specifically, NOS inhibition leads to an
increase in production of angiostatin.
Inhibition of NO production increases
activities of MMP-2 and MMP-9, leading to
the generation of angiostatin (34). Moreover,
angiostatin alters heatshockprotein90 (hsp90)
interactions  with  eNOS to impair
vasodilatation (20). Whenever  the
endothelium is stimulated in the presence of
angiostatin, less hsp90 associates with eNOS.
This shifts -NO and  generation by eNOS
from -NO towards . These data indicate that
angiostatin acts as a negative regulator of
endothelial-dependent  vasodilation by
uncoupling eNOS activity.

Binding of angiostatin to the &- or B-
subunits of ATP synthase inhibits the enzyme
by blocking conformational changes of the
enzyme complex required for conversion of
ADP to ATP (ATP synthesis or hydrolysis) (35).
Angiostatin's antiproliferative effect on
endothelial cells could be inhibited by as
much as 90% in the presence of anti-&-
subunit ATP synthase antibody. Binding of
angiostatin to the o/B-subunits of ATP
synthase on the cell surface may mediate its
antiangiogenic effects and down-regulation
of endothelial cell proliferation and migration
(36). The molecular mechanisms through
which  angiostatin  inhibits  osteoclast
functions are currently unknown. In
endothelial cells, angiostatin binds to integrin
avB3, angiomotin, and cell-surface ATP
synthase (35,37,38). Osteoclasts also express
integrin avB3, and integrin avB3 antagonists
that inhibit bone resorption in vivo (39,40)..
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endotelyal kaynakli vazodilatasyona eNOS
aktivitesini ayristirararak etki eden negatif bir
diizenleyici oldugunu gostermektedir.
Angiostatin, ATP sentezindeki o ve B alt
tnitelerine baglanmasi sonucu ADP’nin
ATP’ye degisimi (ATP sentezi ya da hidroliz)
icin gerekli olan enzim kompleksini engeller
(35). Angiostatinin endotelyal hicreler
tzerindeki antiproliferatif etkisi, ATP
sentezindeki anti-a alt tGnitelerinin varliginda
% 90 oraninda inhibe olur. Angiostatinin
hiicre yizeyindeki o/f alt (nitelerine
baglanmasi, antianjiogenik etkilerine araci
olur ve endotelyal hiicre proliferasyonu ve
migrasyonunun  diizenini  bozar (36).
Angiostatinin ~ osteoklast fonksiyonlarini
inhibe etmesinin molekiler mekanizmasi
hala bilinmemektedir. Endotelyal hiicrelerde,
angiostatin integrin avB3, angiomotin ve
hiicre hiizeyindeki ATP sentezine baglanir
(35,37,38). Osteoklastlar in vivo kemik
rezorbsiyonunu engelleyen integrin avB3 ve
integrin  a&vB3 antagonistlerinin ortaya
¢tkmasina da neden olur (39,40). Bu yiizden
angiostatinin, osteoklastlar tarafindan ortaya
cikartilan integrin avB3' e baglanarak kemik
rezorbsiyonunu inhibe etmesi ihtimali
mevcuttur. Diger taraftan, ATP sentezi
inhibisyonu kemikteki osteoklastik aktivitenin
inhibisyonuna neden olan bir diger yol
olabilir. Angiostatin, ATP kaynakli hticre ici
olaylari inhibe ederek oldukca etkili sekilde
kemik rezorbsiyonunu durdurup kemik
yogunlugunu arttirmis olabilir. Bunlara ek
olarak, angiostatin, NOS ile arasindaki
negatif ~ feedback  mekanizmasi ile
osteoklastik aktivite azalmasina ve kemik
sekillenmesine neden olabilir.  Yapilan
arastirmalar, angiostatin ile NOS arasindaki
iliskiyi  ortaya koymakta ve kemik
metabolizmasinda  angiostatinin ~ NOS
inhibisyonunda rol alan bir ajan gibi
davrandigini destekler niteliktedir (20,34).

SONUC

Bu calisma  bildigimiz  kadariyla
angiostatinin ortodontik dis hareketi sirasinda
kemik  metabolizmasinda  diizenleyici
oldugunu gosteren ilk calismadir. WinTAS
analizi sonuclari, en yiksek dozdaki
angiostatin uygulanan grup ile kontrol
gruplari arasindaki BV/TV ve Tr.N artisinin ve
Tr.Sep azalmasinin anlamli oldugunu ortaya
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Therefore, it is possible that angiostatin inhibits
bone resorption by binding to integrin avf3
expressed by osteoclasts. On the other hand,
the inhibition of ATP synthase could be another
way for the inhibition of osteoclastic activity in
bone. Angiostatin may inhibit ATP-dependent
intracellular events, and may be highly effective
to inhibit bone resorption and to increase bone
mineral density. In addition, an existing
negative feedback between NOS activity and
angiostatin  would result in inhibition of
osteoclastic activity and bone remodeling.
Previous investigations support the evidence of
a relation between NO and angiostatin and that
angiostatin could act as an agent in bone
metabolism via the inhibition of NOS (20,34).

CONCLUSION

This study is, to the best of our knowledge,
the first one to demonstrate that angiostatin is
a regulator of bone metabolism during
orthodontic tooth movement. The outcomes
of the WInTAS analysis revealed that, in the
comparison of highest dose angiostatin group
with the control groups, the increases in
BV/TV, TrN and decrease in Tr.Sep were
significant. In the present study, it has been
concluded that, the local administration of
angiostatin  following orthodontic tooth
movement, may depress the osteoclastic
activity in alveolar bone. It has an anti-
osteoclastic activity in orthodontic tooth
movement and that further investigations with
higher doses and different dose sequences
were required to determine the specific effects
of angiostatin on bone remodeling.

Using this model we can conclude that
the local administration of angiostatin is
effective in inhibiting tooth movement,
suggesting potential utility for maintaining
anchorage, reducing relapse potential and
shortening the retention period in clinical
orthodontics. Besides its well-known anti-
angiogenic activity, angiostatin must be
considered to be an effective mediator in
bone remodeling, thus broaden its potential
clinical use in general medicine.
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koymustur. Bu calismada, ortodontik dis
takiben angiostatinin
uygulanmasi, alveoler kemikteki osteoklastik
aktiviteyi deprese ettigi sonucuna varilmistir.
Angiostatinin, ortodontik dis  hareketi
sirasinda antiosteoklastik aktivitesi mevcuttur
ve daha vyuksek dozlarda ve farkli doz
araliklarinin - uygulandigi  calismalar
angiostatinin kemik sekillenmesi tizerinde
etkileri incelenmelidir.

Bu calisma ile, angiostatinin lokal olarak
uygulanmasinin  klinik ortodontide  dis
hareketini durdurmada etkili oldugu, ankraj
saglanmada potansiyel bir yontem olarak
onerildigi ve relaps potansiyelini azaltip
retansiyon periyodunu kisalttigi sonuglarina
varilabilmektedir. Ayrica, angiostatinin iyi
bilinen antiangiogenik etkisi nedeniyle
angiostatinin kemik sekillenmesinde etkin bir

hareketini lokal

ile

medyator olarak degerlendirilmesi  ve
potansiyel klinik kullanimlari yoniinden
genel tip alaninda degerlendirilmesi
gerekmektedir.
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