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Summary

Fibroblast growth factor (FGF) plays a role in the development of bone and cartilage. FGF-2
is a member of this family and blocking of FGF-2 affects the bone development. In this study,
effects of FGF-2 blocking on the formation of vertebrae in chick embryos before ossifications
and orientation of cervical vertebrae were investigated with histological examinations. In this
study, anti-FGF-2 was performed to chick embryos at E4th and E10th days. Samples were
taken in E15th days and changes in the cervical spine were evaluated as histochemically (with
hematoxylin-eosin, Alizarin red, Masson's trichrome staining) and immunohistochemically
(with iNOS, eNOS and TUNEL). Also changings were evaluated by morphometric analysis.
In macroscopic examination of the cervical vertebrae significant difference was not detected.
But in histochemical staining, defects were observed in cartilage and ossification process.
Increasing in oxidative stress was demonstrated by iNOS and eNOS. Also apoptosis which
was represented by tunnel was found to be increased. FGF-2 blocking affects the ossification
process in the cervical spine by inducing oxidative stress and apoptosis which results with cell
death.
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Fibroblast Growth Faktor-2 Bloklamasimin Tavuk Servikal Omurlar1 Uzerindeki Etkisi
ve Oksidatif Stres ve Apoptozis ile Iliskisi

Ozet

Fibroblast biiyiime faktorii (FGF) kemik, kikirdak gelisiminde rol oynayan ve bu nedenle
kemik olusumunu yonlendiren bir etkendir. Bu ailenin bir tiyesi olan FGF-2'nin bloklamasi ile
kemik gelisiminin etkilendigi gdsterilmistir. Bu ¢aligmada kemiklesme dncesi donemde FGF-
2 bloklamasinin tavuk embriyolarinda vertebra olusumuna etkisi ve servikal vertebralarin bu
etki altinda nasil yonlendigi histolojik agidan incelenmesi amaglanmistir. Caligmamizda E4 ve
E10 giinlerinde pili¢ embriyolarma anti FGF-2 uygulanarak E15 giinii alinan orneklerde
servikal vertebralarda olusan degisiklikler histokimyasal olarak hematoksilen-eosin, Alizarin
kirmizisi, Mason trikrom boyalar: ile immiinohistokimyasal olarak iNOS, eNOS ve TUNEL
ile ayrica olusan degisiklikler morfometrik analizler ile degerlendirildi. Servikal vertebralarin
makroskobik incelemelerinde 6nemli bir farklilik saptanmazken, histokimyasal boyamalarda
kikirdaklagma ve kemiklesme siireclerinde bozukluklar, iNOS ve eNOS ile ortaya konan
oksidatif stres artigi, ayrica TUNEL ile gosterilen apoptoziste fazlalagma oldugu bulundu.
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FGF ailesinin bir iiyesi olarak FGF-2 bloklamasinin servikal vertebralarda kemiklesme
stirecini etkiledigi ve bunun serbest oksijen radikallerinden kaynaklanan oksidatif stres ve
iligkili olabilecegi apopitozu indiikleyerek hiicre 6liimiine neden oldugunu gostermektedir.

Anahtar Kelimeler: Apoptosis, Servikal omur, Tavuk embriyosu, Fibroblast biiylime

faktorii, Morfoloji, Oksidatif Stres

INTRODUCTION
Fibroblast growth factor (FGF) has several
different functions. Recently, studies

demonstrated that, FGF has effects on
ossification. In various studies, different
effects of FGF in the development of arms
and legs were reported and still
interpretations were not fully understood.
Blocking studies that were done for
understanding the function identified that,
blocking was effective and changings were
affect the bone tissue.

In this study, to investigate the relationship
between FGF and ossification, FGF-2
blocking was done to chick embryos
between E4"™ and E10™ days. Sections
were taken at E15™ days and observations
were made with histological and
immunohistochemical =~ methods.  The
relationship between possible changes,
oxidative stress and apoptosis were tried to
understand.

MATERIAL AND METHODS

Fertile, specific pathogen free eggs of the
domestic fowl (White Leghorn, Gallus
gallus) were obtained from Celal Bayar
University Research Institute of Poultry
Disease and Vaccination Manisa, at zero
hour of incubation. The eggs were
incubated at 37.5° C and 75% relative
humidity until the embryos reached desired
stage of development according to
Hamburger and Hamilton®"*".,

Four experimental groups were formed.
First group include only sterile phosphate-
buffered saline (PBS). Second group was
control group (non treated group) and
others (group 3 and 4) were FGF-2
blocking groups. FGF-2 blocking was done
with Anti FGF-2 (anti-b FGF basic
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Neutralizing Antibody Purified Rabbit IgG
AB-33-NA Minneapolis, MN). FGF-2
blocking was done in 4™ and 10™ days to
3" and 4™ groups respectively. Every
group consisted of 10 eggs. The eggs were
washed with 70% alcohol and properly
labeled on the outer shell. A hole was
made on the blunt pole of the eggs with a
sharp and thick needle under laminar flow.
To PBS group, 0.Iml volume of sterile
PBS was injected with the 28-gauge
tuberculin syringe around the embryos'
umbilical cord in 4™ and 10" days“®. One
mg granulated anti FGF-2 was mixed with
Iml sterile PBS and 1/100 dilutions from
this stock solutions prepared and 0.1ml
volume of this solution was injected in 4™
and 10" days with the tuberculin syringe
around the embryos' umbilical cord The
holes were sealed with paraffin. The eggs
were then placed in an incubator.

The eggs were cracked open at E15™ day
and the outer shell was chipped out to
create a large opening to see the embryo.
The viability of the embryos was assessed
by the heartbeat. The embryos were
transferred to petri dishes by careful
dissection among the allantoic stalk and
other embryonic structures. All the
embryos were fixed with 10% formalin
and stained with hematoxylin and eosin

(H&E) and examined under
stereomicroscope to assess any gross
developmental abnormalities. Then,

embryos were embedded into paraffin and
5 microns thick paraffin sections were cut

and stained with H&E for light
microscopic investigation. For
immunohistochemical staining, sections

were incubated at 60°C overnight and then
in xylene for 30 minutes. After washing
with a decreasing series of ethanol,
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sections were washed with distilled water
and PBS for 10 minutes. Sections were
then treated with 2% trypsin at 37°C for 15
minutes. After washing with PBS, they
were incubated in a solution of 3% H,O»
for 15 minutes. to inhibit endogenous
peroxidase activity. Then sections were
washed with PBS and incubated for 18h at
+4°C  with primary antibodies: a
monoclonal anti-eNOS (rabbit Pab, RB-
1711-P1, Neomarkers, Fremont, CA,
USA). Afterwards, sections were washed
three times for 5 minutes each with PBS,
followed by incubation with biotinylated
goat IgG, anti-rabbit IgG and then with
streptavidin conjugated to horse-radish
peroxidase for 30 minutes each (Dako
LSAB 2 kit, Peroxidase). After washing,
three times for 5 minutes with PBS,
sections were incubated DAB (Dako) for 5
minutes to stain immunolabelling and then
with Mayer's hematoxylin. Sections were
covered with mounting medium and were
analyzed light microscopically with a BX
40 microscope (Olympus, Tokyo, Japan).
Control samples were processed in an
identical manner, but primary antibody
was omitted. Two observers blinded to
clinical information evaluated the staining
scores independently®. Detection of the
apoptotic cell death in situ using as
TUNEL method was used for programmed
cell death mechanism. Fragmentation of
the DNA in the nucleus is one of the first
morphological changes of the apoptotic
process and can be detected in histological
sections using a terminal
deoxynucleotidyltransferase (TdT)-biotin
nick end-labeling method (TUNEL)
performed with a commercial kit (Dead
End Colorimetric = TUNEL  system,
Promega G7130) according to the
manufacturer's instructions. Briefly, after
proteinase K treatment for 10 minutes, the
sections were incubated at 37°C with TdT
for 60 minutes. As negative staining
control for TUNEL, TdT was omitted

during the tailing of reactions"?.
Sections were taken from samples.
Morphological  integrity,  ossification,
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cartilage formation, oxidative stress and
apoptosis were determined with H & E,
Alizarin red, Masson's trichrome, i-NOS
and e-NOS and TUNEL  stainings
respectively by a blind observer. Scoring
was determined in that; no, at least +1 and
mostly +5(0),

Statistical ~analysis: The data were
expressed as mean + standard deviation
(SD). The data were analysed by using
repeated measures of variance. Tukey
Kramer multiple comparisons test was
used to test for differences among means
when ANOVA indicated a significant
“P”value (P< 0.05). Experiments were
repeated for three times®.

RESULTS

To see the effects of FGF-2 blocking, eggs
in 3" and 4™ were opened at E15" days
examined macroscopically and
microscopically. In the comparison of
FGF-2 blocking groups (results in 3" and
4t groups were similar) and PBS group,
chick embryos were less developed with
weaker limb in FGF-2 blocking groups and
there were no structural abnormalities.
Whereas in a few egg, shaped curvature
was seen in the cervical region but there
was no differences if compared with PBS.
In microscopic examination under H & E
staining, histopathological effects for PBS
treated group and FGF-2 blocking groups
(Fig. 1) were evaluated. Results in all
groups were found to be similar.
Difficulties during sectioning cause to
fragile tissues and artefacts. While cell
morphology and spinal cord was
maintained, serious damage, breakage and
thinning was observed on surrounding
vertebrae. The comparison of PBS and
FGF-2 blocking groups were demonstrated
that, cartilage was found to be dominance
instead of ossification in Alizarin red (Fig.
2), Masson's trichrome (Fig. 3) and Von
Kossa (Fig. 4) stainings. PBS and FGF-2
blocking groups were compared with iNOS
and eNOS (Fig. 5) and TUNEL (Fig. 6)
stainings to investigate the relationship
between changings, oxidative stress and



J.Neurol.Sci.[Turk]

apoptosis. It was found that, increasing in
free radicals cause to increase in
programmed dying cell in FGF-2 blocking
group.

Morphometric of the
histopathological observation
demonstrated that, similar morphological
defectives were determined in FGF-2
blocking groups. There was highly

analysis

groups when compared with PBS group
(p<0,001). Cartilage dominance was
statistically significant (p <0.05) in
Alizarin red and Masson's trichrome
stainings. Also this changings had
relationship with oxidative stress and
apoptosis and it was statistically significant
(p<0,05) in NOS and TUNEL stainings
(Table 1).

statistically significant in FGF-2 blocking

Figure 1: Sections that taken on E15 days with H&E
staining determined morphological abnormalities in
FGF-2 blocking group when compared with PBS
group. Similar histopathological changes were noted
on E4 and E10 days. In impaired morphology,
increasing of the tissue fragility, degradation of
vertebral ossification and increasing of the cartilage
formation were detected.

Figure 2: Sections of E15 days with Alizarin red
staining, determined morphological abnormalities in
FGF-2 blocking group when compared with PBS group.
Similar histopathological changes were noted on E4 and
E10 days. In impaired morphology, increasing of the
tissue fragility, degradation of vertebral ossification and
increasing of the cartilage formation were detected.
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Figure 3: Sections of E15 days with Masson's trichrome
staining, determined morphological abnormalities in
FGF-2 blocking group when compared with PBS group.
Similar histopathological changes were noted on E4 and
E10 days. In impaired morphology, increasing of the
tissue fragility, degradation of vertebral ossification and
increasing of the cartilage formation were detected.
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Figure 4: Sections of E15 days with Von Kossa
staining, determined morphological abnormalities in
FGF-2 blocking group when compared with PBS
group. Similar histopathological changes were noted
on E4 and E10 days. In impaired morphology,
increasing of the tissue fragility, degradation of
vertebral ossification and increasing of the cartilage
formation were detected.
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Figure 5: Sections of E15 days with NOS staining, Figure 6: Sections of E15 days with TUNEL staining,
determined morphological abnormalities in FGF-2 determined apoptosis in FGF-2 blocking group when
blocking group when compared with PBS group. compared with PBS group.

Similar histopathological changes were noted on E4

and E10 days. In impaired morphology, increasing of

the tissue fragility, degradation of vertebral

ossification and increasing of the cartilage formation

were detected.

Table 1: Morphometric analyses of staining for histochemistry and immunocytochemistry from E15
cervical sections. There were significant alterations in the staining intensity and quantity with FGF-2
blocking compared to that of PBS.

The effect of FGF-2 blocking on the servical morphology at E15t"

['T]"
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DISCUSSION

This study demonstrated that, FGF-2
blocking at E4™ and E10™ days on chick
eggs which were opened on E15" days

cause to morphological changings.
Histopathological observations
demonstrated that, morphological

changings were related with oxidative
stress and apoptosis and cause to cartilage
dominance.

Vertebral development of chick embryos
(development of cartilage and bone tissue)
were examined with Alcian blue and
Alizarin red staining. Cartilage tissue
formation was started at 5™ day, whereas
ossification tissue formation was extended
from 13" day to 16" day.
Intramembranous periosteal ossification is
seen around the chondrocyte hypertrophy
and vascularization is occurred in different
way than mammals. The proliferation of
undifferentiated mesenchymal cells and
chondrocytes were observed to increase
from 5™ day. This proliferation was also
occurred in the spinal cord and the labeled
with 3H-thymidine autoradiography®®.
Many studies have been done to
investigate the development stages.
Heidweiller™ examined development of
ossification; muscle and tendon in
postnatal period. In a study Turgut et al.
applied pinealectomy in postnatal 3™ day
and detected the ossification and scoliotic
changes on 4™ and 7™ cervical vertebra at
8™ week on computed tomography scan. In
the same study, radiological investigations
determined heterogeneous bone density
with reduced width and length of the
cervical vertebrae. Histopathologic finding
was reduction in the number of
osteocytes®”. FGF family plays important
roles during embryonic development and
affected bones and all  organs'
development'™'V. Tt is known that both
FGF and FGF receptors have effects on
bone and neural tissue development?>**-"
but mechanism is still unclear. Their
effects on osteoprogenitor cell replication,
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osteoblast differentiation, apoptosis and
relation with gene expression are analyzed
and these studies are expected to be target
for treatment'?. FGF-2 is particularly
important in bone development, maturation
and diseases. Mutations on receptors are
thought to be important for the ossification.
However, the presence of pleiotropic
effects is an important feature for FGF-2
and description of the mechanism is quite
difficult. Here, FGF-2 isoforms appear to
be an answer and is thought to organize the
osteoblast function in  membranous
ossification'”. This function was shown
particularly in calvarial bone sutures and
has been found to affect proliferation,
differentiation and cell death with bone
morphogenetic protein (BMP). Thus, the
organization of membranous ossification is

performed®.

One of the other important mechanisms for
bone development, maturation, and
diseases 1s oxidative stress and its
relationship with osteoblasts. The free
radicals cause to cell apoptosis by using
factors such as the c-Jun N-terminal kinase
(which used in the signaling mechanisms)
and mitochondrial ways®”. Nitric oxide
(NO) is a double-acting agent and its
effects in low and high dose are realized in
different ways. This dual effect can be seen
in apoptotic mechanisms too and on the
one hand can cause to cell death on the
other hand can be saved from the
death®*. Knock out studies demonstrated
that, nitric oxide synthase (NOS) was
effective in the ossification'*". For
ossification, apoptotic mechanisms have
been used to provide balance between bone
formation and resorption during embryonic
and regeneration period?.

Opperman et al., reported that, FGF-2 is a
contributory  factor on membranous
ossification of the craniofacial
skeleton"™'?. In an another study Diez del
Corral et al.’) reported that, FGF factors
had a role in differentiation of ossification
during the axis expansion. Heywood et
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al.”  identified that chick embryos'
development was affected by 4-
aminopyridine. Body mass, muscle mass
length and width of the tibia and femur
were increased. These studies showed that
FGF family may play a role in the
development of the somites and spinal
cord. Ohuchi and Noji''”, suggested that,
the effects of FGF on development can
occur over the factors such as HOX genes,
transforming growth factors, and also the
cells through interaction with each other
and matrix. In our study, after FGF-2
blocking, growth retardation, reduction in
thickness and width of the cervical bone,
histopathological morphological
abnormalities and cartilage domination in
the cervical bone were seen and these
results were consistent with literature.

Naganawa et al. reported that, FGF-2
genes disruption caues to decrease in bone
mass and improvement was provided by
BMP-2. These two factors, organize the
mesenchymal, preosteoblast and osteoblast
apoptosis'®. Removing of these factors
increase the osteogenic cells, decrease the
preosteoblast apoptosis and prevent the
coalescence of adjacent limbs. Therefore,
these factors have a role in organizing the
membranous ossification on both limbs
and cranial bones*'”. These observations
and results of our study were thought, there
is relation between FGF-2 blocking and
oxidative stress and apoptotic cell death.

INTERPRETATION:

FGF family and particularly FGF-2 plays a
decisive role in bone development. In our
study, FGF-2 played a role in organizing
the development of cervical vertebrae by
increasing the oxidative stress and
apoptotic cell death. This relationship
should be established with double staining
and relation between genes, -cellular
adhesion and matrix should be detailed by
the molecular mechanisms. These effects
were thought that, FGF-2 can be used to
prevent cervical vertebra development
abnormalities even as a therapeutic agent
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in cervical vertebra damages in future
therefore further studies required.
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