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Effects of long-term passive smoking on the vascular
endothelial growth factor and apoptosis marker expression in
the retina and choroid: an experimental study

Sema DUNDAR, Fatih OZCURA? ibrahim METEOGLU”, Mehmet Erkut KARA*

Aim: To investigate the effects of smoking, reported as a risk factor for age related macular degeneration (ARMD), on
the vascular endothelial growth factor (VEGF) expression and apoptosis in the retina and choroid of rats.

Materials and methods: This experimental study included 38 Sprague-Dawley rats. The rats were randomly assigned
into 4 groups. Groups 1 (males) and 2 (females) were exposed to smoke beginning on day 21 after birth, whereas
groups 3 (males) and 4 (females) were not exposed to smoke. At the end of the fourth month, the right eyes of all of
the rats were enucleated. Immunohistochemical analysis was performed in the enucleated eyes in terms of the VEGF
and apoptosis markers, namely caspase-3, Bcl-X, and p53. Comparisons between the groups were performed using the
Mann-Whitney U test.

Results: The VEGF expression in the retina and choroid increased significantly in rats exposed to smoking. This
significant difference did not change between the sexes. There were no significant differences in terms of Bcl-X and p53
expressions between the groups; however, the caspase-3 expression increased significantly in the photoreceptor layer in
rats exposed to smoking.

Conclusion: Our findings show that smoking significantly increases the VEGF expression in many of the retinal layers
and choroid. Smoking also increases caspase-3 expression only in the photoreceptor layer. According to these findings,
smoking may be a risk factor for retinal vascular disease such as exudative ARMD, via stimulating the VEGE
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Uzun donem pasif sigara maruziyetinin retina ve koroidde vaskiiler endotelyal
biiyiime faktorii ve apoptozis markerlar1 iizerine etkisi: Deneysel ¢alisma

Amag: Yasa bagl makula dejenerasyonu (YBMD) igin bir risk faktorii oldugu bildirilen sigaranin ratlarin retina ve
koroid dokusunda vaskiiler endotelyal biiyiime faktorii (VEBF) ve apoptozis lizerine etkisini aragtirmak.

Yontem ve gereg: Calismaya 38 adet Sprague-Dawley rat alindi. Ratlar randomize olarak dért gruba ayrildi. Grup
1 (erkek) ve 2 (disi) dogumdan sonra 21. giinden itibaren sigaraya maruz birakilirken grup 3 (erkek) ve 4 (disi)
sigaraya maruz birakilmadi. Dérdiincii ayin sonunda tiim ratlarin sag gozii eniiklee edildi. Eniiklee edilen gozlerde
VEBF ve apoptozis markerlar: (kaspaz-3, Bcl-X, p53) yoniinden immiinohistokimyasal analiz yapildi. Gruplar arasi
kargilastirmalar Mann-Whitney U testi kullanilarak yapildi.
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Bulgular: Sigaraya maruz kalan ratlarin retina ve koroidinde VEBF anlamli oranda artti. Bu anlaml fark cinsiyetler
arasinda degisiklik gostermiyordu. Bcl-X ve p53 yoniinden gruplar arasinda anlaml farklilik yoktu bununla birlikte
sigaraya maruz kalan ratlarin fotoreseptor tabakasinda kaspaz-3 anlamli olarak yiiksekti.

Sonug: Bulgularimiz sigaranin birgok retina tabakasinda ve koroidde anlamli olarak VEBF’yi artirdigini, ayrica sadece
fotoreseptor tabakasinda kaspaz-3’ti artirdigini gosterdi. Bu bulgulara gore sigara VEBFyi sitiimiile ederek eksiidatif
YBMD gibi retina vaskiiler hastaliklari igin risk faktorii olabilir.

Anahtar sozciikler: Sigara, yasa bagl makula dejenerasyonu, vaskiiler endotelyal bilyiime faktorii, apoptozis, retina,

koroid

Introduction

It is known that smoking is a major risk factor for
many disease groups that have fatal consequences,
such as the heart, circulation, and respiration systems,
as well as malign diseases (1). It has been reported
that smoking is a risk factor for many important and
common eye diseases such as cataract, glaucoma,
age related macular degeneration (ARMD), Graves
ophthalmopathy, and anterior ischemic optic
neuropathy (1,2). ARMD is a major reason for legal
blindness in western societies, especially for people
over 65 years of age. It has 2 forms, one of which
is non-exudative, characterized by the drusen and
alterations of retinal pigment epithelium, while
the other one is exudative, characterized by the
formation of new vessels. The exudative form is seen
less common than the other, yet causes serious loss
of sight (1-3). It is known that smoking increases
the risk of ARMD; however, the mechanism is still
unclear (4-7).

Vascular endothelial growth factor (VEGF) is
released from retinal pigment epithelium cells and
it is of great importance in providing angiogenesis.
In addition, it has an important role for pathologic
angiogenesis. Spilsbury et al. have shown that the
excessive production of VEGF in rats, via recombinant
adenovirus vector, stimulates angiogenesis in retina
and resulted in choroidal neovascularization (CNV)
in their experimental study (8). Kliffen et al. reported
that a significantly increased expression of VEGF
was found in postmortem human eyes with ARMD
compared with the control macula (9).

Apoptosis has been identified as the mechanism of
cell death. Itisan active process that has well described
biochemical and morphological characteristics,
including a lack of an inflammatory response and
DNA fragmentation caused by endonuclease activity
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(10). It plays a major role in the development,
homeostasis, healing of wounds, and pathophysiology
of diseases in multi-cellular organisms. Besides the
normal retinal growth, apoptosis also has a role in
the development of some eye diseases, such as retinal
detachment, retinitis pigmentosa, primary open angle
glaucoma, and anterior ischemic optic neuropathy
(10-12). While the caspase enzyme activity and
p53 tumor suppressor gene activity increases in the
cell that will undergo apoptosis, the level of Bcl-X
molecule protecting the cell from apoptosis decreases
(13-15). Hinton et al. reported that apoptosis related
to choroidal neovascular membranes taken out by
surgical intervention (11).

In this study, our aim was to analyze the effects
of smoking, reported as a risk factor for ARMD, on
VEGE Bcl-X, caspase-3, and p53 expressions in the
retina and choroid of rats.

Materials and methods

This study has been approved by the Animal Ethics
Committee at Adnan Menderes University, Aydin,
Turkey. Sprague-Dawley rats, 20 female and 10
male, were used in the study. The rats were placed
into 28 x 28 x 16 cm polycarbonate cages, each of
which had 2 females and 1 male. The rats were fed
special feed brought from Gebze Best Yem Factory
(Izmit, Turkey) and were provided with an unlimited
water supply. After mating, the male rats were taken
out of the cages. The newborns were kept with their
mothers until they were 3 weeks old.

Included in the study were 38 healthy newborn
rats (19 males and 19 females). Group 1 (9 males)
and Group 2 (10 females) were subjected to passive
smoking 21 days after their birth. Group 3 (10 males)
and Group 4 (9 females) were the control groups



and were not subjected to smoking. For those rats
exposed to passive smoking, their feed was taken out
of their cages so that the smoke did not contaminate
it and the rats would not receive nicotine orally;
their feed was taken out of the cages for 2 h every
day to air. After the smoke exposure period was over,
the rats were fed. On weekends, they were given
unlimited feed. The rats assigned to be exposed to
passive smoking were exposed to smoke in a unit
for 120 min a day, 5 days a week, for 4 months. The
smoke entered from one side of the unit and the air
in the unit was circulated by an aspirator (the power
of which could be adjusted). The brand name of
the cigarette used in the study was Birinci (85 mm,
Tekel, Turkey), which has a high level of nicotine. The
amount of smoke exposure was gradually increased
during the study. The animals were exposed to the
smoke of 6 cigarettes in 120 min periods for 2 weeks,
the smoke of 9 cigarettes for the next 2 weeks, and
the smoke of 13 cigarettes for the following 12 weeks.
The percentages of CO and CO, were measured at
certain intervals to evaluate the CO and CO, levels
created by the smoke and to test the reliability of the
test environment (Sun Modular Gas Analyser 1200;
England, UK). At the end of the month 4, all of the
rats were killed and their right eyes were enucleated.
Immunohistochemical analysis was performed in
enucleated eyes.

Immunohistochemical evaluation

Placed on coated slides were 4 um-thick sections
from the formalin-fixed, paraffin-embedded
tissue obtained. Immunostaining was performed
using the avidin-biotin complex method. After
deparaffinization and dehydration, the sections
were treated twice for 5 min in citrate buffer (0.01
mol/L, pH 6.0), in a microwave oven at 700 W. The
slides were then cooled to room temperature for 1
h. Endogenous peroxidase activity was blocked by
immersing the sections in 3% hydrogen peroxide in
methanolfor 30 min. The sections were thenincubated
with primary antibody for 1 h at room temperature.
Biotinylated goat anti-rabbit secondary antibody
was applied for 60 min at room temperature. The
bound antibody was visualized with avidin-biotin-
peroxidase complex (Zymed Histostain-Plus Kkit,
Zymed, San Francisco, CA, USA, code no: 85-9843)
for 1 h at room temperature. The color was developed
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by  3,3’-diaminobenzidine  tetrahydrochloride.
Between steps, the slides were rinsed 3 times for 10
min in tris-buffered saline (pH 7.6). The slides were
counterstained lightly in Harris’ hematoxylin, and
then were dehydrated and mounted. The antibodies
used were as follows: VEGE, (Neomarkers, CA, USA,
cat no: RB-222-R7), Bcl-X, (Neomarkers, CA, USA,
cat no: MS-715-R7), Caspase 3 (Neomarkers, CA,
USA, cat no: RB-1197-P0), and p53 (Neomarkers,
CA, USA, cat no: MS-104-R7).

In the immunohistochemical staining for the
positive control, various tissue samples were used.
As the negative control, the primary antibody phase
was skipped and the staining process was continued.
The intensity of the staining (p53 nuclear, Caspase-3,
Bcl-X, and VEGF cytoplasmic) was scored by the
same investigator (IM) on a scale of 0 to 3 as follows:
0: absent, 1: weak and focal reaction, 2: moderate
reaction, and 3: strong reaction.

Data were analyzed using SPSS for Windows
(version 11.0, Chicago, IL, USA). Comparisons
between groups were performed using the Mann-
Whitney U test. P < 0.05 was considered statistically
significant.

Results

Primarily, the rats were evaluated in terms of whether
or not they were exposed to smoking. Then, to
understand if smoking caused any different effects on
different sexes, female and male rats were compared
to other.

Table 1 shows theaverage and standard deviation of
VEGEF staining scores and Table 2 shows the statistical
analyses results of these. VEGF expression increased
significantly in the ganglion cell layer (GCL), inner
nuclear layer (INL), bacillary (photoreceptor) layer
(BL), retinal pigment epithelium (RPE), and choroid
(C) in rats exposed to smoking. When the analyses
were subcategorized according to sexes, male rats
exposed to smoking had a significant difference in the
GCL, INL, BL, and C compared to those not exposed
to smoking. On the other hand, female rats exposed
to smoking had a significant difference in the GCL,
INL, RPE, and C compared to those not exposed to
smoking. When the male and the female rats exposed
to smoking (Group 1 vs. 2) and those not exposed to
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Table 1. The average staining scores of the VEGF in the retina layers.

Groups GCL INL ONL BL RPE C
1(n:9) 1.22 £0.97 1.33 £0.87 0.11£0.33 0.56 £0.53 0.44 £0.53 0.78 £0.83
2 (n: 10) 1.50 £ 0.97 1.90 £ 1.10 0 1.00 £ 0.67 1.20+£1.03 1.10 £ 0.32
3 (n: 10) 0.20 + 0.42 0.40 +0.52 0 0.10 £0.32 0.20 £ 0.42 0.10+0.32
4 (n:9) 0.11 £0.33 0.11 £0.33 0 0.56 £0.73 0.11£0.33 0

VEGEF: vascular endothelial growth factor, GCL: ganglion cell layer, INL: inner nuclear layer, ONL: outer nuclear layer, BL: bacillary (rod
and cone) layer, RPE: retinal pigment epithelium, C: choroid.

Table 2. The statistical analysis results of the VEGF staining in the retina layers.

Groups GCL INL ONL BL RPE C
1+2vs.3+4 <0.001* <0.001* 0.317 0.015* 0.005* <0.001*
1vs.3 0.009* 0.019* 0.292 0.038% 0.265 0.032%
2vs. 4 0.002% 0.002* 1.0 0.155 0.009* <0.001*
1vs.2 0.467 0.142 0.292 0.138 0.088 0.234
3vs. 4 0.606 0.165 1.0 0.090 0.606 0.343

VEGEF: vascular endothelial growth factor, GCL: ganglion cell layer, INL: inner nuclear layer, ONL: outer nuclear layer, BL: bacillary
(photoreceptor) layer, RPE: retinal pigment epithelium, C: choroid. *P < 0.05.

smoking (Group 3 vs. 4) were compared, there was
no significant difference in any of the layers in terms
of VEGF expression.

Table 3 shows the average and standard deviation
of the caspase-3 staining scores and Table 4 shows
the statistical analyses results of these. The caspase-3

expression was significantly increased only in the
BL of the rats exposed to smoking. There was no
significant difference in any of the retinal layers and
the choroid between the female and male rats exposed
to smoking and those not exposed to smoking. Figure
shows the immunohistochemical staining pattern of
VEGF and caspase-3.

Table 3. The average staining scores of caspase-3 in the retina layers.

Groups GCL INL ONL BL RPE C
1(n:9) 0.11 £0.33 0.33 £0.50 0.33 £0.50 0.33 £0.50 0.11 £0.33 0.11 £0.33
2 (n: 10) 0.30 £ 0.48 0.10 £ 0.32 0.40 £ 0.52 0.20 £ 0.42 0 0
3 (n: 10) 0.10+0.32 0.20 +0.42 0.20 + 0.42 0 0 0.20 + 0.42
4 (n:9) 0 0.11+£0.33 0.22 £0.44 0 0 0.22 £0.44

GCL: ganglion cell layer, INL: inner nuclear layer, ONL: outer nuclear layer, BL: bacillary (photoreceptor) layer, RPE: retinal pigment
epithelium, C: choroid.
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Table 4. The statistical analysis results of caspase-3 staining in the retina layers.

Groups GCL INL ONL BL RPE C
1+2vs.3+4 0.155 0.680 0.290 0.018* 0.317 0.155
1vs.3 0.939 0.521 0.521 0.053 0.292 0.606
2vs. 4 0.081 0.939 0.418 0.167 1.0 0.125
1vs.2 0.326 0.225 0.770 0.521 0.292 0.292
3vs. 4 0.343 0.606 0.908 1.0 1.0 0.908

GCL: ganglion cell layer, INL: inner nuclear layer, ONL: outer nuclear layer, BL: bacillary (photoreceptor) layer, RPE: retinal pigment
epithelium, C: choroid. *P < 0.05.

D
A
B E
C F

Figure. Anti-VEGF; A) Score 1 (anti-VEGE, x100), B) Score 2 (anti-VEGEF, x200), C) Score 3 (anti-VEGEF, x400).

Anti-caspase 3 staining pattern; D) Score 1 (anti-caspase 3, x200), E) Score 2 (anti-caspase 3, x200), F) Score 3 (anti-caspase 3,
x400).

GCL: ganglion cell layer, IPL: inner plexiform layer, INL: inner nuclear layer,

OPL: outer plexiform layer, ONL: outer nuclear layer, BL: bacillary (photoreceptor) layer, RPE: retinal pigment epithelium.
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There was no significant difference in terms of the
Bcl-X and p53 expressions between the groups.

Discussion

ARMD is a multi-factorial disease. Many
environmental factors have been analyzed and it has
been found that smoking and ARMD has a consistent
parallelism (16,17). Khan et al. compared 435 cases,
with ARMD defined as the presence of geographic
atrophy (GA) or choroidal neovascularization (CNV),
and 280 control cases. They have demonstrated a
strong association between the risk of both GA and
CNYV, especially in people who smoke more than 40
packs a year. They also showed an increased risk for
ARMD in non-smokers exposed to passive smoking
(18).

In this study we demonstrated that VEGF
expression increased significantly in the GCL,
INL, BL, RPE, and C in rats exposed to smoking
experimentally. This significant difference did not
change between the sexes. We did not determine
any significant changes in the Bcl-X and p53
expressions; however, the caspase-3 expression
increased significantly only in the BL of rats exposed
to smoking.

VEGE, released from retinal pigment epithelium,
is required for physiological vasculogenesis, but
overexpression of VEGF induces the pathological
neovascularization. It is well known that VEGF
has an important role in the pathogenesis of
retinal vascular diseases such as CNV and diabetic
retinopathy. Increased expression of VEGF has been
demonstrated in CNV removed from patients and
in experimentally induced CNV, and the blockade
of VEGF causes dramatic inhibition of CNV as well
(19). Similar to CNV, an increased expression of
VEGF has been established in diabetic retinopathy
(20) and nowadays anti-VEGF treatments have been
proven to be a successful protocol in treatment of
diabetic retinopathy and CNV (21).
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The expression of VEGF was shown to increase
in the event of hypoxia related to ischemia (22,23).
Smoking may trigger atherosclerosis in the retinal
and choroidal circulation, and therefore may cause
hypoxia. Because the plasma HDL cholesterol level
decreases in smokers, while total cholesterol level,
LDL cholesterol level, platelet adhesiveness, and
fibrinogen increase (24-26), it is not a surprise that
these effects cause hypoxia and ischemia in the
choroidal circulation and increase the expression of
VEGE

Apoptosis is an important mechanism for
the natural development of the body and for the
continuation of homeostasis. In addition, it also has
a role in the limitations of the pathologic processes
(13). Hinton et al. investigated several frozen sections
from 10 surgically excised CNV, which were stained
by the TUNEL method, and found that many of the
TUNEL-positive apoptotic cells were stromal retinal
pigment epithelial cells (11). Dunaief et al. studied
postmortem retinas with ARMD (geographic atrophy
or exudative ARMD) and normal retinas by TUNEL
and immunocytochemistry. They found that maculas
with ARMD had significant increases in TUNEL-
positive cells in the inner C, RPE, photoreceptors, and
INL, compared with normal retinas (27). In this study,
we determined that the Bcl-X and p53 expressions
were not different between groups; however, the
caspase-3 expression increased significantly only in
the BL of rats exposed to smoking. We studied some
apoptosis markers but we did not evaluate apoptosis
via the TUNEL method in this study. This may be
thought as a deficiency in our study, because many of
the cellular mechanisms have a role in the apoptosis
pathway.

In conclusion, our findings show that smoking
significantly increases VEGF expression in many of
the retinal layers and choroid. Smoking also increases
the caspase-3 expression only in the photoreceptor
layer. According to these findings, smoking may
be a risk factor for retinal vascular disease such as
exudative ARMD via stimulating VEGE.
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