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ABSTRACT

Purpose: This study aimed to evaluate the expression of the inflammatory cy-
tokines TNF-orand IL-6 in the sclera and choroid of hypercholesterolemic rabbits.

Method: Twenty-one New Zealand male albino rabbits were divided into two
groups: NG and HG.The NG group was fed a standard rabbit diet and the HG group
was fed a cholesterol-enriched diet (1%). The serum total cholesterol, triglyceride,
HDL cholesterol,and fasting blood glucose levels were determined at the beginning
of the experiment and on the day of euthanasia. Euthanasia of animals in the NG
and HG groups was performed at the end of the 4" and 8" week, respectively.
The eyes were analyzed immunohistochemically using TNF-o. and IL-6 antibodies.
Results: At the time of euthanasia, the HG group showed a significant increase in
total cholesterol and triglyceride when compared with the NG group (p<0.001).
When compared with the NG group, there was a significant increase in the
expression of TNF-o. (p<0.001) and IL-6 (p=0.002) in the choroid and sclera of
animals in the HG group.

Conclusion: This study demonstrates that the hypercholesterolemic diet induces
expression of TNF-o and IL-6 in the choroid and sclera of rabbits.

Keywords: Cholesterol; Macrophages; Cytokines; Tumor necrosis factor; Inter-
leukin-6; Choroid; Sclera; Macular degeneration

RESUMO

Objetivo: Avaliar a expressdo das citocinas inflamatdrias TNF-o. e IL-6 na esclera e
coroide de coelhos hipercolesterolémicos.

Método: Coelhos New Zealand foram organizados em dois grupos: GN recebeu
rac¢do padrdo para coelhos; GH recebeu dieta rica em colesterol a 1%. Foi realizada
a dosagem sérica de colesterol total, triglicerideos, HDL colesterol, glicemia de jejum
no inicio do experimento e no momento da eutandsia. Ao final da 42 semana para
o GN e 82semana para o GH foi realizada a eutandsia dos animais. Os olhos foram
submetidos a andlise imuno-histoquimica com os anticorpos TNF-a. e IL-6.
Resultados: O GH manifestou significativoaumento do colesterol total e triglicerideos
em relagdo ao GN (p<0,001). Houve significativo aumento da expressdo da TNF-o.
(p<0,001)edall-6 (p=0,002) na coroide e esclerados animais do GHem relagdo ao GN.
Conclusdo: Esteestudo demonstra que adieta hipercolesterolémicainduz ao aumento
da expressdo das citocinas TNF-ov e IL-6 na coroide e esclera de coelhos.

Descritores: Colesterol; Macréfagos, Citocinas; Fator de necrose tumoral; Interleuci-
na-6,; Coroide; Esclera; Degeneragdo macular

INTRODUCTION

The inflammation, as an inducer of diseases, is no longer exclu-
sively associated with autoimmune and infectious diseases. Convin-
cing experimental evidence and many histopathological findings
support the current view of inflammation as a critical regulator in
Age-Related Macular Degeneration (AMD)"?. Macrophages, retinal
pigment epithelial (RPE) cells, and endothelial cells (EC) play an im-
portant role in the pathogenesis of ocular inflammation and the
consequent formation of subretinal neovascular membrane (CNV).
These cells secrete various inflammatory, growth, and angiogenic
factors as well as pro-inflammatory cytokines, which contribute to
the development of wet AMD®*). The role of growth factors, such as
vascular endothelial growth factor (VEGF), on the formation of CNV
has been identified. However, the influence and the mechanism of
action of the inflammatory cytokines on the development of exuda-
tive AMD are poorly understood. It has been reported that signaling

events initiated by cytokines trigger the inflammatory reaction and
contribute to the development of CNV©,

The tumor necrosis factor alpha (TNF-a) is a low-molecular weight
protein, primarily produced by activated macrophages. TNF-o. pro-
motes VEGF signaling by promoting its production” and by mo-
dulating the expression of its receptors®. It has been reported that
TNF-a.regulates cell survival and cell death through Tnfrsf1a and Tnfrsf1b
receptor. Activation of Tnfrsf1a receptors induces inflammation, inhibits
endothelial cell migration and apoptosis®, which may inhibit CNV. The
Tnfrsf1b receptors regulate lymphocyte proliferation® and promote
endothelial cell activation, migration, and survival™. It has been
reported that Tnfrsf1b promotes CNV!'?, Studies have demonstrated
that therapeutic targeting of TNF-a may provide benefits from CNVZ 19,
TNF-o stimulates the production of Interleukin 6 (IL-6)%, a multifunctio-
nal cytokine that acts on a number of tissues and cell types!'”. IL-6
is an important mediator of the inflammatory and immune respon-
ses™®, and regulates VEGF expression‘™.
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These cytokines play direct and/or indirect roles in the develop-
ment of AMD. However, few reliable experimental models exist that
simulate the development of macular degenerative diseases.

The objective of this study was to evaluate the expression of the
inflammatory cytokines TNF-o. and IL-6 in the choroid and sclera of
hypercholesterolemic rabbits.

METHODS

The protocol for this study was approved by the Animal Experi-
mentation Ethics Committee of the Pontificia Universidade Catdlica
do Parand (PUC-PR) and complies with the guidelines established by
the Declaration of Helsinki and the Association for Research in Vision
and Ophthalmology (ARVO).

EXPERIMENT ENVIRONMENT

The procedures described in this study were performed at the
Surgical Technique Laboratory at PUC-PR and at the Study Center of
the Angelina Caron Hospital (HAC). The animals were housed in the
bioterium (macro environment) under 12h:12h light-dark cycles with
air changes and between 19 and 23°C room temperature. Animals
were fed water ad libitum and were allowed free access to species
standard diet Nuvital® (Nuvital, Colombo, Brazil).

ANIMALS AND EXPERIMENTAL METHODS

Twenty-one New Zealand male albino rabbits (Oryctolaguscuni-
cullus) of an average age of 110 days and an average weight of 2.770 g
were selected from the Central Bioterium of the Pontificia Universi-
dade Catdlica do Parana. The animals were divided into 2 groups:
group 1, the normal diet group (NG) with 8 rabbits, and group 2, the
hypercholesterolemic group (HG) with 13 rabbits. The NG was fed
the rabbit standard diet from Nuvital® Lab (Nuvital, Colombo, Brazil)
and was euthanized after 4 weeks. The HG group was fed with the
standard rabbit diet from Nuvital® Lab (Nuvital, Colombo, Brazil),
supplemented with 1% cholesterol. The daily amount of diet per
animal was 600 g. The animals in the HG group were euthanized at
the end of the eighth week.

Each rabbit underwent measurements of serum total cholesterol,
triglycerides, HDL cholesterol, and fasting glucose at the start of the
experiment and at the time of euthanasia. Animals were euthanized
by intravenous administration of 5 mL pentobarbital. The eyes were
removed and immediately placed in 4% paraformaldehyde (Merck,
Darmstadt, Germany) in 0.1 M phosphate buffer (pH 7.4) for 4h for
immunohistochemical analyses.

TISSUE PREPARATION AND IMMUNOHISTOCHEMICAL ANALYSIS

After fixation, the samples were evaluated under a microscope.
A coronal section at the level of the optic nerve was performed and
the ocular globe was divided into two equal halves. The lower half
was stored for future studies. The upper half underwent dehydra-
tion, diaphanization, and was embedded in paraffin using a Leica® TP
1020 Automatic Tissue Processor (Leica, Wetzlar, Germany). A Leica®
EG1160 paraffin embedding device was used for paraffin embedding.
A Leica® RM2145 Microtome was used to prepare 5-micron-thick
sections for histology. The sections were placed on glass slides smea-
red with albumin, stained with hematoxylin-eosin, and mounted on
24x900-mm coverslips using the Entellan Mounting Media (Merck,
Darmstadt, Germany).

The sections were deparaffinized, rehydrated, and the endoge-
nous peroxidases were blocked. The sections were then washed with
deionized water and incubated in a moist chamber at 95°C for 20
min for antigen retrieval. Following this, the endogenous peroxidases
were blocked again. The slices were stained with rabbit primary mo-
noclonal antibody against TNF-a. (Imuny Biotechnology, Campinas,
Brazil) at a dilution of 1:200 and with rabbit primary monoclonal
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antibody against IL.-6 (Imuny Biotechnology, Campinas, Brazil) at a
dilution of 1:50. The slices were incubated with a secondary antibody,
Envision® System labeled polymer-HRP anti-mouse (DakoCytoma-
tion, Carpinteria, CA, USA), at room temperature for 30 min. The
sections were incubated for 3 to 5 min with freshly prepared DAB
substrate (DakoCytomation, Carpinteria, CA, USA). The slides were
then counterstained with Mayer hematoxylin and mounted.

Positive and negative controls were used in all evaluations, and
the slides were initially analyzed by a masked observer. Positive and
negative staining detected for TNF-ot and IL-6 were recorded. The
immunopositive areas showed a brownish color and were studied
using color morphometry. For this purpose, images of 3 consecutive
fields close to the optic nerve head were captured with the help of a
Bx50 Olympus microscope fitted with a 40x objective and equipped
with a Sony Model DXC-107A camera. The program Image Pro Plus
was used to select and color the immunopositive areas and measure
the immunoreactive areas. The data obtained were compiled in a Mi-
crosoft Excel spreadsheet (Redmond, WA) for statistical analysis. The
sum total of all immunopositive areas in each of the 3 fields studied
represented the variable immunoreactive area.

STATISTICAL ANALYSIS

The t-test was used for the comparison of quantitative variables
between the groups. The Mann-Whitney nonparametric test was
also used when appropriate. The normality was evaluated with the
Shapiro-Wilk test. p<0.05 indicated statistical significance. Statistica v.
8.0 was used for data processing.

RESULTS

ComPARISON OF VARIABLES BETWEEN NG AND HG GRroups:
FASTING GLUCOSE, TOTAL CHOLESTEROL, HDL, AND TRIGLYCERIDES

The total cholesterol, triglycerides, HDL cholesterol, and the fas-
ting glucose in the NG group at the time of euthanasia were similar
to those at the start of the experiment. However, in the HG group,
the total cholesterol at the time of euthanasia was significantly
higher than that of at the start of the experiment. At the start of the
experiment, the mean of the total cholesterol in both the groups
was approximately 41.3 mg/dL. However, by the end of the experi-
ment, the total serum cholesterol in the HG group had increased by
2146.8 mg/dL (p<0.001). HG group also showed significant variation
in serum triglyceride levels. At the start of the experiment, the serum
triglyceride concentration was approximately 46.5 mg/dL in both
the groups, whereas at the time of euthanasia, the serum triglyceride
concentration was 168.5 mg/dL (p=0.001) in HG group. Fasting glucose
and HDL cholesterol levels did not vary significantly in NG or HG
group during the experiment.

CompARIsoN oF TNF-0o, iImmuNoREACTIVITIES OF THE NG AND
HG GRrours

The animals in the HG group showed a significant increase in
TNF-o expression in the sclera and choroid when compared to the
animals in the NG group (p<0.001) (Table 1). This was characterized
by the predominance of a brownish hue of these structures (Figure 1B).
The sclera and the choroid in the NG group showed a bluish color
and a thinner structure compared with the HG group, revealing low
immunoreactivity of these structures in NG group to the TNF-at an-
tibody (Figure TA).

ComPARISON OF IL-6 iIMMUNOREACTIVITIES OF THE NG AND
HG Groupr

Compared with the NG group, the sclera and choroid of the HG
group showed a significant increase in IL-6 expression (p=0.002)
(Table 2), characterized by the predominance of the brownish hue
of these structures (Figure 2B). The sclera and choroid of the animals
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in the NG group showed a thinner structure and a predominant
bluish color than those of the animals in the HG group, revealing low
immunoreactivity of these structures in NG group to IL-6 antibody
(Figure 2A).

DISCUSSION

Angiogenesis, the formation of new blood vessels from pre-existing
endothelium, is an important event during vascular development,
wound healing, and organ regeneration. Angiogenesis and neovas-
cularization during tumor growth, diabetic retinopathy, rheumatoid
arthritis, and AMD produce detrimental effects?%?",

The critical role of VEGF in angiogenesis is well documented.
However, it has been demonstrated that inflammatory reaction, cha-
racterized by the presence of macrophages and inflammatory cyto-
kines, also induces the anomalous formation of blood vessels®?. That
inflammation mediates neovascularization in AMD is supported by
studies that suggested depletion of macrophages can reduce the
laser-induced CNV@,

In the present study, rabbits were fed with cholesterol enriched
diet to evaluate the expression of the TNF-o and IL-6 in the choroid-
scleral complex. It has been reported that cholesterol-enriched diet
induces hypoxia of the retinal tissue®, increase in the macrophage
concentration in the choroid and sclera®?, as well as increase in

Table 1. Total area of the choroidscleral complex immunoreactive to TNF-a

Standard
Variable Group N Mean Median Min Max deviation p*value
Immunoreactive area HG 13 60317.2 511309 246135 1053146 28857.7

NG 8 7134.2

6686.2 16359 222146 6626.0 <0.001

*= Student’s t-test for independente samples, p<0.05.

NG= normal diet group; HG= cholesterol-enriched diet group.

C= choroid; S= sclera; magnification = 400x.

170

Figure 1. Immunoreactivity of choroid and sclera to TNF-a antibody. A) Choroid-scleral
complex of normal diet group. Predominance of the bluish hue indicates low immu-
noreactivity to TNF-o. antibody. Thin choroid and sclera. B) Choroid-sclera complex of
hypercholesterolemic group. Predominance of a brownish hue indicates high immu-
noreactivity to TNF-o antibody. Thick choroid and sclera. reactivity to TNF-o. antibody.
Thick choroid and sclera.

Table 2. Total area of the choroidscleral complex immunoreactive to IL-6

Standard
Variable Group N Mean Median Min Max  deviation p*value
Immunoreactive area HG 13 5301.0 51380  1963.0 9551.0 2590.0
NG 8 2427.0 24270 9870 3968.0 893.0 0.002

*= Student’s t-test for independente samples, p<0.05.

NG= normal diet group; HG= cholesterol-enriched diet group.

C= choroid; S= sclera; magnification = 400x.

Figure 2. Immunoreactivity of choroid and sclera to IL-6 antibody. A) Choroid and sclera
of normal diet group. Predominance of the bluish hue indicates low immunoreactivity
to IL-6 antibody. Thin choroid and sclera. B) Choroid and sclera of hypercholesterolemic
group.Predominance ofabrownish hueindicates highimmunoreactivity toIL-6 antibody.
Thick choroid and sclera.
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VEGF expression in these structures®). Therefore, the significant
increase in the TNF-o, expression observed in the choroid and sclera
of the animals in the HG group was likely due to hypoxia, as well as
an increase in the macrophage concentration®. TNF-ot is a mul-
tifunctional cytokine. TNF-a. receptors are expressed in the retina,
including the Muller and the RPE cells, as well as in the choroid >4,
The TNF-o. secreted by macrophages®®?, observed in a large numbers
in this experimental model?29, triggers the production of VEGF
through Tnfrsf1b receptor by the RPE cells®. TNF-a also stimulates
monocyte adhesion and upregulates the granulocyte-macrophage
colony-stimulating factor®”. Additionally, TNF induces EC migration
and tube formation in the absence of proangiogenic factors, sugges-
ting that TNF can directly activate signaling pathways for epithelial
cell migration®”, thereby contributing directly to CNV formation.
Indeed, TNF has been considered a therapeutic target in exudative
AMD. Although the inhibition of TNF-at leads to the reduction in CNV
size and leakage in experimental models!", clinical research studies
have shown inconsistent results‘6?®.

It has also been demonstrated that TNF-a stimulates the production
of IL-619, an important marker of inflammation. RPE and inflamma-
tory cells produce IL-6 in response to stimulation®'¢?In the present
study, a significantincrease in the IL-6 expression was observed in the
choroid and sclera of the rabbits in the HG group. Besides TNF-¢/9,
the macrophages and the hypoxia may have contributed to the
increased IL-6 expression!®?¥. [t has been demonstrated that the
induction of IL-6 by hypoxia may induce VEGF expression, leading
to angiogenesis. Therefore, IL-6 is regarded as indirect angiogenic
factor". Further, it has been shown that the inhibition of the IL-6
expression by the pharmacologic blockade of its receptors or by the
genetic ablation of this cytokine suppresses laser-induced CNV?.
The IL-6 receptor neutralization led to significant inhibition of the in
vivo and in vitro expression of monocyte chemotactic protein, inter-
cellularadhesion molecule-1, and vascular endothelial growth factor,
and reduced macrophage infiltration into CNV®??, Consistent with
these reports, a population study concluded that IL-6 represents a
risk factor for CNV due to high levels in the plasma of AMD patients®?.
These findings suggest the possibility of using IL-6 receptor blockade
as atherapeutic strategy to suppress CNV associated with age-related
macular degeneration.

We used rabbits for this research. The advantages of using rabbits
over other animals include increased availability, low costs (when
compared with transgenic mice lacking receptors for LDL cholesterol
or apolipoprotein E), and a better genetic characterization®". Addi-
tionally, the hypercholesterolemic diet rapidly induces endothelial
dysfunction and a response similar to atherogenesis, making it a
good model for cardiovascular diseases®?. Further, the normal serum
cholesterol levels in rabbits range from 25 to 60 mg%, whereas in
humans this variation is between 100 and 200 mg%. Therefore, the
metabolic system of rabbits may readily be overloaded with a simple
daily hypercholesterolemic diet, making the experiments more fea-
sible and reproducible®?. Indeed, the total serum cholesterol level in
HG group increased from 41.3 mg/dL at the start of the experiment
to approximately 2146.8 mg/dL at the time of euthanasia.

Several studies have been performed on rabbits to demonstrate
that a cholesterol-enriched diet causes abnormalities in their sclera,
choroid, and retina. This include the administration of 0.5% cho-
lesterol-enriched diet for at least six months®**% In this study, the
administered dosage of cholesterol was higher than that used in
other studies (1% cholesterol), which enabled the authors to obtain
immunohistochemical alterations of the choroid-sclera complex
during a period of eight weeks. This demonstrated that alterations in
the ocular walls as well as the arteries®? could be brought about in
a shorter period, thus offering opportunities for more experiments
and reducing the costs. The NG group underwent euthanasia after 4
weeks. This short period has been proven to be sufficient to demons-
trate that the serum total cholesterol, triglycerides, HDL cholesterol,
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and fasting glucose level remained stable and did not interfere with
the immunohistochemical analysis of the choroid and sclera. The
decision to euthanize rabbits of the NG group after 4 weeks was made
based on the results of earlier studies®*.

We have demonstrated that cholesterol-enriched diet induces an
increase in macrophage concentration in the choroid-sclera complex,
causing thickness of these structures?#?>*) The diet also induced hy-
poxia of the retinal tissue, leading to neuronal damage®>. Therefore,
the hypercholesterolemic model used in the present study incorpo-
rates the increased macrophage concentration and hypoxia, the two
conditions that induce TNF-oc and IL-6 expression!#2224,

CONCLUSION

In this study, we used immunohistochemistry to analyze the ex-
pression of TNF-ot and IL-6 in the sclera and choroid of hypercho-
lesterolemic rabbits. Although Western blotting is a more sensitive
method for the detection of these factors, it requires the use of
fresh or frozen tissue. Since the ocular globes were fixed in parafor-
maldehyde and embedded in paraffin, we were unable to use the
Western blotting technique.

Due to their role in mediating the intraocular inflammatory reaction,
VEGF-like functions, and their hypoxia-induced expression, TNF-o and
IL-6 have been considered as therapeutic targets in AMD. Our experi-
mental model may help understand the development of AMD.
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