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Abstract

¢ AIM: To investigate the expression and role of nuclear

factor kB (NF-«B) in diabetic retinopathy (DR) and its
relationship with neovascularization and retinal cell
apoptosis.

e METHODS: A total of 80 male Wistar rats were

randomly assigned to control (4, 8, 12 and 16wk, =10 in
each group) and diabetes mellitus (DM) groups (4, 8, 12
and 16wk, »~»=10 in each group). A diabetic rat model was
established by intraperitoneal injection of streptozotocin
(60 mg/kg). After 4, 8, 12 and 16wk, rats were sacrificed.
Retinal layers and retinal neovascularization growth were
stained with hematoxylin-eosin and examined under light
microscopy. Cell apoptosis in the retina was detected by
TdT -mediated dUTP nick end labeling, and NF -xB
distribution and expression in the retina was determined
using immunohistochemistry.

e RESULTS: DM model success rate up to 100% .

Diabetes model at each time point after the experimental
groupcompared with the control group, the blood
glucose was significantly increased, decreased body
weight, each time point showed significant differences
compared with the control group (A<0.01). After 12wk
other pathological changes in the retina of diabetic rats
were observed; after 16wk, neovascularization were
observed. After 1mo, retinal cell apoptosis was observed.
Compared with the control group, NF -kB expression in
the DM group significantly increased with disease
duration.

e CONCLUSION: With the prolonging of DM progression,

the expression NF-«xB increases. NF-xB may be related
to retinal cell apoptosis and neovascularization.
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INTRODUCTION

D iabetic retinopathy
microvascular complication of diabetes mellitus (DM)

(DR) is a common, serious
and is a major blindness-causing oculopathy ™. Because the
pathogenesis of DR is very complex and has not been
thoroughly clarified, it is important to study DR. Cytokines
play a key role in the occurrence and development of DR.
Nuclear factor kB (NF-kB), an important polyphenic nuclear
factor, is present in many cell types and participates in cell
apoptosis and neovascularization. A large number of studies
have shown that NF-kB is closely related to inflammation,
tumor occurrence, cell apoptosis and other pathological
processes. Major pathological changes in DR include retinal
cell apoptosis and neovascularization . It has been inferred
that NF-kB plays a role in DR. This study explored NF-kB
expression in the retina of a diabetic rat model and its
with
neovascularization.
MATERIALS AND METHODS

Animal Model A total of 80 male Wistar rats specific
pathogen free (SPF) grade, body weight: 250-280 g were
provided by the Animal Laboratory at Shengjing Hospital of

relationship retinal cell apoptosis and

China Medical University. The study was carried out with
approval from the Animal Experiment Committee of the
China Institutes for Biological Sciences. Rats were randomly
assigned to control (4, 8, 12 and 16wk, ~=10 in each group)
and DM groups (4, 8, 12 and 16wk, #=10 in each group).
After a 12h fast, rats in the DM group were intraperitoneally
injected with 1% streptozotocin (STZ, Sigma, USA) at
60 mg/kg, and rats in the control group were injected with
an equivalent amount of citrate buffer solution. At 72h after
intraperitoneal injection, blood glucose was measured rzz the
caudal vein using a blood glucose tester (Breeze, USA) and
urine glucose was measured with a urine glucose test strip.
Urine glucose (+++) and random blood glucose >16.7 mmol/L
indicated successful establishment of the diabetic rat model.
Urine glucose was measured weekly, blood glucose was
measured monthly, and body weight was recorded monthly.

Histological Treatment At 4, 8, 12 and 16wk, rats were
sacrificed by intraperitoneal injection of excessive 10%
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Table 1 Body weight and blood glucose at different time points

Course of disease Body weight (g) Blood glucose (mmol/L)

(wk) Control group DM group Control group DM group
0 269.23+8.06 269.53+8.43 8.81£1.29 8.89+1.25
4 297.95+8.43 253.60+12.37 8.96+0.94 26.26+3.14
8 388.25+8.88 294.45+21.92 8.685+1.012 26.79+2.95
12 420.15+12.60 281.75+19.81 8.94+1.11 28.12+2.80
16 456.20+14.44 323.85+39.37 9.01+1.43 26.95+3.55

DM: Diabetes mellitus.

chloral hydrate (>0.3 mL/100 g). Rat eyeballs were removed
rapidly, fully fixed by
paraformaldehyde

intravitreal injection of 4%
(PFA) solution, cut into pathological
sections, and stained with hematoxylin-eosin (HE). Retinal
cell apoptosis was analyzed by immunohistochemistry.

HE Staining Circular shearing parallel to the direction of
the corneal limbus 0.5 mm behind the corneal limbus was
performed to gently remove the lens and vitreum. The cupula
oculi was fixed again, dehydrated, embedded with soft and
hard paraffin, and successively cut into 4.0 wm sections. The
sections were conventionally stained with HE, dehydrated,
vitrified, mounted, observed and imaged under a light
microscope.

Detection of Retinal Cell Apoptosis by TUNEL Paraffin
sections were dewaxed and dehydrated. Detection was
(POD, Roche,
Switzerland). Sections were treated with proteinase K and
50 pL TdT-mediated dUTP nick end labeling (TUNEL)
reaction solution added dropwise and incubated in a wet box
at 37°C . After 1h, sections were labeled with POD,
developed with 3,3N-diaminobenzidine (DAB), counterstained

performed using a cell apoptosis test kit

with hematoxylin, dehydrated, vitrified, mounted, observed
and imaged under a light microscope.

Immunohistochemistry Paraffin sections were dewaxed
with dimethyl benzene, hydrated with ethanol at a gradient,
and rinsed with PBS for 3x5min. A total of 30 mmoL/L H,0,
was added dropwise and sections were blocked at room
temperature for 10min to interrupt endogenous peroxidase
activity. Sections were subsequently treated with antigen
retrieval solution for 10min for microwave heat retrieval,
rinsed with PBS, treated with 1:100 diluted NF-kB primary
antibody (Abcam, USA), incubated at 37°C for 30min, and
preserved overnight at 4°C . Sections were then rinsed with
PBS for 3x3min, treated with 1:200 diluted goat anti-mouse
IgG secondary antibody, and incubated at 37°C for 20min.
They were washed with PBS, treated with SABC working
solution, incubated at 37°C for 30min, washed again with
PBS, developed with DAB, washed with tap water,
counterstained with hematoxylin, dehydrated with alcohol,
vitrified with dimethyl benzene, and mounted with neutral
gum. Nuclei with NF-kB positive expression were stained
pale brown, while those with NF-kB negative expression
were not stained. Observation and imaging were performed

under a light microscope: 5 sequential fields were selected
for each section and the percentage of NF-kB-positive cells
was calculated (Ze the number of positive cells/the total
number of cells).

Statistical Analysis All quantitative data are presented as
the meanz+standard deviation (x *s). Data were analyzed
with SPSS 19.0 statistical software. Pair-wise comparison
7 -test. 7 <0.05
statistically significant differences.

RESULTS

Diabetes Mellitus Rat Model of Diabetes There were no
significant differences in body weight and blood glucose

was performed using the indicated

between rats in the control and DM groups at baseline
(# >0.05, Table 1). At 72h after STZ intraperitoneal
injection, urine glucose was tested as +++ and blood glucose
was significantly increased to >16.7 mmol/L, suggesting a
DM model success rate of up to 100%. In the control group,
rats had no changes in blood and urine glucose and a stably
increasing trend in body weight during breeding. After
successful establishment of the diabetic rat model, blood
glucose in the DM group was significantly increased at
various time points compared with controls ( #=23.58, 25.94,
28.43, 20.96, /2 <0.01), while body weight decreased
significantly (#=13.25, 17.74, 26.36, 14.12, 2<0.01).

HE Staining of Retinal Tissues In the control group, the
retina had a smooth surface, and retinal ganglion cells
(RGCs), cells at the inner and outer nuclear layers, cone cells
and rod cells were all regularly arranged. In the DM group,
the rats had no significant morphological changes at 4 and
8wk compared with the control group. At =12wk, RGCs
were irregularly arranged. At 16wk, the cell gap was further
widened, cells were irregularly arranged, the inner limiting
membrane was slightly swollen and had a non-smooth
surface, the RGC layer was edematus, and -capillary
endothelial cells were observed to protrude through the inner
limiting membrane (Figure 1).

Retinal Cell Apoptosis Apoptotic positive cells had nuclei
and cytoplasm that were stained brown or pale brown. No
apoptotic cells were found in the normal rat retina. In the DM
group, several TUNEL-positive cells were located at the
RGC layer, and no obviously apoptotic cells were observed
in the inner and outer nuclear layers at 4wk. At 8wk, the
number of positive cells was increased, and at =12wk,
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Figure 1 Histopathological examination of the retina (HEx400) A: Normal retina in the control group; B: DM 4wk; C: DM 8wk; D:
DM 12wk; E: DM 16wk. Arrows show vascular endothelial cell nuclei protruding through the inner limiting membrane.
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Figure 2 TUNEL staining shows apoptotic cells in the retina of rats (colored brown indicated by arrows) A: Control group; B: DM

4wk; C: DM 8wk; D: DM 12wk; E: DM 16wk (x400).

positive staining was found in the inner nuclear layer. At
16wk, the number of positive cells had increased and
apoptosis of vascular endothelial cells and perithelial cells
was observed (Figure 2).

Immunohistochemical Results In the control group, cells
with NF-kB positive expression were found in the RGC layer

450

with the cytoplasm stained pale brown and nuclei stained
blue. At =4wk, NF-kB was found in the RGC layer, and
cells with NF-kB positive expression were observed in the
inner nuclear layer with nuclei stained pale brown. The
number of NF-kB positive cells increased gradually over
time. In the control group, there was no significant difference
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Figure 3 Staining in the retinal cell layer in control and diabetic retinas for expression of NF-kB A: Control group; B: DM 4wk; C:

DM 8wk; D: DM 12wk; E: DM 16wk (x400).

in the percentage of NF-kB positive cells at different time
(£ >0.05). Compared with the control group, the
percentage of NF-kB positive cells in the retina in the DM

points

group significantly increased at various time points (2<0.05;
Figure 3, Table 2).
DISCUSSION
DR is a microvascular complication of DM and can cause
blindness in severe cases PL Research on the roles of
cytokines in DR development can better clarify DR
pathogenesis from a molecular biology perspective and
provide new ideas for DR prevention and treatment.
NF-kB is a protein molecule with a polyphenic regulation
effect that is widely present in cells. NF-kB is present in
nearly all cell types and has wide biological activity,
including promotion of gene transcription of several
cytokines™,
Based on immunohistochemical results, low levels of NF-kB
were expressed only in the cytoplasm of the RGC layer in the
control group. In the DM group, the nuclei were stained pale
brown at various time points, indicating that NF-kB was
mainly expressed in the nuclei, with expression extending to
inner and outer nuclear RGC layers. Several studies " have
suggested that NF-«B is present in the cytoplasm at a resting
state and that a NF-kB dimer binds with the inhibitory
protein of NF-kB (IkB) to form a trimer, which is in a
non-active state. When cells are stimulated by hypoxia,
hyperglycemia and some inflammatory cytokines, the
of NF-kB (IkB-a) is
phosphorylated and rapidly degraded to release NF-kB,

specific  inhibitory protein

Table 2 Percentage of NF-kB positive cells in the control and
DM groups at different time points

Course of disease (wk) Control group DM group
0 1.12+0.36 1.8940.28
4 1.62+0.65 20.39+7.24
8 2.43+0.51 27.84+8.79
12 3.53+0.48 34.12+9.37
16 3.91+0.70 38.66+6.54

DM: Diabetes mellitus.

resulting in NF-kB activation, which enters the nucleus to
regulate gene transcription. This is consistent with the
immunohistochemical findings presented in this study.

NF-«B
expression gradually increased with duration of disease. In

According to immunohistochemical results,
addition to the abovementioned stimulation factors that cause
NF-kB activation, Medeiros e 2/ ™ reported that advanced
glycation end products (AGE) could result in continuous
NF-kB activation by binding with its receptor RAGE in a
hyperglycemic environment. Other studies®™” have confirmed
that NF-kB is associated with hyperglycemia.

In this experiment, HE staining of retinal tissues indicated
that the vascular structure of the retina in the DM group
underwent a significant change at 12wk and at 16wk that
vascular endothelial cells protruding through the inner
limiting membrane were observed. Immunohistochemical
results showed that NF-kB was activated and entered the

nucleus at 4wk. NF-kB may become activated prior to
451
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pathological changes in retinal vessels, or ultrastructural
changes in retinal vessels could occur after NF-kB activation.
This is consistent with results from brain tissues obtained by
Yoritsune eza/ ™M

Vascular endothelial growth factor (VEGF) is a cytokine that
promotes vascularization and is closely correlated with late
pathological changes in DR, particularly neovascularization.
In late stage DR, ischemia and hypoxia become increasingly
serious, and various vascular growth factors are successively
activated and highly expressed, leading to neovascularization
and fibrous tissue proliferation . Correlation between
continuous NF-kB activation and increased VEGF expression
has been studied. Lukiw ez2/" found that VEGF expression
was activated in a hypoxic state and that activated NF-xB
up-regulated VEGF mRNA expression via COX-2 to
promote neovascularization. The underlying mechanism may
be positive regulation of VEGF mRNA and protein
expression by NF-kB, which strengthens the binding capacity
of NF-kB and joint contributions to neovascularization™.
Current studies have shown that cell apoptosis plays an
important role in the occurrence and development of DR. In
STZ rats, RGC apoptosis occurs at 4wk U9 followed by
apoptosis of photoreceptor and nerve cells . A recent study
revealed that NF-kB in perithelial cells is activated in a
hyperglycemic environment, causing excessive expression of
pro-apoptosis factor Bax, which results in perithelial cell
apoptosis; this process can be interrupted by NF-kB
inhibitors " The theory that an inflammatory reaction is
involved in the pathological process of DR has been
recognized by scholars. The release of various inflammatory
factors, such as IL-1 and TNF-«, can activate NF-kB, and
activated NF-kB
inflammatory factors to form a vicious cycle that ultimately

can promote expression of these
causes retinal injuryt?”,

The present study confirms that NF-«kB plays an important
role in the occurrence and developmental processes of DR.
Research on the relationship between NF-kB and DR is
relatively new, and further exploration will be needed.
Studying the relationship between NF-kB and DR and use of
NF-kB inhibitors can provide new strategies for DR
prevention and treatment.
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