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Abstract. The expression and influence mechanism of CTGF
and HO-1 in rats with diabetic retinopathy (DR) was inves-
tigated. One hundred and thirty male Sprague-Dawley (SD)
rats were selected and randomly divided into the control group
and DR group, with 65 rats in each group. DR was caused
by intraperitoneal injection of streptozotocin in rats in the
DR group. There were 55 successful models and 10 failed in
the modelling. The successful models were sacrificed at the
2nd, 4th and 6th month, respectively. RT-qPCR technology
was used for detection of the expression of CTGF and HO-1 in
rat retina in each group, H&E staining for observation of the
gradation structure in rat retina and TUNEL method for detec-
tion of apoptosis of retinal cells. In the DR group, the retina
layers were disordered and a few blood vessels dilated at the
2nd month. In the DR group, the inner membrane of the retina
swelled, and the ganglion cells were irregularly arranged at the
4th month. In the DR group, dilatation of the blood vessels was
more obvious, the inner membrane edema was more severe,
and the arrangement was more irregular at the 6th month. The
retinal apoptosis rate of DR rats gradually increased at the 2nd,
4th and 6th month, after which, the CTGF expression gradu-
ally increased, but the HO-1 expression gradually decreased
in retina in the DR group. However, the mRNA expression
of CTGF and HO-1 in the rats at the 2nd, 4th and 6th month
in the DR group was higher than that in the control group at
the same period. Therefore, CTGF and HO-1 are associated
with the occurrence and development of DR in rats and can be
considered as targets for the treatment of DR.
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Introduction

Diabetic retinopathy (DR) is a microvascular complication
caused by diabetes. At present, the prevalence of diabetes in
China is approximately 5.6%. Half of the patients with a course
of 10-20 years have DR complications, and 100% of patients
with a course of >20 years are complicated by DR (1). DR is
a chronic progressive irreversible disease with a final outcome
of complete loss of vision (2,3). Abnormal insulin in diabetic
patients leads to abnormal cell metabolism, damage to the eye
nerves, the blood-retinal barrier and microcirculation, and
causes fibroplasia and inadequate nutrition supply to the eye,
thus contributing to gradual impairment of visual function (4).
The pathogenesis of DR is not yet clear, but studies have shown
that a variety of factors are associated with the incidence of
DR, such as abnormal glucose metabolism, increased blood
viscosity, secretion of growth hormone, angiogenesis factor
and oxygen free radicals (5). With the advancement of medi-
cine, treatment methods of DR are constantly improving, but
so far, almost all the treatments can only reduce the patient's
symptoms and slow down the disease process, but cannot
reverse it (6). Therefore, investigation of the pathogenesis of
DR helps to cure the root cause and look for ways to really
treat DR from the source.

CTGF is a connective tissue growth factor and a member
of the cysteine growth factor family (7), and its overexpression
induces fibrosis, which has been detected in the heart, liver,
lung, blood vessels and other tissues (8,9). Under pathological
conditions, due to its mitotic characteristics, CTGF is over-
produced, which promotes fibroblast proliferation and secretes
more ECM, so as to induce fibrosis. Vascular membrane
decreases its toughness and is easy to rupture, causing hema-
tocele and retinal detachment. As a result, the visual function
is gradually lost and prognosis is poor (10,11).

HO-1 is an oxygen stress-induced heme oxygenase. After
the cells are stimulated by stress, MAPK signaling pathway is
activated, promotes the translocation of Nrf2 into the nucleus,
induces the HO-1 expression, maintains heme concentration in
the body and produces biliverdin, CO, and Fe*, all of which
have anti-oxidant and anti-inflammatory effects (12). ERK1/2
is an important signal transduction media for the MAPK
signaling pathway, and studies have shown that its phos-
phorylation can promote CTGF expression (13). Song et al (3)
showed that anthocyanin protects retinal cells from oxidative
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stress and inflammation caused by diabetes by regulating Nrf
2/HO-1 signaling. Therefore, this study aims at providing new
ideas for a new and thorough treatment of DR through investi-
gating the expression and influence mechanism of CTGF and
HO-1 in DR rats.

Materials and methods

Experimental animals. One hundred and thirty male SD rats of
healthy SPF grade were provided by Shanghai SLAC laboratory
Animal Co., Ltd. (Shanghai, China) with a production license
of SCXK (Shanghai) 2012-0002. Their age was 8 weeks old
and their weight was 150+30 g. The rats were kept in animal
housing of SPF grade, with a temperature of 20+2°C, humidity
of 60+5% and simulated daytime 12 h and night 12 h. They had
free access to basic pellet diet and water intake. The study was
approved by the Hospital's Ethics Committee, and the experi-
mental procedures were in accordance with the “Guidelines for
the Protection and Use of Laboratory Animals”.

Materials. TRIzol kit (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA); RT-qPCR random primer (Sangon
Biotech Co., Ltd., Shanghai, China); RNase inhibitor (Wuhan
Huamei Bioengineering Co., Ltd., Wuhan, China); reverse
transcription kit (Life Technologies; Thermo Fisher Scientific,
Inc.); fluorescent quantitative PCR kit (Shanghai ShineGene
Molecular Biotech, Inc., Shanghai, China); H&E staining kit
(Beyotime Institute of Biotechnology, Haimen, China);
TUNEL apoptosis kit (Beijing Jiamei Niunuo Biotechnology
Co., Ltd., Beijing, China).

Model building and group processing. After being purchased,
the rats were kept for one week, adapted to the new laboratory
environment, and randomly divided into the DR and control
groups, with 65 rats in each group. Their body weights in
the DR group were 135+31 g, and those in the control group
were 140433 g. There was no significant difference in the
basic data such as weight and age between the two groups
(P>0.05). After feeding for 4 weeks, each rat was weighed
and the streptozotocin (STZ)/saline injection dose was calcu-
lated with the rat body weights (kg) x 30 mg. Intraperitoneal
injection of STZ was performed in the DR group and saline
in the control group. To prevent wound infection, every rat
received intramuscular injection of penicillin 40,000 units
per day for 3 days. Blood was taken from the tail tip of rats
for detection of blood glucose concentration at the 5th day.
The standard for successful modeling in the DR group was
that the blood glucose concentration was >16.7 mmol/l, and
the blood glucose and body weight of the rats were measured
monthly. The rats were kept conventionally until the 2nd, 4th
and 6th month and sacrificed by excessive anesthesia with
intraperitoneal injection of 200 mg/kg pentobarbital sodium.
A total of 55 rats were included in the study. Eighteen rats
with successful modeling were sacrificed after the 2nd and
4th month of feeding respectively, and the remaining 19 rats
were all sacrificed after the 6th month, and 21, 22 and 22 rats
in the control group were sacrificed at the same time.

Detection sample preparation. Complete eyeballs of the rats
were taken after sacrifice, and an eyeball of each rat was used
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to separate the lens and vitreous from the eyecup using an
eyeball ring shear. Paraffin sections (4 ym) were prepared after
10% formaldehyde fixed eyecup for HE staining and TUNEL
apoptotic cell detection. The eyeball of other rats was used to
bluntly separate the retina using ophthalmic microscopy for
RT-qPCR detection of the expression of CTGF and HO-1.

Expression of CTGF and HO-1 in rat retina after RT-qPCR.
TRIzol reagent was used to cleave and extract 100 mg of
retinal tissues, and the UV spectrophotometer to identify
the RNA concentration and purity. OD260/0D280 between
1.8 and 2.0 showed that the specimen purity passed. Preparing
25 ul reverse transcription reaction system: 5X buffer 5 pl,
MMLV (200 U/ul) 1 p1,4X ANTP (10 mmol/1) 1.25 pl, RNasin
(25 U/ul) 0.7 pl, RNase free H,O added to 25 ul. The reverse
transcription was performed with PCR instrument at 42°C for
15 min and at 85°C for 5 sec. The synthesized cDNA amplified
according to the prepared 25 ul reaction system (SYBR Premix
Ex Taq IT 12.5 ul, upstream primer 1 ul, downstream primer
1 ul and 10X cDNA 2 ul) (Table I). The reaction process was
a three-step process: the first step was at 95°C for 30 sec, the
second step for a total of 40 cycles, each cycle included 95°C
for 5 sec, 60°C for 30 sec and 72°C for 40 sec, and the third
step at 72°C for 7 min. 3-actin was used as internal reference,
and primer sequences were synthesized by Sangon Biotech
Co., Ltd. The Ct values obtained by PCR were analyzed and
compared, and the relative expression of CTGF and HO-1
was calculated. Experimental results were analyzed using the
2-A4C method (14).

H&E staining. Paraffin sections were deparaffinized and
washed 5 times with 95, 75 and 50% ethanol, respectively.
They were washed with distilled water once, then placed
in hematoxylin for 5 min and washed with distilled water
again after staining. Paraffin sections were soaked in hydro-
chloric acid alcohol with a concentration of 1% for 15 sec
to differentiate, and in ammonia water with a concentration
of 1% for 20 sec back to blue after washed with clean water,
and in eosin alcohol for 1 min to stain after washed with
clean water. Paraffin sections were dehydrated with a low to
high concentration gradient of alcohol after being washed
with clean water, and soaked in xylene for 2 min for trans-
parency. Histomount was sealed and placed under a light
microscope (Olympus, Shanghai, China) for photography
and observation.

TUNEL apoptotic cell detection. Paraffin sections were depa-
raffinized with xylene and alcohol at a gradient concentration,
soaked in 50X proteinase K for 15 min at room temperature,
and washed twice with PBS, and then TUNEL reaction solu-
tion (50 ul) was added and incubated in a wet box at 37°C
incubator for 1 h. After drying the condensed drops of water
of the sample, 50 il of POD conversion agent was added and
incubation was continued for 30 min. A total of 50 ul of DAB
solution was added and incubation was continued for 10 min.
The steps were the same as the H&E steps after the incubation,
staining, differentiation, back to blue, dehydration, transpa-
rency, sealing and light microscopic observation.

The dark brown nucleus was considered to be an apop-
totic cell. Each specimen was selected to count the apoptotic
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Genes Upstream primers Downstream primers

p-actin 5'-AACCCTAAGGCCAACAGTGAAAAG-3' 5-TCATGAGGTAGTCTGTGAGGT-3'
CTGF 5'-CCGCCAACCGCAAGATT-3' 5'-CACGGACCCACCGAAGAC-3
HO-1 5'-GGAAGAGGAGATAGAGCGAAAC-3' 5'-AGAGGTCACCCAGGTAGCG-3'

cells around the target area and in the center under the light
microscope (magnification, x400). The ratio of the number of
apoptotic cells to the total number of cells in the visual field
was obtained and its average value was the apoptosis rate.

Statistical analysis. The SPSS20.0 [AsiaAnalytics (formerly
SPSS China), Shanghai, China] software package was used for
processing. The comparison of data between the two groups
was performed using KS non-parametric analysis test or t-test
based on the distribution characteristics. The comparison of
data between groups was performed using ANOVA analysis
and Dunnett's post hoc test. The comparison at different
time-points in the group was the repeated measures of vari-
ance analysis. The significance level is a=0.05.

Results

Body weight and blood glucose monitoring in rats. The
experimental results showed that the blood glucose levels in
the DR group at the 1st, 2nd, 3rd, 4th, 5th, and 6th month were
22.36+5.37, 23.76+6.75, 26.96+7.64, 25.76+5.76, 27.65+7.32
and 25.75+5.75, respectively. The blood glucose concentra-
tions in rats in the control group were 5.86+0.37, 4.65+0.57,
4.64+0.47, 5.32+0.63, 5.97+0.75 and 5.64+0.62, respectively.
Compared with the control group, the blood sugar level of rats
in the DR group significantly increased monthly, while that
in the control group was <6 mmol/l all the time, within the
normal range (all P<0.01) (Fig. 1). The body weight of rats
in the control group increased steadily with the increasing
age during the breeding process (all P<0.01), while that
of the DR group showed a general trend of decline and the
monthly body weight was lower than that in the control
group (P<0.01) (Fig. 2).

mRNA expression of CTGF and HO-1 in rat retina. Through
detection of the mRNA expression of CTGF and HO-1 after
the rats were sacrificed at the 2nd, 4th and 6th month, it was
indicated that the expression of CTGF mRNA in the DR rats at
the 2nd, 4th and 6th month was higher than that in the control
group at the same time (P<0.01); there was no significant
fluctuation in the expression of CTGF mRNA at the 2nd, 4th
and 6th month in the control group (P>0.05). The expression
of CTGF mRNA in the DR group gradually increased at the
2nd, 4th and 6th month (all P<0.01) (Fig. 3).; there was only a
small amount of expression of HO-1 mRNA in retina in the
control group at the 2nd, 4th and 6th month, and there was no
statistical difference. The expression of HO-1 mRNA at the
2nd, 4th and 6th month in the DR group was higher than that
in the control group, but its expression gradually decreased as
time increased (all P<0.01) (Fig. 4).
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Figure 1. Monthly blood glucose monitoring in rats. The blood glucose level
in the DR group significantly increased when compared with the control
group (P<0.01). “P<0.01, compared with the control group. #P<0.01, com-
pared with last month. DR, diabetic retinopathy.
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Figure 2. Monthly body weight monitoring in rats. The body weight in the
control group gradually increased, and it was higher than that of the previous
month from the third month (all P<0.01). The body weight in the DR group
increased slightly at 2 months, and fluctuated at the 2nd, 4th and 6th month,
but the difference was not statistically significant (P>0.05). The overall body
weight in the DR group was still significantly lower than that in the control
group (P<0.01). “P<0.01, compared with the control group. #"P<0.01, com-
pared with last month. DR, diabetic retinopathy.

Results of H&E staining. In the control group, the retinal surface
of the rats was smooth, with clear layers, complete structure
and regular arrangement of cells at the 2nd, 4th and 6th month.
In the DR group, the layers of the retina were blurred and a
few blood vessels were seen to dilate at the 2nd month. In the
DR group, the inner membrane of the retina showed different
sizes of swelling, and the cells were irregularly arranged at the
4th month. In the DR group, most of the blood vessels in the
retina dilated and were more obvious, the degree of membrane
edema was more severe, and the arrangement was very irregular
and almost indistinguishable at the 6th month.

Apoptotic cells detection. Through apoptotic cells detection in
rats at the 2nd, 4th and 6th month, it was found that the apoptotic
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Figure 3. mRNA expression of CTGF in rat retina. RT-qPCR detection indi-
cated that the expression of CTGF mRNA in rats in the DR group at the
2nd, 4th and 6th month was higher than those in the control group at the
same time (P<0.01). There was no significant fluctuation in the expression of
CTGF mRNA at the 2nd, 4th and 6th month in the control group (P>0.05).
The expression of CTGF mRNA in the DR group gradually increased at
the 2nd, 4th and 6th month (all P<0.01). “P<0.01, compared with the control
group; "P<0.01, compared with the second month at the same group; °P<0.01,
compared with the 5th month at the same group.

80
1 Control group

-
(=]

ab v DR group

Relative level of CTGF mRNA
(Relative to g-actin)
L]
(=]

Execution time (months)

Figure 4. mRNA expression of HO-1 in rat retina. RT-qPCR detection indi-
cated that there was only a small amount of expression of HO-1 mRNA in
the retina in the control group at the 2nd, 4th and 6th month, and there was
no statistical difference. The expression of HO-1 mRNA at the 2nd, 4th and
6th month in the DR group was higher than that in the control group, but
its expression gradually decreased as time increased (all P<0.01). *P<0.01,
compared with the control group; °P<0.01, compared with the 2nd month at
the same group; ‘P<0.01, compared with the 5th month at the same group.
DR, diabetic retinopathy.
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Figure 5. Apoptotic cell detection. TUNEL detection indicated that apoptotic
rates of rats in the DR group at the 2nd, 4th and 6th month were higher than
those in the control group at the same time (P<0.01). There was no diffe-
rence in expression of the apoptotic rate among the 2nd, 4th and 6th month
in the control group (P>0.05). The apoptotic rate in the DR group increased
gradually at the 2nd, 4th and 6th month (all P<0.01). *P<0.01, compared with
the control group; °P<0.01, compared with the 2nd month at the same group;
‘P<0.01, compared with the 5th month at the same group. DR, diabetic reti-
nopathy.

rates of rats in the DR group at the 2nd, 4th and 6th month were
higher than those in the control group at the same time (P<0.01).
There was no difference in expression of the apoptotic rate
among the 2nd, 4th and 6th month in the control group (P>0.05).
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In addition, the apoptotic rates in the DR group increased gradu-
ally at the 2nd, 4th and 6th month (all P<0.01) (Fig. 5).

Discussion

Diabetes is one of the three major diseases that endanger
human physical and mental health in the world today (15).
In recent years, with the improvement of people's living
standards and the changes of living habits, the incidence of
diabetes has been rising year after year, and the number of
DR patients has also been increasing each year (16). DR is the
result of a combination of factors, and it is chronic, long-term,
irreversible, and widely damaging. Its various symptoms and
mechanisms are associated with hyperglycemia (17). CTGF is
extensively present in the human body, and it can accelerate
mitosis, favor cell proliferation, induce apoptosis and have a
chemotaxis effect (18). The overexpression of CTGF in certain
pathological conditions can lead to a series of pathophysiolog-
ical processes such as angiogenesis and fibrosis (19). Oxidative
stress and high glucose environment can activate the HO-1
expression that can upregulate anti-oxidation and anti-inflam-
matory factors, thus protecting the retina tissue (20).

In this study, the rats were detected monthly for blood
glucose and body weight after successful modeling, the levels
of which in the DR group were consistently higher than those in
the control group and increased with time. This showed that the
DR model we built is successful and can be maintained until the
end of the study. Through detection of the mRNA expression of
CTGF and HO-1 after the rats were sacrificed at the 2nd, 4th and
6th month, it was shown that those in the DR group at the 2nd,
4th and 6th month were higher than those in the control group
at the same time. The expression of CTGF mRNA gradually
increased at the 2nd, 4th and 6th month in the DR group. In the
analysis of changes in CTGF serum in proliferative DR patients,
Baelde et al (21) also found that the CTGF expression increased,
which is consistent with this article; while the expression of
HO-1 mRNA gradually decreased as time increased. Results of
H&E staining also showed that with the passage of time in the
DR group, the retinal swelling degree became more and more
severe, the layers were more blurred, the structure incomplete,
the arrangement of cells irregular, and the blood vessel dilatation
more serious. Apoptotic cell detection showed that the apoptotic
rates of rats at the 2nd, 4th and 6th month in the DR group were
higher than those in the control group at the same time, and
they increased gradually at the 2nd, 4th and 6th month in the
DR group. Many studies have shown that HO-1 has anti-oxidant
and anti-inflammatory protective effects (3), but in this study,
detection of the expression in the DR group indicated that it
was higher than that in the control group. However, it gradually
decreased over time. This may be due to the fact that the HO-1
expression is low under normal conditions, but it increases after
oxidative stress and high glucose stress and reaches the peak
for a period of time. Over time, this response to stress gradually
decreases, so the expression gradually decreases from the
peak, and its protective effect gradually weakens. When it is
not enough to fight the DR-inducing effect of other genes, the
apoptosis of retinal cells gradually increases. At the same time,
as diabetes progresses, CTGF gradually increases, more blood
vessels are newly formed, fibrosis is induced, and the retina
gradually flakes off, exacerbating DR. Sun et al (22) showed that



the combination of TGF-f1 and cerebroside carnosine injection
can increase the contents of CTGF and HO-1 in peripheral
neuropathy tissue of type 2 diabetes, so as to have a better
therapeutic effect. However, in this study, the increase of CTGF
promoted the occurrence of DR, because the mitogenicity of
CTGF can indeed help to repair tissue, but it promoted fibrosis
at the same time, and in the case of retinal tissue, which is
particularly required for toughness, this fibrosis undoubtedly
damaged the structure and function of the retina.

The conjecture on the role of HO-1 in the occurrence and
development of DR and the explanation for the contradiction
between the HO-1 expression and the apoptotic rate need to
be verified in future experiments, to observe the apoptosis rate
of diabetic patients and the retina situation after inhibiting the
HO-1 expression. Similarly, the role of CTGF and the above
analysis of the results also need similar experiments for verifi-
cation, and the specific mechanism of signaling pathway needs
to be further studied.

In conclusion, CTGF and HO-1 are associated with the
occurrence and development of DR in rats. CTGF may induce
the occurrence of DR and HO-1 may play a protective role in
diabetic retinal tissues. CTGF and HO-1 can be considered as
targets for the treatment of DR.
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