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ABSTRACT.

Purpose: Retina vein occlusion (RVO) is a visual-threatening retinal disease that

causes irreversible impaired quality of life. The contribution of oxidative stress

behind clinical course of RVO was rarely investigated. The study aimed to

measure the serum oxidative biomarker in patients with RVO to investigate

further physical response.

Methods: We measured the serum levels of malondialdehyde (MDA),

8-hydroxy-2-deoxyguanosine (8OHdG), Sirutin 1 (SIRT1), peroxisome prolif-

erator- activated receptor gamma (PPAR-r), Peroxisome proliferator-activated

receptor gamma coactivator 1-alpha (PGC-1a), orkhead box protein O1

(FOXO1), orkhead box protein O3 (FOXO3), catalase, (SOD) and hydrogen

peroxide (H2O2) among 19 patients with cataract as control group and 36

patients with RVO, respectively.

Results: The mean MDA, 8OHdG and hydrogen peroxide in the serum were

significantly higher in patients with RVO compared with the results in control

group subjects. Whereas SIRT1, PPAR-r, PGC-1, FOXO1, FOXO3, catalase

and SOD levels in serum were significantly decreased in patients with RVO

compared with control group.

Conclusion: We demonstrated that the serum level of MDA, 8OHdG and

hydrogen peroxide is increased in patients with RVO. Among these, the elevation

of MDA, 8OHdG and hydrogen peroxide suggests the increasing of serum

oxidative stress in RVO patients. All enzymes related reactive oxygen species

scavenge were decreased. Thus, focal RVO may increase systemic oxidative

stress within serum.
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Introduction

Retinal vein occlusion (RVO) is one of
the most common retinal diseases which
may lead to visual loss. Clinical presen-
tations of RVO include retinal haemor-
rhage, tortuous retinal veins, optic nerve
swelling and macular oedema. The inci-
dence was 2.3% in the United States.
Although the occlusion of retinal vein
was undoubted, the initial pathogenesis
and following pathophysiology of RVO
remain controversial (Kirkegaard et al.
2017). Various treatments including
laser, thrombolytic therapy, surgery
and intravitreal administration of drugs
have been used. Among these, intravit-
real anti-vascular endothelium growth
factors (anti-VEGFs) are widely used
for treating macular oedema and other
angiogenic complications in RVO.

Studies have demonstrated that
patients with older age, diabetes, hyper-
tension, hyperlipidemia, cardiovascular
disease and glaucoma were at the higher
risks for developing RVO. Previous
research also revealed that the intraoc-
ular angiogenic and inflammatory
cytokines play a crucial role in the
progression and incidence of ocular
complications inRVOpatients. Besides,
elevation of serum heparanase and
lipoprotein was also found in patients
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with RVO (Hu et al. 2017; Kuhli-
Hattenbach et al. 2017).

Among various types of oxidative
damages in cellular structures or biomo-
lecules induced by reactive oxidative
stress (ROS), 8-hydroxy-2-deoxyguano-
sine (8-OHdG) is one of the most abun-
dant oxidative products of DNA
oxidation and has been reported as a
noninvasive and sensitive biomarker for
oxidative stress (Simic 1992; Eisinger
et al. 2012). Sabri et al. (2003) previously
reported that ROS stimulates cell
growth, matrix remodelling and cellular
dysfunction in cardiomyocytes through
the activation of a broad variety of
hypertrophic and apoptotic signalling
pathways and transcription factors. In
cultured cardiomyocytes,Murdoch et al.
(2006) showed that intracellular ROS
production and antioxidants have been
stimulated by angiotensin-II, endothelin-
1, norepinephrine, tumour necrosis fac-
tor-a (TNF-a) or pulsatile mechanical
stretch. In a previous study, urinary 8-
OHdG can reflect the oxidative status in
hypertension and be used as an effective
marker for monitoring the changes of
oxidative stress. In addition, 8-OHdG is
also commonly used to evaluate oxida-
tive DNA damage in several disorders
including cancer, atherosclerosis, dia-
betes and cardiovascular diseases (Wu
et al. 2004; Mendes et al. 2013).

Toll-like receptors (TLRs) are a class
of proteins that play a crucial role in the
innate immune system. Activation of
TLRs recruits a lot of adaptors to initiate
the downstream signalling and leads to
the production of proinflammatory
cytokines (O’Neill & Bowie 2007).
TLR4 is one of the TLRs family, plays
an important role in the autoimmune
diseases and therapeutic targets (Eisinger
et al. 2012). SIRT1, which resides in the
nucleus, binds and deacetylates p53, NF-
jB and transcription factors (Orimo
et al. 2009). SIRT1 plays a vital role in
metabolism and can affect complex bio-
logical phenomena including ageing and
disease (Li 2013). It has many biological
functions, including anti-apoptosis, cell
cycle regulation and transcription regu-
lation.Oxidative stress can inhibit SIRT1
activity and decreased activity of SIRT1
which induces inflammatory responses
(Salminen et al. 2013).

Methods

This study was conducted by the Dec-
laration of Helsinki; the protocols were

approved by the institutional review
board under No. 2013-06-025B. It is
necessary for all patients to provide the
written consent forms before enrolling
the study.

We measured the serum levels of
malondialdehyde (MDA), 8-hydroxy-2-
deoxyguanosine (8OHdG), Sirutin 1
(SIRT1), peroxisome proliferator-acti-
vated receptor gamma (PPAR-r),

Table 1. Clinical characteristics of study population.

Cataract

n = 19

BRVO

n = 18

CRVO

n = 18

p-

Value*

Age (years) (mean � SD) 76.1 � 4.2 73.7 � 4.4 78.4 � 2.3 0.07

Women (n, (%)) 9 (47.4%) 10 (55.6%) 8 (44.4%) 0.84

Body mass index (kg/m2)

(mean � SD)

24.2 � 2.0 25.4 � 1.7 25.1 � 1.9 0.15

eGFR (ml/min/1.73 m2) (mean � SD) 67.9 � 4.8 65.2 � 6.6 66.4 � 8.9 0.92

Hypertension (n, (%)) 15 (78.9%) 12 (66.7%) 14 (77.8%) 0.74

Usage of ACE inhibitor or ARB

(n, (%))

13 (68.4%) 11 (61.1%) 10 (55.6%) 0.74

Diabetes mellitus (n, (%)) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1.00

Alzheimer’s disease (n, (%)) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1.00

ACE = angiotensin-converting enzyme; ARB = angiotensin-II receptor blocker; BRVO = branch

retina vein occlusion; CRVO = central retina vein occlusion; eGFR = estimated glomerular

filtration rate.

* Comparison among groups was calculated using Kruskal–Wallis test and chi-square exact test.

Fig. 1. Expression levelsofmalondialdehyde (MDA)and8-OHdGinpatientswith retinaveinocclusion

(RVO). The serumMDAand 8-OHdG concentration was also higher in patients with RVO than in the

control subjects (MDA,Cataract versusBRVO:22.5 � 2 nmol/l versus 121.6 � 26.2 nmol/l, p < 0.05.

Cataract versus CRVO: 22.5 � 2 nmol/l versus 156.8 � 22.3 nmol/l, p < 0.05.; 8-OHdG, Cataract

versus BRVO: 3.2 � 0.5 ng/ml versus 3.6 � 0.4 ng/ml, p < 0.05. Cataract versus CRVO:

3.2 � 0.5 ng/ml versus 4.3 � 0.5 ng/ml). *p< 0.05.
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peroxisome proliferator-activated recep-
tor gamma coactivator 1-alpha (PGC-
1a), orkhead box protein O1 (FOXO1),
forkhead box protein O3 (FOXO3),
catalase, (SOD) and hydrogen peroxide
(H2O2) among 19 patients with cataract
as control group and 36 patients with
RVO, respectively.

Patients

Eighteen patients diagnosed as branched
RVO (BRVO) (n = 18; median age =
73.7 years; range = 69.3–78.1 years) and
18 patients diagnosed as central RVO
(CRVO;n = 18;medianage = 78.4years;
range = 76.1–80.7 years) were included.
Further 19 age- and sex-matched cataract
patients were included as controls (pa-
tients with cataract, n = 19) Blood serum
samplewas collectedonce theconditionof
RVO was diagnosed.

Isolation of mRNA and quantitative real-

time polymerase chain reaction

Human blood was collected in BD K2-
EDTA tubes (5 ml) from patients with
BRVO before intravitreal injection.
Total blood RNA was isolated with the
RNeasy Plus mini kit (Qiagen, Hilden,
Germany). The quality of RNA was
confirmed via an Experion Automated
Electrophoresis Station (Bio-Rad, Her-
cules, CA, USA). Oligonucleotide speci-
ficity was determined by a homology
search within the human genome
(BLAST, National Center for Biotech-
nology Information, Bethesda,MD) and
confirmed by dissociation curve analysis.
Oligonucleotides for MDA, 8-ohdg,
SIRT1, peroxisome proliferator-acti-
vated receptor gamma (PPAR-r),
PPAR-r coactivator-1 alpha (PGC-1a),
p53, FOXO1, FOXO3 and b-actin were
designed using the computer software
package Primer Express 2.0 (Applied
Biosystems, Foster City, CA, USA). All
the oligonucleotides were synthesized by
Invitrogen (Breda, the Netherlands).
PCR was performed with SYBR Green
in an ABI 7000 sequence detection sys-
tem (Applied Biosystems) according to
the manufacturer’s guidelines.

Antioxidant enzyme activity measurement

To determine the antioxidant enzyme
activity, plasma was collected from
whole blood after centrifugation at
2500 g at 4°C for 10 min. Superoxide
dismutase (SOD; Cell Biolabs, San

Diego, CA, USA, STA-340) and cata-
lase activity (Cell Biolabs, STA-341) in
the plasma were determined by using
an enzymatic assay from a commercial
kit according to the manufacturer’s
instructions. Enzyme activity was con-
verted to units per milligram of
protein.

Hydrogen peroxide measurement

To determine the concentration of
hydrogen peroxide, plasma has to be
collected from whole blood after cen-
trifugation at 2500 g at 4°C for 10 min.
According to the manufacturer’s
instructions, hydrogen peroxide (Cell

Fig. 2. Decreasing levels of SIRT1 in patients with RVO. The data showed that the expression

levels of SIRT1 (Cataract versus BRVO: 0.02 � 0.008 versus 0.008 � 0.006, p < 0.05; Cataract

versus CRVO: 0.02 � 0.008 versus 0.009 � 0.007, p < 0.05, respectively) (A), PPAR-r (Cataract

versus BRVO: 0.05 � 0.01 versus 0.02 � 0.007, p < 0.05; Cataract versus CRVO: 0.05 � 0.01

versus 0.02 � 0.006, p < 0.05, respectively) (B) and PGC-1a (Cataract versus BRVO:

0.005 � 0.002 versus 0.002 � 0.002, p < 0.05; Cataract versus CRVO: 0.005 � 0.002 versus

0.002 � 0.001, p < 0.05, respectively) (C) were both decreased in patients with RVO. *p < 0.05.
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Biolabs, STA-344) in the plasma was
determined using an enzymatic assay
with a commercial kit. The concentra-
tion of hydrogen peroxide was con-
verted to lM.

Statistical analysis

All results are reported as the mean � s-
tandard deviation or number (%). Vari-
ables were compared with Kruskal–
Wallis test and one way ANOVA (with
Bonferroni correction) or Pearson’s chi-
squared test when it’s appropriate. Sta-
tistical analysis was performed with SPSS,
version 13.0 (SPSS, Inc., Chicago, IL,
USA). Statistical significance was set at
p < 0.05.

Results

Patients with RVO increased serum

oxidative stress

Table 1 shows the characteristics of the
study participants. We enrolled patients

with BRVO (n = 18; median age =
73.7 years; range = 69.3–78.1 years),
CRVO(n = 18;medianage =78.4 years;
range = 76.1–80.7 years) and age- and
sex-matched controls (patients with cat-
aract, n = 19; median age = 72.5 years;
range = 66.7–78.3 years). None of the
patients has diabetes or Alzheimer’s dis-
ease in our study. The proportion of
patients with obesity, hypertension,
under medications of angiotensin-con-
verting enzyme inhibitor or Angiotensin-
II receptor blocker were similar among
three study groups.

The serum MDA and 8-OHdG con-
centration was also higher in RVO
patients compared with control subjects
(MDA, Cataract versus BRVO:
22.5 � 2 nmol/l versus 121.6 � 26.2
nmol/l, p < 0.05.Cataract versusCRVO:
22.5 � 2 nmol/l versus 156.8 �
22.3 nmol/l, p < 0.05.; 8-OHdG, Catar-
act versus BRVO: 3.2 � 0.5 ng/ml ver-
sus 3.6 � 0.4 ng/ml, p < 0.05. Cataract
versus CRVO: 3.2 � 0.5 ng/ml versus
4.3 � 0.5 ng/ml; Fig. 1).

The downstream genes of SIRT1 are

decreased by oxidative stress

The activation of SIRT1 (Cataract
versus BRVO: 0.02 � 0.008 versus
0.008 � 0.006, p < 0.05; Cataract ver-
sus CRVO: 0.02 � 0.008 versus
0.009 � 0.007, p < 0.05, respectively)
(Fig. 2A) modulates downstream genes
that also exert anti-inflammatory func-
tions, such as the PPAR-r and PGC-1a.
We used real-time PCR to investigate
these genes compared to control. The
data showed that the expression levels
of PPAR-r (Cataract versus BRVO:
0.05 � 0.01 versus 0.02 � 0.007, p <
0.05; Cataract versus CRVO: 0.05 �
0.01 versus 0.02 � 0.006, p < 0.05,
respectively; Fig. 2B) and PGC-1a
(Cataract versus BRVO: 0.005 �
0.002 versus 0.002 � 0.002, p < 0.05;
Cataract versus CRVO: 0.005 � 0.002
versus 0.002 � 0.001, p < 0.05, respec-
tively; Fig. 2C) were both decreased in
patients with RVO.

Expression levels of FOXO family were

decreased in patients with RVO

We further tested the mRNA expression
levels of FOXO family in patients with
RVO. Our data showed that FOXO1
(Cataract versus BRVO: 0.05 � 0.02
versus 0.02 � 0.01, p < 0.05; Cataract
versus CRVO: 0.05 � 0.02 versus
0.01 � 0.01, p < 0.05, respectively;
Fig. 3A) and FOXO3 (Cataract versus
BRVO: 0.03 � 0.01 versus 0.01 �
0.005, p < 0.05; Cataract versus CRVO:
0.03 � 0.01 versus 0.01 � 0.004, p <
0.05, respectively; Fig. 3B) expression
levels were strongly decreased in patients
with RVO.

Antioxidant enzyme activities are

decreased in patients with RVO

We isolated the plasma from the whole
blood and tested the antioxidant enzyme
activities in all patients.Our data showed
that the activity of catalase (Cataract
versus BRVO: 3.5 � 0.9 versus 2.
3 � 0.5, p < 0.05; Cataract versus
CRVO: 3.5 � 0.9 versus 1.6 � 0.5,
p < 0.05, respectively; Fig. 4A) and
SOD (Cataract versus BRVO:
0.8 � 0.2 versus 0.5 � 0.1, p < 0.05;
Cataract versusCRVO:0.8 � 0.2 versus
0.4 � 0.1, p < 0.05, respectively;
Fig. 4B) were declined in patients
with RVO. Otherwise, we found that
hydrogen peroxide concentrations,

Fig. 3. Decreased levels of FOXO family in patients with RVO. Our data showed that FOXO1

(Cataract versus BRVO: 0.05 � 0.02 versus 0.02 � 0.01, p < 0.05; Cataract versus CRVO:

0.05 � 0.02 versus 0.01 � 0.01, p < 0.05, respectively) (A) and FOXO3 (Cataract versus BRVO:

0.03 � 0.01 versus 0.01 � 0.005, p < 0.05; Cataract versus CRVO: 0.03 � 0.01 versus 0.01 � 0.004,

p < 0.05, respectively) (B) expression levels were strongly decreased in patients withRVO. *p< 0.05.
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represented as serum oxidative stress,
were elevated in patients with RVO
(Cataract versus BRVO: 0.04 � 0.02
versus 0.06 � 0.03, p = 0.08; Cataract
versus CRVO: 0.04 � 0.02 versus
0.13 � 0.03, p < 0.05, respectively;
Fig. 4C).

Discussion

The cause of RVO is multifactorial. We
had shown increased oxidative stress in
RVO cases as seen by elevated 8-
OHdG, MDA and hydrogen perioxide
(H2O2) levels, markers of peroxidation,

as well as decreased antioxidant activ-
ity of enzyme like catalase and SOD.
Decreased of antioxidant related path-
way such as SIRT1, PPAR-r, PGC-1
FOXO1 and FOXO3 also reflects
reduced antioxidant defence (Zheng
et al. 2010; Rodrigues et al. 2011;
Saint-Geniez et al. 2013). In addition
to decrease in the antioxidant enzyme
such as catalase and SOD, the lower
non-enzymatic antioxidant (SIRT1,
PPAR-r, PGC-1 FOXO1 and FOXO3)
is also responsible for the elevated
oxidative stress within serum (Zheng
et al. 2010; Golestaneh et al. 2016).
Our study thus indicated that RVO
can cause increased oxidative stress
within serum.

Myocytes contain large amount of
mitochondria and ROS produced in
mitochondria can damage mitochon-
drial DNA within myocytes. Mito-
chondria dysfunction might lead to a
vicious cycle that further generates
ROS and eventually decreases contrac-
tility of myocardium, myocyte loss and
increased cell death (Giacco & Brown-
lee 2010).

In one article, Malondialdehyde
(MDA), a marker of lipid peroxidation
was lowered by the intraperitoneal
administration of edaravone at a dose
of 3 mg/kg and superoxide dismutase
(SOD) was enhanced in rodent retinal
tissue (Song et al. 2008). MDA which
exhibits cytotoxicity is a product of
lipid peroxidation and SOD which
neutralizes superoxide anions is an
antioxidant enzyme. Moreover, visual
dysfunction and apoptosis of retinal
neurons within the inner nuclear, gan-
glion cell and outer nuclear layers were
induced by edaravone inhibited the
retinal ischaemia/reperfusion. In our
study, ROS is scavenged by antioxi-
dant enzyme and the activity of serum
antioxidant enzyme was decreased
when RVO happened (Fig. 5).

Our study also showed some limita-
tions. First, we assumed that the
increasing of these target markers was
mainly contributed byRVO itself rather
than by other systemic condition
because that not only the distribution
of age and sex but also general health
conditions were similar between
patients with RVO and controls in our
study. However, there is a possibility
that the elevation of these markers
mainly came from other systemic con-
dition which associated with the devel-
opment of RVO. Second, our sample

Fig. 4. Antioxidant enzyme activity and reactive oxidative stress concentrations in patients with

retina vein occlusion. Blood plasma was isolated from patients. The activity of (A) catalase

(Cataract versus BRVO: 3.5 � 0.9 versus 2. 3 � 0.5, p < 0.05; Cataract versus CRVO: 3.5 � 0.9

versus 1.6 � 0.5, p < 0.05, respectively) and (B) Superoxide dismutase (SOD) (Cataract versus

BRVO: 0.8 � 0.2 versus 0.5 � 0.1, p < 0.05; Cataract versus CRVO: 0.8 � 0.2 versus 0.4 � 0.1,

p < 0.05, respectively) were investigated using enzymatic assay kits. Both of catalase and SOD

showed (C) H2O2 concentrations were investigated using enzymatic assay kits (Cataract versus

BRVO: 0.04 � 0.02 versus 0.06 � 0.03, p = 0.08; Cataract versus CRVO: 0.04 � 0.02 versus

0.13 � 0.03, p < 0.05, respectively). *p < 0.05.
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size was relatively small to stratify these
patients into different severity of vessel
occlusions. Third, we cannot exactly
confirm the causality of our findings
that are these elevations caused by vein
occlusion, or just predisposing factors
for RVO. Further studies should be
carried out with a larger sample size and
series exams before and after interven-
tion to explore the real relationship
between RVO and oxidative stress.

Conclusions

We demonstrated that the serum level
of MDA, 8OHdG and hydrogen per-
oxide is increased in patients with
RVO. Among these, the elevation of
MDA, 8OHdG and hydrogen peroxide
suggests the increasing of serum oxida-
tive stress in RVO patients. All

enzymes related reactive oxygen species
scavenge were decreased. Thus, focal
RVO may increase systemic oxidative
stress within serum.
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Fig. 5. Schematic diaphragm showed retina vein occlusion cause elevation of oxidative stress

within serum and scavenge downstream antioxidant enzymes. Retinal vein occlusion causes

elevation of reactive oxygen species and subsequent MDA and 8-ohdg. Antioxidant enzyme such

as SIRT1, catalase and superoxide dismutase was decreased due to the serum oxidative stress

scavenge by those enzymes. Downstream enzyme of antioxidant enzyme such as PPAR-r, PGC-1a
and FOXO1&3 was also decreased.
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