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Purpose: We aimed to elucidate the effects of two epigenetic inhibitors, 5-aza-2’-deoxycytidine (5-aza-dC) and tricho-
statin A (TSA), on several key secretory mediators of diabetic retinopathy (DR) in human retinal endothelial cells
(HRECs) and human retinal pigment epithelial (HRPE) cells treated with high glucose or interleukin-1p (IL-1p).
Methods: HRECs and HRPE cells were incubated in 30 mM D-glucose or 10 ng/ml IL-18 with or without the pres-
ence of various concentrations of 5-aza-dC or TSA. The production of pigment epithelium derived factor (PEDF),
vascular endothelial cell growth factor (VEGF), intercellular cell adhesion molecule-1 (ICAM-1), IL-1B, and matrix
metalloproteinase 2 (MMP2) was evaluated at the mRNA and protein levels using real-time PCR and enzyme-linked
immunosorbent assay (ELISA), respectively.

Results: In the 30 mM D-glucose and the 10 ng/ml IL-1f condition, the expression of VEGF, ICAM-1, IL-1f, and
MMP2 was induced in the HRECs and the HRPE cells. PEDF was downregulated in the HRPE cells but upregulated in
the HRECs. However, the PEDF-to-VEGF ratio, which is thought to be critical in DR, was downregulated in both cell
types. 5-aza-dC dose-dependently alleviated VEGF, ICAM-1, IL-1B, and MMP2 and reversed PEDF or the PEDF/VEGF
ratio in both cell types. TSA had similar effects as 5-aza-dC on the target mediators. However, ICAM-1 production was
aggravated in the HRECs while remaining unchanged in the HRPE cells after TSA was administered.

Conclusions: Our results demonstrated that 5-aza-dC and TSA enhance the protective PEDF and the PEDF/VEGF
ratio and ameliorate the adverse effects of diabetic stimuli in vitro, suggesting that these two drugs may be of potential
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therapeutic value in DR.

Diabetic retinopathy (DR), characterized by diabetic
macular edema and retinal neovascularization, is a common
microvascular complication of diabetes and a leading cause
of adult blindness. Over the last several years, multiple
mechanisms and pathological processes including oxidative
stress, inflammation, and extracellular matrix remodeling
have been implicated in the development and progression of
DR. The molecular mechanisms involved in these processes
are complex, including proper cellular signal coordination
and interactions of various growth factors, cytokines, and
enzymes produced by the retinal cells. Effective blockage
or readjustment of the cytokines involved in these processes
with protective factors can reverse the pathological states of
the retina [1].

In recent years, epigenetic modifications, including DNA
methylation and histone acetylation, have been recognized
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as playing significant roles in regulating cellular activity.
In this system, DNA methylation and histone acetylation
are regulated by DNA methyltransferases (DNMTs) and
histone deacetylases (HDACs), respectively. DNA methyla-
tion and histone acetylation imbalances have been shown to
contribute to the pathogenesis of cancers, cardiovascular
diseases, neural degenerative diseases, metabolic diseases,
etc. [2]. 5-aza-2’-deoxycytidine (5-aza-dC) and trichostatin
A (TSA), which can non-selectively inhibit DNMTs and
HDAC:S, respectively, have been shown to have therapeutic
effects in several pathological conditions [3,4]. Since the roles
of 5-aza-dC and TSA in retinal cells under diabetic condition
have not been investigated, our objective in this study was to
determine whether 5-aza-dC and TSA affect the critical and
representative mediators under high glucose or interleukin-13
(IL-1B) circumstances in human retinal endothelial cells
(HRECs) and human retinal pigment epithelial (HRPE) cells.

METHODS

Cell culture: All experiments were conducted according
to the tenets of the Declaration of Helsinki for Research
Involving Human Subjects and the ARVO statement on
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TABLE 1. PRIMERS USED IN REAL-TIME PCR.
Gene (human) Forward primers Reverse primers Produzt)tpl)ength
PEDF TGAGAAGAAGCTGCGCATAA ACCGAGAAGGAGAATGCTGA 196
VEGF AAGGAGGAGGGCAGAATCAT ATCTGCATGGTGATGTTGGA 226
ICAM-1 CAGAGGTTGAACCCCACAGT CCTCTGGCTTCGTCAGAATC 196
IL-1B GGACAAGCTGAGGAAGATGC TCCATATCCTGTCCCTGGAG 246
MMP2 GATACCCCTTTGACGGTAAGGA CCTTCTCCCAAGGTCCATAGC 112
B-actin CATGTACGTTGCTATCCAGGC CTCCTTAATGTCACGCACGAT 250

human subjects and approved by the Ethics Committee of
Zhongshan Ophthalmic Center, Sun Yat-sen University,
Guangzhou, China. Eight eyes (from four donors) were
obtained after the corneas had been removed for transplanta-
tion from the Eye Bank of Zhongshan Ophthalmic Center
(Guangzhou, China).

Primary cultured HRECs and HRPE cells were prepared
and cultured as previously described [5,6]. Briefly, the eyes
were cut circumferentially 3 mm posterior to the limbus,
and the retinas were harvested. The retinas were then
minced gently, digested in 2% trypsin for 20 min followed
by 0.1% collagenase for 20 min at 37 °C. The homogenate
was centrifuged, and the pellet was resuspended and grown
in fibronectin-coated flasks and maintained in human
endothelial-serum free medium (HE-SFM; Gibco, Grand
Island, NY) supplemented with 10% fetal bovine serum, 5
ng/ml recombinant human B-endothelial cell growth factor
(B-ECGF; R&D Systems, Minneapolis, MN), and 1% insulin-
transferrin-selenium (ITS; Gibco). After the vitreous and
the retina were removed, the RPE cells were mechanically
harvested, separated by digestion with 0.25% trypsin and
0.02% EDTA, and then maintained in Dulbecco’s Modi-
fied Eagle’s Medium (DMEM; Gibco) containing 10% fetal
bovine serum, penicillin G (100 U/ml), streptomycin sulfate
(100 mg/ml), and amphotericin B (2.5 mg/ml; Gibco) and
were characterized by the typical hexagon shape with epithe-
loid morphology and pigment granules. Cells were incubated
at 37 °C in a humidified atmosphere containing 5% CO.,.
HREC: at passages 3—5 and HRPE cells from passages 6—8
were used in all experiments.

Cell treatment: Cells were seeded in six-well plates. After 24 h
synchronization in HE-SFM or DMEM containing 1% serum,
the sub-confluent cells were incubated in 5 mM D-glucose
(normal physiologic glucose, NG), 30 mM D-glucose (high
glucose, HG), or 10 ng/ml human recombination IL-13 with
or without the presence of various concentrations of 5-aza-dC
(5 uM, 10 uM) or TSA (0.2 uM, 0.5 uM, 1 uM) for 24 h (the

IL-1B group) or 48 h (the HG group). The experiment was
repeated at least three times.

Evaluation of gene expression using quantitative real-time
PCR: Total RNA from the cells was extracted using TRIzol
(Invitrogen Life Technologies, Grand Island, NY), and the
RNA was reverse transcribed with the TaKaRa First Strand
Synthesis kit (TaKaRa, Dalian, China). Real-time quantita-
tive PCR was run on an ABI Prism 7000 system with the
SYBR Green PCR kit (TaKaRa, Dalian, China). PCR was
performed by denaturing at 95 °C for 5 min, followed by
40 cycles of denaturation at 95 °C, annealing at 60 °C, and
extension at 72 °C for 10 s, respectively. One microgram of
each RNA and 2 pl of each cDNA was used to measure the
target genes. The primers used are summarized in Table 1.

Evaluation of protein levels using enzyme-linked immuno-
sorbent assay: At the end of the incubation, the supernatants
of the cells were harvested to analyze cytokine secretions
using double monoclonal antibodies sandwich enzyme-linked
immunosorbent assay (ELISA) assay kits according to the
manufacturer’s protocol. Pigment epithelium derived factor
(PEDF), vascular endothelial cell growth factor (VEGF),
intercellular cell adhesion molecule-1 (ICAM-1), IL-1p,
and matrix metalloproteinase 2 (MMP2) ELISA kits were
purchased from ExCellBiology (Shanghai, China).

Statistical analysis: The experiments presented in the figures
represent three or more different repetitions. All data are
expressed as meantstandard deviation (SD) and analyzed
with SPSS 15.0 software (SPSS Inc., Chicago, IL). One-way
ANOVA was used to compare differences among groups. A
value of p<0.05 was considered statistically significant.

RESULTS

Effect of 5-aza-dC and TSA on target mediators in the NG
condition: PEDF, VEGF, ICAM-1, IL-1B, and MMP2 were
reported to participate in the initiation and progression of
DR [7,8]. We first investigated whether 5-aza-dC and TSA
regulated these cytokines in the normal physiologic glucose
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concentration in the HRECs and HRPE cells (Figure 1 and
Figure 2).

5-aza-dC induced PEDF in both cell types in a dose-
dependent manner. Dose-dependent down-regulation of
VEGF, ICAM-1 (not protein level in HRPE cells), IL-1, and
MMP2 (not protein level in HRPE cells) by 5-aza-dC was
observed in both cell types.

TSA induced PEDF in the HRECs but not in the HRPE
cells. Only downregulation of VEGF in both cell types, down-
regulation of MMP2 in HRECs, and IL-1B downregulation in
HRPE cells by TSA administration were observed. Notably,
adding TSA induced mRNA and secretion of [ICAM-1 in the
HRECSs yet had no effect on ICAM-1 production in the HRPE
cells. (The IL-1p protein secretion was too low to be detected
with ELISA in the NG and HG groups in our study.)

Effect of 5-aza-dC and TSA on VEGF, ICAM-1, IL-1B, and
MMP 2 in the HG or IL-1f condition: VEGF, ICAM-1, IL-1,
and MMP2 act as exacerbating factors in DR. Compared
with the control conditions, exposure to HG resulted in a
significant increase in the levels of VEGF, ICAM-1, IL-1p,
and MMP2. Exposure to IL-1p also resulted in a similar
increase in the target mediators.

In HRECs, 5-aza-dC mitigated the upregulation of
VEGF, ICAM-1, IL-1B, and MMP2 by HG or IL-1pB, while
TSA had a similar effect on these mediators but not on
ICAM-1. In Figure 3, as in the NG condition, TSA did not
eliminate the increase in ICAM-1 but further upregulated the
ICAM-1 level in the HRECs.

In the HRPE cells, 5-aza-dC and TSA mitigated VEGF,
ICAM-1 (no change in the TSA-treated HRPE cells), IL-1p,
and MMP2 upregulation in the HG or IL-1B condition at
varying degrees in a dose-dependent manner (Figure 3 and
Figure 4).

5-aza-dC and TSA PEDF and reversed the PEDF/VEGF
ratio in the HG or IL-1f condition: In the HRECs, PEDF was
upregulated by 30 mM D-glucose or 10 ng/ml IL-1f. Since
significant correlations were found between the severity of
the vascular damage and the PEDF/VEGF ratio [9] and the
PEDF/VEGEF ratio was also reported to be correlated with
angiogenesis processes [10-12], we further analyzed the
PEDF/VEGEF ratio in the HRECs. We found that the PEDF/
VEGF ratio was significantly decreased by 30 mM D-glucose
or 10 ng/ml IL-1B compared with the control cells. After the
5-aza-dC treatment, an additional increase in PEDF produc-
tion and reversal of the PEDF/VEGF ratio were observed.
TSA also further increased PEDF and reversed the PEDF/
VEGF ratio in a dose-dependent manner in the HRECs.

© 2014 Molecular Vision

In the HRPE cells, in contrast to the HRECs, the PEDF
level and the PEDF/VEGF ratio was decreased by the 30 mM
D-glucose or 10 ng/ml IL-1B treatments at the mRNA and
protein levels. Adding 5-aza-dC and TSA dose-dependently
reversed the PEDF level and the PEDF/VEGEF ratio in the
HRPE cells (Figure 3 and Figure 4).

DISCUSSION

In our study, we sought to determine whether inhibiting
DNMTs and HDACs by two DNMT and HDAC inhibitors,
5-aza-dC and TSA, respectively, affect the critical mediators
that participate in DR, to evaluate their potential abilities to
treat this devastating disease. We showed that in the HG-
and IL-1B-induced diabetic environments, 5-aza-dC and TSA
increased PEDF and the PEDF/VEGEF ratio and downregu-
lated VEGF, ICAM-1(not in HRECs treated with TSA), IL-1p,
and MMP2. These results suggest that the HRECs and the
HRPE cells are potential therapeutic targets, and 5-aza-dC
and TSA may have protective effects in DR.

The inner barrier of the retina, which is formed by
the tight junctional complexes between retinal endothelial
cells, acts as the first barrier and the first victim in vessel
lesions [13]. The retinal pigment epithelium, located in the
interface between the neural retina and the choriocapillaris
where it forms the outer blood—retinal barrier, helps main-
tain an appropriate environment for photoreceptor function
by its transporting, secretion, and many other functions,
whose abnormal cellular states can cause retinal lesions [14].
Therefore, therapeutic strategies that modulate these two
cell type impairments are warranted. Hyperglycemia insti-
gates a cascade of events in retinal cells and was one of the
independent risks and one of the initiators of DR [1]. More
recently, evidence has also arisen supporting a prominent role
for inflammation underlying the pathogenesis of DR. IL-1B is
a major proinflammatory cytokine secreted by lymphocytes
and macrophages and is not only a trigger but also an ampli-
fier of inflammation [7,15]. Therefore, in our study we simu-
lated the hyperglycemia and inflammatory condition of DR in
vitro using D-glucose and IL-1f stimulations in HRECs and
HRPE cells. We found that all the tested cytokines existed
in HRECs and HRPE cells at different abundances, and the
stimulation of HG or human recombination IL-1B changed the
expression pattern of the mediator production. This suggested
that retinal endothelial cells and retinal pigment epithelial
cells could react to the diabetic stimuli, taking part in initi-
ating and driving the progress of diabetic lesions.

PEDF is a pluripotent factor with neuroprotective, anti-
angiogenic, antioxidative, and anti-inflammatory proper-
ties and thus acts as a protector for the retina by autocrine
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Figure 1. Induction of pigment
epithelium derived factor (PEDF)
and suppression of exacerbating
factors at mRNA levels by 5-aza-
2’-deoxycytidine (5-aza-dC) in
human retinal endothelial cells
(HRECs) and human retinal
pigment epithelial (HRPE) cells
in normal glucose (NG) condi-
tion. Similar effects of trichostatin
A (TSA) was observed except
that intercellular cell adhesion
molecule-1 (ICAM-1) mRNA was
induced in HRECs by TSA. Cells
were cultured for 48 hours in NG
with or without 5-aza-dC (5§ uM,
10 uM) or TSA (0.2 uM, 0.5 pM,
1 uM). PEDF, vascular endothelial
growth factor (VEGF), intercellular
cell adhesion molecule-1 (ICAM-
1), interleukin (IL)-1f, and matrix
metalloproteinase 2 (MMP2) gene
expressions was analyzed with real-
time PCR. The data are expressed
as the mean + standard deviation
(SD; *p<0.05). All experiments
were repeated three times with
similar results.
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Figure 2. Induction of pigment
epithelium derived factor (PEDF)
and suppression of exacerbating
factors at protein levels by 5-aza-
2’-deoxycytidine (5-aza-dC) in
human retinal endothelial cells
(HRECs) and human retinal
pigment epithelial (HRPE) cells
in normal glucose (NG) condi-
tion. Similar effects of trichostatin
A (TSA) was observed except
that intercellular cell adhesion
molecule-1 (ICAM-1) protein was
induced in HRECs by TSA. Cells
were cultured for 48 h in NG with
or without 5-aza-dC (5 uM, 10
uM) or TSA (0.2 uM, 0.5 uM, 1
uM). PEDF, vascular endothelial
growth factor (VEGF), ICAM-1,
interleukin (IL)-1B, and matrix
metalloproteinase 2 (MMP2) in
the supernatants were analyzed
with enzyme-linked immunosor-
bent assay (ELISA). The data are
expressed as the mean =+ standard
deviation (SD; *p<0.05). All
experiments were repeated three
times with similar results. IL-1B
secretion could not be detected due
to its low concentration.
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Figure 3. 5-aza-2’-deoxycytidine
(5-aza-dC) and trichostatin A
(TSA) induced pigment epithelium
derived factor (PEDF), reverses
PEDF/vascular endothelial growth
factor (VEGF) ratio and mitigated
the up-regulations of exacerbating
factors at mRNA levels in human
retinal endothelial cells (HRECs)
and human retinal pigment epithe-
lial (HRPE) cells in high glucose
(HG) or interleukin (IL)-1f condi-
tion while TSA further up-regu-
lated intercellular cell adhesion
molecule-1 (ICAM-1) mRNA in
HRECs. Cells were cultured for
24 h (IL-1pB stimulation) or 48 h
(HG stimulation) with or without
5-aza-dC (5 pM, 10 uM) or TSA
(0.2 uM, 0.5 uM, 1 uM). PEDF,
VEGF, ICAM-1, IL-1pB, and matrix
metalloproteinase 2 (MMP2)
gene expressions and the PEDF/
VEGF mRNA ratio were analyzed
with real-time PCR. The data are
expressed as the mean =+ standard
deviation (SD). The expression
was normalized separately to its
control counterpart. *p<0.05 versus
the normal physiologic glucose
(NG) group, #p<0.05 versus the
HG group or the IL-1f group. All
experiments were repeated three
times with similar results.
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Figure 4. 5-aza-2’-deoxycytidine
(5-aza-dC) and trichostatin A
(TSA) induced pigment epithelium
derived factor (PEDF), reverses
PEDF/ vascular endothelial growth
factor (VEGF) ratio and mitigated
the up-regulations of exacerbating
factors at protein levels in human
retinal endothelial cells (HRECs)
and human retinal pigment epithe-
lial (HRPE) cells in high glucose
(HG) or interleukin (IL)-1f condi-
tion while TSA further up-regu-
lated intercellular cell adhesion
molecule-1 (ICAM-1) protein in
HRECs. Cells were cultured for
24 h (IL-1p stimulation) or 48 h
(HG stimulation) with or without
5-aza-dC (5 pM, 10 uM) or TSA
(0.2 uM, 0.5 uM, 1 pM). PEDF,
VEGF, ICAM-1, IL-1pB, and matrix
metalloproteinase 2 (MMP2) secre-
tions and the PEDF/VEGF protein
ratio were analyzed with enzyme-
linked immunosorbent assay
(ELISA). The data are expressed
as the mean + standard deviation
(SD). The expression was normal-
ized separately to its control coun-
terpart. ¥*p<0.05 versus the normal
physiologic glucose (NG) group,
#p<0.05 versus the HG group or the
IL-1B group. All experiments were
repeated three times with similar
results. IL-1B secretion could not
be detected in this study. (IL-1B
secretion could not be analyzed
due to due to its low concentration
[the HG group] or the exogenous
human recombination IL-1B [the
IL-1p stimulation group])”.
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and paracrine [16]. Exogenous recombination PEDF exerts
protective effects on the retina and retinal cells in the
diabetic condition [17]. We found that PEDF was highly
expressed and more abundant in the HRPE cells than in the
HRECs. HG and IL-1p dramatically downregulated PEDF
production in the HRPE cells. In the HRECs, in contrast,
PEDF was upregulated by HG or recombination IL-1B. The
inconsistent findings of the PEDF changes under diabetic
conditions in HRECs and HRPE cells may be due to the
different physiologic properties of these two types of cells.
In addition, previous studies have shown conflicting results
regarding PEDF changes under the diabetic condition. Zheng
et al. and Matsuoka et al. have shown PEDF upregulation
[9,18,19] while studies by Mohan et al. and Li et al. reported
that PEDF was decreased in DR [20,21]. However, despite
upregulation of PEDF, a more critical indicator, the PEDF/
VEGTF ratio, was still significantly decreased as a result of
even more upregulation of VEGF, which was also consistent
with previous studies [9,18,19]. A significant correlation was
found between the severity of vascular damage and the PEDF/
VEGEF ratio [9]. The PEDF/VEGEF ratio was also reported to
decrease in the vitreous humor in certain retinal diseases and
the time course of the PEDF/VEGF ratio change correlated
with angiogenesis processes [10-12]. Therefore, our results
indicated that the diabetic stimuli exerted a downregula-
tory effect on PEDF production or the PEDF/VEGF ratio, and
thus weakened the resistance potency of retinal cells under
the diabetic condition.

VEGEF is a proinflammatory molecule, and the cellular
or vitreous level of VEGF is highly correlated with retinal
neovascularization and edema. Intraocular delivery of
anti-VEGEF is a therapy now used widely to treat advanced
diabetic retinopathy [22]. ICAM-1 is upregulated in the
retinal vasculature in diabetes. Diabetic mice genetically
deficient in ICAM-1 or its ligand (CD18) were protected
from the expected development of lesions of early diabetic
retinopathy (including capillary degeneration, pericyte loss
and increased permeability as well as leukostasis) [23]. IL-1P
is an upstream cytokine that can trigger a chain of inflam-
matory responses and have been shown to be involved in
retinal diseases including DR. Recent studies have supported
a role for IL-1B-driven neuron-inflammation in the patho-
genesis of diabetic retinopathy through autostimulation and
amplification of inflammation. In addition, the interaction
effects between IL-1B and hyperglycemia form a continuous
feedback loop, interruption of which could limit the progres-
sion of DR [7,24]. MMPs regulate various cellular functions,
including apoptosis, proliferation, differentiation, formation
of the extracellular matrix (ECM), and angiogenesis, abroga-
tion of which can protect the retina in the diabetic condition

© 2014 Molecular Vision

[8,25,26]. These cytokines are representative and character-
istic mediators in DR and were thus selected to be analyzed
in our study. We found that HG and exogenous IL-1f induced
these cytokines and thus verified the roles of the target cyto-
kines in cellular damage in the development of DR.

Epigenetic regulation has been shown to play important
roles in diabetes and its complications [27,28]. As the main
diabetic complication, DR has been reported to be related to
epigenetic regulations in vitro and in vivo [29]. Inhibition or
activation of involved epigenetic enzymes can intervene in
the process of epigenetic activities in cells and organs and
thus control the genesis and development of different kinds
of diseases [30]. As a nonselective DNMT inhibitor, 5-aza-dC
has been reported to be protective in many pathological
conditions. 5-aza-dC decreased VEGF121la, VEGF165a
angiogenic, and VEGF121b and VEGF165b antiangiogenic
variant expression, while significantly increasing expres-
sion of the VEGF189b antiangiogenic variant transcript and
protein in human lung microvascular endothelial cells [3].
5-aza-dC may have applications as a novel clinical strategy
for increasing the production of Treg cells to modulate the
airway inflammation associated with asthma [31]. Xiao et
al. demonstrated in vivo that increased DNA methylation
and the phenotype of heart hypertrophy and reduced cardiac
contractility can be reversed by 5-aza-dC [32]. In our study,
5-aza-dC induced PEDF production and decreased VEGF,
ICAM-1 (mRNA only), IL-1B, and MMP2 (mRNA only) in
the NG condition. In the HG or IL-1B condition, 5-aza-dC
downregulated VEGF and further upregulated PEDF, which
subsequently resulted in a decreased VEGF/PEDF ratio and
may have relieved cellular damage under diabetic conditions.
In addition, 5-aza-dC eliminated the upregulated ICAM-1,
IL-1B, and MMP2. These results indicated that 5-aza-dC
enhanced the protective factors and removed the harmful
factors, thus protecting the retinal cells from diabetic damage.

To date, 18 human HDAC isoforms have been charac-
terized and divided into four major classes: class | HDACs
(HDACI, 2, 3, and 8), class Il HDACs (HDACA4, 5, 6, 7, 9,
and 10), class III HDACs (SIRT1, 2, 3, 4, 5,6 and 7), and
class IV HDAC (HDACI11). Class IT HDACs are further
subdivided into class Ila (HDAC4, 5, 7, 9) and class IIb
(HDACG6 and 10) forms [33]. Different HDAC isoforms
may have different functions. For example, silent mating
type information regulation 2 homolog (SIRT2) and SIRT6
process anti-inflammation potency [34,35], while HDAC6
inactivation may suppress inflammation [36]. TSA is a class
I and I HDAC inhibitor, and initial studies have identified its
therapeutic effects in several pathological conditions [37-39].
Tiina Suuronen observed that TSA and azacitidine (AZA)
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treatments induced prominent increases in the expression
levels of clusterin in ARPE-19 cells and might affect the
pathogenesis of age-related macular degeneration (AMD)
via the inhibition of angiogenesis and inflammation [40].
Yu et al. demonstrated that TSA inhibited IL-1- or interferon
(IFN)-y-induced nitric oxide production [41]. Crosson showed
that suppressing HDAC activity by TSA can protect the retina
from ischemic injury and the neuroprotective response is
associated with the suppression of retinal tumor necrosis
factor (TNF)-a expression and signaling, thus providing a
novel treatment for ischemic retinal injury [37].

In the present study, similar to 5-aza-dC, TSA effectively
modulated the related mediators. However, contrast to 5-aza-
dC, TSA had no effects on ICAM-1 in the HRPE cells but
induced ICAM-1 production in the HRECs. This suggested
that the effect of TSA on certain cytokines may differ
depending on the cell type. In addition, a different HDAC
inhibitor may affect different HDAC isoforms. Ahmed et al.
reported that largazole, a class I histone deacetylase inhibitor,
enhanced TNF-a-induced ICAM-1 and vascular cell adhe-
sion molecule 1 (VCAM-1) expression in rheumatoid arthritis
synovial fibroblasts and the upregulation was mediated by the
induction of HDACG after largazole treatment [42]. Similarly,
Kyrylenko et al. reported that TSA upregulated SIRT2, 4, 7
while downregulating SIRT1, 5, 6 [43]. Thus, we speculated
that ICAM-1 upregulated by TSA in the HRECs may be partly
due to the effects of TSA on specific HDAC isoforms. Further
studies are needed to investigate the exact mechanisms. The
overall effects of non-selective HDAC inhibitors should be
fully illustrated when they are considered for use in treating
diseases. In addition, selective HDAC inhibitors should also
be considered since Vishwakarma et al. demonstrated that
tubastatin, a selective histone deacetylase 6 inhibitor, showed
anti-inflammatory and antirheumatic effects [42].

In conclusion, we showed that in HG- or IL-1B-induced
diabetic environments, 5-aza-dC and TSA increased PEDF
and the PEDF/VEGF ratio and downregulated certain
mediators with adverse effects. These results suggest that
the resistance abilities of the retina cells in pathological
conditions in diabetes could be enhanced by the administra-
tion of these two drugs and epigenetic inhibitors represent
a promising new class of compounds in the treatment of
DR. Other affected genes participating in DR, the molecular
mechanisms and signaling pathways involved, and the effects
of these two epigenetic drugs in vivo remain to be illustrated
when they are considered for use in treating DR clinically.
Meanwhile, the induction of ICAM-1 by TSA in the HRECs
suggested that further and more extensive investigation of the

© 2014 Molecular Vision

roles of TSA in protecting the retina or a more specific HDAC
inhibitor may be needed.
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