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Mechanisms by which chalcone analogue L2H17 protects oxidative stress-induced apoptosis in RGC-5 cells
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Abstract

Chalcone is a plant metabolite widely found in fruits, vegetables, spices and tea, and has anti-tumor, anti-inflammation, immunomodu-
lation, antibacterial and anti-oxidation activities, as well as many other pharmacological and biological effects. Our team has shown that
its analogs have antioxidant activity, and oxidative stress is a pathological hallmark of retinal ischemia/reperfusion injury that can lead to
retinal damage and visual loss. This investigation aims to identify a chalcone that protects retinal ganglion cells in vitro from the effects of
oxidative stress and examine its mechanism. Rat retinal ganglion cell-5 cells were pretreated with chalcones and then exposed to tert-butyl
hydroperoxide that causes oxidative damage. Controls received dimethyl sulfoxide only or tert-butyl hydroperoxide in dimethyl sulfoxide.
Only (E)-3,4-dihydroxy-2"-methylether ketone (L2H17), of the five chalcone analogs, markedly increased the survival rate of oxidatively
injured RGC-5 cells. Thus, subsequent experiments only analyzed the results of the L2H17 intervention. Cell viability and apoptosis were
measured. Intracellular superoxide dismutase and reactive oxygen species levels were used to assess induced oxidative stress. The mech-
anism of action by L2H17 was explored by measuring the ER stress/UPR pathway and the expression and localization of Nrf2. All results
demonstrated that L2H17 could reduce the apoptosis of oxidatively injured cells, inhibit caspase-3 activity, increase Bcl-2 expression,
decrease Bad expression, increase the activity of superoxide dismutase, inhibit the production of reactive oxygen species, increase Nrf2
immunoreactivity, and reduce the activating transcription factor 4, phospho-eukaryotic initiation factor 2 and CHOP expression. L2H17
protects retinal ganglion cells induced by oxidative stress by regulating Nrf2, which indicates that it has the potential to become a drug for
retinal ischemia/reperfusion.

Key Words: nerve regeneration; retinal ischemia/reperfusion injury; oxidative stress; reactive oxygen species; apoptosis; nuclear erythroid-related
factor-2; endoplasmic reticulum stress; chalcone analogs; retinal ganglion cells; neural regeneration

Introduction

Increased oxidative stress is implicated in the common
pathological process of many eye ailments, including glauco-
ma (Tanito et al., 2016), retinal vascular occlusion (Bharathi
Devi et al., 2012), ischemic optic neuropathy (Gaydar et al.,
2011), and diabetic retinopathy (Tarr et al., 2013). The reti-
na is a highly metabolically active tissue, therefore is greatly

sensitive to reduced oxygen tension, particularly in the reti-
nal ganglion cells (Arjamaa and Nikinmaa, 2006). Oxidative
stress exacerbates the retinal tissue injury because of the
accumulation of excessive reactive oxygen species (ROS),
which in turn cause severe retinal injury. For example, free
radicals can cause lipid peroxidation, protein damage and
DNA fragmentation (Forman, 2016). Alteration in the mac-
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romolecules could result in severe neuronal damage linked
to visual impairment and irreversible neuronal destruction
in many layers of the retina (Pinazo-Durdn et al., 2014).
Therefore, it is highly desirable to identify therapeutic anti-
oxidant strategies for retinal injury.

The transcription factor nuclear factor erythroid-related
factor 2 (Nrf2) triggers one of the prime antioxidant sig-
naling pathways, which controls the antioxidant responses
in vivo through transcriptional regulation of several anti-
oxidant or detoxification genes. Nrf2 functions by binding
to a cis-acting element known as the antioxidant response
element (ARE). It regulates the expression of important an-
tioxidant and detoxification genes under stress in response
to external stimuli such as oxidants, xenobiotics, metals
and ultraviolet light irradiation (Rushmore and Pickett,
1990; Kaspar et al., 2009). Evidence indicates that natural
or chemical synthetic antioxidants can block the ischemic/
hypoxic neuronal injury by up-regulation of the Nrf2/ARE
pathway (Kumar et al., 2014; Chen et al., 2015). Recent stud-
ies reported that targeting Nrf2 expression with an effective
molecule protected retinal ganglion cells from damage after
optic nerve crush (Koriyama et al., 2010; Himori et al., 2013;
Koriyama et al., 2013). Therefore, the Nrf2/ARE-antioxidant
signaling axis may be an important therapeutic option to
decrease oxidative damage in retina.

Chalcone is a plant metabolite widely found in fruits, vege-
tables, spices, and tea, and exhibits multiple pharmacological
and biological activities, i.e., anti-tumor, anti-inflammatory,
immunomodulatory, anti-bacterial, and antioxidant (Vogel et
al., 2010; Fang et al., 2015; Wang et al,, 2015; Xu et al., 2015).
In particular, certain chalcone derivatives, such as isosalipur-
poside, exert a cytoprotective effect against oxidative injury
in hepatocytes (Han et al., 2015), and xanthohumol confers
protection against oxidative damage in PC12 cells (Yao et
al., 2015). Our recent studies indicated that the chalcone de-
rivative, L2H17 [(E)-3,4-dihydroxy-2'-methylether ketone],
is anti-inflammatory, conferring protection in experimental
models of colon cancer (Xu et al., 2015), obesity-induced
kidney injury, and diabetes (Fang et al., 2015). These findings
indicate that L2H17 has potential antioxidant activity.

In the present study, we investigated the neuroprotective
effect of various chalcone derivatives in tert-butyl hydrop-
eroxide (TBHP)-induced retinal ischemia/reperfusion (I/R)
injury in RGC-5 cells. The purpose of our study is to identify
potential chemicals for the treatment of retinal I/R injury.

Materials and Methods

Cell line and reagents

The established rat retinal ganglion cell line RGC-5, was a
gift from Professor Da-Xiao Lu (Jinan University, Guang-
zhou, China). The rat RGC-5 cells were maintained in Dul-
becco’s modified Eagle’s medium (Invitrogen, Carlsbad,
CA, USA) supplemented with 10% fetal bovine serum (In-
vitrogen) 1 g/L glucose, 1% antibiotic solution (100 U/mL
penicillin and 100 pg/mL streptomycin; Invitrogen) in the
presence of 95% air and 5% CO, at 37°C. Cells between pas-
sages 16 and 20 were used for study.
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Table 1 Chemical information of the tested compounds

Molecular Molecular

Compound Chemical structure formula weight Vehicle

L2H7 o coon CH,O, 2842635 DMSO
Ho 1 \\
0

L2H17 o 9 CH,0, 2702800 DMSO
0

L3H6 o o C,H,O, 2402540 DMSO
HO. O F O

L6H9 o 1 CH,F,0, 2742621 DMSO
HCO'(:]' /Fm;

L43H2 . C,H,N,0 360.4919 DMSO
LJOUQ,

DMSO: Dimethyl sulfoxide.

Chalcone analogs

Chalcone analogs L2H7, L2H17, L3H6, L6H9, and L43H2
were synthesized and characterized in our laboratory as
described in previous publications (Ma et al., 2011; Wu et
al., 2011; Xu et al., 2015). Before they were tested in biolog-
ical experiments, the compounds were recrystallized from
CHCI,/EtOH. High performance liquid chromatography
was used to determine the purity (> 99%). The compounds
of interest were dissolved in dimethyl sulfoxide (DMSO) for
in vitro experiments. The chemical structures of all the com-
pounds are shown in Table 1.

Assessment of cell viability using 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
RGC-5 cells were harvested and seeded into 96-well plates and
allowed to attach for 24 hours. Then RGC-5 cells were incu-
bated with chalcone derivatives (L2H7, L2H17, L3H6, L6H9,
and L43H2) at the dose of 10 puM, or vehicle control (DMSO,
3 uL) for 2 hours, followed by incubation with TBHP (Alad-
din Reagent Inc., Shanghai, China; 30 pM) for an additional
22 hours. MTT (Sigma-Aldrich, St. Louis, MO, USA; 5 mg/
mL, 20 pL) in phosphate-buffered saline (PBS) was added to
each well and incubated for 4 hours in the dark. The purple
formazan product was dissolved by the addition of 150 uL of
DMSO to each well and the plate was placed on orbital shaker
for 10 minutes. The optical density (OD) values were mea-
sured at 490 nm with a 96-well plate reader (SpectraMax M2e;
Molecular Devices, Sunnyvale, CA, USA). The cell viability
was calculated by OD,yument group’ ODpatso group X 100%.

Cell apoptosis analysis
Apoptosis was assessed by Annexin V-FITC/propidium io-
dide staining kit (BD Biosciences Pharmingen, San Diego,
CA, USA). Initially, RGC-5 cells were pretreated with L2H17
(2.5, 5, or 10 uM) or vehicle control (DMSO) for 2 hours, fol-
lowed by incubation with TBHP (30 pM) for 12 hours. At the
end of the treatment, cells were harvested and stained with
Annexin V-FITC for 10 minutes and propidium iodide for 5
minutes. The fluorescence was measured using FACS-Caliber
flow cytometry (BD Biosciences, Franklin Lakes, NJ, USA).
The percentage of cells with early apoptosis (cells in Q3 area)
was calculated and shown as histogram data.
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Caspase-3 activity assay

Briefly, RGC-5 cells were seeded in a 6-well plate and pre-
treated with L2H17 (2.5, 5, or 10 pM), curcumin (10 pM;
Sigma-Aldrich), or vehicle control (DMSO) for 2 hours, fol-
lowed by incubation with TBHP (30 uM) for 22 hours. After
indicated time point, cells were harvested and caspase-3 ac-
tivity was measured using a caspase-3 activity kit (Beyotime
Institute of Biotechnology, Nantong, China) as the manu-
facturer’s instruction. The caspase-3 activity was expressed
in enzymatic units per mg of protein.

Measurement of intracellular superoxide dismutase (SOD)
activity

RGC-5 cells were pretreated with L2H17 (2.5, 5, or 10 uM)
or vehicle control (DMSO) for 2 hours, followed by incuba-
tion with TBHP (30 uM) for 22 hours. The intracellular SOD
activity was measured using the Total SOD Assay Kit with
WST-8 Kit (Beyotime Institute of Biotechnology) according
to the manufacturer’s protocol.

Detection of intracellular ROS

To investigate the intracellular ROS generation in RGC-5 cells,
cells were pretreated with L2H17 (2.5, 5, or 10 pM) or vehicle
control (DMSO), followed by incubation with TBHP (30 uM)
for 2 hours. After the treatment, RGC-5 cells were harvested
using trypsin-EDTA and ROS generation was quantified using
2,7-dichlorofluorescein diacetate and the fluorescence inten-
sity peak was recorded using flow cytometry (BD Biosciences,
Franklin Lakes, NJ, USA). The images were viewed using a
fluorescence microscope (200x; Nikon, Tokyo, Japan).

Western blot assay

RGC-5 cells were pretreated with L2H17 (2.5, 5, or 10 uM),
N-acetyl cysteine (5 mM; Sigma-Aldrich) or DMSO for 2
hours, followed by TBHP (30 pM) incubation for 22 hours.
RGC-5 cells (5 x 10°) were washed with PBS and suspended
in a protein lysis buffer and debris was removed by centrifu-
gation at 12,000 r/min for 10 minutes at 4°C. Nuclear protein
was extracted using a nuclear protein extraction kit according
to the manufacturer’s instructions (Beyotime Biotech, Nan-
tong, China). The protein concentration of the samples was
determined by quick start 1x Bradford protein assay kit (Bio-
Rad, Hercules, CA, USA). Then 40-50 pg protein was sepa-
rated on precast 12% sodium dodecyl sulfate polyacrylamide
gels. After electrophoresis, the proteins were transferred to
poly (vinylidene difluoride) membrane. The membranes
were blocked with 5% non-fat milk in Tris-buffered saline
containing 0.1% Tween 20 (TBST) for 90 minutes at room
temperature, then incubated with specific primary antibodies
(1:1000) in TBST overnight at 4°C. After washing three times
with TBST at 5-minute interval, the membranes were incu-
bated with horseradish peroxidase conjugated secondary an-
tibodies (1:3000) for 1 hour at room temperature. After three
additional washes with TBST, the membranes were examined
using an enhanced chemiluminescence detection system (GE
Healthcare, Beijing, China). Antibodies against Bcl2 (mouse
anti-rat IgG), Bad (rabbit anti-mouse IgG), GAPDH (mouse

anti-rat IgG), Lamin B (mouse anti-rat IgG), CHOP (mouse
anti-rat IgG), Nrf2 (rabbit anti-rat IgG), and goat anti-mouse
and goat anti-rabbit IgG horseradish peroxidase-conjugated
secondary antibodies were obtained from Santa Cruz Bio-
technology (Santa Cruz, CA, USA). Antibodies against ATF-
4 (rabbit anti-human) and p-elf2 (rabbit anti-human) were
obtained from Cell Signaling technology (Danvers, MA,
USA). Membranes were tested with GAPDH as a loading
control. The optical density of the immunoreactive bands was
analyzed using Image ] computer software (National Institute
of Health, Bethesda, MD, USA). The data were normalized
to their respective controls. Three independent experiments
were performed for western blot assay.

Immunofluorescence staining

To determine the intracellular level of Nrf2, treated RGC-
5 cells were fixed in 4% paraformaldehyde for 5 minutes
and gently washed three times with PBS. The cells were
treated with 3% bovine serum albumin for 30 minutes,
then incubated overnight at 4°C with anti-Nrf2 antibody
(rabbit anti-rat IgG, 1:1000, Santa Cruz Technology, Santa
Cruz, CA, USA), followed by incubation with fluorescein
isothiocyanate (FITC)-labeled goat anti-rabbit IgG (1:3000;
Santa Cruz Biotechnology) for 1 hour at room temperature.
Finally, cells were stained with nuclear specific dye DAPI for
5 minutes. The images were observed under a fluorescence
microscope (200x, Nikon, Tokyo, Japan).

Statistical analysis

All the experiments were repeated at least three times. Values
from quantitative experiments are expressed as the mean +
SEM and were calculated using GraphPad Pro 5.0 software
(GraphPad, San Diego, CA, USA). The unpaired t-test was per-
formed to determine the differences between treatment groups.
A value of P < 0.05 was considered statistically significant.

Results

L2H17 pretreatment inhibited TBHP-induced cell death
Previous studies indicated that chalcone derivatives inhibit
oxidative stress in different experimental models (Lounsbury
et al., 2015; Martinez et al., 2015; Yao et al., 2015). We
tirst determined whether our chalcone analogs prevented
TBHP-induced RGC-5 cell viability by performing MTT
assay. Briefly, RGC-5 cells were pretreated with different
chalcone analogs (L2H7, L2H17, L3H6, L6H9, and L43H2
at the dose of 10 uM) or DMSO for 2 hours, followed by
incubation with TBHP (30 pM) for 22 hours. The viability
of RGC-5 cells was determined via using MTT assay. Of the
analogs evaluated, L2H17 was most effective in preventing
the TBHP-induced loss of cell viability (Figure 1A). TBHP
(30 uM) reduced cell viability by approximately 50%, and
the pretreatment with L2H17 (2.5, 5, or 10 uM) prevented
the TBHP-induced reduction in cell viability in a dose-de-
pendent manner (Figure 1B). TBHP also causes oxidative
stress-induced apoptosis in cells (Dai et al., 2016). In our
RGC-5 cell experimental model, TBHP increased caspase-3
activity which was prevented by L2H17 dose-dependently
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Figure 1 L2H17 pretreatment decreased TBHP-induced RGC-5 cell death via reducing apoptosis.

(A) RGC-5 cells were pre-treated with different chalcone analogs (L2H7, L2H17, L3H6, L6H9, and L43H2 at the dose of 10 uM) or DMSO
for 2 hours, followed by incubation with TBHP (30 uM) for 22 hours. The viability of RGC-5 cells was determined using 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide assay. (B) RGC-5 cells were pretreated with L2H17 (2.5, 5, or 10 uM), or DMSO for 2 hours, followed
by TBHP incubation for 22 hours. (C) RGC-5 cells were pretreated with L2H17 (2.5, 5, or 10 uM), curcumin (10 pM) or DMSO for 2 hours. Cells
were then challenged with TBHP (30 uM) for 22 hours. (D-H) RGC-5 cells were pretreated with L2H17 (2.5, 5, or 10 uM) or DMSO for 2 hours,
followed by incubation with TBHP (30 uM) for 12 hours and then stained with Annexin V-FITC and propidium iodide. Finally, apoptotic cells
were analyzed using flow cytometry. (I) The percentage of cells with early apoptosis was also shown in histogram data. (J) RGC-5 cells were pre-
treated with L2H17 (2.5, 5, or 10 uM) or vehicle control (DMSO) for 2 hours, followed by incubation with TBHP (30 uM) for 22 hours. Cells were
then harvested and the expression of the apoptosis related proteins, Bcl-2 and Bad, were determined by western blot assay. (K, L) Histogram data
in (K) and (L) indicate Bcl-2 and Bad western blot band intensity measured quantitatively using Image J software. The data are represented as the
mean + SEM, and were analyzed by Student’s t-test. #P < 0.05, ##P < 0.01, ###P < 0.001, vs. normal control group (Con); *P < 0.05, **P < 0.01, vs.
TBHP-stimulated group. All the experiments were conducted in triplicate. TBHP: Tert-butyl hydroperoxide; DMSO: dimethyl sulfoxide.
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Figure 2 L2H17 pretreatment decreased TBHP-induced oxidative stress in RGC-5 cells.

RGC-5 cells were pretreated with L2H17 (2.5, 5, or 10 uM) or DMSO for 2 hours. (A) Cells were then challenged with TBHP (30 uM) for 22 hours.
The intracellular SOD activity was measured by Total Superoxide Dismutase Assay Kit with WST-8 kit. (B) Cells were then challenged with TBHP (30
uM) for 2 hours. The intracellular level of ROS was measured using flow cytometry assay. (C) Quantitative statistical analysis of ROS level. The data
are represented as the mean + SEM, and were analyzed by Student’s t-test. #P < 0.05, ##P < 0.01, vs. normal control group (Con); *P < 0.05, **P <
0.01, vs. TBHP-stimulated group. All experiments were performed in triplicate. (D) The intracellular level of ROS was measured using fluorescence
microscope (original magnification, 200x). Arrows show intracellular ROS. TBHP: Tert-butyl hydroperoxide; DMSO: dimethyl sulfoxide; SOD:
superoxide dismutase; ROS: reactive oxygen species.
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Figure 3 L2H17 pretreatment exhibited the anti-oxidative effect via increasing Nrf2 expression.

RGC-5 cells were pretreated with L2H17 (2.5, 5, or 10 uM) or DMSO for 2 hours, followed by TBHP incubation (30 uM) for another 4 hours. (A) The
intracellular level of Nrf2 was measured using fluorescence microscope (original magnification, 200x). (B) The expression of nuclear Nrf2 was deter-
mined using western blot assay. (C) Quantitative analysis of the band densities of Nrf2 (western blot assay). The data are represented as the mean +
SEM, and were analyzed by Student’s t-test. *P < 0.05, vs. TBHP-stimulated group. All experiments were conducted in triplicate. Nrf2: Nuclear eryth-
roid-related factor 2; DMSO: dimethyl sulfoxide; TBHP: tert-butyl hydroperoxide; DAPI: 4°6-diamidino-2-phenylindole; Con: normal control group.

1669



Wang L, Chen HC, Yang X, Tao JJ, Liang G, Wu JZ, Wu WC, Wang Y,

Song ZM, Zhang X (2018) The novel chalcone analog L2H17 protects

retinal ganglion cells from oxidative stress-induced apoptosis. Neural Regen Res 13(9):1665-1672. doi:10.4103/1673-5374.237140

A

ATF-4 (49 kDa) I'T_-T.'l p-elF2 (38 kDa)

GAPDH (37 kDa) |

2.5
#

T 2.0-

[

% 1.5

o

¥ 1.0

'_

< 0.5- ok

o— :
25 5 10 NAC
L2H17 (uM)

TBHP (30 uM)
C

CHOP (27 KDa) | w w a— a—

GAPDH (37 kDa) | S <

20
5 151
o
<
O 104
o
2
” ﬁ =
0_
5 10 NAC
L2H17 (uM)
TBHP (30 uM)

(Figure 1C). Flow cytometry data indicated that L2H17
pretreatment markedly reduced TBHP-induced cell apop-
tosis dose-dependently (Figure 1D-I). Similarly, TBHP
induced a 4-fold decrease of Bcl, but a 7-fold increase of Bad
expression (Figures 1J-L). With L2H17 pretreatment, the
TBHP-induced changes in expression of the apoptosis-relat-
ed proteins were prevented (Figure 1J-L).

L2H17 pretreatment prevented TBHP-induced oxidative
stress by activating Nrf2
We investigated whether protective effects of L2H17 were
related to its ability to inhibit TBHP-induced oxidative stress
in vitro. Oxidative stress generated by TBHP was deter-
mined by measurement of intracellular content of SOD and
ROS. As shown in Figure 2A, TBHP significantly decreased
intracellular SOD activity, but the decrease was prevented
with L2H17 pretreatment in a dose-dependent manner.
TBHP also increased intracellular ROS production 5-fold
over the control, which was in turn prevented by L2H17
pretreatment (Figure 2B—C). Corroborative fluorescent im-
ages of RGC-5 cells show TBHP-induced increases of intra-
cellular ROS (green), and ROS generation was inhibited by
increasing L2H17 concentrations (Figure 2D).

The Nrf2 pathway is one of the major cellular defense
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Figure 4 L2H17 pretreatment suppressed endoplasmic reticulum
stress activation via its anti-oxidative effect(western blot assay).
RGC-5 cells were pre-treated with L2H17 (2.5, 5, or 10 uM), NAC (5
mM) or DMSO for 2 hours, followed by TBHP (30 uM) stimulation
for 22 hours. Endoplasmic reticulum stress markers ATF4 (A), p-elF2
(B) and CHOP (C) was determined using western blot assay, and band
intensity was quantified using histograms. The data are represented
as the mean + SEM, and were analyzed by Student’s ¢-test. #P < 0.05,
##P < 0.01, vs. normal control group (Con); *P < 0.05, **P < 0.01, vs.
TBHP-stimulated group. All experiments were performed in triplicate.
NAC: N-acetyl cysteine; DMSO: dimethyl sulfoxide; TBHP: tert-butyl
hydroperoxide; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

mechanism to control oxidative stress (Liu et al., 2017). Thus,
we tested whether the antioxidative stress effects of L2H17
could be attributed to Nrf2. Results indicated that TBHP
stimulation alone moderately decreased the immunofluores-
cent localization of cytoplasmic Nrf2 in RGC-5 cells (Figure
3A). However, pretreatment with different concentrations of
L2H17 resulted in a robust increase of Nrf2 expression (Fig-
ure 3A). Similarly, western blot assay revealed that L2H17
pretreatment not only prevented the TBHP-induced decrease
of Nrf2, but also increased its expression above control levels
(Figure 3B—C). Our data suggest that L2ZH17 exhibited its an-
tioxidative effects by activating the Nrf2 pathway.

L2H17 pretreatment reduced endoplasmic reticulum (ER)
stress through an antioxidative mechanism

Oxidative stress in the retina can cause ER stress and the un-
folded protein response (UPR), leading to apoptosis (Zhang
et al,, 2014). We determined whether the anti-apoptotic ac-
tivities of L2H17 were related to inhibition of ER stress/UPR
pathway in RGC-5 cells. TBHP stimulation dramatically
increased the expression of marker proteins of the ER stress/
UPR pathway, specifically, ATF4, p-eIF2 and CHOP; how-
ever, the pretreatment with L2H17 prevented the TBHP-in-
duced increases (Figure 4). Findings suggest that the pro-
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tective effects of L2H17 were through inhibition of ER stress
and UPR. To reduce oxidative stress, we further treated
RGC-5 cells with N-acetyl cysteine, a classic antioxidant to
scavenge ROS in vitro. As shown in Figure 4, treatment of
RGC-5 cells with N-acetyl cysteine for 2 hours significantly
inhibited the activation of ER stress, providing further sup-
port that the protective mechanism of L2H17 was mediated
through upstream inhibition of oxidative stress (Figure 4).

Discussion

Oxidative stress is created when there is uncontrolled gen-
eration of free radicals and imbalance in the antioxidant
defense system, resulting in excessive ROS (Sun et al., 2017).
Oxidative stress is also thought to be a critical factor in the
pathogenesis of retinal I/R injury, triggering ischemic cell
damage and leading to hypersecretion of glutamate and as-
partate (Fukuda et al., 2010; Lalkovi¢ova and Danielisovd,
2016). In this study, we examined the antioxidant properties
of a novel chalcone analog, L2H17, as a potential curative
candidate for retinal I/R injury. The key findings from this
study are that (1) L2H17 was an highly effective agent in
preventing the loss of cell viability and apoptotic death in
RGC-5 cells challenged with the oxidant, TBHP; (2) L2H17
prevented the oxidative stress induced by TBHP; and (3)
L2H17 increased expression and nuclear localization of
Nrf2, which in turn regulated the expression of several anti-
oxidant proteins. We conclude that L2ZH17 protected against
oxidant-mediated injury of retinal ganglionic cells most like-
ly by triggering the cells’ antioxidant defense mechanism.

The chalcone L2H17 effectively prevented the develop-
ment of free radicals in RGC-5 cells in response to TBHP.
Our findings indicated that this protection was due to a
combination of several factors. First, the cells’ antioxidant
systems appear to be highly sensitive to L2H17. We found
that L2H17 prevented the loss of SOD in response to TBHP
and, surprisingly, L2H17 at high concentrations promoted
the expression of SOD, suggesting preservation of the intra-
cellular content of the antioxidant. Although we measured
only SOD, it is possible that other cellular antioxidants, e.g.
catalase or glutathione peroxidase, were also sensitive to
L2H17 and contributed to the overall antioxidant activity
of L2H17. Although precisely how L2H17 regulates SOD or
other antioxidant systems remain unclear, our results indi-
cated that L2H17 was a potent stimulator of Nrf2 expression
and nuclear localization in the retinal ganglion cells.

The nuclear transcription factor Nrf2 is well known for its
ability to regulate the expression of antioxidant and detoxifi-
cation enzymes to maintain intracellular redox balance (Papp
et al., 2012). The L2H17-induced increased nuclear localiza-
tion of Nrf2 can be attributed to its release from the cyto-
plasmic repressor protein, Keapl (actin-binding Kelch-like
protein), through ubiquitination. Lu et al. (2016) reported
that inducers of Nrf2 such as free radicals and electrophilic
compounds cause Keapl ubiquitination and Nrf2 dissoci-
ation from Keapl. Nrf2 translocates into the nucleus and
binds to antioxidant response elements for gene transcrip-
tion of genes encoding toxifying and antioxidant molecules.

The specific molecular events by which L2H17 induces Nrf2
nuclear translocation have yet to be understood, but nu-
merous studies using natural chalcones and their derivatives
show that Nrf2 is a key target of regulation. More experi-
ments are needed to fully investigate the mechanism of Nrf2
regulation by L2H17 and other chalcone derivatives.

A major consequence of the ability of L2ZH17 to upregulate
and preserve the cell’s antioxidant systems is a correspond-
ing decrease in the cellular content of ROS. Our results
confirmed that L2H17 prevented the TBHP-induced cellular
accumulation of ROS, thereby reducing oxidative stress in
cells. However, we cannot exclude the possibility that the
L2H17-mediated decrease of cellular ROS content could be
also attributed to inhibition of the cellular oxidase systems
that generate ROS and to direct oxygen radical scavenging.

The oxidant, TBHP, induced dramatic increases in apop-
tosis of the retinal ganglionic cells, which was accompanied
by significant increases of marker proteins activating tran-
scription factor 4, p-eIF2 (regulating initiator of the mRNA
translation machinery), and C/EBP homologous protein
of the ER stress/UPR pathway in the retinal ganglion cells.
CHOP is known to decrease the expression of anti-apop-
totic Bcl-2 protein. It is also involved in the execution of
apoptosis program by reducing mitochondrial membrane
potential, releasing cytochrome c into the cytosol and initi-
ating apoptosome formation via caspase-3 activation (Cao
and Kaufman, 2014). This was an expected finding since
oxidative stress is known to activate UPR in the retina, lead-
ing to apoptosis (Zhang et al., 2011, 2014; Nashine et al,,
2014). Consistent with this mechanism, the TBHP-induced
activation of the ER stress/UPR pathway was accompanied
by a decreased expression of Bcl-2 and a corresponding in-
crease of the pro-apoptotic protein, Bad. The results support
a mechanistic link between the TBHP-induced oxidative
stress and cell apoptosis in the retinal cells. Our findings that
L2H17 was able to reduce the oxidative stress of TBHP-stim-
ulated cells and prevent the TBHP-induced changes of ER
stress/UPR marker proteins and Bcl-2 and Bad levels, giving
protection against apoptosis, support the mechanistic link
between oxidative stress and apoptosis.

In conclusion, the present study demonstrated that TBHP
induced a marked oxidative stress in retinal ganglion cells,
resulting in apoptosis. Our novel findings are that the chal-
cone derivative, L2H17, protected the cells from oxidative
damage. Moreover, the protective mechanism of L2H17 was
associated with the upregulation of the cell’s antioxidant
systems, in particular, SOD and Nrf2. Although experiments
are needed to study the full mechanism of Nrf2 regulation
by L2H17, we can now conclude that L2H17 can act as an
important antioxidant agent and be a potential prophylactic
candidate for retinal I/R-related diseases.
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