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Abstract The excessive apoptosis of retinal nerve cells (RNCs)
could cause a variety of retinal neurodegenerative diseases
which could result in the irreversible blindness. In this study,
the experiment models of H2O2 and light-induced oxidative
insult in the retina of Sprague-Dawley (SD) rat were used. We
demonstrated the role of toll-like receptor 2 (TLR2) in apoptosis
and immune-inflammation induced by oxidative stress insult.
Meanwhile, we also tried to elucidate the modulating mecha-
nism of 17β-estradiol (E2) resistant to TLR2 induced by oxida-
tive stress insult. The cell apoptosis induced by oxidative stress
was examined by annexin V-FITC/propidium iodide (PI) assay
using flow cytometry and the expressions of TLR2 and inflam-
matory cytokines were determined by real-time PCR and west-
ern blotting. Peptidoglycan (PGN) as the ligand of TLR2 and
small interfering RNAs of TLR2 (siTLR2) were used to deter-
mine the role of TLR2. From the results, firstly, we demonstrat-
ed that E2 could reduce the expressions of TLR2 and inflam-
matory cytokines including TNF- , IFN-γ, and IL-1β induced
by oxidative stress; secondly, the phosphoinositide 3-kinase
(PI3K) could not influence the effect of E2 on reducing TLR2
expression induced by H2O2 in RNCs; thirdly, PGN could pro-
mote the damage effect of H2O2 by transforming RNCs from

late apoptosis to necrosis, however, E2 could decrease the cell
apoptosis mediated by PGN; and finally, the apoptosis of RNCs
and the expressions of the inflammatory cytokines induced by
H2O2 administration were significantly inhibited after TLR2
interference. In summary, E2 reduces the TLR2-mediated im-
mune-inflammation, thereby protecting RNCs against oxidative
stress-induced apoptosis via a PI3K-independent signaling path-
way. The present results provide evidence that inhibiting of
TLR2-mediated immune-inflammationmight be a possible ther-
apeutic way to exert auxiliary role on E2 neuroprotection.
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Abbreviations
E2 17β-Estradiol
RNCs Retinal nerve cells
SD Sprague-Dawley
TLRs Toll-like receptors
siTLR2 Small RNA interference of TLR2
PI3K Phosphoinositide 3-kinase (PI3K)
LY LY294002
PGN Peptidoglycan
OS Outer segment
IS Inner segment
ONL Outer nuclear layer
INL Inner nuclear layer

Introduction

Neurodegenerative diseases are a large class of degenerative
diseases with the main feature of the significant loss of nerve
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cells caused by the pathologic apoptosis. In recent years, data
from clinical studies and animal experiments have shown that
the occurrence and development of a number of neurodegen-
erative diseases are closely related to immune and inflamma-
tory responses (Ojha et al. 2012; Pfeiffer 2009; Tweedie et al.
2012). Studies have shown that various inflammatory cyto-
kines in the brain may play important roles as pathogenic
factors in the process of clinical development of neurodegen-
erative diseases (Luterman et al. 2000).

The toll-like receptors (TLRs) comprise a receptor family
with cell surface and intracellular pattern recognition that me-
diates innate immune and specific immune responses (Akira
et al. 2001). In recent years, studies on the relationship be-
tween TLRs and chronic autoimmune inflammatory diseases
have attracted widespread attention from researchers. The
mechanisms of neuroimmune modulation in particular have
received much attention and present a challenging topic in the
field of neuroscience research. The recent clinical studies have
shown that the expression of TLR2 and TLR4 are significant-
ly upregulated in mononuclear cells in the peripheral blood of
patients with Alzheimer’s disease (AD) (Zhang et al. 2012)
and TLR4-mediated immune and inflammatory responses
may play an important role in the pathogenesis of AD
(Balistreri et al. 2008). Although the retina is an extension of
the central nervous system, studies focusing on the relation-
ship between TLR-mediated immune-inflammatory responses
in retinal degenerative diseases such as age-related macular
degeneration, glaucoma for retinal nerve cells (RNCs) apopto-
sis are, at present, rare. Furthermore, our previous study has
found that 17β-estradiol (E2) protects the RNCs of Sprague-
Dawley (SD) rats by reducing apoptosis caused by oxidative
stress injury via phosphoinositide 3-kinase (PI3K)/Akt signal-
ing pathway (Feng et al. 2013; Li et al. 2013; Mo et al. 2013;
Yu et al. 2004); however, the relationship between TLR-
mediated neuroinflammatory responses and the neuroprotec-
tive effect of E2 via PI3K on RNC resistance to oxidative
stress-induced apoptosis is still an unknown problem.

In this study, we used the apoptosis research models of
RNCs induced by H2O2 in vitro and by light in vivo in SD
rat retina to observe whether TLR2-mediated immune-inflam-
mation is involved in this apoptotic process. Further, we iden-
tified whether E2 could protect RNCs by suppressing the role
of TLR2 in this above-mentioned apoptotic model.

Materials and Methods

Primary Culture of RNCs and Reagent Intervention
In Vitro

Neonatal SD rats (obtained on postnatal days 0–3, body
weights of 5–12 g) were killed by carbon dioxide inhalation
and then the eye balls were obtained for primary cell culture

followed by a modified method in accordance with that de-
scribed in detail in our previous study (Feng et al. 2013; Li
et al. 2013; Yu et al. 2004). Dulbecco’s modified Eagle’s and
F-12 medium (DMEM-F12, 1:1, Hyclone) containing 10 %
fetal bovine serum (FBS) was used to dilute the cells to a
concentration between 1 × 106 and 1 × 107 cells/ml. The
surfaces of the culture plates were pre-administered overnight
with a 10 μg/ml solution of poly-D-lysine (Sigma, St. Louis,
MO). The cells were stored in a 5 % CO2 incubator at 37 °C
and were maintained in DMEM-F12 (1:1) medium containing
10 % FBS that was replaced every 24 h.

Experimental reagent intervention was carried out on the
sixth day of cell culturing; prior to being exposed to any re-
agents, the cells were maintained in FBS-free medium for
24 h. The cells in the single-reagent groups were administrated
with E2 (Sigma, St. Louis, MO, USA); H2O2 (Xi’an Chemical
Reagent Factory, China); peptidoglycan (PGN, Sigma, St.
Louis, MO, USA); and LY294002 (LY, Cayman Chemical
Company, Ann Arbor, MI, USA) were cultured in FBS-free
medium for indicated time in figure legends alone or jointly.
For cells that were assigned to groups administrated with two
or three reagents, LY was added 30 min prior to E2, and E2
was added 30 min prior to H2O2, while, H2O2 and PGN were
administrated simultaneously. The cells of control group were
exposed to phosphate-buffered saline (PBS).

Retinal Light Damage and Intravitreal Administration
In Vivo

Adult female SD rats weighing 180–230 g for light damage
in vivo were housed in a controlled environment in a specific
pathogen-free animal center. The temperature was maintained
at 24 ± 2 °C, the humidity was 52 ± 10 %, and fresh air was
circulated continuously. All of the procedures used in the an-
imal experiments were approved by the Animal Ethics
Committee of Xi’an Jiaotong University and were performed
in accordance with the Association for Research in Vision and
Ophthalmology Statement for the use of animals in vision and
ophthalmic research.

Ovariectomy was performed to adult female SD rats of
each group 14 days before dark adaption for elevating light
damage sensibility. Before light exposure, the rats in the sham
control group were directly performed 12-h dark adaption,
while in the saline or E2 administrated groups, firstly rats were
deeply anesthetized with an intraperitoneal injection of keta-
mine (120 mg/kg body weight) and xylazine (6 mg/kg body
weight) after 8-h dark adaptation, and secondly, rats were
intravitreally injected with 4 μl 10−5 M E2 (Sigma Chemical
Co., St Louis, MO, USA) or 4-μl saline. Intravitreal adminis-
tration was performed within 2 h in a dark room under red
light illumination to preserve dark adaptation. After intravit-
real administration, rats had 2-h recovery to get palinesthesia
before light damage by 8000-lx white fluorescent light
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exposure for 12 h. After the light exposure, rats underwent 24-
h dark recovery before being sacrificed by CO2 inhalation.
Enucleation of the eyes was carried out immediately, and the
retina within the eye cup was dissected and fixed for making
histologic section to study the structure of retina damage by
immunohistochemical staining illustrated as follows.

Histologic Section of Retina and Immunohistochemical
Staining

The eye balls of the rats were primarily fixed immersing into
4 % (w/v) paraformaldehyde for 1 h, and then the cornea were
opened by a sharp blade. The corneas were totally cut off
along the edge of the sclera, the lens was carefully removed,
and the fresh fixatives were added into the inside of the eye-
balls followed by fixation with 4 % (w/v) paraformaldehyde
for 24 h. Phosphate-buffered saline (PBS) was used to wash
off the redundant stationary liquid after fixation and the etha-
nol of different concentration gradient from 55 to 100 % were
used each for 1 h to dehydrate the tissues. After dehydration
processing, eyeballs were transparentized by chloroform for
10 min and put into soft and hard wax of 65 °C for 1 h,
respectively. The wax was added into the template and the
eye was set direction with tag. The paraffin blocks were
cropped tidily for standby application of slicing.

After deparaffinizing and rehydration of paraffin sections,
0.3 % H2O2 was used for 10 min to block the endogenous
peroxidase of the paraffin section. After microwave repair,
1 % bovine serum albumin was used to block for 45 min
and the antibody of TLR2 (1:200, Beijing Biosynthesis
Biotechnology Co., Ltd., China) or PBS as control was incu-
bated into the section in 4 °C. After incubation with the spe-
cific primary antibodies of TLR2, sections were rinsed three
times for 5 min with PBS, and then incubated with horseradish
peroxidase (HRP)-linked secondary antibodies (anti-rabbit
IgG, Pierce Biotechnology, Rockford, IL) for 1 h at 37 °C.
Strept-avidin biotin complex (SABC) reagent kit (Wuhan
Bostor biological company, China) was applied according to
the guidance of manufacture. Then, 3,3′-diaminobenzidine
(DAB) was used for color development and hematoxylin
was applied for counterstaining. Slides were examined under
an Olympus microscope coupled to a digital camera and the
integrated optical density of positive staining area standing for
TLR2 expression was calculated and analyzed by using the
software Image-pro plus.

Real-Time PCR

Total RNA of RNCs were extracted with TRIzol® Reagent
(Invitrogen Life Technology, Carlsbad, CA, USA), and then
the complementary DNA (cDNA) was synthesized from 5 mg
of total RNA by using the First Strand cDNA Synthesis Kit
(RevertAid™, Fermentas Life Science, International INC,

Canada) in a final volume of 20 μl. Real-time quantitative
PCR was performed by iQ5 (Bio-Rad, Hercules, CA, USA)
with SYBR® Premix Ex Taq™ II (TaKaRa, Ohtsu, Shiga,
Japan) for TLR2, TNF- , IL-β, and IFN-γ messenger RNA
(mRNA) quantitation. Gene expression was normalized by β-
actin, and the primer sequences and the PCR program of the
above-mentioned genes were shown in published papers
(Meng et al. 2010, 2011). All PCR reactions were performed
in triplicate in three independent experiments.

Annexin V-FITC/Propidium Iodide Assay

Apoptosis was detected using an annexin V-FITC/propidium
iodide (PI) detection kit (BD Biosciences, San Jose, CA,
USA) according to the instructions from the manufacturer.
The cells were digested with a 0.125 % trypsin solution,
washed with ice-cold PBS and resuspended in binding buffer
(1 × 106 cells/ml). The cells were then centrifuged for 5 min at
800 rpm in 4 °C. After discarding the supernatant, 250 μl of
binding buffer, 2.5 μl of the annexin V-FITC solution, and
5 μl of PI were added to 300 μl of the cell suspension. After
gently mixing the suspension components, the suspensions
were incubated without light for 15 min at room temperature.
Finally, the cells were analyzed using a FACScanto flow
cytometer (BD Biosciences, Franklin Lakes, NJ, USA). The
annexin V-FITC/PI assays were performed in triplicate in
three independent experiments.

Small RNA Interference of TLR2

The kit for small RNA interference of TLR2 (siTLR2) was
purchased from Shanghai GenePharma Co. Ltd. of China. The
three sequences of siTLR2 and negative control are shown in
Table 1. The transfection reagent Lipofectamine™ 2000 was
applied (Invitrogen, CA, USA). Diethyl phosphorocyanidated
(DEPC)-treated water was used to dissolve siTLR2 oligonu-
cleotides and the corresponding negative control to final con-
centrations of 20 μM. The cells achieved greater than 90 %
confluence, and the RNA (μg): Lipofectamine™ 2000 (μl)

Table 1 The name of siRNAs sequences

Name of siRNAs Sequence(5′–3′)

si-971 (siTLR2-971) GGA GCU AGG UAA AGU AGA ATT

UUC UAC UUU ACC UAG CUC CTT

si-316 (siTLR2-316) GCG GAA UCA ACA CAA UAG ATT

UCU AUU GUG UUG AUU CCG CTT

si-1492 (siTLR2-1492) GGC UCC AAG AGC UGU AUA UTT

AUA UAC AGC UCU UGG AGC CTT

Negative control UUC UCC GAA CGU GUC ACG UTT

ACG UGA CAC GUU CGG AGA ATT
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ratios were verified. 6 h after transfection, fluorescein amidite
(FAM)-labeled green fluorophore (excitation wavelength was
480 nm, emission wavelength was 520 nm) was observed to
determine the optimal reagent ratio for transfection efficiency.
For each well of the 24-well cell culture plates, 3 μl of
Lipofectamine™ 2000 and 3 μl of interference or negative
control RNA nucleotides were diluted in 50 μl Opti-MEMI
Reduced Serum Medium, gently mixed, incubated at room
temperature for 20 min, and added to the wells, which
contained 400 μl serum-free medium. The plates were gently
shaken to mix the reagents and incubated in an incubator at
37 °C with 5 % CO2. The cell culture medium was replaced
with DMEM/F12 containing 10 % fetal bovine serum (FBS)
4 h later. Both RNA interference and H2O2 induction lasted
for 24 h.

Preparation of Cell Extracts and Protein Assay

RNCs lysates was made by mixing cold RIPA buffer at a pH
of 7.0 (the RIPA buffer consisted of 20 mM Tris-HCl, 2 mM
EGTA, 25 mM 2-glycerophosphate, 1 % Triton-X 100, 2 mM
d i t h i o t h r e i t o l , 1 mM v a n a d a t e , a n d 1 mM
phenylmethylsulfonyl fluoride, 1 % aprotinin) with a 1 mM
solution of the serine protease inhibitor PMSF (Sigma-
Aldrich, St. Louis, MO) and a 10 % solution of phosphatase
inhibitors mixture P1260 (Applygen Technologies Inc.,
Beijing, China). The mixture was then homogenized over
ice for 5 min and centrifuged at a speed of 12,000 rpm and
at 4 °C for 20 min. The BCA Protein Assay Reagents (Pierce,
Rockford, USA) were used to assess the concentration of the
cell lysates, and the lysates were subsequently subpackaged
for western blotting analysis.

Western Blotting Analysis

Protein samples were subjected to 10 % SDS-PAGE and
were subsequently transferred to nitrocellulose membranes.
The membranes were then exposed to three 5-min washes
with TTBS (100 mM NaCl, 20 mM Tris-HCl, and 0.1 %
Tween 20; pH 7.4) and were blocked overnight at 4 °C in a
solution of 10 % non-fat dry milk in TTBS. The membranes
were then incubated with anti-TLR2 (1:500, Beijing
Biosynthesis Biotechnology Co., Ltd., China), and anti-β-
actin (1:5000, Cell Signaling, Beverly, MA) antibodies, re-
spectively, for 2 h at room temperature or overnight at 4 °C.
Following the incubations with the primary antibodies, the
membranes were incubated with HRP-linked secondary an-
tibodies (anti-rabbit IgG) and developed with an enhanced
chemiluminescent substrate according to the manufacturer’s
instructions (Pierce Biotechnology Inc., Rockford, IL, USA).
The G: BOX visualization and analysis system (Syngene,
Synoptics Ltd., Cambridge, UK) was used to quantify the
western blotting bands by measuring the relevant optical

density (OD) ratios. All of the western blotting assays for
each experiment were performed at least three times.

Statistical Analysis

Data are expressed as means ± standard error of the mean
(S.E.M.). Statistical analyses included ANOVAs followed by
Tukey’s tests were performed using the GraphPad Prism ver-
sion 5.02 software program (GraphPad software, CA, USA).
A p < 0.05 was considered to be statistically significant.

Results

E2 Decreases the Expression of TLR2
and the Inflammatory Cytokines Enhanced by Oxidative
Stress in RNCs

Our previous results demonstrated that E2 protects rat
RNCs from oxidative stress-induced apoptosis (Li et al.
2013; Mo et al. 2013; Yu et al. 2004). In this study, we
found that TLR2 had higher expression than the other
TLRs subtypes in SD rat RNCs (Fig. 1a). H2O2 could
increase the expression of both TLR2 and TLR9 signifi-
cantly (Fig. 1b), and dose and time-dependently in SD rat
RNCs in vitro (Fig. 1c, d). Based on these above-
mentioned results, we further investigated whether E2 could
suppress the expression of TLR2 resistance to H2O2 dam-
age in vitro and light-induced oxidative stress insult in
RNCs in vivo. The RNCs were pre-administrated with
10 μM E2 for 30 min followed by 24 h of 200 μM
H2O2 stimulation in vitro, or the SD rats were given intra-
vitreal injection with 10 μM E2 4 h before 12-h light
stimulation in vivo. The result showed that E2 could sig-
nificantly reduce the TLR2 expression resistance to H2O2

damage in vitro (Fig. 2a) or light insult in vivo (Fig. 2c, d),
and TLR2 mainly expressed in the outer segment (OS) and
inner segment (IS) of the SD rat retina. Moreover, we
could also observe the obvious cell loss of RNCs mainly
located in the outer nuclear layer (ONL) and the inner
nuclear layer (INL) (Fig. 2c). The real-time PCR was used
to detect the expression of the potential downstream inflam-
matory cytokines of TLR2 signaling pathway including
TNF- , INF-γ, and IL-1β. The result showed that E2 sig-
nificantly reduced the expression of the above-mentioned
cytokines induced by H2O in vitro (Fig. 2b).

These results suggest that TNF- , INF-γ, and IL-1βmay be
the possible downstream factors of TLR2-mediated immune-
inflammation in RNCs. Furthermore, E2may inhibit immune-
inflammatory responses and thus protect the RNCs from the
apoptotic damage induced by oxidative stress.
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E2 Inhibited TLR2 Expression Resistance to H2O2 Insult
Independent of PI3K

Our previous study demonstrated that PI3K/Akt signaling
pathway played critical role in E2 neuroprotection resistance
to oxidative stress-induced apoptosis in RNCs (Li et al. 2013;
Mo et al. 2013; Yu et al. 2004). To further demonstrate wheth-
er PI3K signaling pathway has the modulatory role on TLR2
suppressing by E2 resistance to H2O2 insult, the specific in-
hibitor of PI3K, LY294002 (LY) was applied. In the western
blotting experiments, the RNCs were administrated by 10 μM
LY for 24 h in LY group, and in LY + E2 + H2O2 group, LY
was administrated firstly, 30 min before 10 μM E2 adminis-
tration for 30 min, and then 200 μM H2O2 was added to the
cell culture medium for 24 h after E2 administration. The
results showed that LY which is an inhibitor of PI3K signal
could not impede the effect of E2 on decreasing the expression
of TLR2 induced by H2O2 insult in vitro. These data demon-
strated that the role of E2 by reducing the expression of TLR2
resistance to H2O2 damage in SD rat RNCs was independent
of PI3K signaling pathway (Fig. 3a, b).

E2 Reduces TLR2-Mediated Immune-Inflammation
and Apoptosis Induced by Oxidative Stress Insult

On the basis of the above-mentioned experimental results, we
did further experiments applying siTLR2. The results of real-
time PCR and western blotting analysis showed that the gene
expression of TLR2 could be efficiently interfered by the three
synthesized siTLR2 sequences (Table 1), named siTLR2-971,
siTLR2-316, and siTLR2-1492 comparing with the PBS

control; meanwhile, siTLR2-971 and siTLR2-316 could sig-
nificantly reduce TLR2 expression resistance to H2O2 stimu-
lation both in mRNA (Fig. 4a) and protein expression level
(Fig. 4b, c). We used flow cytometry with annexin V-FITC/PI
analysis to detect cell apoptosis. The results demonstrated that
compared with the 200 μMH2O2 stimulation-alone group, all
of the three siTLR2 significantly reduced the percentage of
apoptotic cells (Fig. 5a, b). Furthermore, we sought to inves-
tigate whether the inflammatory factors TNF- , IFN-γ, and IL-
1β were subject to the regulation of TLR2 by H2O2 and had
major impacts onH2O2-induced apoptosis in SD rat RNCs. To
this end, real-time PCR was used to detect these above-
mentioned three cytokines in RNCs. The results indicated that
siTLR2-316 significantly reduced the H2O2-mediated upreg-
ulation of TNF- , IFN-γ, and IL-1β (Fig. 5c).

These experiments of siTLR2 confirmed that TLR2 played
a significant role in H2O2-induced apoptosis and immune-
inflammation of rat RNCs. Moreover, TNF- , IFN-γ, and IL-
1β are the downstream cytokines of TLR2 signaling pathway
in H2O2-induced apoptosis of RNCs.

To further validate the important role of TLR2 in H2O2-
induced apoptosis of RNCs, PGN, which is a specific ligand
of TLR2, was used. The RNCs alone were stimulated with
10 μM E2, 1–60 μg/ml PGN, or 200 μM H2O2 for 3 h, or
jointly stimulated with these above-mentioned reagents. The
flow cytometry of annexin V-FITC/PI assay was used to
detect the cell apoptosis and necrosis. The numbers of
annexin V-FITC single-staining positive early apoptotic
cells, annexin V-FITC and PI double-staining positive late
apoptotic cells and PI single-staining positive necrotic cells
were determined. The results showed that compared with the

Fig. 1 TLR2 was upregulated by
H2O2 stimulation in a time- and
dose-dependent way in the
primarily cultured SD rat RNCs.
The mRNA expressions of
TLR1–9 in normal and H2O2-
stimulated SD rat RNCs of
primary culture were determined
by real-time PCR (a, b). The
expression of TLR2 stimulated by
H2O2 from 25 to 400 μM for 24 h
in the RNCs of primary culture
was detected by real-time PCR
(c). The expression of TLR2
stimulated by 200 μMH2O2 for 3
to 48 h in the RNCs of primary
culture was detected by real-time
PCR (d). *p < 0.05, **p < 0.01,
and ***p < 0.001 when compared
with the cell group that had been
treated with PBS. The data are
represented as the mean ± S.E.M.,
n ≥ 3
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PBS control group, 200 μM H2O2 and 1–60 μg/ml PGN
could significantly increase the percentage of late apoptotic
cells (Fig. 6a). However, when compared with the H2O2-
alone administrated group, 1–60 μg/ml PGN remarkably
reduce the percentage of late apoptotic cells; meanwhile,
the percentage of necrotic cells were interestingly showed
to be significantly increased (Fig. 6a, b). The result of apo-
ptotic detection from E2-H2O2 and E2-PGN jointly stimu-
lated groups showed that 10 μM E2 could significantly re-
duce the number of late apoptosis induced by 200 μM H2O2

and 10 μg/ml PGN (Fig. 7a, b).
These results demonstrated that the activation of TLR2

signaling by its specific ligand PGN could effectively promote
the RNCs transformed from late apoptosis to necrosis and
exacerbate the intensity of the damage of oxidative stress.
TLR2 may play a critical role in H2O2-induced apoptosis in
SD rat RNCs. And E2 may exert its anti-apoptotic effect to
protect the RNCs from TLR2 mediated apoptosis induced by
H2O2.

Discussion

In recent years, the TLR family was found a kind of pattern
recognition receptors which could induce immune-
inflammation and mediate plentiful of chronic immunological
diseases. Studies on stroke have shown that TLR2 can medi-
ate white blood cell and glial cell infiltration and neuronal
death, and the survival rate of nerve cells in TLR2 gene
knockout mice is significantly improved (Ziegler et al.
2011). It has also been reported that TLR2 may be involved
in the inflammation of nerves caused by activated microglia in
the pathogenesis of Alzheimer’s disease by acting as the initial
receptor of the β-amyloid peptide (Liu et al. 2012). Studies
have shown that the expression of both TLR1 and TLR3 are
relatively high in human retinal pigment epithelial cell line
ARPE-19, and the TLR3 signaling pathway may play an im-
portant role inmediating innate immune and acquired immune
responses in the retina (Kumar et al. 2004). In our study, the
expression of TLR2 was higher than that of other TLRs

Fig. 2 E2 significantly decreased the expression of TLR2 and the
inflammation cytokines induced by H2O2 in vitro and light in vivo. The
mRNA expressions of TLR2, IL-1β, TNF- , and IFN-γ in the RNCs of
primary culture were determined by real-time PCR (a, b). The primary
cultured RNCs were administrated by 10 μM E2 or 200 μM H2O2 for
24 h in the reagent-alone administrated groups, and pre-administrated by
10 μM E2 30 min before H2O2 administration in the reagent co-effected
group (a, b). The expression of TLR2 in the SD rat retina was detected by
immunohistochemistry (c). The positive staining of TLR2 is indicated by
the dark pink arrows. The cells loss of ONL and INL of retina was shown
in the line box of yellow (×400). The female adult SD rats were

administrated by 8000-lx white light exposure for 12 h in the light-
damaged groups, and in the reagent and light co-administrated groups,
the rats were intravitreally injected with 4 μl 10−5 M E2 or 4 μl saline
before light damage (c). The percentage of the integrated optical density
standing for the positive TLR2 expression in the immumohistochemical
stained histologic section was statistically analyzed (d). OS outer
segment, IS inner segment, ONL outer nuclear segment, INL inner
nuclear segment. ***p < 0.001, &p < 0.0001, ###p < 0.001, and
@p < 0.0001 when compared with the corresponding cell groups
indicated in this figure. The data are represented as the mean ± S.E.M.,
n ≥ 3
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(Fig. 1a), possibly because the pigment epithelium was
discarded and only the RNCs remained including the retinal
neurons and glial cells in the process of isolating and cultur-
ing. Therefore, we speculate that the distributions, contents,
and roles of TLRs vary across different regions of the retina,
and the research on it still needed to be studied. Interestingly,
we also found that the expression of TLR9 was increased
significantly by H2O2 stimulation; however, TLR2 showed
more reactivity to E2 administration than TLR9 in our re-
search model, so we mainly focused on TLR2 in this study.

Acute neural immune inflammatory response mediated by
TLRs is conductive to the recovery of the central nervous
system from injury (Wang et al. 2009); however, chronic
immune-inflammation of the nerve cells, on the contrary, will
partly lead to the generation of reactive oxygen species and
make the body into a vicious cycle of inflammatory injury
(Taylor et al. 2013). Therefore, TLRs may play critical role
in cell death and survival induced by oxidative stress. These
viewpoint could be confirmed by our results, which indicate
that 1–60 μM PGN could decrease the percentage of necrotic
RNCs in varying degrees to reduce the apoptotic damage of
PGN comparing with the PBS control; however, when the
cells damaged by H2O2, as the mediator of the severe oxida-
tive stress damage, PGN could significantly enhance the reac-
tion of immune-inflammation to aggravate the damage and
transform the late apoptotic cells into necrotic cells (shown
in Fig. 6a, b). Considering the type of the research model used
is quite different from the currently reported results in

microglial inflammation, in our investigation, we have not
observed the immune tolerance mediated by PGN in the
RNCs damage induced by oxidative stress comparing with
the H2O2 group (Rajalakshmy et al. 2015).

TLRs could make different intracellular signal molecule
and the interaction of participation to other regulating path-
ways, and make important influence on the type of immune
response, intensity of the reaction, and duration (Brown et al.
2011). The research on the molecular mechanism of TLRs in
the neural immune-inflammatory reaction, including the reti-
na, is rare. Now, TLR4 has been reported to mediate oxidative
stress injury and mitochondrial DNA damage in the retinal
photoreceptor cells of mice (Ko et al. 2011). The activation
of TLR3 can protect RPE cells from oxidative stress injury
through activation of signal transduction and transcriptional
activation factor 3 (STAT3) (Patel and Hackam 2013), which
has been considered to have close relationship with the regen-
eration of peripheral nerve, as well as the maintenance and
growth of sensory nerve (Quarta et al. 2014). Some

Fig. 4 siTLR2 reduced H2O2-induced TLR2 expression in primary
cultured SD RNCs. The interference effect of three sequences of
siTLR2 was detected by real-time PCR (a) and western blotting (b, c).
NC negative control administered for 48 h; si-971, si-316, and si-1492
indicate the three different sequences of siTLR2 administered for 48 h;
Hs-971, Hs-316, and Hs-1492 indicate the administration of the above-
mentioned three siTLR2s for 24 h followed by 200 μM H2O2

administration for 24 h. ***p < 0.001, ##p < 0.01, and ###p < 0.001
when compared with the corresponding cell groups indicated in this
figure. The data are represented as the mean ± S.E.M., n ≥ 3

Fig. 3 E2 decreased the TLR2 expression of the primary cultured SD rat
RNCs in a PI3K-independent way. The expression of TLR2 was detected
and analyzed bywestern blotting assay (a, b). The time and concentration
of E2 and H2O2 administration to the RNCs were the same as mentioned
in Fig. 2; 10μMLYwas administrated for 24 h in LY-alone administrated
group, and in LY + E2 + H2O2 group, LY was administrated 30 min
before E2 administration for 30 min which was followed by 200 μM
H2O2 treated for 24 h. *p < 0.05, ***p < 0.001 vs. PBS control;
###p < 0.001 when compared with the cell groups had been
administrated with H2O2 alone. The data are represented as the
mean ± the S.E.M., n ≥ 3

J Mol Neurosci (2016) 60:195–204 201



researchers consider that PI3K signaling can downregulate
TLRs expression (Fukao and Koyasu 2003). Contrarily, it
has also been shown that the TLR2 ligand Pam3CSK4 can
protect the brain from the damage caused by ischemia and
reperfusion through the activation of the PI3K/Akt signaling
pathway (Lu et al. 2011). In this study, we demonstrate that the
inhibition of PI3K by LY could upregulate the expression of
TLR2. Our previous study found that E2 protects RNCs and
reduces oxidative stress-induced apoptosis through the activa-
tion of PI3K/Akt signaling pathway (Li et al. 2013; Yu et al.
2004). In this way, we postulated that PI3K/Akt might play

critical role in the regulation of TLR2 by E2 in our research
model. However, we did not get the preconceived results; the
expression of TLR2 downregulated by E2 could not be influ-
enced after the inhibition of PI3K. Therefore, we supposed
that there are some other signaling pathways involved which
constitute a complicated network to regulate the TLR2 by E2.
In this study, we revealed for the first time that the damage
from oxidative stress can lead to immune-inflammation and
apoptosis mediated by TLR2; moreover, E2 can decrease ap-
optosis by inhibiting the inflammatory response, and thereby
protects RNCs from oxidative stress insult in a PI3K-

Fig. 5 siTLR2 reduces H2O2-induced apoptosis and inflammatory
cytokines expression in primary cultured SD RNCs. The total numbers
of apoptotic cells, including early apoptotic (annexin V-FITC positive
staining) and late apoptotic (both annexin V-FITC and PI positive
staining) were detected by flow cytometry (a, b). The expression of the
inflammatory cytokines including TNF- , IFN-γ, and IL-1β were

detected by real-time PCR (c). Vector the group administrated with the
transfection reagent Lipofectamine™ 2000 alone for 48 h. The indication
of the other labels is the same as Fig. 4. ***p < 0.001, #p < 0.05,
##p < 0.01, and ###p < 0.001 when compared with the cell group
administrated with H2O2 alone for 48 h. The data are represented as the
mean ± S.E.M., n ≥ 3
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Fig. 6 PGN promotes the RNCs
transformation from late
apoptosis to necrosis induced by
H2O2. The numbers of late
apoptotic (both annexin V-FITC
and PI-positive staining) and
necrotic (PI-positive staining)
RNCs were detected and
statistically analyzed by annexin
V-FITC/PI assay using flow
cytometry (a, b). Then,
1–60 μg/ml PGN and 200 μM
H2O2 were administered alone or
simultaneously for 3 h to the cells.
**p < 0.01, ***p < 0.01,
##p < 0.01, and ###p < 0.001 when
compared with the corresponding
cell groups indicated in this
figure. The data are represented as
the mean ± S.E.M., n ≥ 3

Fig. 7 E2 significantly decreases
the late apoptotic RNCs induced
by PGN. The late apoptosis (both
annexin V-FITC and PI positive
staining) of RNCs were detected
and statistically analyzed by
annexin V-FITC/PI assay using
flow cytometry (a, b). Then,
10 μg/ml PGN and 200 μMH2O2

were administered alone or
simultaneously for 3 h to the cells.
In the E2-alone administrated
group, 10 μM E2 were
administrated for 3 h, and in the
co-administrated groups, 10 μM
E2 were administrated 30 min
before the stimulation of 200 μM
H2O2 or 10 μg/ml PGN for 3 h.
**p < 0.01, ***p < 0.001,
##p < 0.01, and ^^p < 0.01 when
compared with the corresponding
cell groups indicated in this
figure. The data are represented as
the mean ± S.E.M., n ≥ 3
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independent way. Therefore, the signaling pathways which
are involved in E2 neuroprotection from TLR2-mediated ret-
ina inflammation and apoptosis still need to be studied.

Immune and inflammatory responses have a Bdouble-
edged sword^ role in the development and progression of
neurodegenerative diseases. On one hand, immune and in-
flammatory responses invigorate active absorption and degra-
dation systems, can remove metabolites and waste, and can
inactivate and process the toxic substances released by dam-
aged cells. On the other hand, sustained pro-inflammatory
cytokine stimulation is toxic to nerve cells and will eventually
lead to cell death. Whether immune and inflammatory re-
sponses play protective or damaging roles in nerve cells de-
pends mainly on the stimulus triggering the immune and in-
flammatory responses, the intensity of that stimulus, and dif-
ferences in the microenvironment of the reaction process
itself.
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