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EPO protects Miller cell under high glucose state
through BDNF/TrkB pathway
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Abstract: Neurotrophic factor decreased in the early stage of diabetic retinal nerve cells. Neurons damage brain de-
rived neurotrophic factor (BDNF) and receptor TrkB expression reduced. Erythropoietin (EPO) plays an important role
in protecting early diabetic retinopathy. The rats were euthanized at 24 h after EPO vitreous injection and the retina
was separated. HE staining was applied to observe the pathological tissue morphology. Immunohistochemistry, im-
munofluorescence, and Western blot were used to detect BDNF, TrkB, extracellular signal-regulated kinase (ERK),
and glial fibrillary acidic portein (GFAP) expression. Retinal structure was clear in group C, while the retinal thickness
and RGCs number decreased in group B at 24 w. Retinal thickness in group E was greater than in group B but lower
than in group C. GFAP and ERK expression increased in both group B and E, whereas the latter was significantly
lower than the former. TrkB protein level was in group E > B > C at 4 w, while it was in group C > group E > group
B at 24 w. BDNF expression in group B was higher than in group C at 4 w, whereas it was opposite at 24 w. BDNF
expression increased in group E at 4 w, and it was similar in group E compared with group C at 24 w. EPO vitreous
injection can increase BDNF and TrkB expression, while reduce GFAP and ERK expression in diabetes rat retina. It

could protect Miller cells through BDNF/TrkB pathway to play a role of nerve nutrition.
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Introduction

Diabetic retinopathy (DR) is a common compli-
cation of diabetes. It has become a hot issue in
ophthalmology clinical and basic research [1,
2]. Studies have shown that diabetic patients
appeared abnormal retinal glial cells (Muller
cells) and retinal ganglion cells (RGCs) before
retinal microvascular lesions occur [3, 4], sug-
gesting that diabetic retinopathy is neural
degenerative process. RGCs damage and cell
hydroxy-ischemia may block axoplasmic trans-
port in ganglion cell axon, interrupt neurotroph-
ic factors supply, and cause apoptosis [5, 6]. In
the early phase of diabetes, neurotrophic factor
expression decreased, neurons damage brain
derived neurotrophic factor (BDNF) and recep-
tor TrkB expression reduced in the retina nerve
cells [5, 7], indicating that diabetic retinal neu-
ral degenerative disease may be associated
with lack of neurotrophic factors. Miuller cells

have multiple physiological functions. It can
release neurotrophic factors and plays an
important role in maintaining retina steady.
Mdller cells reactive gliosis is the common char-
acter after retinal damage, as it plays an impor-
tant role in protecting retina [7, 8]. Brain derived
neurotrophic factor (BDNF) is important in neu-
ron survival. Existing studies suggested that
erythropoietin (EPO) has nerve protective effect
in retinal disease by combining with EpoR medi-
ated by the EPO/EPO receptor (EpoR) to acti-
vate multiple signaling pathways. EPO protec-
tion role in the early stage of diabetic retina is
closely related to the MAPK/ERK1/2 signaling
pathway [8, 9]. Studies found that EPO protec-
tion is associated with the interaction between
glial cells and neurotrophic factors. Whether
EPO plays a role of neurotrophic effect on Muller
cells in diabetic rat retina remains to be further
investigated. This study investigated the role of
EPO on diabetic rat retinal pathological chang-
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Figure 1. EPO effect on pathologic morphology of the diabetic rats’ retinal tissue (x 400). VC, vitreous cavity; NFL,
nerve fiber layer; GCL, ganglion cell layer; IPL, inner plexiform layer; INL, inner nuclear layer; OPL, outer plexiform
layer; ONL, outer nuclear layer; IS, photoreceptor-inner segment; OS, photoreceptor-outer segment.

es and the tyrosine kinase receptor B (TrkB),
BDNF, extracellular signal-regulated kinase
(ERK), glial fibrillary acidic protein (GFAP)
expression in diabetic rat model to observe
EPO protection on Mdller cells under high glu-
cose state.

Materials and methods
Animals and grouping

8 weeks male Wistar rats weighed 180~220 g
were provided by experimental animal center of
Weifang Medical College (animal certification
number: SCXK 2006-0002). The animals were
feed in SPF laboratory. The rats were randomly
divided into control group (C), model group (B),
and EPO group (E) with 20 in each group.

Rats were used for all experiments, and all pro-
cedures were approved by the Animal Ethics
Committee of our hospital.

Drugs and reagents

Streptozotocin (provided by Sigma) was dis-
solved in citrate buffer. Trypsin (serval:250)
was provided by Amresco. BDNF and primary
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antibody for TrkB, ERK, BDNF and GFAP were
purchased from Sigma. B-actin primary anti-
body and secondary antibody were got from
Biovision.

Modeling

Streptozotocin was adopted to establish the
diabetic rat model. After fasting for 12 h, the
rats in the model group received 60 mg/kg 1%
streptozotocin solution intraperitoneal injec-
tion. The rats in the control received equal vol-
ume of citrate buffer. The diabetic model was
confirmed when the fasting blood-glucose >
16.7 mmol/L after 72 h.

Drug administration

EPO was injected to the vitreous cavity at 4
week/24 week at 8 U/eye, while rats in group C
and B received equal volume of normal saline.

Index detection

General condition of the rats were observed
daily including mental state, drinking, diet, def-
ecate and urine. The rats were euthanized at
24 h after injection and the retina was sepa-
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Figure 2. EPO effect on GFAP expression in diabetic rats’ retinal tissue.
rated. HE staining was applied to observe the sion after dewaxing, and immunohistochemis-
pathological tissue morphology. Immunohis- try (Ultra Vision Detection System three-step
tochemistry, immunofluorescence, and Wes- method). Immunofluorescence was adopted to
tern blot were used to detect BDNF, TrkB, ERK, determine retinal GFAP expression: retinal par-
and GFAP expression. Rat retina tissue paraffin affin section was observed after washing and
section was used to test TrkB and ERK expres- incubating with GFAP antibody (1:2000).
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Figure 3. EPO effect on ERK and TrkB expression in diabetic rats’ retinal tissue (x 400).
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Figure 4. EPO effect on BDNF expression in diabetic rats’ retinal tissue.

Western blot was applied to detect GFAP and
BDNF protein expression: total protein of the
retina was separated by denaturing SDS-
polyacrylamide gel electrophoresis and an-
alyzed.

Statistical analysis

All statistical analyses were performed using
SPSS17.0 software. Numerical data were pre-
sented as means and standard deviation (X
+S). Differences between multiple groups were
analyzed using one-way ANOVA or LSD-t test. P
< 0.05 was considered as significant diffe-
rence.

Results

EPO effect on pathologic morphology of the
diabetic rats’ retinal tissue

Retinal structure was clear in group C with nor-
mal and in alignment cells (Figure 1A, 1D). The
retinal cell morphology did not change obvious-
ly after 4 w in model group, while the retinal
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thickness and RGCs number decreased at 24
w. Meanwhile, it also presented retinal nerve
fiber layer edema, glial cell proliferation, outer
nuclear layer and inner nuclear layer cell
arrangement disorder (Figure 1B, 1E). Retinal
thickness in EPO group was greater than in
modeling group (Figure 1C, 1F).

EPO effect on GFAP expression in diabetic
rats’ retinal tissue

Immunofluorescence showed that GFAP mainly
expressed in the ganglion cell layer, nerve fiber
layer and inner plexiform layer in the control,
while little in the outer nuclear layer (Figure 2A,
2D). GFAP fluorescence intensity increased in
the 4 w of the diabetic rats. GFAP fluorescence
intensity in nerve fiber layer upregulated at 24
w following the process of the disease. Inner
nuclear layer surrounds the Miller cells, gan-
glion cell layer surrounds the RGCs, and outer
nuclear layer exists in the synapse of the Muller
cells with filiform trend (Figure 2B, 2E). GFAP
fluorescence intensity in EPO group was weak-
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er than that of the model group but stronger
than in the control (Figure 2C, 2F). Western blot
showed that GFAP expression increased signifi-
cantly with the longer duration of diabetes (P <
0.05) (Figure 2G). GFAP expression in EPO
group was lower than the diabetic group but
higher than the control (P < 0.05). EPO can
obviously reduce GFAP expression level (Figure
2H, 2I).

EPO effect on ERK and TrkB expression in dia-
betic rats’ retinal tissue

Immunohistochemistry results showed that
TrkB protein mainly exists in the nerve fiber
layer, ganglion cell layer, inner nuclear layer,
inner/outer plexiform layer, pigment epithelium
layer, and photoreceptor inner section. Brown
product distributed in the bulge of the neuron
cell body (Figure 3A). TrkB protein expression in
diabetic rats was higher than the control group
at 4 w, whereas it was lower than the control at
24 w. It mainly expressed in the ganglion cell
layer, and a little in the other parts (Figure 3B,
3D). EPO group rats showed higher TrkB protein
expression than that of diabetic group at 4 w
and 24 w, and lower level than the control at 24
w. It suggested that TrkB protein upregulated in
the early stage of diabetic retina, and reduced
following longer duration. EPO can increase
TrkB protein expression (Figure 3C, 3E). ERK
expression was weak in the control and mainly
existed in the ganglion cell layer (Figure 3F).
ERK protein increased in diabetic rats at 4 w
and 24 w and mainly expressed in the inner
nuclear layer and ganglion cell layer significant-
ly (Figure 3G, 3l). ERK protein expression in
EPO group was lower than the diabetic group
and higher than the control (Figure 3H, 3J), indi-
cating that EPO can downregulate ERK
expression.

EPO effect on BDNF expression in diabetic
rats’ retinal tissue

BDNF overexpressed in the model group at 4 w,
and it decreased obviously at 24 w (P < 0.05).
BDNF expression upregulated in the EPO group
at 4 w, and it was similar with control at 24 w. It
showed that EPO vitreous injection can increase
BDNF level in the retina (Figure 4).

Discussion

Currently, multiple studies focused on investi-
gating EPO role in DR. Clinical trial showed that
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[10], EPO intraocular injection can relieve
refractory macular edema in DR and improve
patients’ eyesight level. In vivo animal experi-
ments indicated that [11, 12], early EPO vitre-
ous cavity or intraperitoneal injection can
decrease retinal nerve cells apoptosis, improve
the glial cell electrophysiologic function, and
protect blood retinal barrier in STZ established
type 1 diabetic rat model. Intraocular EPO
application security has been verified in rab-
bits, rats, and human. This study discussed
EPO effect on retinal pathological changes in
diabetic rats and relationship with TrkB, BDNF,
ERK and GFAP expression to observe EPO pro-
tection on Mdller cells and indirect neurotroph-
ic factor effect under high glucose state through
establishing diabetic rat model.

Muller cells are the major retinal glial cells on
retina. Their bodies run through all layers of the
retina and make up of retinal neurons for mate-
rial exchange. Mdller cells have different ion
channels for regulating a variety of physiologi-
cal functions to maintain the normal function of
neurons. Injury or disease can lead Miller cells
gliosis. Muller cells glial activity increased and
GFAP expression upregulated in the early stage
of diabetes. GFAP mainly expressed in the
Mdller cells and astrocytes of the rat retina.
The compensatory response of astrocytes in
injury was reactive gliosis. However, excessive
gliosis may lead to glial scar, which is not con-
ducive to neurons repair, resulting in tractional
retinopathy [13, 14]. Muller cells characteristic
changes (hyperplasia, swelling, etc.) and GFAP
overexpression appeared before the vascular
lesions in the process of retinopathy. Apoptosis
related signaling molecules can be detected in
diabetic retina. DR nerve apoptosis is related to
the lack of neurotrophic factor. Neurotrophic
factors supplement can protect DR neurons.
Studies have found that EPO can induce BDNF
expression in the brain astrocytes and promote
neurons regeneration [15-17]. Our results
revealed that retinal structure was clear in
group C under microscope, while the retinal
thickness and RGCs number decreased in
group B. Retinal thickness in group E was great-
er than in group B but lower than in group C.
GFAP immunofluorescence intensity and ERK
expression in group C were weak. They
increased in both group B and E at 24 w, where-
as the latter was significantly lower than the
former. TrkB protein level was in group E > B >
C at 4 w, while it was in group C > group E >
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group B at 24 w. BDNF expression in group B
was higher than in group C at 4 w, whereas it
was opposite at 24 w. BDNF expression
increased in group E at 4 w, and it was similar
in group E compared with group C at 24 w. The
results demonstrated that EPO can upregulate
BDNF and TrkB expression, while downregulate
retina gliosis marker GFAP and ERK expression
in the Muller cells of the diabetic rat retina. EPO
indirect trophic factors may be involved in the
protection effect of EPO on retinal neurons
under high glucose condition. In the retina, neu-
rotrophic factors mainly come from Mdller cells.
BDNF is an important neurotrophic factor in the
nervous system that can promote nerve regen-
eration and maintain normal neuronal function.
BDNF may play a role through binding with
receptor P75 and TrkB on nerve cells and acti-
vating various signaling pathways [18-20].
BDNF overexpressed in the early stage in this
study, which may be associated with that BDNF
expression is affected by retinal metabolism.
BNDF can respond quickly to diabetes stimula-
tion and overexpressed in retina to prevent
damage. BDNF expression reduced at 24 w in
the retina of diabetic rats, and Miiller cell func-
tion declined. EPO can improve Miller cells
function and upregulate BDNF expression.
Exogenous EPO can increase BDNF and TrkB
protein, reduce GFAP level in the retina, and
regulate retinal neurons apoptosis through
BDNF/TrkB pathway under high glucose condi-
tion. In this study, TrkB protein level increased
in the early stage of diabetes. TrkB level
decreased following the extension of the dis-
ease. EPO can increase TrkB expression. Early
TrkB overexpression in diabetic rats might be a
protective effect to high glucose condition.
Along with the extension of the course, TrkB
downregulation may be associated with decom-
pensation to chronic high glucose injury.

To sum up, vitreous injection of EPO can upreg-
ulate BDNF and TrkB expression in the retina of
diabetic rats, reduce GFAP and ERK expres-
sion. EPO play an indirect neurotrophic factor
role to protect Muller cells through BDNF/TrkB
pathway.
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