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Abstract
·AIM: To investigate the effect of protein kinase C (PKC) on

transforming growth factor-β 2 (TGFβ 2) and dopamine in
retinal M俟ller cells of guinea pig myopic eye.

·METHODS: Myopia was induced by translucent goggles in

guinea pig, whose retinal M俟ller cells were cultured using the
enzyme-digesting method. Retinal M 俟ller cells were divided
into 5 groups: normal control, myopia, myopia plus
GF109203X, myopia plus PMA, myopia plus DMSO. PKC
activities were detected by the non-radioactive methods.
TGFβ 2 and tyrosine hydroxylase (TH) proteins were analyzed
by Western Blotting in retinal M 俟ller cells. Dopamine was
determined by the high-performance liquid chromatography-
electrochemical detection in suspensions.

· RESULTS: After 14 days deprived, the occluded eyes

became myopic with ocular axle elongating. M 俟ller cells of
guinea pigs were obtained using enzyme digestion. Compared
with normal control group, the increase in PKC activity and
the up-regulation in TGFβ 2 expression were found in retinal
M俟ller cells of myopic eyes, with the decrease of TH and
dopamine content ( <0.05). After PKC activated by PMA,
TGFβ 2 and TH content were up-regulated with the increase
of dopamine content ( <0.05). While the PKC activities was
inhibited by GF109203X, proteins of TGFβ 2 and TH were
down-regulated in the myopic eyes, with the decrease of
dopamine content ( <0.05).

· CONCLUSION: TGFβ 2 and dopamine are modulated by

PKC in M俟ller cells of the myopic eyes in guinea pig.
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INTRODUCTION

I t has been demonstrated that the formation and
development of myopia result from active remodeling of

sclera under the regulation of retina [1]. Transforming growth
factor-茁2 (TGF茁2) [2] and dopamine [3] are retinal signal
factors, which participate in regulating the development of
myopic eyes. M俟ller cells are the primary glial cells in the
retina, which constitute regulatory network "neuron-glia"
together with retinal neurons, and participate in retinal
physiological and pathological processes. It is reported that
protein kinase C (PKC) plays an important role in M俟ller
cells signaling in the retina [4]. In the present study, the
expressions of TGF茁2, dopamine and tyrosine hydroxylase
(TH) were studied in M俟ller cells isolated from myopic
guinea pig eyes induced by form deprivation and primaryly
cultured M俟ller cells of retina. In addition, these indexes
were intervened by the activator (PMA) and inhibitor
(GF109203X) of PKC, and then to analyze whether PKC has
regulatory role on these myopic signaling factors.
MATERIALS AND METHODS
Materials Healthy triad color guinea pigs (clean grade, =
35, aged 3 weeks, weighed 180-220g) are supplied by
Experimental Animal Center of Xiangya Medical College of
Central South University. Twenty-five guinea pigs are
chosen to establish myopic eye model. The contralateral
uncovered eye is considered as self control, and the remnant
guinea pigs ( =10) are regarded as normal control. After
the eye is covered for 14 days, 0.5g/L tropicamide is used to
dilate the pupil so as to examine test eye refraction. Axial
length is measured by A scan for 3 times, and the average
value is obtained. After 14 days of deprivation, the axial
length of deprived eye in the guinea pig prolongs, and
myopia is formed. There was a significant difference in the
refraction between the deprived eye (-3.21依0.42D) and its
control eye ( <0.05). In addition, There was a significant
difference in the axial length between deprived eye (8.37依
0.14mm) and its control eye ( <0.05, Table 1).
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Primary culture of retinal M俟ller cells refer to reference [5].
The eyeballs of guinea pigs were enucleated, and the
anterior segments removed. Then, the neural retinas were
isolated and placed into an enzymatic solution containing
0.25% trypsin in Dulbecco's modified eagle medium
(DMEM) for 10 minutes at 37℃ under 5% CO2. Retinal
samples were cut into pieces by microscopic ophthalmic
scissors, beaten upon through pipettes, and then made into
cell suspensions. The isolated cells were then maintained in
DMEM containing 20% fetal bovine serum and 0.1%
penicillin/streptomycin at 37℃ under 5% CO2. After 24
hours, the cultural medium was changed for the first time,
and the suspension cells were washed out. And then the
medium was changed every 3 or 4 days. The cultured cells
were passaged, when the density of adherent cell reached
3 伊105cm-2. After passage, the cell density was 5 伊104cm-2.
Cells were identified by immunocytochemical analysis with
antibodies against the M俟ller cell markers vimentin and glial
fibrillary acidic protein (Santa Cruz, CA, USA).
Methods PMA and GF109203X (Merck, Germany) are
dissolved in dimethyl sulphoxide (DMSO), and added into
the cultured second generation of retinal M俟ller cells for 3
hours. The concentration of PMA and GF109203X is
100nmol/L and 1滋mol/L, separately. M俟ller cells are
divided into 5 groups: normal control, myopia, myopia+
GF109203X, myopia+PMA and myopia+DMSO.
Operating procedure is based on the instruction of
non-radioactive PKC activity assay kit (Promega). M俟ller
cells are scraped, and homogenated by 0.5mL pre-cooling
PKC extract. Sample is centrifugated for 5 minutes with
14 000r/min at 4℃ , and the supernate fluid is preserved.
And then, the fluid is added into 1mL DEAE cellulose
column after pre-equilibration of PKC extract. After the
column is washed, the composition containing PKC is eluted
by 5mL PKC extract containing 200mmol/L NaCl. After the
samples to be tested are mixed with PepTag誖 PKC reaction
buffer, PepTag誖 C1 peptide (PKC specific phosphorylation
substrate), combined PKC activation solution and peptide
protection fluid, the reaction is terminated after incubation
for 30 minutes, and then the sample is kept in dark place at
4℃ . Deionized water replacing the sample is regarded as the
negative control and the group without adding PepTag誖 C1
peptide is considered as the blank control. Preparation of

8g/L agarose gel, 10滋L sample is applied each hole, 100V
electrophoresis for 15 minutes (phosphorylated C1 peptide
moves to positive pole, while non-phosphorylated C1
peptide moves to negative pole), and then the sample is
observed under viltalight lamp. The phosphorylated strap is
cut; collosol is heated at 95℃ , and then transferred into
96-well microtiter plates. The final volume is 250滋L. Shade
selection at 570nm, and then optical absorption value is
detected. PKC activity of every sample is caculated.
The specific methods of TGF茁2 and TH detection refer to
reference [7]. The first antibody is rabbit anti-TGF茁2

polyclonal antibody and rabbit anti-TH polyclonal antibody
(Santa Cruz, U.S.A), working concentration 1:500. Target
strap is performed grey value analysis by Bandscan 5.0
image analysis software, GAPDH as the internal control, the
relative expression of target protein is calculated. Dopamine
content detected By HPLC [4]. Dopamine content in M俟ller
cell culture fluid is expressed with 滋g/L.
Statistical Analysis All the data was expressed as mean依
SD, and analyzed with SPSS11.0 software. One-way
ANOVA was used to analyze eye refraction, axial length,
proteins of TGF茁2 and TH, PKC activity, and dopamine
content in the guinea pig.
RESULTS
PKC activity in M俟ller cells PKC activity of M俟ller cells
was significantly increased in myopia group compared to
that of normal control group ( <0.05). After PMA was
added, PKC activity of M俟ller cells in myopic eye was
further significantly elevated compared to that of myopia
group ( <0.05). After GF109203X was added, PKC
activity of M俟ller cells wa significantly decreased compared
to that of myopia group ( <0.05). DMSO had no effects on
PKC activity, and there was no difference compared to
myopia group ( >0.05, Figure 1, Table 2).
TGF 茁2, TH and dopamine in M俟ller cells TGF茁2 and
TH were expressed in M俟ller cells of normal control group
as well as myopia group. TGF茁2 was up-regulated, while the
expression of TH showed down-regulation in myopia group,
which was significantly different from that of control group

Table 1  Changes of refraction and axial length in guinea 
pigs                                        mean±SD 
Groups n Refraction (D) Axial length (mm) 
Normal control 10 +0.45±0.20 a 8.13±0.10a 
Self control 25 +0.62±0.18a 8.12±0.08a 
Deprivation 25 -3.21±0.42 8.37±0.14 
aP<0.05 vs deprived eye 

Figure 1 PKC activity in M俟ller cells 1: Normal control; 2:
Myopia; 3: Myopia＋GF109203X; 4: Myopia＋ PMA; 5: Myopia＋
DMSO; 6: Negative control; 7: Blank control

TGF茁2 and PKC in retinal M俟ller cells of myopia
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( <0.05). Dopamine content secreting from M俟ller cells in
the myopia group had significant different compared to that
of normal control group ( <0.05, Figure 2, Table 2). After
GF109203 was added, the expressions of TGF茁2 and TH
showed down-regulation in M俟ller cells, and dopamine
content was decreased, which were significantly different
from that of myopia group ( <0.05). After PMA was added,
the expressions of TGF茁2 and TH showed up-regulation in
M俟ller cells, and dopamine content was increased ( <0.05).
DMSO did not affect the expressions of TGF茁2 and TH and
dopamine content (Table 2).
DISCUSSION
From the study on myopia using animal models, it is found
that TGF茁2

[2] and dopamine [3] participate in the development
of form deprivation myopia. Seko [2] has reported that
the content of TGF茁2 is increased in the posterior pole of
retina-retinal pigment epithelium-choroid complex and
sclera of the deprived eyes in chicken, suggesting that
TGF茁2 participate in the development of myopia. However,
TGF茁 mRNA and protein are reduced in retina of the
deprived eyes in chicken. The reduced expression of TGF茁
protein mainly appears in the cellular layer of photoceptor.
In addition, Jobling [6] consider tree shrew as the
experimental animal and investigate the changes of three
isomers of TGF茁 in retina in the development of myopia.
The results show that over 95% of the total TGF茁 content in
the guinea pig is TGF茁2

[9]. Form deprivation in the early
stage has no significant effect on TGF茁2 content in retina,
and TGF茁2 content begins to decrease on day five[6].
Dopamine is one of the neurotransmitters in retina. Both
form deprivation and lens-induced defocus induce dopamine
content decreased in retina. Intravitreal injection of
dopamine [7] and its agonist apomorphine has significant
inhibitory action on the occurrence of myopia, suggesting
that retinal dopamine participate in the formation of myopia.
It needs to further study whether TGF茁2 and dopamine is
involved in the occurrence of myopia and which retinal cells
can be regulated by form deprivation to secret TGF茁2 and
dopamine.

and researches demonstrated that TGF茁2
[8]

and TH[9,10] protein are expressed in M俟ller cells of retina. In

our study, it shows that cultured M俟ller cells of retina
express TGF茁2, TH protein and secrete dopamine. The
synthetic TGF茁2 protein is increased, while TH and
dopamine content is decreased in myopic eye, suggesting
that M俟ller cells of retina can synthesize and secrete TGF茁2

and dopamine in the guinea pig. In addition, the contents of
TGF茁2 and dopamine are reduced in M俟ller cells during
establishment of form deprivation myopia. The research by
Jobling [6] shows that dynamic changes of TGF茁2

content exist in the retina of tree shrew, and the total content
of TGF茁2 is reduced in the retina on day 5 after form
deprivation. However, in our study we focus on the TGF茁2

content in retinal M俟ller cells. Our result indicates that the
following possibilities exist: first of all, in addition to M俟ller
cells, other retinal cells also can synthesize TGF茁2,
furthermore, TGF茁2 content synthesized by these cells are
reduced during myopia occurs, leading to the total content of
TGF茁2 is reduced in the myopia retina; Second, during the
formation of FDM, time dynamic changes of TGF茁2 exist in
retina; Third, species differences may exist. In our study,
variation tendencies of TH and dopamine in M俟ller cells of
myopia is in accordance with that of retinal dopamine
content in the guinea pig, suggesting that dopamine
synthesized by M俟ller cells participate the occurrence of
form deprivation myopia.
It has been demonstrated that PKC participates in regulation
of TGF茁2

[11] and TH [12] expression. Besides, PKC signal
conduction pathway exists in M俟ller cells of retina [5,6]. In our
study, PKC activity in M俟ller cells of retina is detected by

Table 2  PKC activity, TGFβ2, TH and dopamine in retinal Müller cells                    mean±SD 
Groups PKC activity(units/mL） TGFβ2 TH Dopamine (ng/mL） 
Normal control 0.14±0.05 0.15±0.03 0.60±0.12 26.6±5.8 
Myopia 0.30±0.05a 0.46±0.07a 0.23±0.05a 15.2±3.3a 

Myopia＋GF109203X 0.08±0.03 a,c 0.11±0.02a ,c 0.11±0.04a,c 9.7±3.1a,c 

Myopia＋PMA 0.68±0.08a,c 0.71±0.11 a ,c 0.89±0.16a,c 37.8±5.6a,c 

Myopia＋DMSO 0.32±0.04a 0.47±0.05a 0.21±0.06a 15.0±3.3a 
aP<0.05 vs normal control, cP<0.05 vs myopia, and vs myopia＋DMSO 
 

Figure 2 TGF茁2 and TH proteins in M 俟 ller cells (Westren
blotting) 1,2: Normal control; 3,4: Myopia; 5,6: Myopia ＋
GF109203X; 7,8: Myopia＋ PMA; 9,10: Myopia＋DMSO

359



non-radioactivity method in the guinea pig. The results show
that PKC activity in M俟ller cells of retina is increased in
myopia. The expressions of TGF茁2 and TH up-regulate after
PMA further activate PKC activity, and secretion of
dopamine is increased. However, the expressions of TGF茁2

and TH down-regulate after GF109203X inhibits PKC
activity, and secretion of dopamine is decreased. Therefore,
synthesis and secretion of TGF茁2 and dopamine is regulated
by PKC signal pathway in M俟ller cells of myopia in the
guinea pig. PKC activity and TGF茁2 covary in M俟ller cells
of myopia in the guinea pig, indicating that TGF茁2 in M俟ller
cells may be regulated mainly by PKC signal pathway.
However, variation tendency of PKC activity is opposite to
that of TH and dopamine, suggesting that synthesis and
secretion of dopamine in M俟ller cells may involve other
signal pathways.
In brief, M俟ller cells may participate in the formation of
myopia in the guinea pig, and it is a significant source for
signaling factors of TGF茁2 and dopamine in the retina. And
the synthesis of TGF茁2 and dopamine are regulated by PKC
signal pathway.
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