
Summary. Characterization of retinal cells, cell
transplants and gene therapies may be helped by pre-
labeled retinal cells, such as those transfected with
vectors for green fluorescent protein expression. The aim
of this study was to analyze retinal cells and optic nerve
components from transgenic green mice (GM) with the
‘enhanced’ green fluorescent protein (EGFP) gene under
the control of the CAG promoter (a chicken β-actin
promoter and a cytomegalovirus enhancer). The
structural analysis and electroretinography recordings
showed a normal, healthy retina. Surprisingly, EGFP
expression was not ubiquitously located in the retina and
optic nerve. Epithelial cells, photoreceptors and bipolar
cells presented high green fluorescence levels. In
contrast, horizontal cells, specific amacrine cells and
ganglion cells exhibited a null EGFP expression level.
The synaptic terminals of rod bipolar cells displayed a
high green fluorescence level when animals were kept in
the dark. Immature retinas exhibited different EGFP
expression patterns to those noted in adults. Axons and
glial cells in the optic nerve revealed a specific regional
EGFP expression pattern, which correlated with the
presence of myelin. These results suggest that EGFP
expression might be related to the activity of both the
CAG promoter and β-actin in mature retinal neurons and
oligodendrocytes. Moreover, EGFP expression might be
regulated by light in both immature and adult animals.
Since GM are used in numerous retina bioassays, it is
essential to know the differential EGFP expression in
order to select cells of interest for each study.
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Introduction

‘Green mice’ (GM) are transgenic animals produced
using enhanced green fluorescent protein (EGFP) cDNA
under the control of the CAG promoter formed from
sequences of a chicken β-actin promoter, followed by a
cytomegalovirus enhancer (Okabe et al., 1997). There
are several transgenic mouse strains in which green
fluorescent protein (GFP) is considered to be
ubiquitously expressed. Nevertheless, considerable
variability in expression has been reported within and
between GFP transgenic strains (Swenson et al., 2007).
Some studies have shown that the EGFP expression
level varies between organs and tissues in all GM
strains. Erythrocytes and hair cells are not green under
excitation light, and specific cells exhibit the EGFP
expression in trachea, lung, stomach, small intestine,
colon, liver, kidney, uterus, epididymis and testis (Okabe
et al., 1997; Walter et al., 2000; Swenson et al., 2007;
Ma et al., 2010). Fortunately, transgenic mice looked
normal and healthy despite the significant amount of
EGFP expression throughout their bodies (Okabe et al.,
1997).

The fluorescent nature of transgenic GM cells
facilitates their use in many cell transplantation
experiment types, such as tracking transplanted cells,
and in tumorigenesis studies and gene therapy studies
(Indraccolo et al., 2002; Young et al., 2002; Anderson et
al., 2005; Brazelton and Blau, 2005) . Particularly in the
retina, EGFP is used as an indicator of gene transfer and
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viral transduction in different cell types.
A potential problem for the functional and structural

study of the retina is its vast cellular variability; for
instance, the inner retina contain more than 50 cell types.
Some strategies are currently being developed to not
only obtain specific cellular markers, but to also define
retinal circuitry using the transgenic expression of
fluorescent markers like GFP under the control of certain
promoters in a specific cell type. In animal models that
provide labeled cells, like that used in the present study
(Okabe et al., 1997) or those achieved by electroporation
techniques (Matsuda and Cepko, 2004, 2007), it is
highly advisable to identify the pre-labeled cells suitable
for electrophysiological studies, cell transplants and
structural cell characterization (Lai et al., 1999; Pottek et
al., 2011). This study may contribute to understand the
results obtained by adopting different strategies to
acquired labeled retinal cells. 

Two fundamental scientific advances justify a
detailed study of the GM retina: first, using GFP as an
indicator of gene transfer and viral transduction in
numerous organs, particularly in the retina (Bennett et
al., 1999; Cashman et al., 2002; Askou et al., 2012);
second, identifying the genes responsible for retinal
abnormalities in humans and experimental animals
means that developing gene therapies to treat human
retinal disorders is more likely (Bennett et al., 2012). In
relation to the use of EGFP, we confirm previous studies
(Nour et al., 2004) which have demonstrated that the
effects of EGFP expression on retinal function do not
deleteriously affect the GM retina. We also consider that
characterization of the cells expressing EGFP, or not, in
the retina of these mice is an important goal. 

In the present study, we addressed the cellular
localization of EGFP expression in the retina and optic
nerve of heterozygous GM by a high-resolution
combination of an immunocytochemistry technique and
a direct confocal microscopy analysis. Some cells, with
and without EGFP expression, were identified using
specific markers. Here we show that EGFP expression is
not ubiquitously located in the retina and optic nerve.
Materials and methods

Experimental animals

C57BL/6-Tg(CAG-EGFP)1Osb mice (Okabe et al.,
1997) (referred to as GM herein) were kindly provided
by Mr. Jesús Martínez-Palacio (CIEMAT, Madrid,
Spain) and bred at the Experimental Research Unit of
the University General Hospital of Albacete (Spain).
C57BL/6J mice (referred to as C57 herein; Charles River
Laboratories, Barcelona, Spain) were used as wild-type
controls. All the animals were housed and handled under
the authorization and supervision of the animal facility
staff at the University General Hospital of Albacete.
These studies were conducted in accordance with
European and Spanish law (Directive 2010/63/UE and
Real Decreto 53/2013, respectively). As recommended

by the Federation of European Laboratory Animal
Science Associations (FELASA), mice in the animal
facility were tested periodically to ensure that the colony
remained pathogen-free. From birth to the end of the
experiments, all mice had unlimited access to water and
standard mouse chow (Teklad lab animal diets; Harlan
Laboratories, Barcelona, Spain). 
Immunofluorescence procedure

Six GM, aged 8-120 postnatal days (P), were used to
identify the cells expressing EGFP in both the retina and
the optic nerve. Retinal sections from two C57 mice,
employed as the wild-type control, were also used in
each experiment to recognize possible autofluorescence.
Mice were anesthetized with an intraperitoneal injection
of a mixture of ketamine (100 mg/kg, Parke-Davis,
Madrid, Spain) and 2% xylazine (10 mg/kg, Dibapa,
Barcelona, Spain). Two GM and one C57 mouse were
transcardially perfused with 0.9% saline and 4%
paraformaldehyde (PFA) in 0.1 M phosphate buffer
(PB), pH 7.3. Then, the eyes and optic nerves were
dissected out and postfixed without the lenses for 2 h at
4°C in the same fixative. The eyes of four GM and one
C57 mouse were fixed without the lenses by immersion
in 4% PFA for 24 h. One of these last GM was kept in
the dark for 1 h before being anesthetized and sacrificed.
After fixing, the eyes and optic nerves from all animals
were washed in 0.1 M PB, transferred to PB containing
30% sucrose, and embedded in Tissue Tek (Leica,
Wetzlar, Germany). Cryostat sections (25 μm thick)
were collected on Super Frost slides (Kindler, Freiburg,
Germany). Some slides were covered using Duolink In
Situ Mounting Medium with DAPI (40,6-diamidino-2-
phenylindole; Olink Bioescience, Uppsala, Sweden), and
were analyzed directly under a Zeiss LSM 710 laser
scanning confocal microscope (Zeiss, Jena, Germany).
Other slides were used for the immunocytochemical
procedure. 

Single immunofluorescence procedures were
performed as previously described (Caminos et al.,
2007). Cryosections were washed in 0.1 M phosphate-
buffered saline, pH 7.3 (PBS), containing 0.25% Tritron
X-100 (PBST), and were pre-incubated for 1 h at room
temperature (RT) with blocking solution containing
PBST and 1% BSA (bovine serum albumin, Fraction V,
Sigma-Aldrich, Steinheim, Germany). Primary
antibodies were diluted in PBST-BSA. A list of primary
antibodies with their immunological features,
commercial sources and the dilutions used is provided in
Table 1. The specificity of all the primary antibodies
used in the present study has been widely characterized
as markers of retinal and glial cells by other authors (see
the references in Table 1). Sections were incubated with
primary antibodies at RT in a humidified chamber for
14-17 h, and were then washed with PBST for 10 min.
Immunoreactivity was visualized using Cy3- or Cy5-
conjugated goat anti-rabbit IgG or anti-mouse IgG or
anti-guinea pig IgG antibodies (1:200; Jackson
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ImmunoResearch, West Grave, PA, USA) for 1 h at RT.
Finally, retinal sections were washed in PBST, air-dried
in the dark and mounted with Mounting Medium with
DAPI. Immunofluorescence sections were examined
under a confocal microscope. Images were analyzed
with the ZEN 2009 Light Edition software (Zeiss, Jena,
Germany). Adobe Photoshop® CS3 (Adobe Systems,
San José, CA, USA) was utilized to organize the
artwork. The two immunolabeling controls included (1)
incubation with a primary antibody followed by a
conjugated secondary antibody, which did not recognize
the host species in which the corresponding primary
antibody was obtained; (2) omission of the primary
antibody to recognize possible autofluorescence. Neither
control showed specific labeling or autofluorescence. 
Electroretinography (ERG) recordings 

Two GM at P133 were used to assess the rod and
cone function following the protocols described by
Barhoum et al. (2008), and according to the International
Society for Clinical Electrophysiology of Vision.
Moreover, one C57 mouse was used as a widely
characterized control (Fulton et al., 1982; Li et al., 2001;
Marchena et al., 2011). Mice were dark-adapted
overnight prior to ERG recording and then anesthetized
under a dim red light with ketamine (95 mg/kg) and
xylazine (5 mg/kg). Their pupils were dilated with 1%
tropicamide (Alcon Cusí, Barcelona, Spain) and a
topical drop of 2% Methocel (Ciba Vision AG, 8442
Hetlingen, Switzerland) was applied to each eye to
optimize electrical recordings. Animals were then placed

inside a Faraday cage. Animal temperature was
maintained at 37°C by a heating pad. Burian-allen
corneal electrodes were positioned on both eyes, the
reference electrode in the mouth and the ground
electrode in the tail. The ERG responses were amplified
(x1000) and filtered (1 Hz high pass filter and 1 kHz low
pass filter) (CP511 AC amplifier, Grass Instruments,
Quincy, MA, USA), and were digitalized (20 kB/sec)
with a Power Laboratory data acquisition board
(ADInstruments Ltd, Oxfordshire, UK). Light stimuli
were applied with a Ganzfeld dome. For each light
intensity, 4 to 64 consecutive light stimuli were
presented on average. The interval between the light
flashes applied was 10 s for dim flashes and up to 60 s
for the highest intensity under the scotopic conditions.
Under the photopic conditions, the intervals between
flashes were adjusted to 1 s. Light stimulus intensity was
measured with a photometer (Mavo Monitor USB,
Gossen, Nürnberg, Germany). 

Standard ERG responses were measured from both
animal strains. Scotopic threshold responses were
recorded by using a very dim light stimulus of -5 log
cd·s/m2. Rod-mediated responses were recorded using
low-intensity light flashes of -2 log cd·s/m2. Mixed rod-
and cone-mediated responses were recorded following
light flashes of 1.5 log cd·s/m2. Cone-mediated
responses were recorded with light flashes of 2 log
cd·s/m2 under a rod-saturating background of 30 cd/m2.
Oscillatory potentials were recorded following a high-
intensity stimulus (1.5 log cd·s/m2); the high pass filter
was adjusted to 30 Hz. The flicker response was also
recorded with a high intensity stimulus (2 log cd·s/m2)
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Table 1. Primary antibodies.

Antigen Immunogen Host species/
mono-polyclonal

Manufacturer / Catalog #/
Clone Dilution Specific for Reference

Calbindin D-
28K

Purified bovine kidney
calbindin-D-28K

Mouse /
monoclonal

Sigma (St.Louis, MO, USA)
#C9848, Clone CB-955 1:500

Cones Horizontal
cells Amacrine cells
Ganglion cells

Pasteels et al., 1990; Peichl and
González-Soriano, 1994; Blom et
al., 2012

α-Calretinin Recombinant human
calretinin

Rabbit /
policlonal

Swant (Bellizona,
Switzerland), #7699/4 1:500 AII Amacrine cells

Ganglion cells
Haverkamp and Wässle, 2000; Lee
et al., 2004; Marchena et al., 2011

GFAP Glial Fibrillary Acidic Protein
from pig spinal cord

Mouse /
monoclonal

Sigma (St. Louis, MO, USA),
#G3893, Clone G-A-5 1:500 Astrocytes Müller

cells
Dixon and Eng, 1981; Fischer et
al., 2010

MBP Human Myelin Basic
Protein

Mouse /
monoclonal

COVANCE #SMI-94R,
Clone SMI 94 1:1,000 Myelin

Oligodendrocytes
Wang et al., 2008; Yang et al.,
2013; The present study.

Synthetic peptide
corresponds to the C-
terminal region of rat α
Protein Kinase C

Rabbit /
polyclonal

Sigma (St. Louis, MO,
USA) #P4334 1:500 Rod bipolar cells

Haverkamp and Wässle, 2000;
Curto et al., 2007; Kaneko et al.,
2011.

Recoverin Recombinant human
recoverin

Rabbit /
polyclonal

Millipore (Temecula, CA,
USA), #AB5585 1:500 Cone bipolar cells

Wiechmann and Sinacola, 1997;
Goel and Dhingra, 2012; Gómez-
Vicente et al., 2013

VGluT3
Synthetic peptide from rat
Vesicular Glutamate
Transporter 3 protein

Guinea pig /
polyclonal

Millipore (Temecula, CA,
USA), #AB5421 1:1,000 Glycinergic

amacrine cells Haverkamp et al., 2004

GFAP, Glial Fibrillary Acidic Protein; MBP, Myelin Basic Protein; αPKC, Protein Kinase C alpha; VGluT3, Vesicular Glutamate Transporter 3.



applied every 50 ms (frequency 20 Hz), with the same
response average and filters described above. ERG wave
amplitudes were measured off line for analytical
purposes. 
Results

Structural analysis of the GM retina 

A direct analysis of the retinas from GM revealed no
structural abnormalities (Fig. 1). In the developing
mouse retina, not all the retina layers displayed green
fluorescence at P8 (Fig. 1A,A’). In the outer nuclear
layer (ONL), EGFP labeled a few immature
photoreceptors; immature cell bodies showed a high,
intermediate and low or null EGFP expression in both
the inner nuclear layer (INL) and in the ganglion cell
layer (GCL) (Fig. 1B). Fluorescent processes were also
found in both the outer plexiform layer (OPL) and
dendritic stratification in the inner plexiform layer (IPL).
At P14, just after eyes had opened, the EGFP expression
had considerably evolved (Fig. 1C,C’). Most cells
expressing EGFP were located in both the ONL and
INL. The cell bodies and inner segments of the
photoreceptors were highly fluorescent at this stage. In
the INL, EGFP expression was very strong in a few
cells, and most showed intermediate and low or null
fluorescence levels. The Müller cells expressing EGFP
were more evident in young retinas. Green Müller cell
processes crossed the IPL and reached the optic fiber
layer (OFL) (Fig. 1D). Exceptionally, we found some
green cell bodies in the GCL with low fluorescence
intensity at P14. Similar green fluorescence patterns
were seen at P120 in the adult mouse retina (Fig. 1E-F).
EGFP-expressing cells were located basically in the
outer retina where the inner segments of the
photoreceptors displayed high EGFP expression levels
(Fig. 1F). Green fluorescence was very strong in the
ONL, the OPL and in some cells in the INL. The
synaptic terminals of bipolar cells were labeled in the
IPL. No cells in both the GCL and the OFL expressed
EGFP (Fig. 1E,E’). The retinal pigment epithelium
(RPE) and retinal blood vessels were intensely green in
all the transgenic mice.
Identification of the retinal cells expressing EGFP

The retinal cells expressing EGFP were identified by
immunocytochemistry with specific antibodies (Table 1;
Figs. 2, 3). No ganglion cells expressing EGFP were
found when anti-Calbindin was used, a marker of
horizontal, some amacrine, cones and ganglion cells
(Fig. 2A-A’’). The calbindin immunoreactive horizontal
and amacrine cells displayed low or null green
fluorescence. These results were also observed for anti-
Calretinin, a marker of amacrine and ganglion cells (Fig.
2B-B’’). No EGFP-positive cells expressing calretinin
were detected in the INL or the GCL. Specific VGluT3
immunoreactive amacrine cells did not express EGFP

(Fig. 2C-C’’). These amacrine cells appear to be
glycinergic cells (Haverkamp et al., 2004). EGFP-
positive cells were found to express not only αPKC, a
marker of rod bipolar cells, but also recoverin, a marker
of cone bipolar cells (Fig. 3). Co-localization of EGFP
and αPKC was noted in the cell bodies (Fig. 3A-A’’)
with high green fluorescence level. The synaptic endings
of the rod bipolar cells in the IPL were not always
fluorescent (Fig. 3B-D). These terminals displayed lower
fluorescence intensity in the mice maintained in light
while sacrificed by perfusion (Fig. 3B) than in those kept
in the dark or sacrificed without perfusion (Fig. 3C).
Under the latter condition, co-localization of EGFP and
αPKC was also detected in the processes and synaptic
terminals of rod bipolar cells (Fig. 3D). The recoverin
immunoreactive cone bipolar cells displayed high,
intermediate and null EGFP expression levels (Fig. 3E-
E’’).
The EGFP expression in the optic nerve

The longitudinal optic nerve sections exclusively
showed EGFP expression from the fourth portion of the
optic nerve (Fig. 4). The optic nerve head, the lamina
cribrosa region and the unmyelinated optic nerve portion
did not exhibit green fluorescence components, except
blood vessels (Fig. 4A). In contrast, numerous cells and
axons exhibited green fluorescence along the myelinated
portion in the posterior orbit (Fig. 4B,B’). Immuno-
labeling myelin with anti-MBP defined the boundary
between unmyelinated and myelinated portions. This
MBP expression coincided with the onset of EGFP
expression in optic nerve cells and axons (Fig. 4C-C’’).
Some of these green cells in the myelinated portion were
immunolabeled with anti-MBP (Fig. 4D-D’’). In
contrast, no co-localization between EGFP and the glial
cells labeled with anti-Glial fibrillary acidic protein
(anti-GFAP), an astrocyte marker (Fig. 4E-E’’), was
recorded. 
Electroretinography recordings

The ERG responses of the wild-type animals and the
transgenic EGFP green mice revealed no functional
abnormalities (Fig. 5). Under the scotopic conditions, the
recordings corresponding to transgenic GM showed a
slightly increased amplitude, but no differences between
the GM and the control mice. The photopic waves (cone
photoreceptor function) were equal in amplitude when
compared with the control mice.
Discussion

The aim of this study was to characterize the retinal
cells and the components of the optic nerve expressing
EGFP in GM. The retina and optic nerve showed
specific EGFP expression patterns, in which EGFP was
not ubiquitously located. Retinal cells acquire the ability
to express EGFP during development. Thus, very few
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Fig. 1. EGFP expression in retinal sections of transgenic mice at postnatal days (P) 8 (A, A’, B), P14 (C, C’, D) and P120 (E, E’, F). Confocal images of
EGFP expression (green, left column) and DAPI labeling of the cellular nuclei (blue; middle and right columns) show that EGFP is not ubiquitously
distributed in the retina. Asterisks indicate cells with a null green fluorescence level. The arrow head in E and E’ indicates fluorescent terminals of
bipolar cells. Details of a cell in the GCL (B), Müller cell (D) and photoreceptor segments (F) expressing EGFP. The RPE and blood vessels were
always intensely green. GCL, ganglion cell layer; INL, inner nuclear layer; IPL, inner plexiform layer; is, inner segments; OFL, optic fiber layer; ONL,
outer nuclear layer; OPL, outer plexiform layer; os, outer segments; RPE, retinal pigment epithelium. Scale bars: A, A’, C, C’, E, E’, 20 μm; D, 10 μm;
B, F, 5 μm.



cells emitted a high green fluorescence level at P8, while
photoreceptor cells showed green fluorescence
immediately after eyes had opened (P13-14). In adult
animals, epithelial cells, photoreceptors and bipolar cells
exhibited high green fluorescence levels, whereas most
horizontal cells, glycinergic amacrine cells, ganglion
cells and astrocytes in the optic nerve displayed a null
EGFP expression level. Two main concepts might
explain the EGFP expression levels in GM retinas based
on the results of this study: first, the activity and
regulation of the CAG promoter; second, β-actin activity
in neurons and glial cells.
EGFP expression under the control of the CAG promoter

Transgenic GM, with the EGFP gene, were

constructed under the control of a chicken β-actin
promoter and a cytomegalovirus enhancer (CAG
promoter), which has been reported to be constitutively
active (Okabe et al., 1997). Later, CAG-EGFP has been
seen to show a tissue-specific expression pattern (Walter
et al., 2000; Ma et al., 2010) with a uniform EGFP
expression in the retina (Nour et al., 2004). In the
present study, EGFP was differentially expressed in
retinal GM cells during development and adulthood.
Moreover, a specific expression pattern was observed in
the optic nerve, in which some glial cells and ganglion
cell axons expressed EGFP. We believe that the CAG
promoter might be inactive in these specific cells, which
did not exhibit green fluorescence. Matsuda and Cepko
(2004) transfected GFP expression vectors into retinal
cells by injecting plasmid DNA directly into the
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Fig. 2. Confocal images of retinal sections from adult EGFP transgenic mice illustrating the distribution and coexistence of EGFP (green) with specific
cellular markers (red). A-A’’. Calbindin immunoreactive horizontal cells (arrows) and amacrine cells (arrow heads) do not express EGFP (asterisk) or
display a low EGFP expression level. B-B’’. Calretinin immunoreactive amacrine (arrow head) and ganglion cells (arrows) do not express EGFP. C-C’’.
VGluT3 immunoreactive glycinergic amacrine cells (arrow) and their processes in the IPL do not exhibit green fluorescence. Cell nuclei stained with
DAPI in C’’. CB, calbindin; CR, calretinin; VGluT3, vesicular glutamate transporter 3; GCL, ganglion cell layer; INL, inner nuclear layer; IPL, inner
plexiform layer. Scale bars: 20 μm.



subretinal space of neonatal rodents, and then they
applied voltage pulses by electroporation. In a good
transfection, these authors observed the GFP expression
in the mouse retina with the same expression patterns
described herein for GM. In fact, horizontal cells,
ganglion cells and some amacrine cells did not express
GFP when the electroporation technique was employed
(Matsuda and Cepko, 2004), which is similarly to the
present study. Matsuda and Cepko (2004) also
established that it is not easy to transfect DNA into
mature ganglion cells by electroporation, probably
because the inner limiting membrane prevents vector
penetration from the vitreal portion. However, our
observations in GM suggest that the CAG promoter does
not display any activity in specific retinal cells.
Therefore, this promoter is rendered unsuitable for
mouse retina studies if ganglion, horizontal or specific
amacrine cells need to be marked. Moreover, the

different EGFP expression between mature and
immature retinal cells observed in this study also
suggests that the activity of the CAG promoter might be
regulated during retinal cell development. Indeed the
activity of the CAG promoter might even be regulated
by light, which is supported by two main observations.
First, the ONL appeared completely green immediately
after eyes had opened at P13-14. Second, the terminals
of the rod bipolar cells showed green fluorescence in
dark-adapted animals or when they were sacrificed
immediately after anesthetizing, but not when mice were
exposed to light in the perfusion process. 

Another possibility to explain the lack of ubiquitous
EGFP expression in the retina of GM can be considered.
This transgenic mouse line was produced by injection in
fertilized eggs. Thus, it could prove to be a position
effect leading to an unexpected EGFP expression pattern
because the incorporation of the transgene into the
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Fig. 3. Magnified images of retinal sections from adult EGFP transgenic mice illustrating the distribution and coexistence of EGFP (green) with bipolar
cell markers (red). A-A’’. Rod bipolar cells, marked with anti-αPKC, express EGFP in cell bodies and processes. B. Microphotograph from a mouse
exposed to light during perfusion. Its retina does not exhibit green fluorescence in the synaptic terminals of the rod bipolar cells. C. Microphotograph
from a mouse kept in the dark or sacrificed without perfusion showing green fluorescent terminals of rod bipolar cells (arrows). D. Merged image of
EGFP (C, in green) and αPKC (in red) showing colocation of EGFP and αPKC in rod bipolar terminals (arrows). E-E’’. The recoverin immunoreactive
cone bipolar cells show high (arrow head), intermediate and null (asterisks) EGFP expression levels. Cell nuclei stained with DAPI in A’’, D and E’’.
GCL, ganglion cell layer; INL, inner nuclear layer; IPL, inner plexiform layer; OPL, outer plexiform layer; αPKC, isoform of the protein kinase C alpha;
RC, recoverin. Scale bars: 20 μm.



Fig. 4. Confocal images of adult EGFP transgenic mice showing the regionalization of the EGFP expression in longitudinal sections of the optic nerve.
A. The optic nerve head, the lamina cribrosa region and the unmyelinated optic nerve portion do not display green fluorescence components, except
blood vessels (arrow). B, B’. Myelinated optic nerve portion with EGFP in axons of ganglion cells and in some glial cells (arrows). Note the presence of
numerous glial cells, which do not express EGFP (arrow heads). C-C’’. Longitudinal section of the myelinated and unmyelinated optic nerve portions
showing that EGFP expression coexists with MBP expression, a marker of myelin (the arrow in C denotes a blood vessel). D-D’’. Example of EGFP
and MBP co-localization in oligodendrocytes (arrows). E-E’’. Longitudinal sections of an optic nerve where no co-localization between EGFP and
GFAP, a marker of astrocytes, is. Glial and microglial cell nuclei are stained with DAPI in B’, C’’, D’’ and E’’. GFAP, glial fibrillary acidic protein; LCR,
lamina cribrosa region; MBP, myelin basic protein; MN, myelinated optic nerve portion; NMN, unmyelinated optic nerve portion; ONH, optic nerve head.
Scale bars: A, 50 μm; B-C’’, E-E’’, 20 μm; D-D’’, 10 μm.



genome is random.
EGFP expression depends on β-actin activity

β-Actin promoter activity occurs in parallel to β-
actin activity, which can explain the differences in the

EGFP expression in GM retinas. β-actin exists in most
cellular types as a cytoskeleton component, and as a
mediator of internal cell motility and cell structure
(Shestakova et al., 2001; Condeelis and Singer, 2005;
Perrin and Ervasti, 2010). The photoreceptors and
bipolar cells in the mature retina are highly polarized
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Fig. 5. Electroretinographic
responses from a wild-type animal
(left column) and a transgenic EGFP
green mouse (right column). ERG
did not reveal functional
abnormalities. A, B. Rod responses
were obtained using light flashes of -
2 log cd·s /m2. C, D. Mixed rod and
cone recordings were obtained in
response to a light flash of 1.5 log
cd·s /m2. E, F. Cone responses
recorded under a light flash of 2 log
cd·s /m2. G, H. Histograms
representing amplitudes from right
(blue) and left (red) eyes. (Flicker:
flicker response; OP: Oscillatory
Potentials; STR: Scotopic Threshold
Response).



neurons. These cells exhibit the highest EGFP
expression levels in mature retinas, where β-actin may
participate in cell polarity generation. In other neurons,
β-actin mRNA and protein are localized in the growth
cones of developing neurites of cultured forebrain
neurons (Zhang et al., 1999). It has been demonstrated
that the stimulation of PKA activity precedes the
localization of β-actin mRNA in the neurite growth cone
(Bassell and Singer, 2001). Our results suggest that β-
actin follows the same dynamics as other protein
kinases, such as αPKC in rod bipolar cell terminals. It is
known that cell depolarization induces αPKC transport
to the synaptic terminal of the rod bipolar cell (Vaquero
et al., 1996). The present study shows that the terminals
of the rod bipolar cells in GM retinas are only
fluorescent when animals receive little or no light before
being sacrificed. It is not possible to fully confirm that
β-actin is involved in translocating αPKC to the axon
terminal, but these results certainly support the approach
proposed herein. 
Regional distribution of EGFP expression in the optic
nerve

Once again, EFGP expression exhibited a specific
location pattern in the optic nerve of GM. Surprisingly,
EGFP expression was closely related to the presence of
myelin. Ganglion cell axons began to exhibit green
fluorescence from the myelinated nerve portion.
Following the co-localization of EGFP with MBP
expression, it was possible to identify some fluorescent
cells as oligodendrocytes. No astrocytes expressing
EGFP were found. This became quite evident in the
optic nerve head, which contained only astrocytes
(Wong et al., 1979; May, 2008). Moreover, retinal
ganglion cell axons in the mouse optic nerve remained
unmyelinated in the intraocular region and at the scleral
level (Ding et al., 2002). No fluorescent glial cell bodies
or axons in the unmyelinated regions of the optic nerve
were detected. These results agree with those obtained
when the mRNAs encoding MBP, β-actin and GFP
proteins were injected into the mouse oligodendrocytes
isolated from primary brain cell cultures (Ainger et al.,
1997), where the three mRNAs showed the same
distribution patterns. All this evidence suggests a relation
between β-actin and myelin in the optic nerve of 
GM.

Lack of green fluorescence in retinal ganglion cell
bodies and EGFP distribution exclusively in the
myelinated portion of the nerve suggests the translation
of the β-actin protein into the optic nerve axons. The
description of β-actin translation in the growth cone is a
frequent one, where it is essential for the neurite
extension of cultured neurons (Bassell and Singer, 2001;
Leung et al., 2006; Yao et al., 2006). Hence for the axons
of the GM optic nerve, this study provides the first
evidence for β-actin translation in the mature neurons
observed in a system in situ.

Physiological considerations

Another relevant question is whether GM have
normal functional vision that is comparable with vision
in other mouse strains. The electrophysiological data
reveal that EGFP expression does not affect function in
GM retinas. Even though all the transgenic mice looked
normal and healthy, despite the significant amount of
EGFP expression throughout their bodies, including
brain and glands (Okabe et al., 1997), it is feasible to
believe that EGFP has a potentially toxic effect on the
retina if the protein is expressed at high levels. That is
because firstly the soluble nature of EGFP allows its
distribution throughout the cytosol, and secondly,
because rhodopsin absorbs light at 500 nm and the
excitation peak of EGFP centers at 488 nm, with an
emission peak wavelength of 509 nm. Nevertheless, the
ERG responses obtained in the present study did not
reveal functional abnormalities in the retina of
transgenic EGFP mice and ERGs were comparable with
those in the control C57 mouse. Due to these
homogenous results, it was not necessary to test a high
number of animals. 
Technical approach

Our study confirms that it is necessary to fix the GM
retina by perfusion or immersion in paraformaldehyde to
prevent fluorescence from spreading before analyzing
the cellular location of EGFP, and that immunocyto-
chemical procedures have no extinguishing effect on
EGFP fluorescence. These requirements for handling
retina cells have been previously analyzed to study other
GM tissues (Walter et al., 2000; Swenson et al., 2007;
Ma et al., 2010).
Conclusion

Green transgenic mice (C57BL/6-Tg(CAG-
EGFP)1Osb) have a vision capacity that is comparable
to that of C57BL/6 wild-type mice. However, their retina
and optic nerve are not a source of ubiquitous green
cells. A progression of EGFP expression was observed
during retina development, with a major change
occurring immediately after eyes had opened. The retinal
cells of adult GM showed three EGFP expression levels:
high (photoreceptors, rod bipolar cells), intermediate
(cone bipolar cells and some amacrine cells) and low or
null (horizontal cells, glycinergic amacrine cells,
ganglion cells and astrocytes). EGFP expression in the
GM optic nerve is closely related to the presence of
myelin. The results observed herein suggest that the
different EGFP expression levels might be related not
only to the activity and regulation of the CAG promoter,
but also to β-actin activity in the GM retina and optic
nerve. Our results also reveal that EGFP expression can
be regulated by light during development and in adult
animals. Therefore, GM display limitations as a cell
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lineage marker or as a donor origin of retina and optic
nerve cells, which need to be considered to select cells
of interest in each study.
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