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Abstract
·AIM: To examine the morphological characteristics and
antigen expression patterns of cultured human retinal
glia to define novel subtypes.

· METHODS: Morphologic characteristics and marker
expression were examined during cultivation using
hematoxylin and eosin (HE) and immunostaining for glial
fibrillary acidic protein (GFAP) and vimentin.

·RESULTS: A subtype of human retinal glia distinct
from radial glia (M俟ller cells) was successfully isolated
by digesting the retina first in diastase vera (pancreatin)
and then in clostridiopeptidase, followed by culture on
fibronectin substrate in human endothelial cell medium
(supplemented with 10% fetal bovine serum, growth
factors, and heparin sodium). Adherence was detected at
72h and cell-cell coupling at 9d-10d after seeding. These
cells were extensively and strongly immunopositive for
GFAP and vimentin, consistent with glial expression
patterns in the human retina, but were morphologically
and immunohistochemically distinct from previously
reported cultured retinal glia, including GFAP -positive
and glutamine synthetase (GS)-positive M俟ller cells.

·CONCLUSION: A unique human retinal glial cell type
can be isolated using diastase vera and
clostridiopeptidase and then maintained . Further
studies are required to characterize the physiological and
pathological functions of these cells.
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INTRODUCTION

R etinal glia helps establish and maintain the normal
cytoarchitecture of the retina, regulate extracellular

potassium, and act to support neuronal metabolism. Retinal
glia also participates in multiple pathological events, such as
proliferative vitreoretinopathy (PVR), proliferative retinal
diseases, and idiopathic macular pucker. Methods for
cultivation of various retinal glia subtypes may facilitate
studies on the pathophysiology of glia-related retinal
diseases. In a previous study, we successfully isolated and
purified retinal glia with morphological characteristics and
antigen expression patterns distinct from all previously
described retinal glia [1]. In this study, we examined the
morphological and immunohistochemical properties of these
cells in detail and compared them to retinal radial glial
(M俟ller cells). And introduce a unique human retinal glial
cell type which can be isolated using diastase vera and
clostridiopeptidase and then maintained .
MATERIALS AND METHODS
Primary Cell Culture Cells were cultured as described
eyeballs were soaked in media for 15min (Invitrogen-Gibco) [1].
The cornea with scleral ring was cut 6mm from the
corneoscleral junction. The crystalline humor in the anterior
segment of the eyeball between the retina and optic disc
were removed. From left to right, the retinal tissue was
stripped from the surface of the corporis vitrei. The tissues
sections were placed into sterilized culture capsules with
dissection media and shaken to remove any associated tissue
(including retinal pigment epithelium). The isolated retinal
tissue was then cut into pieces with scissors. Pieces of retina
were added to 1-2mL of 2% diastase vera (pancreatin,
Sigma) in centrifuge tubes and incubated for 25min at 37℃ .
Digestion was terminated by addition of 1-2mL DMEM/F12
culture media supplemented with 10% fetal bovine serum
(Gibco). The digested tissue was centrifuged for 10min at
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1 200r/min and the supernatant removed. To the remaining
cell pellet, 1-2mL 0.133% type IV collagenase (Gibco) was
added, mixed well, and incubated at 37℃ for 30min. The
second digestion was also terminated by adding 1-2mL
DMEM/F12 with 10% fetal bovine serum. The mixture was
centrifuged for 10min at 1 200r/min and the supernatant
removed. Finally, 2mL heparin sodium and 茁-ECGF
endothelial cell culture media supplemented with 10% fetal
bovine serum (Gibco) was added to the culture capsules,
mixed well, and the cell suspension seeded on fibronectin
(FN)-coated cover slips (0.5mg/mL FN for 2h at 37℃ ).
After 72h, the media was changed and cell morphology
examined by phase contrast microscopy. At confluence,
cultures were split at 1:2 using 0.25% diastase vera. We used
Fibronectin (FN) at.
Characterization of Human Retinal Glia
Morphology Cell morphology was examined using an
inverted microscope. For histological examination,
monolayer cultures were rinsed twice with D-Hank's solution
(WHIGA, Guangzhou, China), fixed in ethanol, stained with
hematoxylin and eosin (HE), and mounted with neutral
gummi.
Immunohistochemistry Confluent cover slips were fixed in
acetone and ethanol (1:1), rinsed, and permeablized using
5% Triton X-100 (WHIGA, Guangzhou, China).
Endogenous peroxidase activity was quenched using 3%
hydrogen peroxide. Fixed cultures were incubated for 60min
with the primary antibody or PBS (negative control group).
Immunolabeling was visualized by adding 50滋L polymer
accentuator for 10min at 37℃ (Reagent A, Maixin, China),
followed by horse radish peroxidase (HRP)-labeled
anti-rat/rabbit secondary Ig (Reagent B, Maixin, China) for
20min at 37℃ . Stained slides were washed three times in
phosphate belanced solution (PBS) and then stained with
diaminobenzidine (DAB) for 3-10min. Positive coloration is
buffy.
Immunofluorescence staining Confluent cultures were
rinsed three times with D-Hank's solution, fixed with 4%
paraformaldehyde for 20min, rinsed three times in PBS
(3min/wash), permeablized with 50滋L for 30min at room
temperature, blocked in 50滋L of 1% bovine serum albumin
(BSA) for 30min at room temperature, and incubated in a
50滋L solution of the primary antibody (Maxin, China) for 1h
at room temperature. Cultures were rinsed three times in
PBS (5min/wash), and the labeled with 50滋L of FITC-
conjugated secondary antibody (1:30,) for 5min in the dark
at room temperature. Following a final two rinses in PBS
(3min/rinse), fixed and stained slides were mounted in
antifade medium and photographed under a fluorescence

microscope. Living cells dynamic observation system,
ordinary fluorescent biomicroscopy (German Zeiss Company).
RESULTS
Morphological Observations Isolated cells adhered to the
fibronectin substrate within 72h. Cells were ellipsoid, round,
irregular, or polygonal. Single nuclei were star-shaped and
some cells exhibited two nuclei, indicative of active
proliferation. Orbicular membrane formed among the
synapses like pygmy water lily flowers (Figure 1A, B). After
9-10d, the cells spread throughout the culture slide (Figure
1B, C, D,). In HE-stained cover slips, cells were ellipsoid,
round, irregular, or polygonal, and the nuclei stained blue
with clear boundaries, while the endochylema (orbiculus
membrane) was abundant and salmon pink (Figure 1E).
Immunohistochemical Staining Cultivated retinal glia
were positive for glial fibrillary acidic protein (GFAP) and
vimentin (Figure 1H, I) while no NSE, S100, CD34, or Ⅷ
factor immunoreactivity was observed. In contrast, M俟ller
cells were GFAP-, glutamine synthetase-, and buffy positive
(Figure 2A, 2B). Immunofluorescence staining of these
newly isolated non-M俟ller glia confirmed GFAP and
vimentin expression (green). Nuclei were counterstained
blue (Figure 1F, G).
Morphological Comparison to M俟ller Glia We cultivated
M俟ller cells as described and directly compared the marker
expression pattern and morphology characteristics to those of
the newly isolated non-M俟ller glia [2]. The newly detected
cells resembled pygmy water lily flowers (Figure 1B) when
stained with HE, with multiple cirri extending around a
cardinal red nucleus. The cytolymph formed a lightly colored
disc (Figure 1E). In contrast, the M俟ller cells were bipolar,
slender in the middle, and with abundant endochylema.
Some cell bodies projected axis cylinders. Polygonal cells
with large cell bodies had abundant cytoplasm and round or
ellipsoid nuclei but showed significant morphological
differences to the newly isolated glia (Figure 2F, G, ). The
M俟ller cells nuclei were round and blue with clear
circumscriptions when stained with HE, while the
endochylema was abundant and salmon pink (Figure 2C).
M俟ller cells were positive for GFAP and glutamine
synthetase (GS) (Figure 2A., B). After 9-10d, both cell types
formed confluent monolayers (Figure 2H). M俟ller cell bodies
were slender with abundant endochylema. Confluent cells
are sometimes arranged in parallel, sometimes forming a
daisy-shaped structure. After 2-3 passages, About 95% were
GFAP-positive and GS-positive. Expression of GFAP and
GS was confirmed by immunofluorescence staining (Figure
2D, E).

Human retinal glia subtypes
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Figure 1 Human retinal glial cells under optical microscope A: Vigorous growth of human retinal glial cells under inverted microscope
伊100; B: Human retinal glial cells under Miriam dynamic system of living cells 伊200; C: Human retinal glial cells under Miriam dynamic
system of living cells 伊200; D: Fusion of human retinal glial cells under Miriam dynamic system of living cells 伊100; E: HE staining of
human retinal glial cells in the retina (cultured human glial cell nuclei were star and blue , cytoplasm was rich of pale red 伊200; F: Positive
expression in cultured human retinal glial cells immunofluorescent GFAP 伊200; G: Positive expression in cultured human retinal glial cells
by immunofluorescence VIMETIN 伊200; H: Positive expression in cultured human retinal glial cells immunohistochemistry GFAP 伊200; I:
Positive expression in cultured human retinal glial cells by immunohistochemistry VIMETIN 伊200.

DISCUSSION
The glial cell population in the human retina is composed
mainly of M俟ller cells, astrocytes, small gliocytes, and other
as yet uncharacterized cells. The M俟ller cells are by far the
largest in size and best described [3]. The cultivation of human
retinal glia is the foundation for studies on
proliferative lesions such as proliferative vitreoretinopathy,
proliferative diabetic retinopathy, and idiopathic macular
pucker. Many glial subtypes have been successfully
cultivated but none resemble those isolated and described
here. The endochylema contained large numbers of
intermediate filaments of 8-10nm. Cells were both
GFAP-positive and vimentin-positive as revealed by
immunohistochemical and immunofluorescence labeling. All
of the above are received characteristics of RGC [4,5]. These
novel glial cells were isolated using techniques originally
developed for the isolation and cultivation of endothelial
cells but exhibited several hallmarks of glia, particularly

GFAP expression.
The cell bodies of M俟ller cells are found in the inner nuclear
layer and extend processes that terminate in end-feet at both
the internal and external limiting membrane. M俟ller glia
provides structural support through cell-cell adhesion. In
addition, M俟ller cells directly participate in the regulation of
the retinal microcirculation, act to insulate retinal synapses to
maintain the precision of synaptic transmission, synthesize
and secrete neurotrophic factors and metabolites, and
maintain the blood-retina barrier [6,7]. Finally, M俟ller glia
control neuronal excitability by regulating external potassium
and by clearing aminoglutaminic acids from the synaptic
cleft (and subsequently transforming into glutamine) [8,9].
Increased GFAP expression by M俟ller cells is an indicator of
retinal injury.
Our cultivated M俟ller cells had typical morphological
features, including projections that grew broader towards the
ends, large polygonal cell bodies with abundant cytoplasm,
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Figure 2 Human retinal mullers under optical microscope A: Positive expression in cultured human retinal mullers
immunohistochemistry GS 伊200; B: Positive expression in cultured human retinal mullers immunohistochemistry GFAP 伊200; C1, 2: HE
Staining of human retinal mullers in retina (the cultured human muiier nuclei were round and blue, cytoplasm was rich of pale red 伊200); D:
Positive expression in cultured human retinal mullers immunofluorescence GS 伊200; E: Positive expression in cultured human retinal
mullers immunofluorescence GFAP 伊200; F1, 2: Vigorous growth of primary retinal mullers of cells under the observation of the living cells
instrument dynamic system; G, I: Vigorous growth of the first generation of the retina mullers cells under the observation of the living cells
instrument dynamic system; H1,2: Fusion of human retinal mullers cells under the observation of live cytometry dynamic system 伊100.

and round or ellipsoid nuclei [10]. The unique glial subtype
reported here was isolated by a two-step digestion process
whilst M俟ller cells were isolated using brief (30min)
digestion in alidase and diastase vera. Glial fibrillary acid
protein is a ubiquitous marker for glia and an important
cytoskeletal component determining cell morphology. It is
often present in the cytolymph and cytoplasm and is the most
marker of glial cytoplasm. Indeed, GFAP expression is often
used to identify M俟ller cells, but the present study indicates

that GFAP is not a specific M俟ller cell marker. In contrast,
an antibody against glutamine synthetase (GS) stained
virtually 100% of M俟ller cells.
In contrast to the glia described here, many smaller gliocytes
have been described with slender or ellipsoid cell
bodies from which extend many small spiny processes[11]. No
previously described retinal glial cell matches the
morphology of that described here. To successfully cultivate
these cells, several steps appear necessary [12]. 1) When we

Human retinal glia subtypes
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were stripping the retina, we used forceps to strip from the
left side to the right side to completely remove any residual
corporis vitrei because once embedded in this gel, cells could
not be easily precipitated during centrifugation. This in turn
necessitated longer centrifugation, which can degrade cell
viability. 2) After the cells were seeded, the cultures were
kept still for 72h to allow adhesion and growth. 3) After 72h,
the media was changed carefully so as not to disrupted
adhesion. 4) The initial separation procedure was performed
quickly as this promoted better adherence, survival, and
growth. 5) We used diastase vera (pancreatin) to first
separate the cells in the retina and hydrolyze the proteins.
Then we used collagenase for complete cell separation with
relatively little injury to the processes.
A unique human retinal glial cell type can be isolated using
diastase vera and clostridiopeptidase and then maintained

. There are many issues to be further studied, such as
the function of the new type human retinal glial cells in the
retina; Does it provide trophic and anti-oxidative support of
photoreceptors and neurons and regulate the tightness of the
blood-retinal barrier? And also as soft substrate required for
neurite growth and neuronal plasticity? Further studies are
required to characterize the physiological and pathological
functions of these cells.
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