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Abstract: Glia maturation factor, a 17-kDa protein made up of 142 amino acid residues, mainly includes glia matura-
tion factor-B (GMFB) and glia maturation factor-y (GMFG). GMFB plays an important role in the growth and differenti-
ation in neuron as well as glia. GMFG, a novel member of the glia maturation factor gene family, locates in the blood
and immune system retaining proliferative and differentiated potential. But to date, the distribution of expression
and overall function of GMFG in brain remains elusive. For the first time, we proved the existence of GMFG in the
central nervous system in the level of gene, protein and cell by Real-time PCR, Western blotting and Immunofluores-
cence. In astrocytes, GMFB expressed in all cells and mainly located in cell nucleus, while GMFG only expressed in
a part of astrocytes and located in cell nucleus and cytoplasm presenting stellated. In neuron, GMFB located in the
whole cell and it is very obviously in axon and dendritic, but the expression of GMFG in neurons is weak and couldn’t
be detected in axon and dendritic. In addition, we found their tissue region-response distribution and age-response
expression in rat brain. In conclusion, we provided a comprehensive analysis that GMFG was expressed in brain and

compared the cell/tissue distribution and expression of GMEB and GMFG.
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Introduction

Glia maturation factor, a 17-kDa protein which
was made up of 142 amino acid residues,
mainly includes GMFB and GMFG. GMFB was
predominantly detected in the vertebrate brain
and initially identified as a growth and differen-
tiation factor acting on neurons as well as glia
[1-4]. The gene and amino acid sequence of
GMFG is highly homologous to GMFB (71%
identity with the GMFB gene and 78.9% identity
with the GMFB amino acid sequence in rat), so
it was named glia maturation factor-y. In con-
trast to the distribution of GMFB, GMFG was
predominantly detected in thymus, testis and
spleen, and to a lesser extent in brain [5].

In the brain, GMFB mRNA is detectable at as
early as embryonic day 10 and persists through
postnatal month 14 and GMFB located in brain
with a weaker expression in the heart, placen-

ta, kidney and pancreas [1-4]. GMFB is thought
to play an important role in the growth and dif-
ferentiation in the mammalian brain. GMFB
could stimulate axon regeneration in transect-
ed rat sciatic nerve [4]. The protein kinase A
(PKA)-phosphorylated GMFB is a potent inhibi-
tor of the extracellular-regulated kinase (ERK1/
ERK2), a subfamily of mitogen-activated protein
(MAP) kinase [6] and it is a strong enhancer of
p38 MAP kinase [7]. In addition, PKA and pro-
tein kinase C (PKC) phosphorylated GMFB could
promotes the activity of PKA itself [8]. Besides,
GMFB of T-cell promoted it differentiation into
CD4-/CD8+ cells and T-cell development in thy-
moma may be maintained partly by GMFB pro-
duced by the tumor cells [9].

The expression distribution pattern of the
GMFG differs from GMFB. The GMFG gene is
highly expressed in blood (including myeloid
leukemia and lymphoid leukemia cell lines), thy-
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mus, spleen, fetal liver and lung. GMFG protein
coevolved with increasing complexity of the
blood/immune system retaining proliferative
and/or differentiated potential [5, 10]. GMFG
gene in nervous/brain tissue is not higher than
that in any other tissue; in rat brain, mRNA of
GMFG was localized around pyramidal cells
within CA3 of hippocampus [5]. Recent study
found that GMFG, which was identified GMFG
as an important G-CSF response protein in
myeloid cell development, plays an important
in chemoattractant-stimulated directional mi-
gration in neutrophils, and regulates the polar-
ization underpinning the neutrophil chemotaxis
response via stabilizing F-actin filaments in the
lamellipodia [10, 11]. GMFG observed also in
the inner limiting membrane from E14 to P1 rat
retina may contribute to the development and
growth of glia and neurons [12]. But to date, the
distribution of expression and overall function
of GMFG in brain remains elusive.

Previous study showed that anti-GMFG anti-
body didn’t detect the bands in rat brain by
Western blotting [5]. But it was conflicting with
subsequent reports in which GMFG was detect-
ed in the inner limiting membrane from E14 to
P41 rat retinas defined central nervous system
(CNS) model system [12]. That led us to exam-
ine whether GMFG protein is expressed in rat
brain. Besides, we made an analysis of the cell/
tissue distribution of expression between
GMEB and GMFG and a preliminary study of
GMFG function in the astrocyte.

Methods and materials
Ethics statement

This study was performed in strict accordance
with the guidelines of caring for laboratory ani-
mals of the Ministry of Science and Technology
of the People’s Republic of China. All animal
procedures were approved by the Committee
on the Ethics of Animal Experiments of Southern
Medical University. Isoflurane (Mylan, USA) was
used for animal euthanasia, and every effort
were made to minimize suffering.

Materials

Dulbecco’s modified Eagle’s medium (DMEM)
and fetal bovine serum (FBS) were obtained
from GIBCO (Carlsbad, California, USA). Mouse
anti-GPADH antibody (Lot#ab37168), mouse
anti-GFAP monoclonal antibody (Lot#ab10062),
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rabbit polyclonal anti-GMFB antibody (Lot#-
ab96694) and rabbit polyclonal anti-GMFG
(Lot#ab94854) antibody were from Abcam
(Cambridge, UK). Dylight 594-conjugated Affi-
nipure Goat Anti-Rabbit 1gG (Lot#94082) and
Dylight 488-conjugated Affinipure goat anti-
mouse 1gG (Lot#82803) were obtained from
Jackson Immuno Research (West Grove, Pen-
nsylvania, USA). Goat anti-rabbit 1gG IR dye
800cw (Lot#C30626-03) and goat anti-mouse
IgG IR Dye 800cw (Lot#C40528-02) were from
Odyssey (Licor, St Englewood, New Jersey,
USA). RNAiso Plus, SYBR® Premix Ex Tag™ Il Kit
(Perfect Real Time) and PrimeScript RT-PCR
Reagent Kit (Perfect Real Time) were from
TaKaRa (Da Lian, China).

Cell culture

Primary astrocytes culture: Primary culture of
astrocytes were prepared from cortex of 1-day-
old Sprague-Dawley rats (Laboratory Animal
Center, SMU, Guangzhou, China), following a
process described previously [13]. Briefly, the
cerebral hemisphere was freed of the menin-
ges and cut into small cubes (1 mm?) in DMEM.
The tissue was dissociated by vortex mixing for
1.5 min, and the cell suspension was passed
through 70 mm and 20 mm sterile mesh nylon
filters. A volume of cell suspension containing
about 4.5 x 10° cells was seeded in a 35 mm
Falcon tissue culture dish. Fresh DMEM supple-
mented with 10% fetal calf serum was added to
yield a final volume of 2 mL. Cells were cultured
at 37°C in a 5% CO, humidified atmosphere
inside a CO, incubator. The medium was
changed twice weekly. The astrocytes which
were cultured at least 4 weeks old were used
for experiments.

Primary neurons culture: Cerebral cortical cul-
tures were prepared as previously described
[14] from 16-day Sprague-Dawley rats (La-
boratory Animal Center, SMU, Guangzhou, Ch-
ina) embryos in MEM medium containing 2 mM
glutamine, 10% FBS, and 1% penicillin and
streptomycin. On DIV (days in vitro) 2 M cyto-
sine arabinoside was added for 24 h to prevent
glial proliferation. The neurons were subse-
quently maintained in serum-free neurobasal
medium (Invitrogen) containing 2% B27 supple-
ment and 2 mM glutamine at 37°C in a humidi-
fied 5% CO, incubator, and were given fresh
media every 3-4 days. Experiments were con-
ducted on DIV 9-10 by exchanging the culture
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Figure 1. The expression of GMFB and GMFG in as-
trocytes. A: The detection of GMFB in SD rat astro-
cytes by Western blotting. B: The detection of GMFG
in SD rat astrocytes by Western blotting.

medium with Hank’s balanced salt solution
(HBSS).

Western blotting

Cells were harvested and homogenized in a
SDS sample buffer (25 mM Tris-HCI, pH 7.6,
150 mM NaCl, 0.1% SDS, 1 mM each of PMSF,
NaF, NaVO3, and 1 ug/mL each of leupeptin,
pepstatin, and aprotinin). The concentration of
proteins was determined by the Bradford meth-
od with BSA as standard. The 40 pg of protein
per lane were separated by 10% polyacryl-
amide SDS gel electrophoresis. The antibodies
such as GMFB, GMFG and GAPDH were first
incubated with membranes for 2 h at room
temperature respectively. Goat anti-Rabbit and
Mouse 1gG IR Dye 800cw (1:15,000) respec-
tively was added to incubate for 1 h at room
temperature, then imaged by Odyssey analysis
system. The pictures were quantified by Gel-Pro
analyzer (Alpha Innotech Corp, CA), and protein
levels were expressed as the relative values of
the controls.

Immunofluorescence

Astrocytes and neurons were labeled by fluo-
rescence immunostaining for GFAP and GMFB/
GMFG. Cultures were fixed for 1 h with 4% para-
formaldehyde in phosphate buffered saline
(PBS) at room temperature. After several wash-
es with PBS, blockade of non-specific binding
was performed with goat serum for 1 h, and
afterwards cells were incubated at room tem-
perature with a mouse polyclonal anti-GFAP
antibody (1/100) and rabbit polyclonal anti-
GMFB/GMFG antibody (1/100) in 1% BSA-PBS
for 2 h. After several washing, cells were incu-
bated for 1h with Alexa 488 anti-mouse IgG
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and Alexa 594 anti-rabbit 1gG diluted 1:100 in
1%BSA-PBS. The primary antibody was omitted
in controls. And then the photos were taken
with confocal images. Proceed to imaging and
analysis.

RNA Isolation and real-time PCR

Total RNA from fresh normal astrocyte and
brain tissues sample were isolated by using
RNAiso Plus reagent according to the manufac-
turer’s instructions. The PrimeScript RT-PCR
Reagent Kit (Perfect Real Time) along with 500
ng of total RNA and poly-dT primers were used
for synthesis of cDNA. To determine the RNA
transcript levels from cDNA, Real-time PCR was
carried out using a ABI7500 instrument and
SYBR® Premix Ex Tag™ Il kit (Perfect Real Time)
as described previously to detect the mRNA
level of GMFB and GMFG. The sense primer
sequence of GMFB was 5-CCCTCTGTGCTTTA-
TCTTCTCC-3’, and for antisense primer was
5-CTTCAGTTAGGTCTTCGGTGTT-3'. The sense
primer sequence of GMFG was 5-AGATGATGT-
ACGCGGGAAGT-3’, and for antisense primer
was 5-TCGTTGAGGTCGTCTGTGGT-3'. GAPDH
gene was used as an internal control using the
sense primer 5-GGCACAGTCAAGGCTGAGAA-
TG-3' and antisense primer 5-ATGGTGGTG-
AAGACGCCAGTA-3. PCR cycling conditions
were 95°C for 10 min to activate DNA poly-
merase, followed by 40 cycles of 95°C for 5 s,
and 62°C for 34 s. Specificity of amplification
products was confirmed by melting curve analy-
sis. Independent experiments were done in
triplicate.

Statistical analysis

Experiments were always reproduced a mini-
mum of three times. Quantifiable determina-
tions are expressed as means + SEM of the
indicated number of experiments performed in
independent cultures. Significance of differ-
ences was evaluated by one-way ANOVA fol-
lowed by the Student-Newman-Keuls post-hoc
test when more than two conditions were evalu-
ated. Significant changes are indicated as fol-
lows: *P<0.05, **P<0.01.

Results

Expression of GMFB and GMFG in the central
nervous system of rat

Astrocyte, one of the most numerous cell types
in CNS, is considered to be very important for
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Figure 2. Characterization of expression of GMFB and GMFG in astrocytes and neurons. A: Immunofluorescence
staining for GMFB (red) and GFAP (green) in SD rat astrocytes. Cell nuclei are counterstained with DAPI (blue). (Mag-
nification: 200 x). B: Immunofluorescence staining for GMFG (red) and GFAP in SD rat astrocytes. Cell nuclei are
counterstained with DAPI (Magnification: 200 x). C and D: Immunofluorescence staining for GMFB (red) and GMFG
(red) SD rat neurons. Cell nuclei are counterstained with DAPI (Magnification: 100 x). The results shown represent
three individual experiments.

maintaining an environment in which neurons,
other glial cell types and the brain endothelium
function and interact properly [15], so we chose
astrocyte to detect presence of GMFG. GMFB
mRNA (its CT value is 19.4 when CT value of
internal control GAPDH is 16.6) were expressed
more strongly than those of GMFG mRNA (its
CT value is 22.1 when CT value of internal con-
trol GAPDH is 16.6) in astrocytes. Western blot-
ting analysis of the extract of astrocytes reve-
aled the presence of GMFG with a molecular
weight of 17 kDa similar to that of rat GMFB
(Figure 1A and 1B). By Immunofluorescence we
found that GMFB expressed in all astrocytes
and mainly located in cell nucleus of astro-
cytes, while GMFG only expressed in a part of
astrocytes and located in cell nucleus and cyto-
plasm where expression of GMFG present stel-
lated (Figure 2A and 2B). In addition, we also

21453

detected presence of GMFB in neurons where
GMFB located in the whole cell and it is very
obviously in axon and dendritic, but the expres-
sion of GMFG in neurons is weak and we
couldn’t detect it in axon and dendritic (Figure
2C and 2D).

The tissue region-response distribution of
GMEB and GMFG in rat brain

To examine the expression of GMFB and GMFG
proteins in brain of rat we used polyclonal anti-
rat GMFB and GMFG antibodies by Immuno-
histochemistry Staining. Figure 3 showed that
each specific antibody recognizes the corre-
sponding protein. The specific anti-GMFB anti-
body visualized the bands in the whole brain
and predominantly in pyramidal cells of hippo-
camp. In positive cases, the tumor cells, regard-
less of morphology, showed diffuse cytoplas-

Int J Clin Exp Med 2016;9(11):21450-21457
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Figure 3. Characterization of the distribution of GMFB and GMFG in SD rat brain. A: Immunohistochemistry Staining
for the distribution of GMFB in SD rat brain. Cell nuclei are counterstained with hematoxylin (blue) (Magnification:
40 x). B: Immunohistochemistry Staining for the distribution of GMFG in SD rat brain. Cell nuclei are counterstained
with hematoxylin (blue) (Magnification: 40 x). C: Immunohistochemistry Staining for the distribution GMFB in SD
rat brain. Cell nuclei are counterstained with hematoxylin (blue) (Magnification: 400 x). D: Immunohistochemistry
Staining for the distribution GMFG in SD rat brain. Cell nuclei are counterstained with hematoxylin (blue) (Magnifica-
tion: 400 x). E: The detection of GMFB and GMFG in SD rat brain by Western blotting. F: Quantification of protein
GMFB and GMFG in the three groups including cerebral cortex, cerebellum and hippocamp. The results shown
represent three individual experiments. The relative abundance of each band to its own control GAPDH band was
estimated by densitometric scanning of the exposed films. The data is expressed as the means + SEM of n=3 experi-
ments. *P<0.05, One-way ANOVA analysis followed by Newman-Keuls post-hoc test.
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Figure 4. Characterization of age-responses expression of GMFB and GMFG. A: Quantitative PCR analysis quantify-
ing the change in expression of GMFB and GMFG gene in different ages (postnatal day 1, day 7, day 14, month 1,
month 3, month 8). Each data represents the mean + SD (n = 3). B: Western blot analysis the change in expression
of GMFB and GMFG protein in different ages (postnatal day 1, day 7, day 14, month 1, month 3, month 8). C: Quan-
titative western blot analysis quantifying the change in expression of GMFB and GMFG protein in different ages.
Each data represents the mean + SD (n=3). The data shown represent three individual experiments. The relative
abundance of each band to its own control GAPDH band was estimated by densitometric scanning of the exposed
films. The data is expressed as the means + SEM of n=3 experiments. **P<0.01, One-way ANOVA analysis followed

by Newman-Keuls post-hoc test.

mic immune reactivity for GMFB; GMFB was
positive in the cytoplasm and nuclei of all cells
in whole brain (Figure 3A and 3C). In contrast,
the specific anti-GMFG antibody wasn’t detect-
ed in the whole brain, GMFG was positive only
in a part of astrocytes; GMFG is predominantly
detected in pyramidal cells of hippocamp and
to a lesser extent in cerebral medulla and basal
ganglia (cerebrum), cerebral cortex is the weak-
est (Figure 3B and 3D). Besides, by western
blotting we examine the expression of GMFB
and GMFG proteins in cerebellum, cerebral cor-
tex and hippocamp. Anti-GMFB antibody and
anti-GMFG antibody detected the bands very
weakly in cerebellum compared to cerebral cor-
tex and hippocamp. There was no significantly
difference between cerebral cortex and hippo-
camp (Figure 3E and 3F).

The age-responses expression of GMEB and
GMFG in rat brain

We analyzed levels of GMF mRNAs in rat brain
cortex from D1, D7, D14, M1, M3, and M8 after
birth by real-time PCR. The expression of GMFB
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mRNA was greater than GMFG mRNA in all the
samples. The level of GMFB mRNA reached a
peak at D7 and thereafter becomes obviously
reduced; while GMFG mRNA persisted in reduc-
ing until older (Figure 4A). By western blotting
analysis, GMFB were detected in rat brain every
age phase after birth and persisted until older;
GMFB protein reached the peak in the seventh
days after birth with decreasing after that and
plateauing from the second week to the eighth
month after birth; while GMFG protein persist-
ed in reducing from the first day to the eighth
month after birth (Figure 4B and 4C).

Discussion

For the first time, we proved the existence of
GMFG in the central nervous system at the
level of gene, protein and cell in this study. And
then we compared the tissue distribution of
expression between GMEB and GMFG in rat
astrocyte and neuron and found their tissue
region-response distribution and age-response
expression in rat brain.

Int J Clin Exp Med 2016;9(11):21450-21457
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Previous study showed that anti-GMFG anti-
body didn't detect the bands in rat brain by
Western blotting, while its mRNAs were detect-
ed around pyramidal cells within CA3 of hippo-
campus by in situ hybridization [5]. But it is con-
flicting with subsequent reports in which GMFG
was detected in the inner limiting membrane
from E14 to P1 rat retinas defined CNS model
system that comprises seven major classes of
cells, gang-lion cells, bipolar cells, amacrine
cells, horizontal cells, a couple of photorecep-
tor cells, and Muller cells [12]. Firstly, we proved
presence of GMFG in rat astrocyte in the level
of gene, protein and cell. Meanwhile, our study
also explains reason why former study didn’t
detect the GMFG protein in rat brain. The rea-
sons maybe that (i) The distribution of GMFG in
rat brain has the characteristics of tissue
region-response (pyramidal cells of hippocamp,
cerebral medulla, basal ganglia and cerebral
cortex). (ii) The expression of GMFG in rat brain
has the characteristics of age-responses (post-
natal day 1, day 7, day 14, month 1, month 3,
month 8). (iii) The expression of GMFG protein
in brain was more weakly than those of GMFB
or internal control GAPDH; it would take five or
more minutes to visualize its band in western
blotting (50 ng protein samples of astrocytes
per lane).

GMFB mainly locating in brain, plays an impor-
tant role in the growth, differentiation and
immune response, such as stimulating axon
regeneration in transected rat sciatic nerve,
promoting secretion of neurotrophic factors in
primary astrocytes such as BDNF and NGF,
stimulating microglia to express major histo-
compatibility complex (MHC) Il by granulocyte
macrophage-colony stimulating factor (CSF)
[1-4, 6, 16, 17]. By western blotting analysis,
we found GMFB protein reached the peak in
the seventh days after birth with decreasing
after that and plateauing from the second week
to the eighth month after birth; that was consis-
tent with previous research results which show
that GMFB protein exhibited more obvious
developmental changes, with its level increas-
ing slowly prenatally and plateauing at 1 week
after birth [18]. Compared with GMFB locating
in cell nucleus and cytoplasm where expres-
sion of GMFG presents stellated consistent
with the morphology of astrocyte. In addition,
we also detected presence of GMFB in neurons
where GMFB located in the whole cell and it is
very obviously in axon and dendritic, but the
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expression of GMFG in neurons is weak and we
couldn’t detect it in axon and dendritic. GMFG
protein has a high level of structural similarity
with GMFB protein [5]. However, the two pro-
teins showed clear differences in tissue distri-
bution and function. The previous research
showed that GMFG has a high level of structur-
al similarity with members of the actin depoly-
merisation factor (ADF) domain containing fam-
ily suggesting that it might play a role in there
modeling of the actin cytoskeleton [19]. Several
groups have shown that GMFG interact with
purified Arp2/3 complex and interfere with
Arp2/3 induced daughter filament growth [20,
21]. The latest studies have demonstrated that
GMFG, a component of human T cell pseudopo-
dia required for migration, influences the regu-
lation of integrin mediated adhesion [16] and
played an important role in regulating the polar-
ization underpinning the neutrophil chemotaxis
response via stabilizing F-actin filaments in the
lamellipodia [10, 11].

In conclusion, we provided the first report that
GMFG was expressed in brain and compared
the cell/tissue distribution and expression of
GMEB and GMFG. Our findings shed light on a
mechanism of GMFB and GMFG in the patho-
genesis of astrocytomas.
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