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Introduction

Glial cell line-derived neurotrophic factor (GDNF) was
first isolated by virtue of its ability to induce dopamine (DA)
uptake and cell survival in culture of embryonic ventral mid-
brain DA cells. Further experimental resultshave also re-
vedled that GDNF may protect DA cellsfrom injury by toxic-
ity Although the biological effects of GDNF on DA cdls
have been studied extensively, the mechanisms underlying

therole of GDNF areless known.

GDNF signals via multicomponent receptorsthat consist
of the Ret receptor tyrosine kinase plus a glycosylphosphati-
dylinositol-linked coreceptor named GDNF family receptor
al (GFRal). Thebinding of GDNF to Ret and GFRalinduces
Ret phosphorylation4. After phosphorylation, Ret induces
theactivation of severd intracdlular pathways, among which
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Abstract

Aim: Toexploretheintracellular mechanismsunderlying the survival/differentia-
tion effect of theglial cell line-derived neurotrophic factor (GDNF) on dopamine
(DA) cells. Methods: Midbrain slice culture and primary cell culture were
established, and the cultures were divided into 3 groups: control group, GDNF
group, and the phosphatidylinositol 3-kinase/Akt (PI3-K/Akt) pathway-inhibited
group. Then the expression of tyrosine hydroxylase (TH) was detected by
immunostaining aswell as Western blotting. Results: GDNF treatment induced
anincreasein the number of TH-immunoreactive (ir) cdlsand the neurite number
of TH-ir cdls, aswell asin thelevel of TH expression in cultures (Number of TH-
ir cellsin the dice culture: contral group, 8.76+0.75; GDNF group, 18.63+0.95.
Number of TH-ir cells and neurite number of TH—ir cellsin cell culture: control
group, 3.65+0.88and 2.49+0.42; GDNFgroup, 6.01+0.43and 4.89+0.46). Meanwhile,
the stimulation of cultured cdlswith GDNF increased the phosphorylation of Akt,
which isadownstream effector of PI3-K/Akt. The effects of GDNF were specifi-
cally blocked by theinhibitor of the PI3-K/Akt pathway, wortmannin (Number of
TH-ir cdlsin diceculture; PI3-K/Akt pathway-inhibited group, 6.98+0.58. Num-
ber of TH-ir cells and neurite number of TH-ir cellsin cell culture: PI3-K/Akt
pathway-inhibited group, 3.79+0.62 and 2.50+0.25, respectively). Conclusion:
The PI3-K/Akt pathway mediates the survival/differentiation effect of GDNF on
DA cdls.

the phosphatidylinositol 3-kinase/Akt (PI3-K/Akt) pathway
isof particular interest!™,

The PI3-K/Akt pathway isan important regul ator of neu-
ronal survival, both in central and peripheral nervous sys-
tems®. The PI3-K/Akt pathway isinitiated by the activation
of PI3-K, which in turn activates a cascade of downstream
effectors including the serine/threonine kinase Akt, The
survival of sympathetic neurons of the superior cervica gan-
glion (SCG) induced by nerve growth factor (NGF) is criti-
cally dependent upon an intact PI3-K/Akt pathway'®. GDNF
isalso ableto activate the PI3-K/Akt pathway and promote
thesurvival of SCG¥. However, whether the PI3K/Akt path-
way is involved in the survival/differentiation effects of
GDNF on primary cultured DA cdlsisnot yet well understood.
Further studies show that both GFRal and Ret are present in
midbrain DA cells™.
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In the present study, we examinethe intracellular path-
ways activated by GDNF in DA cellsin vitro, and whether
the P13-K/Akt pathway contributes to GDNF-induced DA
cellssurvival/differentiation.

Materials and methods

Cell culture Primary DA cdl culture was established
from the ventral mesencephalic tissues of rat embryos as
described previously!™®. Briefly, Sprague-Dawley pregnant
rats were deeply anesthetized on gestational d 18, and
fetuseswere rapidly removed from the uterus and transferred
toice-cold Dulbecco’ smodified Eagle’ s medium (DMEM).
The mesencephalic flexure enriched with DA cellswas cut
off from thefetal brain and minced into 1 mmx1 mmx1 mm
pieces. Afterincubation for 15minat 37 °Cwith 0.25%trypsin
and 0.02% EDTA solution, the cells were separated by tritu-
ration through a syringe and passed through a 150 mesh
sieve. Thecell suspension was centrifuged for 5 min and
then resuspended in complete medium [DMEM/F12 1:1, con-
taining 10% fetal bovine serum (FBS), 4 mmol/L glutamine,
100 U/mL penicillin G sodium, and 100 pg/mL streptomy-
cin sulfate]. Thecellswereplated at a density of 1.5x10°
cellswell onto 24 well plates, which were pre-coated with
0.1 g/L poly-L-lysine for morphological or Western blot
analysis, respectively. After 24 hin culture (1DIV), theme-
diawere replaced with serum-free medium (Neurobasal™
medium contai ning 2% B27 supplement, 4 mmol/L glutamine,
100 U/mL penicillin G sodium, 100 pg/mL streptomycin
sulfate) and 10 ng/mL GDNF with or without wortmannin
(Cdbiochem, KY 12420, Germany). Wortmannin was used at
50 nmol/L, then on every other day, half of the sasme medium
wasreplaced. On 6DIV, THimmunaostai ning was processed.
Cultures were maintained at 37 °C in an atmosphere of 5%
CO,/95% air and 100% relative humidity.

Tissue culture We used the embryonic d 18 Sprague-
Dawley ratsin this study. The pregnant Sprague-Dawley
rats were deeply anesthetized, and the fetuses were rapidly
removed from the uterus and transferred to ice-cold DMEM.
Thewholebrain wasrapidly removed andimmediately chilled
for 3-5mininice-cold DMEM, which had been preoxygen-
ated in a95% O,/5% CO, incubator. The brains were then
embedded in low-melting point agarose[2.5% in phosphate-
buffered saline (PBS); type VII agarose, A9045; Sigma, St
Louis, MO, USA], mounted onto the Mcllwain tissue chop-
per stage. Coronal sections (400 um) were cut, followed by
separation in ice-cold DMEM, supplemented with 10% FBS
and penicillin-streptomycin (100 U/mL, 100 pg/mL,
respectively). Slicesof interest weretransferred onto 30 mm

Millicell-CM (Millipore, Bedford, MA, USA) culture plate
inserts (0.4 um, 4 per well) in 6-well tissue culture plates
containing 1.5 mL of the above growth medium. Slicescon-
taining a clearly defined midbrain(identified using the atlas
of Paxinos and Watson 1986™) were used for the experiments.
The control and treatment groupsfor asingletrial were pre-
pared at the same time and cultured for the same durations.

Throughout their growth period, the slices were kept at
an interface between the growth medium and the humid
atmosphere. The cultureswere maintained at 37 °C inahu-
midified atmosphere of 5% CO,/95% O, After 24 hinthe
culture(1DI1V), theculturemediawerereplaced with aserum-
free medium (Neurobasa™ medium containing 2% B27
supplement, 4 mmol/L glutamine, 100 U/mL penicillin G
sodium, and 100 pg/mL streptomycin sulfate). Two hundred
ng/mL GDNF with or without wortmannin was added. Two
hundred nmoal/L wortmannin wasadded 1 h prior tothe GDNF
addition. Then on every other day, half of the same medium
wasreplaced. On 6DIV, immunohistochemistry and Western
blotting were performed to detect tyrosine hydroxylase (TH).

To study the activation of the PI3-K/Akt pathways, the
dliceswere cultured in serum-free medium. On 6DIV, Two
hundred ng/mL GDNF with or without wortmannin was
added. Akt phosphorylation wasexamined 30 min after GDNF
was added.

Immunostaining On 6DIV, thin paraffin sections were
deparaffinized and rehydrated, and thecellswerefixedin 4%
paraformal dehyde for 20 min. Toblock residual endogenous
peroxidase activity, the sections and cells were incubated
for 10 min with 3% hydrogen peroxidein PBS. After being
washed 3 timeswith PBS for 5 min each, they were blocked
with 1% bovine serum albumin (BSA) in PBSfor 1 hat 37 °C,
washed with PBS, and incubated with monoclonal mouse
anti-rat tyrosinehydroxyl ase(TH) antibody at 1:3000 (Sigma,
USA) overnight at 4 °C. After being washed 3 times with
PBS, they wereincubated with a bictinylated goat anti-mouse
1gG (1:50; Sigma, USA) overnight at 4 °C. Peroxidase-conju-
gated streptavidin was added for 30 min at room temperature
(RT) and the cultures were stained for peroxidase reaction
by incubation with a mixture of diaminobenzidine and
hydrogen peroxide for 5-10 min. The didesand cellswere
cleared and mounted with a microscope. Controlswere pre-
pared without the primary antibody.

To study the activation of the PI3-K/Akt pathway in our
culture models, TH/p-Akt immunofluorescence double stain
was processed. On 6DIV, the cellsweretreated as described
earlier, and incubated with monoclonal mouse anti-rat TH
antibody 1:3000 and monoclonal rabbit anti-mouse p-Akt
antibody 1:1000 overnight at 4 °C. After being washed 3
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timeswith PBS, they were incubated with Cy3-conjugated
goat anti-mouse IgG or fluorescein(FITC) -conjugated goat
anti-rabbit 1gG for 2 h at 37 °C. After being washed 3 times
with PBS, they were observed with a confocal microscope.

Western blotting After GDNF exposure on 6DIV, dice
tissues were collected rapidly in ice-cold PBS, then homog-
enized at 4 °C inice-cold lysis buffer [10 mmol/L 4-(2-
hydroxyethyl)- 1-piperazineethanesulfonic acid, pH 7.9, 0.5
mmol/L MgCl,, 10mma/L KCl, 0.1 mmal/L EDTA, 0.Lmmoal/L
O,0'-Bis(2-aminoethyl)ethyleneglycal -N,N,N',N'-tetraacetic
acid, 50 mmol/L NaF, 5 mmol/L dithiothreitol, 20 mmol/L
phosphoglycerol, 1 mmol/L NayVO,, 1% NP40, 1 mmol/L
benzamidineand enzymeinhibitors: 5 mg/mL phenylmethyl-
sulfonyl fluoride, and 5 mg/mL each of pepstatin A, leupeptin,
apratinin]. After centrifugation, the supernatantswere stored
at -80 °C. Equal amounts (50 pg) of protein were separated
by 10% SDS-PAGE, éectrotransferred onto a nitrocel lulose
membraneand immunoblotted. Mouse anti-rat TH antibody
(Sigma, USA) wasused at 1:1000 dilution. Rabhbit anti-mouse
p-Akt antibody (Cell Signaling Technology, Beverly, MA,
USA) was used at 1:2000 dilution. Goat anti-mouse AP
(Sigma, USA) or goat anti-rabbit AP (Sigma, USA) asa sec-
ondary antibody were used at 1:5000 dilution. The negative
control was prepared without the primary antibody, but in-
cluding al other procedures. After blotting, the bands on
thefilter were scanned and analyzed with an image anal yzer
(LabWorks Software, UVP Upland, CA, USA). Theoptical
density of the band in each lane was expressed as ‘fold’
versus that in the sham contral lane in the same filter. To
standardizethetotal protein content in each lane, membranes
were incubated at RT with a mouse monoclonal antibody
against pan-Akt (1:2000; Cdl Signaling Technology, USA)
for 1 h. Other procedureswerethe same asdescribed earlier.

Dataanalysis Theeffectsof GDNF on DA neuronal sur-
vival/differentiation, and theimpact of the inhibition of P 3-
K/Akt pathway on the actions of GDNF, were measured and
quantified. First, the number of TH-ir cdllsper mm? and the
number of primary neurite of 60 randomly selected DA cdls
were used as the index of DA cell survival/differentiation.
The DA cellswere selected randomly in theright-up, left-up,
right-down, |eft-down and central part of the different visual
field, respectively. Second, the phosphorylation of p-Akt
was used asan index of the activation of the PI3-K/Akt path-
way. Resultswere compared by one-way ANOVA test using
the SigmaStat32 statigtical program.

Results

GDNF promotedthesurvival/differ entiation of midbrain

168

DA cells In the present study, both midbrain dice culture
and cdll culture, in which GDNF could promotethe survival/
differentiation of DA cells, were established as our experi-
mental modds. In each model, the identity of the DA cdlsin
the culture was confirmed by the positive staining for TH.

Thefirst step of our study was to decide the appropriate
concentration of GDNF for the effective biological effect to
promote the survival/differentiation of DA cells. Inthecell
culture model, the concentration of GDNF was 10 ng/mL,
which is consistent with Horger’ sreport!*?, whilein theslice
culture model the concentration was 200 ng/mL, which is
consistent with our previous study.

Consigtent with previous findings™***, the present re-
sults showed that GDNF promoted the survival and mor-
phological differentiation of DA cellsin the 2 culture models.

Theresults of immunogtaining showed that the number of
TH-ir cellsper mm?in the GDNF-treated group (18.63+0.95)
was significantly more than that in the control of the dlice
culture (8.76x0.75; Figure 1), and that both the number of
TH-ir cellsper mm? and the neurite number of TH-ir cdlsin
the GDNF-treated group (6.01+0.43 and 4.89+0.46) weresig-
nificantly more than that of the control of the cell culture
(3.65+0.88 and 2.49+0.42; n=6; Figure2).

The results of Western blotting also showed that the
level of TH expression in the GDNF-treated group was sig-
nificantly higher than that of the contra (n=3; Figure 3).

The PI3-K/Akt pathway was activated when GDNF
exerted the survival/differentiation effect on DA cellsWe
then explored the possible intracellular pathways underly-
ing the effect of GDNF on DA cells. It had been demon-
strated that the binding of GDNF to its receptorsinitiated
several intracellular pathways, among which the PI3-K/Akt
pathway was of particular interest. To test whether GDNF
was able to activate the PI3-K/Akt pathway in our experi-
mental models, the cellsin the 2 cultures were stimulated
with GDNF (10 ng/mL or 200ng/mL) at 6DIV. Thirty minutes
after the addition of GDNF into the media, the phosphoryla-
tion of Akt was examined by TH/p-Akt immunofluorescence
double staining and by Western blotting. Theresults showed
that p-Akt was expressed in the TH-ir cells (Figure4) and the
level of p-Akt expression in the GDNF-treated group was
higher than that of the control (Figure5). It was suggested
that the PI3-K/Akt pathway was activated after GDNF treat-
ment.

Survival/differentiation effect of GDNF on DA cellswas
abolished by the inhibitor of the PI3-K/Akt pathway
Wortmannin was used to specifically block the PI3-K/Akt
pathway. To further demonstrate the role of the PI3-K/Akt
pathway in the survival/differentiation effect of GDNF on
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Figure 1. Number of TH* cellsin the 3 slice culture groups (N,N-di methyl-4-ami noazobenzene, DAB stain). (A-C) positive cells for the anti-
TH immunoreactivity. (A) the control group, (B) the GDNF group, and (C) the PI3-K/Akt pathway-inhibited group. (D) statistic result on the
number of TH* neurons in the different groups. The number of TH* neurons was higher in the GDNF group than in the control group and in
the PI3-K/Akt pathway-inhibited group (°P<0.05 vs control, ®P<0.05 vs the GDNF group), but the difference between the control group and
the PI3-K/Akt pathway-inhibited group was not significant (n=6, bar=20 pm).
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Figure 2. Number and neurite of TH* cells in the 3 cell culture groups (DAB stain). (A-C) positive cells for the anti-TH immunoreactivity.
(A) cellsin the control group, (B) cellsin the GDNF group, and (C) cells in the PI3-K pathway-inhibited group. (D) statistical result of the
number of TH* cells in the different groups. The number of TH* cells was higher in the GDNF group than in the control group and in the PI3-
K/Akt pathway-inhibited group (°P<0.05 vs control, ®P<0.05 vs the GDNF group), but the difference between the control group and the PI3-
K/Akt pathway-inhibited group was not significant. (E) statistical result of the neurite number of each TH* cells in the different groups. The
number in the GDNF group was higher than that in the control group and in the PI3-K/Akt pathway-inhibited group (°P<0.05 vs control, ®P<0.05
vs the GDNF group), but the difference between the control group and the PI3-K/Akt pathway-inhibited group was not significant (n=6, bar=30

um).

DA cells, GDNF (10 ng/mL or 200 ng/mL) with or without ~ performed. Theresult of TH immunostaining showed that
wortmannin was added to cultures at 1DIV. Wortmannin  wortmannin not only blocked the phosphorylation of Akt
was plused into the medium 1 h before GDNF. Then on  induced by GDNF, but also abolished the effect of GDNF on
6DIV, TH immunostaining and Western blotting were  neurona survival/differentiation of DA cdls. The number of
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Figure 3. Protein expression of TH in the 3 culture groups. The
level of TH protein in 50 ug of cytosol extract was determined by
Western blot analysis. Data are presented as the mean integrated
density value (IDV) of 3 separate experiments (mean+SEM). CTL:
untreated-cells;, GDNF: the media were added with GDNF; GDNF+
Wortmannin: GDNF with wortmannin was added into the media and
the wortmannin was added 1 h prior to GDNF addition. The results
showed that the level of TH protein was higher in the GDNF group
than in the CTL and GDNF+Wortmannin groups (°P<0.05 vs contral,
°P<0.05 vs the GDNF group; n=3).

TH-ir cellsper mm?inthePl 3-K/Akt pathway-inhibited group
(6.98+0.58) was significantly lower than that of the GDNF-
treated group (18.63+0.95) inthedice culture(Figurel). The
number of TH-ir cells per mm? and the neurite number of
THir cellsin the PI3-K/Akt pathway-inhibited group (3.79+
0.62 and 2.50+0.25) was significantly lower than that of the
GDNF-treated group (6.01+0.43 and 4.89+0.46) in the cell
culture (n=6; Figure 2). Western blot analyssof TH expres-
sion in such conditions confirmed the above results (n=3;
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Figure 5. Comparison of p-Akt protein expression between the 3
culture conditions. The level of the p-Akt protein in 50 ug of cyto-
sol extract was determined by Western blotting analysis. Data are
presented as the IDV of 3 separate experiments (meantSEM). CTL:
untreated-cells; GDNF: the media were added with GDNF; GDNF+
Wortmannin: GDNF with wortmannin was added into the media and
the wortmannin was added 1 h prior to GDNF addition. The results
showed that the level of the p-Akt protein was higher in the GDNF
group than in the CTL and GDNF+Wortmannin groups (°P<0.05 vs
control, °P<0.05 vs the GDNF group; n=3).

Figure 4. Coexpression of p-Akt and TH in the
same neurons. (A) positive cells of the anti-TH
immunoreactivity (Cy3-conjugated 1gG). (B)
positive cells of the anti-p-Akt immunoreactiv-
ity (FITC-conjugated 1gG). When GDNF was
added into the medium, the Akt in the TH-posi-
tive cells were phosphorylated (bar=20 pm).

Figure3). Theexpression of TH decreased in the PI3-K/Akt
pathway-inhibited group. These results suggest that the
PI3-K/Akt pathway mediatesthe survival/differentiation ef-
fects of GDNF on DA cdls.

Discussion

The study was conducted both on the cell culture and
on the dice culture of themidbrain. Therole of the PI3-K/
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Akt pathway in mediating the effect of GDNF on DA cells
was explored. Our results showed that the PI3-K/Akt path-
way was activated when GDNF promoted the survival/dif-
ferentiation of DA cells;, when the PI3-K/Akt pathway was
blocked by wortmannin, the effect of GDNF on DA cellswas
abolished. The results suggest that the PI3-K/Akt pathway
may beinvolved in mediating the surviva /differentiationrole
of GDNF on DA cdls.

Through binding to itsreceptors, GDNF may induce the
activation of theextracellular regulated kinase (ERK)-mito-
gen-activated protein kinase (MAPK) and the PI3-K/Akt
pathway®®. The PI3-K/Akt pathway has been implicated in
the survival-promoting mechanisms™>9.

In the present work, we show that GDNF increases the
phaosphorylation of Akt, indicating that the PI3-K/Akt path-
way is activated. To confirm the involvement of the PI3-K/
Akt pathway in mediating the effect of GDNF, we treated
cultured cdlswith wortmannin, which istheinhibitor of the
PI3-K/Akt pathway. Theresultsshowed that when wortman-
nin was added to the medium, the number of TH-ir cdlsand
theneurite number of TH-ir cdllsdramatically decreased com-
pared with the control, suggesting that the PI3-K/Akt path-
way might play astriking rolein mediating the survival/dif-
ferentiation effect of GDNF on cultured DA cédlls. Thisis
consi stent with previous observations that the PI3-K/Akt
pathway was found to mediate the survival effect of GDNF
on cultured serum-gtarved spinal motor neurons, sympathetic
neurons, and cerebd lar granulecells™. Moreover, therole
of the PI3-K/Akt pathway asamediator of the trophic effect
of several trophic factors has been described previoudy in
the brain-derived neurotrophic factor-mediated survival of
cultured cerebellar granule neurons® or spinal cord medial
termina nucle™, in NGF maintained PC12 or SGC cell 89,
and in cerebellar granule neurons maintained with Insulin-
like growth factor 115, However, the present work demon-
strated theinvolvement of the PI3-K/Akt pathway in mediat-
ing the survival/differentiation process of GDNF on DA cells
both in cell cultureand in dlice culture.

Opinions about the ERK-MAPK pathway have been
perplexing. Some studies consider that both the PI3-K/Akt
pathway and the ERK-MAPK pathway play arolein cell
survival®#, while others think that the activation of the
ERK-MAPK pathway isnot involved in the cellular events
directly related with cdl survival. However, the activation of
this pathway will bean important step in mediating neuronal
differentiation®!, It seemsthat different growth factors act-
ing on different cell type may have different mechanismsto
achieve certain actions; that further studies need to be con-
ducted to uncover the real sense of these mechanisms.

Survival signalsfrom various cell surface receptors acti-
vate PI3-K to phosphorylate the downstream effector Akt,
which playskey rolesin cellular processes such as glucose
metabolism, cell proliferation, apoptosis, transcription, and
cdl migration. Theexact role of activated Akt is determined
by its downstream target. So the elucidation of the anti-
apoptatic function of Akt signaling immediately precipitated
an intensive search for downstream targetsinvolved in cell
survival. One possible downstream target on which this
signaling cascade convergesis transcription factor nuclear
factor-kB (NF-xB). Upon theactivation of Akt, NF-xB may
activate the transcription of anti-apoptotic proteins such as
theinhibitor of apoptosis proteins, c-IAP1 and c-lAP2.

In conclusion, our work demonstrated that the activa-
tion of the PI3-K pathway isinvolved in the effect of GDNF
on cultured DA cellsin both cell culture and slice culture
models. The PI3-K/Akt pathway plays apivotal rolein DA
neuronal survival/differentiation after GDNF stimulation.
Gaining insight into the cellular mechanisms underlying the
effects of GDNF may reveal cellular targets for treating
Parkinson’ s disease.
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