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Microglia activation stimulates bone marrow mesenchymal stem cells to release
gliocyte-derived neurotrophic factor for protection of dopaminergic neurons
Fan Dong-yan', Wang Ping?, Liu Ran"*, Niu Feng-lan', Du Bo?

Abstract

BACKGROUND: Studies are very few regarding the specific reaction of bone marrow mesenchymal stem cells (BMSCs) to
activated microglia. Moreover, it remains unclear how MSCs maintain dopaminergic neuronal survival under specific
microenvironment.

OBJECTIVE: To explore the effect of BMSCs stimulated by activated microglia on dopaminergic neuron survival.

METHODS: BMSCs were isolated from Wistar rats by attachment method, and in vitro cultured; microglia was activated, and
dopaminergic neurons were cultured by enzyme digestion method. The experiment included 5 groups: BMSCs, microglia,
lipopolysaccharide (LPS)+microglia; BMSCs+LPS+microglia groups, in which the dopaminergic neurons were cultured with
corresponding culture medium; the dopaminergic neurons alone group was cultured with 10% fetal bovine serum+ DMEM/F12.
The effect of different microenvironment on dopaminergic neuron survival and gliocyte-derived neurotrophic factor released from
BMSCs were detected by immunofluorescence technique.

RESULTS AND CONCLUSION: The release of gliocyte-derived neurotrophic factor in groups involving BMSCs was greater than
corresponding control group. Tyrosine hydroxylase immunofluorescence showed that neuronal survival of dopaminergic neurons
alone group was 15%, microglia group was 10%, LPS+microglia was 5%, but BMSCs+LPS+microglia group was 28%,
significantly greater than the other groups (P < 0.05). In addition, survival of in vitro cultured dopaminergic neurons was
decreased with increasing culture duration, but the survival of dopaminergic neurons in group involving BMSCs was significantly
greater than corresponding control group. This indicates that microglia activation stimulated BMSCs to upregulate
gliocyte-derived neurotrophic factor to prevent dopaminergic neurons from toxic injury, and inhibit delayed death of dopaminergic
neurons.
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0 H 7 /NI 5 4 i (microglia, MG)IEE . MG
A EVEA AL, SR oI A AR A
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BAEH, —#aHdR P ARE bR . A
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‘B B8 | 78 R T 40 fe (bone marrow
mesenchymal stem cell, BMSCs)E.#H % [
I RE, FEFFE PAEL T AT LA o B35 2
B Ji B o 22 O AE N (1) 2 Bl SR AL 2R 4 B . A
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TESAI GG 53 T 70 Wb B A i 22278 37 DR - 32 45
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N — 2 3 W E TR R N BMSCs i &
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NHL PAZ S EIMGEOS FIiE 2 i MG,
53 BT BMSCsTE A [A] A 5i 2 11~ GDNF 1) 43 i
a2, UESERE RV AEE RS L~ GDNFRE S & |
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CRzReZ T, Ayit— B0 i BMSCs M I

BRI ISR R PR
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FERFIRALEE:

RN e kiR

DMEM/F12. JifiZFiig. &R
[y s A AN RN TN
ACD29. CD44
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Santa cruz/A

IEEZ Sigma’s 7
Alexa Fluor 555451 12 EHifigG  Invitrogen/A ]
ELISA £ PromegaA ]
CO MR IR IS F- 46 SANYO

{3 B AHZE W45 Fluview 1000 Olympus

WOLTIH IR R

SHITSUE

BMSCsHIf EtEs . &K LHE KM T2
JEl s Wistar KX SRS B, RIBS P T H B
A2, HEMEDMEMK ik, HEEBEk
% E, 1000 r/min&.L210 min, £ FiE, HE
A ARBLI BN 15% fif 4 1L ¥ DMEM il ji 41
M, 200 H 38t €, Apit%, 40
e J91x10° L, $:Fh T35 mmiisRIL A,
S B M 57 A WG EE S AT SB A IR, DS BERE
3 dF 1K -

YA A A RI60% L. FFHRFREE, N
NIE 20.25%BRBEHE AL 21 min, JINIE & I
LA, BT I A i 2, 1 000 r/min
B 10 min, FE B, IMASHERSECN
15% If1L375 ¥ DMEM 1| i 20 it 23, 200 H i€
iU, AR, AR E1x10° LT,
T35 mmEZFE LA .

MGHI4 Bt 5 #UE™: HUHiZE24 h Wistar
KR, TETR AP K Bz 5T, el e
TR HEL, o T 5 A B 1) B PR T A 1)
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TIEDMEM-F12/4, BI A1 mmx1 mmigEd, A
0.05% il g 1A RN ZH U HL115~101%, 37 CHRahHE M
30 min, IINE & MEZ1EHAE, 1 000 r/mini.0>10 min,
£ EiE, IAEGEREN10%I1M7E FIDMEM/F12,
Hil R =, 200 HIEMI It BE, ANpitE, AR
WEE1x10° LY, B:A T35 mmEsFiln . B:F3 h)5 it
W, VLR RERES di 1k

R 5, BRI WA ZBL%, T 2R
R, T 52 EB/ANAMG. BRI 57
PEREFRIE, IIN0.25% A TH L2130 s, INIAIE & ik
AR, BREREFEN, BHMGE, B R
1 000 r/minE5.0210 min, MMASH RS EN10% 075
[IDMEM-F12, iS4t =i, 200 H3EMtE, 4ii
T AR E N 1x10° LY, R T35 mmEs TR
Mo

B % 41 B 5 5 15 311 80% Ji 43 5 17 441 it 5% 5% 38 P4
NG ZHEATEWRE5 ug/l, H higHds & A IR £
PR IR, FHE PR3

N ERsEmEZTH S E": 5114 d Wistar K RIE
FERRIE, TCRHIIRECHIEAG, BiaR TR, M
EE TR AWk . F kBN — NI FRIL,
BT SME T, REmMSrHL. vk
A IERY O, KRN AU B N B R 7R
FERIRE IR, 45 2 o i s ) o i S 2 28, KU I
AR B OE N, LA o/LIREFA o/LIE IR B E &
WA 15 min. &R 2 BN 10% 6 A i 3 1
DMEM/F1285 FR B4 1 EyH AL, TR BT BUR, I8
FAZE, 1000 r/min&.010 min, 7 EiE, DAL
JEDMEM/F1255 77 3L R &L, 200 H JE Mt €, 1141
ML E % 90%, T EEAR H JBE 1x10° LT,
F35 mmigE IR,

SLI6 4y H54R: BMSCs4l. MG, 5% FE+MGH .
BMSCs+[EZ HE+MGHH, /3l B 5L 3 41 15 7% 15,
PN 2 LR & e TR 7R, dkeRREFR10d. e
ERgpe & nH AR AR LG, (XH
DMEM/F12.

BBk 52 IR B4 236 (ELISA) A& M GDNF : YRS 7% 3
i, F TR IGDNFIZK . kil /5922 8 Promega /s
MUY, PuA Y, KB GDNF R DA R
ez i1 - 1 000MFE S5, IA96fLEH, 100 pL/4L,
4 CWEEKR. Prias, FRyvrapn, SHLmA
200 pLEf LR, =EAEF1 h. GDNFFRME 28 % .
FEFLHIIAN100 pLFF Eid, =iRPE%500 rimin, &
6 ho FEBRAEMN, HVRSRE MDA 96FLAR 1N
APIGDNF £ i Hifk, 100 yL/fL, 4 CHRE LK.
eV 2 VR R A BRI 3R . 96 LR T i NS I i A4
100 pL/fL. =EME2 he FIPEEZE MR E 2 PR3,
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FEFLHINAN100 uL TMB AR R0, iR F 15 min,
FFLINA100 pL INHCIZ 1E [ b, FLH 0 35 G AR AR 1k
B0, ARG K450 nmALIROG AR . AR AE 2%
1587 530 min P EAT « 2 il b i 28, THERE S GDNF
IKFo

RERERNESERZLERIE: 45 L3, L40 g/l

ST E 10 min; 0.1 mol/L PBS¥E37X, 5 min/ik;

PLE1%BSA, 0.1%Tritonf70.1 mol/L PBS= & F &4
30 min; %P GDNFI¥E4 ‘Cis; 0.1 mol/L PBS¥E3
&, 5min/ik; Alexa Fluor 555%ric 1L F i lgG, =ik
FFE1 h; 0.1 mol/L PBSYE3K, 5 min/ik; Hildf[E

FEWEIERR: RGP 7 HH AR A [R5
Xf % ELIL REAR A TCAF TG e s AR AA 58 X BMSCs
P& GDNF #5400 o

Wity SChE. iEE: SRS TEH,
FISLME AR — = A, VRS HAEE SE R
Bz 248501, AR EIEVEG .

Gt F oM. HEE T AEE R Sigma Stat.2.03% 1
SERGLT AL, SEIGHUE DixesFoR, Giit 2R AbEE R
BR R T E0HT, gfe e, P < 0.05 82 75 2 & .

2 R

2.1 BMSCsHEAZEBE i\ Ao 45 5 8w,
H3KBMSCs#£iACD29, CD44%T4ifiutric. FIE W
WL T AT 7224 hifIBMSCs 2 AN o0 A, W EE;
48 W) TE A 7% 72 h)m e NPROE I, 40 A
KRB NE; 7dadpzimaEe, LK.

Figure 1 Primary cultured bone marrow mesenchymal stem
cells 7 d, spindle-shaped, order arranged (Hematox-
ylin-eosin staining, x100)

Bl JEACK % BMSCs 7 d 48T, HEBUH T (IR ARG -
Yett, x100)

2.2 TREMHEGDNFIRIE ELISARF &6 &
IRAE % S GDNF /K- %4 A [A] . BMSCsZH [fIGDNF
RIBEMGH s IR £ HE+MG 4 ) GDNF £ ik 5t /b
BMSCs+/l§ £ bi+MGZH GDNF /3 i fi s FL4li 22 EL %
REAPZE LA W3 GDNF 733, W2,
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Figure 2 Effects of GDNF secretion under different mi-
cro-environment
K2 AFFHAEE GDNF 73 &

2.4 BMSCsXZBEREMAZTEENTM KA
7 _LIEHOT 2 MR AT RS R0 diY, TR
JE e TCHIAFIE R . SRR, a2 BRI 4T
A2 TCHIAEIE EN15%: MG £ B R 2 7047
R N10%; BMSCsH M £ BZRE & uFiG RN
35%; HEZ HE+MGHLIN £ ELE REAN 4 TCA7 15 R 5%
M BMSCs+]l £ HiE+MGZH ) £ L% RE A 28 0 A7 36 Rk
3| 728%, =T FRBMSCsZ A 1HAh &4 (P < 0.05),
L5,

23 ZHREMETBRUEEERARE T UKE
ML TTRIB S LA AR S B A —— IR IR Fe L, 5K
BRI e e s e B 2 5E i 22 LS REAP 22 T 1K
Z UEReth oA 2 20 s, WS, 4.

Figure 3 Immunofluorescence staining of BMSCs + LPS +
MG group of dopaminergic neurons (blue fluorescent
marker for hoechest33342 nucleus, red fluorescence
for the expression of tyrosine hydroxylase-positive
dopaminergic neurons, x200)

K3 vty ta Wl 52 BMSCs+/IR £ Hi+MG 41 % ELz it
28 031%(%200)

(%)
&

[ ab
15} ab
10 F ab
[ [
DN MG BMSCs LPS+MG BMSCs+LPS+MG

P < 0.05, vs. BMSCs group; °P < 0.05, vs. BMSCs+LPS+MG group

Figure 5 Effect of different micro-environment on the survival
of dopaminergic neurons
5 ARSI 2 EUERE P4 TCAAE ZE R

MELZAA R TR 2 2 B RER T I,
FERGFRANFII [ YSCER AL, T BR P Ak Bl e (Tl S e
TOIARE, ERKI, WIMEFR 2 CE R M2 U ATE 2
Bl 3% TR I (A A8 KR B, (H /2 BMSCsALE I i 2 EL % AE
MATCAAE R B T HAS 4, WS,

Figure 4 Immunofluorescence staining of LPS + MG group of
dopaminergic neurons (blue fluorescent marker for
hoechest33342 nucleus, red fluorescence for tyro-
sine hydroxylase-positive dopaminergic neurons,
x200)

K4 St IE 2 H+MG A2 BERE g i RIE
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2
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3d 6d 10d 14d 18d

Figure 6 Effect of different time and micro-environment on
cultured dopaminergic neurons
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ol O, i L AR T R 2 2R G 9 AR R T4
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T A A B BN, BT AR 2 B RS A et
BT, A R ST E ST 40 R R VA T A 4 A R R
E B R S T8 R AP R 2 G e 52 5 A0 4 SR
U, S SR A1 S TR MRS AR I S AR VA T RO
TER, (HENSIEA—I, AN T W5
Folr 4t PR k2 7 BB VE A

St rf Bl FHDNEM/F 1255 37 2 RS M 2 TG,
53 TR 7R R I (R i R R AL B FH M Al R R, R
PAERE TR EE6 R A 39% M 2 L REM & Juf7iG, 8d)a
I 355 77 13k (] R 2K 22 L i RE A 48 T IR A7 178 20 B SR ik 2>
X 5 cwkiniE —3", BMSCs5 indi et 559210 d
Jei» JE I B R A G T Y (B i 2 LR AP A
TCIAEIE R, KIMBMSCs £ BUIZAE M 2 T A7 3G 5
B s T Rai 2 L Re s 2 ondl, Jo &BMSCs+iF%
PE+MGHH I 2 L REM & T AA 5 2L B T 28%, =T B
BMSCsZH A H Al -4 (P < 0.05). 15 FIBMSCsH] fig 5>
WHLERh 228 IR R T, T 2 EERE M & T iR P
FET, FRIER— L 2 BRI A O T3 s T AFTE 2
e SZIGIE S, YRINBMSCs 15256 41 )45 GDNF %
ik, HEIEEBEHERRIMBMSCsHI LI H i, Haiz
EU B AP 22 U A W /> B GDNF %A . M ER 8 bk
BMSCs+LPS+MG4H % [ 1z fig # 22 70 I A7 3 26 B i T
BMSCs#H, {H&SLhatEil SHMIMH A, Xl fEem T
JE 2 BEAIMGTE AL 5 (585 77 i TR A7 7E — 28 5 i LA
RYEE T, BRI ABMSCsH fg b X L) Jii A — 5E
FOHIEF, AR — 8 Re g 58 A HRIH T 2 LR RE 4
TCHIIRGIER, AR R — R TIEE, F
Oz RMBI, XE/TH SR

PR SR R TR P4 TOAF TS RUR R ThRE R 26, 7E
PPN 22 2L BB A 28 T AT 30 AN 7 2 AN I R U 97
Vi, 1 H SR EZ A E IR TSR, XS AT
¥ E RUEZ] b = G e NE B = BN A R R np Y g i
F PO iz on IR AT VRS A T TORDIRES,
S5 TR TP i, A R BOR G  & niR AT P
AR o ARANRE IR JUAE RS I Ik R P B RS RN R 2 B
T RSP AN A MEE R T, HaeR
— L MR RERR 2 0. GDNF AN % B e dR 4 o0 B
BEFE SRRV R, i ELIEBEAE E4 2 i i 4 i
EE AN 3 2 P25 0 S AR k=% N i i TN N [=iF 7 62
BEXHA A5 9% 2 B e Ao E R, R — A
G, FATES IR TG A2 TOREIN TR ZE K, 20 B ) S Ok
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/o TR IIBMSCs i S256 20 th 42 2 i e # 4 T A T
B TR N . AEF W NIX AT 8 2& B T BMSCs %y
W HIGDNFX £ M iERE M4 L A B F% . SRR E
F, (RIS I 2 3 4o 2 iy A A i 1) 22 E G RE A 28 T 404
B5 77 2 B RE A 28 T B T VR B 5 o M A 0] 49 5356 »
XA X IRER S KR 2 LR IuA, I £ 4
LRI, IX S TR R B AT 2 B o (ki g, /EGDNF
TEH TREWS A S 2 MR Re R M B, L RuH 1% E%
REAH 22 0 . S 56 Pl I % 2 R B2 b I e 0 0 %2 )
BMSCs+/lig £ B +MG ZH 1) 1% 2 B2 ¥4 10 T BH 14 40 A 2 AR
ZHE+MGZLPE M R . X AT e & 5BMSCs X kb T3
EIIMGEE I H GDNF ¥ iR ik, AT £ EL i R 4
TCE BRI K AR IAE o

A W 9T K I BMSCs A% & RE # B it — & & I
GDNFU', Zesz6 I FIBMSCs s 7% L iliint £ EL g i
ZoutiFRIa, % ERRREM A ORISR A A r R A
Al RERE T BMSCsFE T — 2 GDNFAZ 2| T X444
TCHIORAP R o SEB A WS 3 il T IR BT R &R A AN ]
BMSCsH i GDNF = AN, X 7] BES2 T 7E4RE 2 FITA
B FIFJA 7 BMSCs ) J: L5 5 Py 4% 538 i AT IA 31
PR FHRHA B I E 1, X451 5000E TBMSCsfE
HRHE IR R 7 (0 AS [0 T A 1 HRE S ) B 3Rk

S8 R FH ELISATE S AN s i 4 85 9% LIl i
GDNF /K247 73 #r, UESE 7 A BMSCs 558 2H GDNFK
T A A BMSCsH . It H /2 BMSCs+ ig £ #ii +
MG GDNF R IE N, UESEBMSCsX b TG otk
BIIMG N HAE A 44T I RR

ARSLEGF B, BMSCs ] L@ I GDNF Rk f#
P2 ERE A s, MR B RHE, IEH
BMSCs 1] @ it B JilUE 77 K 135 B AR 7 4 4 40 i 1)
), SNBMSCsHIBAE IGIT FE AL BRIk I o
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RERIBFT A EX - RBE BN SRR FRR AR
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BB, FENEE  AEERAMEEHEE LR TARBES
ST RERMOERNE N ENATIRRBHERTT R4t
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