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KEWFFREW, MSCs HA 51 K1) 554> W AF
s e P shBERBOT Lo 7N, fudhif
REVEAT. PURATS (R A (T4 M A A
oy PURIRIE LA Bl 2% 30, Hir, IL-6 723
SUAIA T A AR IL-6 R s N RN
R RIEHEZMAE-. BTG, 1IL-6 gl W Bf
& B 4l /-t PERT, Jak, K& ME TR SE
IL-6 15 Z R LW Thhe, QR SENI RN 181 5%
il 2 N SR 55 AR 22 S e A DG IR AL 23 K 4 A4S
A LN U6 1L-6, LI Ik I A7 R kil 25 32 A 5 F
WEHEW N, FERRAEM A KA RS EAH
20 PR P A 5 g TR IS A T A U012,

TEFATMWE T, K X H R (OA) B 7 A i
22 40 Jifa 963 40 i 25 (SH-SY5Y) 4 37 AD 1A A AiY
HRRr. w5, ERIRAIRRARR, THT
AT AR I £, AT R O Z T RE R 5
P, XPP 2 i X R B g DRI Jask, AT
R OA 1E K PP2A 45, wT LAR] T W5 i
(2R R IR AL, 78 AD SR Ik Y, KR
HTE BT 1) PP2A 35 P B AR D, [A] I 15 Tau &
1 2 WA PO TG 2 A AR 0SS E AR IE R, i
h NS OA T LAS i iz i, A1 Bl A 2B ) g 7Y
P PR EL R I Ly 2 e . SRR AT 22 K 1)
BEIRAL R (I, LA & AR 51 AR B i AR,
2006 4, Maidana ZEEPF5T R I OA 1T L5 [ K
WP IR TR VAt G I il ST oV R = R A R
G, mobel L, OA AT DL s 440 i Tau 25 A
(3 BEBERRAY, ST i R RS E Ik, 3Gk
NFTs, [[] 5 AR BIPTRFN R AE S AR A — 58 K
e, s A R sy, AR
M N BRI . AR PR R A B bR AR S 2 R I e
K. TEFREGUMI, R 28 (1) 6 R 2 2 4t
J A 5 2l € 1) 7 SR i B ) A

FEAHFFTH, A X H 5115 SH-SY5Y 41 i
F L AD 4 A A, Jf ik hUC-MSCs & A 1 f
AT, KB hUC-MSCs X 5345 I i 28 40 o A7
B BB S, 25 KB, hUC-MSCs 1]
CLE L 73 1L-6 A3 BIRMERAER.

1 LEWHZE

1.1 “MAEIE3E
1.1.1 hUC-MSCs )4y g5 1555
IBCHT 6 G BT 2 LBy (el 2 B s B g AL

TERAR I S R ), HUBCSTRE S, EL A
T10 cm? *f-lLrp, B J 37°C 5% CO, Wi 4R Hh {8 E
WiBE 6~8h Ji5, DA i) 70 5% T 40 i AR 8% 7
A = AR AEDEARGR AR, FHI8ml. 4k
SRR 8~10 K, W] I hUC-MSCs w2l 2 e & [H]
JCH, TERCERERE. PRAN o [ % A B — B FE
i, AIRAE BT AR TR, AR IR A )
F000T 40 MG I By R R (A = R A AR
B2 ).

1.1.2  SH-SY5Y 4l it R 18555

SH-SYS5Y 4l il 22 (6 F v B RL = B b 40 1 )
A KE 7 BT FH B 8% 7% 25 5 i 10% K % FBS 1)
H-DMEM £: 723k, M T 10 cm? P & - 37
'C 5% CO, A h T 1 7%

1.2 AXBEEFG SH-SYSY HiEREL AD Kb
HEE

10 g X HI /2 ¥ & (Sigma) [ 1 200 pwl DMSO
(Sigma)¥sfif, 45 E 10 pmol/L BEEE T — 80°C fi%
1F. ¥ SH-SY5Y i 42 Bk L 1x10° 40 g T~ 6
LB, FEMEERRGE S, I\ H-DMEM 153556
M) OA, i FLZ 9 % g 20 nmol/L, i 4% i i) Ay
24 h.

1.3 hUC-MSCs S#H{G1RE Ry 15T

¥ P3~P5 AL 1) hUC-MSCs #4441 8x10* 4
AT 1 wm transwell /NEHr, JFE TR
SH-SY5Y 4l i) 6 fLARk b, BN FR AR M
3 ml o-MEM(GIBCO)}5 753k, 1EH 24 h.

1.4 hUC-MSCs &HiEFEm T &

FHN 5% 17 T 78 51 40 1 G i v 455 5% 56 (b 3t
FN R AV HE ARG R A 7)) LA 77 hUC-MSCs &
P3~P5 R, 4l % E ik ) 70%~80%HH,
a-MEM(GIBCO) & LI 59755, dkalizgR 48 h,
2SRRI B B0, 2000 rimin 5
D10 min, WeE B, B 45155 97 (condition
medium, CM), % T--80°C fikf7.

1.5 IL-6 {EAFHiA1RE

i 1640 15 7= £ (GIBCO)Fi Bt AN 4L IL-6 3 K
(PEPROTECH), &7 54 10 mg/L. A H B,
H o-MEM(GIBCO)5 7= He ik 42 20 wo/L, A FH I
(0] 12~ 24 h.

1.6 AN IL-6 FEIFIHI hUC-MSCs 5157 E X
BAER R E R
i PBS % IL-6 45417 (R&D MAB206) % fif
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FEUBE 4 500 mg/L. IS, H hUC-MSCs 4% 14
FRFREE 101000 Hi B fif A7 42 500 pg/L, I 45
ik eh, VR 12~ 24 h.
1.7 RERHA

4 SH-SYBY 4 fitd 42 1x10% FL [1K)%5 B Fh T30k
IR BB L /NI (CORNING), 1% Likb
BRI5 697 ha AT AT [ E gt FH 4% 2 5 FH Ik [
5E 30 min, 0.5% (v/v) TritonX-100/PBS i 3% Wi Al fix
15 min, 10%L=F I 3 1 30 min; 2 J& b0 Tubulin
(CST) 1 10% 1L - 13 1 @ 4 000 ke, 4°C 7,
M 2 B0 Ik H A5 Pt 4 (THERMO FISHER) %%
-actin, [A]I 115 Tubulin 3 K ¥ 1) FITC %8¢
P, WE 30 min; &5 H DAPI(HAZ G 0) etk
2 min, PBS ¥t 3 K5 b5 B 4% FHBEOGIL R M B
BRI,
1.8 ZRBATHEN

¥4 ke T 6 FLAR b S iR T, R AL
Jii» 0 Annexin V AHBLAL PBE (P1) X4 40 i (93 723K
PG T RE =T AEVHEARARARF), #Aq
AR DU A 8 17K
1.9 4HBEE R

¥ SH-SY5Y 4 ffi 4% 2 000 >4 AL 1) %5 F F T
96 fLH(CORNING) 1, 4% bk B 45697 )5 I
CCK8 AT E 2 h, Bt Je F B bs AR R  E AH.
1.10 ERR%RZENTR L

WA 6 LA 4 i, ] RIPA 24 in &
BRI HI77(100 © 1)1 500 pl B A WS4, &
T 4CHEIR F24 1~2 h, 4XJ5 16 000 r/min &0
20 min, WCER RS BV, RO B BT . il
Tris- H %8 SDS 2 N 4 W flie e i, ARAR W45 1) 2
R BN AR A ORE . UG LR 90V, R4kl
HEN O B Aok R R A2 180V, AR s 2R 11 K/
IR 1) A 5 i 5 Y IS B 1] F0 P 1< (100 ku 45 min,
35~ 100 ku 25 min). LA 5% i§ @385 (TBST HE 1)
WA T B T, IR 1 h, IONE 2 LA B P VRRR
FEM—HT(1 : 1000 5% 2 000), 4°Ciff. TBST Ut
B3R, RER 10 ming G IINAE Y e Agi) ) P v R
BERPL— P =P, =W E 1 h. TBST bk 3
X, B 10 min. X ECL X7 (Merck Millipore)
A B RBURS TR L, AR T
KAE Ay BIRG WS, A2, HIREE
JA G PEIBE, I Aot X .

2 LIGLER

2.1 OA #ifs SH-SYSY HHRafE A A% 3L
2.1.1  AMEER SR

OA 1E24 PP2A [J4MHHI7], AILAGI#E Tau H A
(i B IR AL, SEmE SRR T AR E PE, IE R
CFYEf S, (6 SH-SYSY 4 it 25 IR 4 40 I T A5 1)
o, MOARIERRG . i, BSSIIMTR. ik,
U H 1 (tubulin FOOL B R IRAR 104l e & 22, JFH
WOIR A WA B SR, I )i 1 40
HHEAHSIZRAL, 1752 AD KU LF4ErT 22
FER 4S5, ] NIS-Elements %24 %) 41 g bt 58 1 i
BT MT RS, Gevk o] WA i 40 s 5 4 B e )
IR 2H 4% 67%(/&] 1a, b).
2.1.2 AT LR TE R, PR

Annexin VAl PI VCECAE AR CAS [RIB BE I T
M, RANNEIERICKIE T 7. AEIER
Nfarh, WEREIE22 2R (PS) 4 A1 A4 4 i AR o XY
JET P, T E A0 T R, A RS e B I 1
22 1% (PS) i IR IS PN (019 1) ST Annexin V& —
Bl 4y 7 &k 35~ 36 ku ] Ca2* {c itk il g 45 & £
H, SR REA RSy, ol 4h
47 MO 2 i P 8 R VD 22 B0 5 0 1 L 40 ) 4 i
R4 A, Dk Annexin Vg 23 DA A4S0 40 it L 0907
TS REERZ —. ¥ Annexin V 34T 44 (196
(FITC 5 EGFP)bric, LAFRIE T () Annexin V1E4
PREF, I %€ 5 2 4B s =X 40 i A3 m Rz 4 fta 17
TR K. #Ak P BE (propidium iodide, P& —Ff
IR, EANRRIE I 1 A0 M B T e 5
AL, RN T b G 1 40 R R IR L A
Pl A 37 1k 4N Pt B vy A 40 M A% e 2. RS s,
OA #5457 )i 11 SH-SY5Y 4 fg H JU3 47 T AT g 33 1~
(17 U A 28 B S s TR AL, B TR TS B B 4
MLCBIAR D, JEUEAT G4, WL OA Hidh e 4l
JL U T LA Lot B AL T 1 6% (B 1c). CCK-8 Cell
Counting Kit %1~ WST-8, ™72 I -1~ 41 Jfa 38 5 71
0 B w3 M 1) PR ey RS ASIN. WST-8 7 L1 48
HIRFMEAEMTE DL T, AT DA 2Rk i 1) — Sl &L
i TR A P 2 € 1) B B (formazan). 5 T [A) A 1)
SR, BRI G M H AE— e YT P S
KA. ARSI R, OA 5107 o 4l Pk 2 A1
( 1d).
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Fig. 1 OA hadcytotoxic effects on SH-SYSY in cell morphology and biological functions

(a) SH-SY5Y cells were treated with 20 nmol/L OA for 24 h, the changes in cell morphology were visualized and photographed by phase-contrast
microcopy with 40x magnification. The injury effects on cytoskeleton labeled by tubulin (green), phalloidine (red) and DAPI (blue) and photographed
by confocal scanning microscope were obvious. (b) The dendrites of cells decreased with OA-induced cytotoxicity calculated by NIS-Elements. Value
are mean +SEM, n=3, ***P < 0.001 vs the control group. (c, d) Apoptosis rate of injured cells were labeled by FITC-AnnexinV and PI, then determined
by FCS. FITC-Annexin V was a sensitive early-stage apoptosis signal and PI an advantaged-stage.Value are mean +SEM, n=3, *P < 0.05. Quantification
of cell viability was detected by CCK8 assay. Each data point represents the mean of 3 independent experiments each performed with triplicate cultures.
Vertical bars, +SEM, ***P < 0.001.
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2.1.3 7 F/KPRLE MR, 1897 A AR Bt 4 A B, B A
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Thi. GSK-3-beta MUBEMRAL A FRAG, FKCPREAR 41090 1 f% (&l 2a, b).  Dhiigs b3 20H N 1
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Fig. 2 hUC-MSCs have the therapeutic effects on okadaic acid injured SH-SYSY cells
(a, b) The injured SH-SY5Y cells were treated with condition medium of hUC-MSCs for 12~ 24 h, or transwell with hUC-MSCs for 24~ 48 h, the cells
morphology were recovered obviously with the re-extend of dendrites by twice double.Value are mean +SEM, n=3, ***P < 0.001. (c, d) Apoptosis rate
of cured injured cells decreased,value are mean +SEM, n=3, *P < 0.05. Quantification of cells viability detected by CCK8 assay was regained after
treatment with MSCs, value are mean +SEM, n=3, ***P < 0.001.

MSC-CM
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ATy, XA s, LRI Tau 28 1L-6 Y097 Ja A A T A% LA AR AL,
H EBEIRAKFA] BEAH B FRR(E] 2a). TR G AN BT, B IS A kg (&1 3a, b).
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Fig. 3 IL-6 mediates hUC-MSC induced recovery in okadaic acid neurotoxicity
(a, b) 20 pg/L rhiL-6 had a great recovery effects on injured SH-SY5Y cells on morphology with the increased dendrites, value are mean + SEM,
***p < 0.001. (c, d) The apoptosis riot reduced by double. The activity of cells enhanced as the addition of IL-6, value are mean + SEM, n=3,
***p < 0.001. (e~g) The IL-6 inhibitor diluted by condition medium of hUC-MSCs had less therapeutic effects on OA-induced cytotoxicity than CM
without inhibitor. The morphology of injured cells couldn't get well assuming the reduced length of dendrites by double compared with the no inhibitor
CM. The activity of cells also decreased as the addition of inhibitor. Value are mean +SEM, n=3. ***pP < 0.001.
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(1) ARG T 3% 1 (0 48 n (1) 3¢, ). i N 1L-6 410
HIFI hUC-MSCs 4k 155 7- 56307 =2 g i, v]
WA BRI A O B B e EAE 2 21 T
skl TEAY L, BEA IL-6 MURIFI NN, Bt
A TR ST P, RS BE LA N
PRI ) S A F 35 TR AL 40 50 T 38%. Thfg 2% 7
AL NL-6 IR T 4% 77 0 4 v 1
B AE T (K 3e~q). [RS8 115 KKt m 75 21 A
VRIS UE  1L-6 IR A APP [ 3k Ik I
I H R T GSK-3-beta IR AL /K-, X 1] LAAE
Tau & 1B ALK P T (B 4b).
24 HDFIKFEHILEIE

R A G0 % EIZE R E OA #5143 ) 1) SH-SY5Y
M, £ hUC-MSCs 5§ IL-6 1697 5, APP HEH %
AR, R, T Tau & 18R R 4L K T
GSK-3-beta, H: M1k Ser9 17 i £ ik KT .
T IS AT 1L-6 1 71 (1) hUC-MSCs 4% 15 77 35
BTG, 59 FKF, APP B HARIERA

() CON OA  hUC-MSC IL-6

GSK-3-beta .’ —
RER——

GAPDH gy wnees SID Semn

hUC-MSC

(b) CON OA  hUC-MSC IL-6 inhibitor
APP — — ——

Posicabers | A -
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Fig. 4 hUC-MSC/IL-6 regulated the APP and phosphor-

GSK-3-beta in SH-SYSY cells injured by OA
(a) SH-SY5Y cells were treated with 20nmol/L OA and remedied by
MSC-CM or IL-6 as former, respectively, the levels of APP decreased
and the expression of phosphor-GSK-3-beta increased, detected by
Western blotting with the specific antibodies. (b) With the IL-6 inhibitor
added in MSC-CM, the extent of APP measured by Western blot
analysis induced again compared with no IL-6 inhibitor, and extent of
phosphor-GSK-3-beta reduced.

T ) TH v, GSK-3-beta R 1k Ser9 7 1 %
RIKP AR (E] 4).

3 i i’

WAk, AR Z W50 40 i v] e B R IT
AD [ /5 SFems . MSCs H1 T H A 5 (1) 41 o s
XS 3AT S TP 8. 2 ok LR s K 1) 5%
I3 WAE R, R A 7 A 28 3495 24 9 995 T Ak 32 4N
Jfl. JirEL, MSCs HA B ¥ 40 S s 1 vl fie 1F 1f 0o
T AD, TRV MRS E IR T b N
PREETCRETT TR FERITHLR]. ABEITUE, 8
PN JEUA A S B A 3 5 hUC-MISCs X AD #H 5% i)
IS LA, HErEAS ST RE T A
F hUC-MSCs 197 AD BIAH IR IR 5L 56, (H¥RIT
B A W1

BATH AT I AE TR B, i I R v S huc-
MSCs X} AD FHC IS R BEAT 6T, WIR1G T
BRIV AR s Rk T RATEE . mT
hUC-MSCs 4 f AR, Ji ik Ji flas v 5 e M Lh &2
Tob o o o i IR i P, BT LAY T AR AT g A2 0d
it hUC-MSCs 11 55 73 Wt AF H &K 4% ¥ . hUC-MSCs
I A W R AR B R N, 35890 43 7 R AR
(14 BT 7 ] LA S o i g e 5 A P, R i A 1) 4%
FRIENLE, 5 sh AMEEE BRI RE, s T
UM PR, ORI ROAEE, s 2 B
2.

7EE, FATTH OA Hifhi SH-SYSY 4 Jif 4y 4t 44
A AD 4 U A, 5 hUC-MSCs ) transwell 7)»
%, B4R R RO BT SRR SR, ORI
hUC-MSCs 1434 K7~ AD 4l fu s R 5 JE 25 F 2
R L EBEAER, (H2XFME S AERIHLE AT
2. % hUC-MSCs 55 20 Wb 1E F 697 AD AL I 0T
FORART BN, Rl AR IR G T T Rk
feFAER. —LERFFTUESE,  MSCs 140 W R 1 i
FKIE IL-6, I HJE MSCs 5% 73 WA I I Sk IR 1~ 2
—.[21]

IL-6 F3E M T40/. B4, EMEdnp. &
TER AN AT AN M. Bos a1 4n i
PR 40 B ' /N ER R AN S iih A, AE R R R
Girh, 1L-6 F=EEph /N R 5T 4 R AR TR I 5T 4 i
A, M TT AT, 1L-6 W] LA AN [F
SR W, BRI N I £ B (LPS). IL-1
S TNF®LIL-6 & 2008 o) 45 & Ho4F 7 P 2 4k
alL-6R, A 45 L AR — A4k gp130, R il
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HE JAK KGR EE STAT A K. STAT
RN, DO R A G R,
JunB. X PRI A% PR R e R B 3
SN R AR T IL-6 8 s O N
XF AD [IVE IS A —. A5 S50k BT 98 0E J
NJEME S AD e Joi i oG B, AT — St
N IL-6 AT 10 80 RO, S At 280 40 i 1) =
5RWGYT AD BOCHE. S —SEWFSTUESE, IL-6
AfLLGE A ALR S2A4A, il SR 22 71T A0 I S Al i = A
1 BDNF Kl R4 R, NI R FE A &2 OR A
1EH®,

EBRATMWES R, FET IL-6 X845 1) i 2
R EZENBEER. £ 1L-6 1677 )5 1 OA $if
SH-SY5Y 4l f 75 JE A& M Yy fig AR 43 21 T % 03 5 1
B, XREARE A MIRE S Tau AR BERIT
e B VIR G . R AE 4> F/KF,  IL-6 ¥R 97 4l
APP 55 (ARIAFE, Tau & FABERRAL_ LU AN 5
1——GSK-3-beta {1 RAVIK - T iy, X LeHf it —
AAIESE IL-6 %) OA #1445 ) SH-SY5Y 4fl fii——AD
AN BRI EAEH].

4 5

hUC-MSCs [1) 45135373546 AD {441 2 Jifa A 7Y
HAMRYVER, IL-6 1E} hUC-MSCs ) 55 % 43 ik
KT —, FERXPME AR Fr i =2 .
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IL-6 Mediates hUC-MSC Induced Recovery in Okadaic Acid Neurotoxicity of SH-SY5Y"
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Abstract Alzheimer's disease (AD) is currently an incurable neurodegenerative disease, which is the most
common cause of dementia worldwide. AD is also a progressive disorder, pathologically characterized by
extracellular amyloid beta plaques and intracellular neurofibrillary tangles (NFTs). NFTs consist of paired helical
filaments of microtubule-associated tau protein that is hyperphosphorylated and the density of tau tangles correlates
well with regional and global aspects of AD-associated cognitive dysfunction. Furthermore, the established toxic
role of tau in certain genetic forms of frontotemporal dementia strongly suggests that tau aggregation may result in
a toxic gain-of-function leading to the AD-associated neurodegeneration. Thus, there is a growing interest in
discovering novel compounds that will help in reducing the deleterious accumulation of tau protein tangles in the
AD brain. Stem cells treatment open a gate to this which many drugs show hard to control the disease progression
or enhance the patients' consideration function. hUC-MSCs (mesenchymal stem cells isolated from human
Wharton's jelly of unbilical cord), emphasized by its powerful paracrine, great function of multi-directional
differentiation and east to isolate, have been confirmed effective to many nervous system disease including AD.
But the treatment mechanism was still unknown. Along with the studies of secreted factors by hUC-MSCs, the
paracrine function of the adult stem cells attracted us to answer this treatment mechanism from those star factors.
Here, we set up the AD model in vitro by okadaic acid (OA), and demonstrate that IL-6 maybe the key protein to
effect the recovery function of hUC-MSCs to protect the injured cells.
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