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with Neuron in Ischemia/Reperfusion Injury Model

*Hung-Jung Lin! "2, Wan-Rong Chio!, Long-Biao Lai'
"Department of Emergency Medicine, Chi Mei Medical Center

2Department of Biotechnology, Southern Taiwan University of Science and Technology

Abstract

In Taiwan, about 70 % of stroke is cerebrovascular ischemic and may cause the handicap or disability among
the middle-aged and elderly. Therefore, it is imperative to find an effective answer to the disease. As a result, it
has been confirmed that the mesenchymal stem cells (MSC) paracrine effects by releasing the nerve promoting
factors like epidermal growth factor (EGF) or brain-derived neurotrophic factor (BDNF), protected the nerve
tissue to enhance the endogenous nerve regeneration. However, whether the effects of MSC on protecting
ischemia-hypoxia injury alter the apoptosis is indeterminate. In this experiment, the co-culture of MSC and the
oxygen-glucose deprivation (OGD) PC12 neuron cells were employed to determine the alleviation of the stroke
stress and the protection mechanism. The experiment groups were: control group (control-PC12); control with
MSC co-culture group (control-PC12+MSC); OGD group (OGD-PC12); OGD with MSC co-culture group
(OGD-PC12+MSC). In the OGD group, the PC12 cells were significantly shrank and died; the DNA fragmented,;
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caspase-3 regenerated; the Sub-G1 phase greatly increased. Obviously, with the MSC co-culture, the PC12 cell
survival rate apparently advanced; caspase-3 decreased; DNA fragmentation and Sub-G1 expression prominently
reduced. Thence, the neuroprotective MSC suppressed the OGD-induced PC12 cell apoptosis.
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R I RS B fy—TEZOE » RN IS RVIIR 2 H - B A ERE AR B E R &
NENFREZEE R A Ve - A AR EE T R E SN o ek ARG E R o Ry 3 faE A e Ze e o
(embolic stroke) ~ [ E (thrombotic stroke) KHEFIFMEF&GERT (transient ischemic attack) o H Hijl&R
REEREFE T 4G T EIEFAOE S iR/ 5 R (JA & TV rt-Plasminogen activator) s EfjHR % Bk fig
(IA thrombectomy ) [1] ©

RO N AR A AREEY) - vl DUSRRIIAE - FTAEMEWAR MR - B0 EEHERKE - [HiE%Y)
HEF SRR B R HEANE - AIse G EERIEHEMEE R E A - tRaE LA 2 BB
TIRERVEEYEIE A - (SRS A R & s n s v & ket - AT tA — 2R EER (2] - RIE > ELm]gE
HEHYE B R M E R M R A ARSI ST B 88 BE OV B IEE (R R iR 3] -

TERRZE I T > Ry 7 A6 B e PR o 28 S o oy & {8 ) KBS B HRFE ZE (middle cerebral artery
occlusion, MCAO) HEAIEEZF EERENY) R, - HFY KBS HBIAREE AR FHZE T 0 B A A R Ebahin - DAEIIHY
Tl A R EAYENY) - T LA R R 7 A A 5 3 o R RER [4-5] © TAERS YT DA A
H&tT R (brain slices) ~ 23EAIEEE (organotypic culture) ~ #F{XANNEEEE (Primary culture) F4NHERE (Cell
lines, NT2 ~ SH-SY5Y & PC12 4fiifl) :H¢GrmELEEREE (oxygen-glucose deprivation » OGD) ZRAEfEEHL I
AIRE 6] -

B ER4HAf (mesenchymal stem cell, MSC) & ARGAH&RAYFAG4HAN » B 73 S8 TE RS —(E A S
SERARIERIAAR - DU BECR A8 E DIREAVRGARAE - IR " ob, & T RIRELGHEAD - TR
Fy UERARRE  [7] o ERAHAEY EE BRI AT o IHARRRG ~ B8R - R - BB R A AR
e B E{E RS & AH A% S 25 B RVAHRE B0 R 2 BEAEF R AT [8] - MSC B 1 Il (4% 5 #G R%
HY3E K S HE [9] 5 BB 7 HAEAR A PR S NAHARVELE [10] 5 IRATREH 55 0 b aIHE S PR v 2H
& [11] - SORKEH - BRI E A CReEHACAAE - MRS AHIR AT ~ (RS RERY £ RAEIE
e HENNRE A teaE (RS E A BRI T RE[12-13] - (B B A Epis 0 R BT - AVRE(ES5T -

ZH4IEREG L [14] - DL MSCs L[58 PC12 gETTliit [15] YERT =EHE 22kl FERIRG
& Z P& (F B ERR T -

o e

T Y«

PC12 KB T4NfErkE H American Type Culture Collection (ATCC, Rockville, MD, USA) - # PC12
4HREEZE Y RPMI 5827 10% horse serum  ~ 5% Fetal bovine serum 71X Penicillin/Streptomycin
> Human Mesenchymal stem cells (MSC) [#H Lonza 4:3%5/\E] (Basel, Switzerland) - & MSC 4ifEEs&E
DMEM &R &7 10 %Fetal bovine serum J 1x Penicillin/Streptomycin  » BHILA 37C ~ 5% CO, Z 41
MR EfaREE - FrA ARSI E Gibco (Rockville, MD, USA) -
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& PC12 #HHHLLL.5x10° cells/wellfERXEEE A MG 0.01% Poly-L-lysine (Trevigen, USA) #Y6 well plate
o WEEER ZEIFTE o FIH ProOxC system (Biospherix, Redfield, NY, USA) S{E&RILH A E RS AR
(95%N, &5% CO») TR RIS EH] - BEnsH B AN &R EHARK Earle's Balanced Salt Solution (pH7.4) »
BEEHA37C (5% CO2 ~ 0.2% 0,) EFEFE P #E TIschemia ~ 5/N\F2 » BiE E3ERIAES 25mM glucose”.
RPMI (pH7.4) WEH 37C BEEPESEZE 21%0,: f8 5 Reperfusion 558 19/\NF < JARE4H A OGD-
S/NEE% o BBR OB IIA S 25 mM glucose Z RPMI K58 %1% & A A #2400 ( 1x10%ells )
Transwell insert (0.4 pm pore, Corning, NY, USA) I:[E[5%& - #4140 (Control) RISFEF&A MUVE K& ETE
IR EIRIEREY 37C ~ 21%0.5284 -

Z >~ wmRABERR

IEH R PC12 AINRERENY - FEA T G5ERE > #£ Poly-L-lysine ZEffi MG ALK LR T - SET
AR B RE & 0 ELRE O8R4 - B SR ASHIERGE -

B R KA

¢l B #E fT Ischemia/reperfusion 15 {5 & % & > L MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide)(Sigma, USA) it » SHIEMIEGE - INEEEE - FFLIIA 200 ul 5 mg/ml
MTT &A1 - & 37 CHRyEfEE L/NRE - I EJERIEIIA 1 ml DMSO - #5259 50 E 37 CHRFER)
A 10 4 0 EHEASOEIEE ST (Thermo Fisher Scientific, Inc., Waltham, MA, USA) &I %{E 490 nm -

I~ BETADNA FEL LA

REEFFE A Promega /\E] et Wizard Genomic DNA Purification kit (Cat No:A1120) $HEUAEAN
genomic DNA DI73ffr DNA J BETEIE © WCHEIREER AEIIA Nuclei lysis solution DUAMRAHAEE IIA
RNase * B 37°C ~ 30 4r##[EfE RNA DL 55% DNA BEAS » il A protein precipitation solution 37 & CE_FIF
MEAGHIA isopropanol Ji H 455K DNA 12 A1A 70%;EiE7E L FREES > A rehydration solution ji7 4°C[%
LA DNA o DIor et Eat &R & 260 nm B 2 REEET R DNA JRIER - #E{TREE K3 HiE A
Ethidium Bromide (lug/ml) Z4f& 10 4r§E1%LL UV IR 245 (Photo-print type, Vilber Lourmat, France) BH52
A -

+ ~ & 3 L 8L Caspase-3 EEA 7

0y 20ug &4HRIEHERES 2x sample buffer &, JIEVE 95CEE 5 IHEAVEEAMETT 15% SDS
Polyacrylamide gel electrophoresis (SDS-PAGE) Ek * BEIk& 3-4 /NIF & G IBELE /8 DU EDE L (wet
transfer) %% Polyvinylidene fluoride & E = (PVDF, Millipore, MA, USA ) 1 /NEF » BB S RENS
JHAE 5% non-fat milk/PBS-T §13#E{T Blocking  fE18 #E:1 T —4KPTEEAVFEAC §84E » B Caspase-3 (Cell Signaling
technology, MA,USA) J B-actin (Santa cruz Biotechnology, CA, USA) FifgHfElE 5% non-fat milk/PBS-T
1, & shaker | 4CERE[FK o DL Anti-rabbit 5z Mouse IgG-Horseradish peroxidase (HRP, Cell Signaling
technology) T 4R PIEEFEACHR4E - 215 DURE 2 Enhanced chemiluminescence substrates (ECL substrates,
PerkinElmer, USA),Z= B [ FE 1 43#50 A1 5 DL Hyperfilm ECL film (Amersham Bioscience, IL, USA) %

SEA=0
FAF.

= ~ Propidium iodide stain for Sub-G1 phase
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UHFEUT EE R DAK A T0%KISHTEREE L E R 20C £/0—K  DEELER EREFEINA Ix
PBS 187K » B BEAIRENIA 1 ml Pl/Triton X-100 R A0 (FRECERE Pl= 20 ug/ml, Triton-X 100=
0.1%, RNase A= 0.2 mg/ml ) » ZEEHEEILE 30 47488 » EL 1% 1 /NIE DL Novoceyte SR =C4HHEEE (ACEA
Biosciences, USA) (eIl Y58 E - FEAHARERRCHS 28 & 488 nm &8k T E 5T U3 R DA FL3 (A
PREEUR: £ 625 nm EEEREE  AHAREEIET 10,000 FHAG L NovoExpress ifg 73 i e yEata «

AN BPA

FEGE R DU EE R Z(E  (Mean + Standard error of mean) 7R » i Sigma Plot 10.0 &
GiatESLHEE R 2 Student’s t-test #EFT4EETIAT - CLERWAH A R EERGEREZRE - DL P<0.05 BH

D
GEtER -

5 B

- "PCI2 ¥R LB 2 AF Tz L B3 £ (co-culture) & » $3t e
A2 B

THEE T AR C1 22 B ML GRS/ NI B FE R 19/ NI HE (5 1% AR 4H ELil - SRR BRI U4 ~ &5
ZhEI% ~ WM EEGE BA AR A SRR T HYE S - MIAEMSCERPCI2 cellsiEE{T 3L [E H & 12 4HA
RIRECANGE]L ) - A6 S H A AR hnYEES HLJE /)i (Apoptotic bodies) s/ DETIET - NIt HERR - PC12
AR L 2 ki R AR B 1% 46 T VB AR L FlRE E B A 1L AR (Neuroprotection) {E ] -

» onro-12 Control-PC12+MSC

OGD-PC12 OGD-PC12 + MSC

&
o

W1 PCI2# gA38s LB HN 2 MSC £ F 33 % $ 307 4] i R e & 5 100X)
I B i RREARPCIR2A AL LB e 3B F R EER
AOE2EE AR - & PCI2MA A Z B M FHEIRE IEE (% > (EAMTTAEIHEEAFER (Viability) -

SETILAFTERIR D 2260 % o [ = BIMSCHEfT I R B & RIS R AR SR = - o] RAEAiifpCl2
HHRRAE IR G 1% B E Al S Rl ] AR (AL CRag R A -
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Cell viability (%)

20 4

PC12  pC12+MSC PC12 PC12+MSC

(injury) # P<0.05 V.S Control
* P<0.05V.S 0GD

W2 PCI2AH EAM&L FIBAHNZ MSC £ I3 & 13 % 53 5 e P

S RFFRe% iR AR PCR2A S S L LB EEN 0e - BEER

PCI2 411 ifd #E 7 OGD 8 {5 i B 1% AZ AU A Genomic DNA HEFTIEE /34 » Lidg MG AR A T
(apoptosis) IFDNAJ EZ{b (fragmentation) 23R - W1lE 3 Fror - GRIIFERIEEG G5 [FRAIMEL DNA
R BALRY B TR - e TRETE AL FE R R T AE IR RDNA R Bt R ZF Al fragF A -
WilE 4 Fror > AR SEARE - EAE 2 s FEE ARG A TSR Caspase-3HYRIR - HRIMA
HIRE G5 EPC12AIAE S IE(L (active) HY Caspase-3 HYATTEIR - M4 THIE MM R &%
Bl Caspase-3FYRIA R/ VEIIR G - S R mEh i FE IR & 5 EANAEZE - DNAR Bi{b & Caspase-
ST FAIM G T [ E A I F R & ] &L e SR M 2 2 Al g A -

100bp PC12 PC12+MSC PC12 PC12+MSC
marker

(injury)

W3 PCI2AH A LBAHENE MSC £ k32 % 3 DNA 2 &1 chfs 38



LT REE RIS 53 Z5 1 H 2018 4£3 /] 68—77 73

Active caspase-3

A ity - ~
AB PC12 pC12+MSC PC12 PC12
injury  control 0GD OGD+MSC

(injury)

1.4 1

1.2

H %

1.0 -

H *

0.8 -

0.6 -

Caspase-3/g-actin

0.4 1

0.2

0.0 l_-'_l I—T_l

T T
PC12 control PC12+MSC PC12 OGD PC12 OGD+MSC

Injury % :P<0.05 VS.Control.

W4 PCI2A Z R84 LIRS 2 MSC # F 35 % $° Caspase-3 J-v § 8 8. AP injury %14~ %
A HAFH SR p-amyloid BIZ2 $k A0 fi F 3 & B3 o Caspase-3 4 3. Positive control.

e~ FRRe% R PREEHNY PCI2A SAs e LB H3 0% F# (Sub-G1) #
F

M4 (Flow cytometry) #i%% - E4HAE 2 E i FERIREG R A T AIEN Sub-Gl
HAZRER - 40 5 Fom o BLIFENERIBE S HE PC12 4HANEE 4 Sub-G LAY E T ERIE » M4 TRIE %
AR FER BRI Sub-GIHYFRIDA TR VRS - NI HEEmER I AR RS G5 [EARE S Sub-GLH
CIEREM 45 T B E Al A R 1R mT S e R T 2 F A AR e (F A -
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Control ControMSC OoGD OGD+MSC

(injury)

(=]

%: P<0.05V.S.Control
#:P<0.05V.S.0GD

W5 PCI2A EAn#s#§ /RS T2 83 MSC £ iz % F P& # Sub-Gl £ ..

B it

BT ERHE HAE20164F > FEUZES —H RAVYECAT » EXREREIARZES K (Coronary Artery
Disease ) [16] - FHFMEHERAEER = M EFUER - GIRAERERIHINRE - LA TR SR ER: - 405
BRAE) ~ RUSEWOR ~ UEREE - FESIERE - BREMERE - 2K - BN - §RR%E [17] - SnAAy§
JE\E R RS 2 - 2R RS B TH 2R A B (R H ZE R M 38 - 2 —(EG VAL - fEEEW
BEmERER L MAEREEN > BREARUER S IEISTEZEN—fE )55 - Frafiites e sl - iz
AR B RRIT BT EEY) - R H ARG AMERIIH ZEAE RS T B AT M B A R - WAERS M E A5 - S5
M EELEEVVERIFIE 1996 FAEST(EAEMEEEY) - Birt-PA > AOBERTIEGRI ARG | 5 (E2 SR
DR EAEERA R =/ N LA - B ERRUER Z GG T > EANMAYRHERER T g R [18] -
b3 — e B 2 S A A AR OREE R B e A P AL (R AR TR By AR A e SR EERG - RpARE H ATt Rk
HAENHEETTH > FEMHEEE LR AR E ZHIbT S 2 - 2800 S 4R & (TR
e TR BRI PR - HARERr M — P iT5E [19] -

DRI AT B A P 2 o e v T A PR PC 1 2 AR 45 - R A A ME G SRR B » AL BRI B SR RE T
AR A R A R Z S MBE R UIRRE - B A R PR I BASE PR AR G PR A Rl B e
REdt[EIR L - PR T E Rl 2 5 AE PRag AR D BRI F RS R HARRA ] - Aot EH SIS
R TT AR ARPC 128 Z BRI FERIR G % - AIARAYRRSE A S R AR S T [ R E R 4R 3L R
B AT IR EUR VARG IE T - MifPCI2 8 Z Bk IR G & E B H A A CUDNAR B At
Caspase-3 2 Sub-G 1 IR M ZE FI 1AL (RIETIRE - HHFAAEIE L HIRS AR 2 S A FE4 M L FH R Y Intrinsic &2
extrinsic pathway [20] [4HAESE R Apoptosis + Necrosis K Pyroptosis » SRACH s SR I
RESE RS 18 R ] -
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