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® & % & (Parkinson's disease) 7 — jbri&ft il it pb A o B F2
» &—“Ff PEG R E Y h g v oaqd i~ (dopaminergic neuron) - o g E Wid &40
5 = % (dopamine) » A G B F IR B AR F AL - LEFHRE TR

Z_JEk & 45 #F 0 2 9E (resting tremor) ~ #+ (T ¥k % (bradykinesia) ~ $%¥F A
(rigidity) 12 % # f& % %' 7 4£ % (postural instability) % ; P % TBk + @& * B
fot iEip R B W 2N A W R E R o MR AR W R ks i o Mk
I g 2 B e m 3T E AT Y dp o £ Rz %2 (amniotic fluid stem cells, AFSCs)
LAt iznkErradmes it o P AR SN MiFmr 2 FRMLS TR
H—OCt-4 > AT REN (S AR E AR 0 2 - ATE P 4R E Y 2 g mie k
e Ft o B E KRR T A &SR T PRI R H ISR BE 0 ¥
BAN T b BN R RTE R 2B B

AR R d F kR0 A Flr (DsRed transgenic pig) ki

KCLESRIR G R FN R < B o R A kiR i SR T
EHRE2ZFT Ao F L 1% 48 F]F (sonic hedgehog, SHH) ~ % ~ & a4 wmre

4 & F]+ (fibroblast growth factor, FGF8) ~ & |+ = % 2w ?e 42 £ F]+ (basic
fibroblast growth factor, bFGF) % *gik 4+ 4 5% % %] (brain-derived neurotrophic
factor, BDNF) % # £ %3 2 A e d HFRpI RIFmr R AR NEREF T
vizqd 5 4 i+ (dopaminergic neuronal differentiation) % % ¥ BL 5| m %2 ¢F g2 i %
B VIRAE A (G wre 2 R A T € A RA Sl angd BRI Bl e B
v (B-ltubulin); @B 2 EA S 122 7 A EAL 27 FRAR S & iy

FAz fF R MRk — puoRpLig Y fF (tyrosine hydroxylase, TH) ehim#e > &g % i &
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ML * A -z i 4 = vk (6-hydroxydopamine, 6-OHDA) &3 5 N i 5 25 &
(medial forebrain bundle, MFB) z_ CEAH < B o MR ESE £
AT B AN stk o T AR S T OREREA K 5 A
B F R v LR Rl 2T RGR SR (nigrostriatal pathway) P &g en s T iR

HEAgd s Fked FEBI RFwme BT " £ 5V RN L R » ¥

RN

B s S D RS (apomorphing) %% 2 Y (7 L3RG H ootk o B &
BT X wieBleaeul2 g7 5 B EE MO0 & &Rt L Bipdlez
BX AR ® % 7% (phosphate buffered saline, PBS) L é+e¥tpe %2 (p<0.01); @ 3
B e ® & &R R g (75 BT % 9 40% FoiRE B 0
¥a Blew (p<0.00l)e:E- HEEx BG? 7w Sa2 A 25871
BLXlod FrpI kirweBiiagenz o) CRADREFF FHNASE
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ABSTRACT

Parkinson's disease (PD) is a progressive neurodegenerative movement disorder
characterized by the loss of dopaminergic neurons in the substantia nigra that leads to
dopamine level decreases in the brain. Its clinical symptoms include resting tremor,
rigidity, bradykinesia and postural instability. However, present pharmacological and
surgical therapies can only postpone the emergence of motor symptoms, none have been
able to reverse the degeneration of dopaminergic neurons. Recent studies have shown
that amniotic fluid stem cells (AFSCs) are capable of differentiating into cell types from
all three embryonic germ layers and expressing pluripotent stem cell marker, Oct-4.
Most importantly, AFSCs won't induce teratoma formation in vivo when applied on
clinical transplantation. Therefore, to investigate the therapeutic potential and possible
mechanisms of AFSCs in PD is beneficial to developing a new and more effective way
for treating PD.

In this study, we used the AFSCs isolated from transgenic DsRed pigs for
xenotransplantation in parkinsonian rats. First, we found that DsRed porcine AFSCs
(pPAFSCs) could differentiate into dopaminergic neuron-like cells in vitro. After
induction with dopaminergic neuronal differentiation medium which was composed of
sonic hedgehog, fibroblast growth factor 8, basic fibroblast growth factor, and
brain-derived neurotrophic factor, the cells developed a neuronal morphology
expressing the neuronal marker B-I11 tubulin. Additionally, the differentiated DsRed
pPAFSCs could express dopaminergic neuronal specific marker tyrosine hydroxylase
(TH) 12 days after induction. These results implied the feasibility of using pAFSCs as a
cell source for developing therapies of PD. Next, Sprague Dawley rats unilaterally

lesioned by 6-hydroxydopamine (6-OHDA) in the medial forebrain bundle were used as
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the parkinsonian model animal to evaluate the therapeutic effect of AFSCs in PD. After
2 weeks of 6-OHDA lesioning, the immunoreactivity of dopaminergic neuronal
marker-TH reduced in the nigrostriatal pathway compared with the sham lesioned
control group. Following DsRed pAFSCs transplantation into striatum,
apomorphine-induced rotations were significantly less than the PD model control and
sham grafted control group that only received PBS injection 2 weeks after
transplantation (p < 0.01). Moreover, the rotations number of the DsRed pAFSCs
transplanted group were reduced by about 40% and showed very significantly lower
than the other two groups 4 weeks after transplantation (p < 0.001). TH positive
dopaminergic neurons and fibers could be observed in the graft side by
immunohistochemistry of the brain sections and the density of ipsilateral TH positive
fibers were significantly increased after 4 weeks following transplantation of DsRed
PAFSCs (p < 0.001). These results suggested that transplantation of DsRed pAFSCs
could significantly alleviate the asymmetric rotational behavior of the PD rats and
prevent further deterioration. Furthermore, we tracked the grafted cells by
immunofluorescence staining of the brain sections at 24, 48, 72 hours and 4 weeks after
cell transplantation in order to figure out the possible therapeutic mechanism. We found
that the transplanted DsRed pAFSCs stayed around the graft site in striatum but had not
yet started to differentiate into neural lineage at 24, 48 and 72 hours after transplantation.
Until 4 weeks after transplantation, the xenografted cells could survive and differentiate
into dopaminergic neurons though most of the grafts become cellular debris that left in
the graft site.

In conclusion, the results show that DsRed pAFSCs could differentiate into
dopaminergic neuron-like cells in vitro under the specific culture condition, and when

transplanted in vivo, DsRed pAFSCs could not only survive and differentiate into
VII



dopaminergic neurons but also significantly promote the functional behavioral recovery
of the PD rats 4 weeks after transplantation. Hence, AFSCs might be a promising cell

source for clinical cell therapy development of Parkinson's disease.

Key words: Amniotic fluid stem cells, Parkinson's disease, Stem cell-based therapy,

Regenerative medicine, DsRed transgenic pigs
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Al

EEFRS FRPHOER - AFTHI AL 0 AT S R 2 AR
ookt AROLFERES LR o B > T £ Ko (Parkinson's
disease) & — & ltenid KiT it 5 (neurodegenerative disease) © o F] 7 3%
R¥ ¥ %R fe eng = segd o= (dopaminergic neuron) 7= » ik flig K43 d
= v (dopamine) » ¥ RA S B E WA B AL F AL - LEEBHE S R
2 sk e 3E# 0 B 2§ (resting tremor) ~ #+ (T 3& % (bradykinesia) - 3% #% i A
(rigidity) 12 % # # % 4 7 4& 2_ (postural instability) % o {3453 B W 23 9
S FEPA TR TESESNE P AR EREEF LR A R RS A Y
b e B RRE R E s e L e R B T N A B R H R 0 KR
22t £ 3o oxdss it (wearing Off) » 4 - ik fe ok pE 2 B 1L 0 ¥ s AR Y
A EREF SRR E 2RI o FRL R PR g S F e AR
e B3 p AL AT (self-renewal) shiF g 4 it (differentiation) = 7 f& '
Frm 2 i o F R LA RH G LB R TN LA FEY Wi LA
mE R T RE T ERT A NREITRRZEZIES o P RRR LT hip
mie AR E KRA & ¥ A L iz (embryonic stem cells, ESCs) £ 88 '
%z (somatic stem cells, SSCs) @ = govk > H ¢ 52 43 ke 4p f3 B 7 w2 P18 LR

B FBda o FpL AL Ao f
oy

e

;AR T L iR me B p P E T IR

R e e B0 A H - F G

D
2

TiEM 2Tk T ERFFIE LA
RIS I EMB SN 3 A4 WS (teratoma) 25 g 0 @ E K2 iR
N TRA FE Y LB ¥ - 26 0 MR e o b KRR E 8 e (bone

marrow-derived mesenchymal stem cells, BM-MSCs) 2z B~{# = ;% 7 & {532 g 45, + 2.
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(amniocentesis) pFE~1 2 % k¢ ¥
Ayrd - fa R F 1 (heterogeneous) hiF wPe — X -k iF dnfe (amniotic fluid stem
cells, AFSCs) » F]H P~ {F pr flF 85 32 Sk p *r 2 M2 Wiriwre > X Rizlwredes { £
Fdetdzo i i o & $03d s AN AT § A iR e e A R i e 2 fF enlm e FE o
HoRa it AR EOT kS AT a0 £ B RN LI RO RS E L R
e ERE GHWARAL, B3 AEL G2 E I R ERmE L4
FPARS NPT FREAFEE-Oct4 { £& AT X oRiFme SHE
RN €T PUF AR RS 4 o B E kiR me 2 3T E KA R 4 %553
- RTEY RE A 2§ KR o

Flpt 0 AL RUESFEE T A EARARARF S LR B4
(xenogeneic) 7 kikz. X Kizimie (T2 BiEE > P BB LI AFT EAH A
WAz wd Fhhy TAFIEAR Eorrdgh2 2 kizwme ™ g LM d §F
FRO RO VAR A RiR e n R T AR R A AT B IR B
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= & #& <z (Parkinson's disease) # % ¥_fd& ~ 1817 #d — EERFL -
James Parkinson ¢ =t 3 % - B # ¢ “An essay on the shaking palsy” ¢ #74% 5|
Tk Hote o % PF e 0L R ¥ER (shaking palsy) & AtfLH St fek b LT E $ (T
%4 4 gp s (Parkinson, 1817) - @ & 3 ?ﬁ%ﬁ;@«‘ e ﬁ%"i«.‘}i,&ji@f"r.‘]}iﬁﬂ_fﬁﬁ )
FIH RGP 0% = = (dopamine)~ & FF Hijt% (norepinephrine) ~ s 75~ % (serotonin)
4 g BEy F (neurotransmitters) 7 £ Mt E F A 0 £ 0u F T R Mk LB F
Tig— AT £ &g Ad 2 TR BT (substantia nigra pars compacta,
SNpC) K4+ 3 Rk A8 (striatum) 5 = 2 Bk §8 /T B2 (nigrostriatal pathway)
A 4131 o1 5k (Hornykiewicz, 1972; Hornykiewicz, 1975) -

TEHNEREFY G TS A gk o s EF LT p oA (resting
tremor) ~ ¢ £ & (muscular rigidity) ~ i7# 42 % (bradykinesia) ~ % 4= % T pF F3g
(akinesia) ~ $g¥zfor % & g e Z $ (flexed posture of trunk and limbs) ~ & % % %t
& %+ (loss of postural reflexes) % it %3 % (freezing phenomenon) % (Fahn, 2003) -
C L TP Mmoo T EHC L EF P AR TR M 2
T 4B # & (depression) ~ & & (anxiety) ~ % £ (hallucinations) ~ % # &
(dementia) ~ & % (fatigue) % pEFR Fiz% (Sleep disorders) % (Chaudhuri et al., 2006;
Jankovic, 2008) - B2 2is — =¥ & L B F g MR AT gk > REF R
#wE R RE By > En BRERFINRF DL REET R §ERAL

(disability) -



212 = & H<jE2 = ¥ (Etiology)
2.1.2.1 # @~ & &g (Familial Parkinson's disease )

T EHENVREZFFN AT 2R F b 5-10% T £ LN el
B A TR A4 5 B (Wood-Kaczmar et al., 2006) - H ¢ % ¢ §8 &g i cif
Bk 4 4o p W BB EFT 7 dho-synuclein (SNCA) » 2 - %7 2 B2 2% 2 &0
Boow A S RfE & = (presynaptic terminal) ¢ o 22§ 7 5 A G B ES B en
% i #.i¢ (synaptic vesicle) 7 B (Cabin et al., 2002; Larsen et al., 2006; Murphy et
al., 2000) - 7 % 4p 21 » a-synuclein )= % 24 4 & X % (missense mutation) » # 7
B ek b3 A AL 2 e flpid 7 kpe (Alanine, Ala) % = 237 '@k (Threonine,
Thr) (AS3T) P> #-E 3t v Fens B gpsc % d R & -2 (a-helix) % :
P-4~ (B-sheet) @ i =& F-v Fap ¥y > A, F HA B F9 L (amyloid-like
structures) 2 3% # 5 B % 48 (Lewy body) (Baba et al., 1998; Polymeropoulos et
al., 1997) ; st 3B 4835 cnded FHAEIT S T gAY B mr d s BB S
SEomplig A oA My AT EEVERE Y - B L AupIT Rk
(Abou-Sleiman et al., 2006; Spatola and Wider, 2014; Spillantini et al., 1998; Stefanis,

2012) «

2.1.2.2 uF > & &< (Sporadic Parkinson's disease )

¥ 3 90~95% e & AT 18 312 & <k (Dauer and Przedborski, 2003)
BEAFAEReT 2 5 FlF c Ao A i Bl PR LB A EY I F R
4 (oxidative stress) % j-448 % ¥ (mitochondrial dysfunction) %87 it & = £ %
< 2. = 7] (Blesa et al., 2015; Olanow and Tatton, 1999; Tan, 2013; Wirdefeldt et al.,

2011) o gt ¢k > B Y il &4 % (neurotoxin) » § - *EA5e0% %% F1S ;& &~ 1983

# Langston & A #F M AW - A1 &S kgl eEind B—fed T



(meperidine; 1-methyl-4-phenyl-4-propionoxypiperidine, MPPP) i 42¢ ¢ 7 - f&
$2 % —MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine) # # - & & = /%ﬁ P #
PiCEPLE I PN (S 6 AR T & g2 gk (Langston et al., 1983) o
MPTP % - ## 53 %2 > 7 0 7 i "oMp ks (blood-brain barrier, BBB) & » d # &

W snre (neuroglial cell) @ ¥ "% it f&-B (monoamine oxidase B, MAO-B) #
“EE G FEaEaS A —1-7 K-4-F A etex (1-methyl-4-phenylpyridinium,
MPP") » MPP"£ & %P5 4+ & 3& #4-3 (organic cation transporter-3, OCT3) i¥ 14
ER e > T35 5 T ! (L 5 (dopaminergic nerve terminal) 2 % gk
i# F-v  (dopamine avtive transporter, DAT) & » % = sicjd =< ¢ [ MPP 1% B 8 &f
AR T ded| R 3 @yi4d (electron transport chain) #® complex | ehg it gL v i #
(oxidative phosphorylation) » & > 4t g8 > ATP cha &2 & 4 pd f (free
radicals) » o d A7 %1% fFid S Wp fg FiF 1 (lipid peroxidation) » & % R 5
VAl o T4 fe 50 £ % 2B (bioenergetic failure) @ = (Dauer and Przedborski,

2003; Goldman, 2014; Monte et al., 2002) (& 1) -

|
I
|
MPTP |
|
|
|

Astrocyte Dopaminergic neuron

(Goldman, 2014)
Bl LMPTP & 5 =iid T2 4]

Figure 1. Mechanism of MPTP toxicity to dopaminergic neurons.
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213 T £ HVREZ oK R
2131 BH sk

BPan ™ & h N ERIBaNLKE > NEER R Y nd 2 5= (levodopa,
L-DOPA) i&fa 4 - 2 5% 5 % % "2 5 » Vil i a P&;}Pﬁ@iiﬁ%gé AL ¥
F¥ (DOPA decarboxylase) i3 5 7 = »% (B 2A) > FFo 1At wigd 5 = vz &
h7 B RS R A S TREAp Mk 2 #ote 2 8 T N R W 2 FonkE F o
R FRARZ BB RIF R M E LISk s R Y 510 #1800 N5 60%
&AF‘,Z NI R o (dyskinesia) e »x33 i % (wearing-off phenomenon) (Fahn,
2003; Marsden and Parkes, 1977; Obese et al., 1989)> X3 40% =&, iﬁ'z D B4 AP BB
& 4 & (neuropsychiatric complications) 4 * 4 (hallucinations) - # %
(delirium) > ¥ 5 % 30% mE_JF’f ¢ T5g 4 4yJe (dementia) (Fénelon et al., 2000;

Hughes et al., 2000; Obeso et al., 2000) -

2.1.3.2 * ieis R

= & penE ook 5 T iRk T (deep brain stimulation, DBS) > #_
%ﬁz’ PP BTl BERA S DT RAEPFE R R E L E R E T
(subthalamic nucleus, STN) » M E D% 3= & & < Jp ey foi@ & FEp 5 gk (B
2B) HIRBEL T U ME R 2 5T iR T R ERR IR 2 5 Y R RaE
JE 5 P An A PR Pl R0 10 50% hR degp f F G ke L b (TR
4P M ek (@ stergaard et al., 2002; Rodriguez-Oroz et al., 2005; Schiipbach et al.,
2005; Wolters, 2007) - X H 3 8L & 3 g 4 (infection) #k *& ~ *% 2 i  (haemorrhage)
fomm (epilepsy) % » 2 Fiw 5% » CHBF LD EHPrie 7 F 22 %4
FtF 447 C EFF{-£ 4 (Ashkan et al., 2004; Breit et al.,, 2004; Dams et al.,

2013; Ghika et al., 1998; Umemura et al., 2003) -



2.1.3.3 % B K=
poo o~ 1080 & R B F AP R T P 2 i e (fetal
mesencephalic tissue) #1831 = & # <k & hi e 48 (striatum) * o piL AR A

LaA ey T g o Lindvall 3 A Bk R I N T4 A 2 A s end By

—\

.

,;gﬁ__f.]w¢ J\Iig).azn«f R FRET %’\g).&m«*;l g;-gj,?@j%f;i,}'&

4y

HI%ir A (rigidity) fr{7 6B (bradykinesia) st o dEd &+ T RETA 2R
(Positron Emission Tomography, PET) ¥ & 5 = »&e& 374 & & #5305 ¢ 2

# (Lindvall etal, 1990) - H t5~ peifi 5 A L miain? Sple MG B 87 378
S A A iR AL QL 5 = o g 4 (Brundin et al., 2000;
Kordower et al., 1995; Mendez et al., 2005; Neto et al., 2012) - ¥ 3 #= 3 B F* 45 42 {8
HEFEFEYDEHO FRAEMIE2 L5E 15 #4018 & > & F LUK B

2GR REE R F Y S TR L EATA T R p b (RGP R

3
H\
e

TERAFREIRY ERioKT A5 VELES O S RERE- FRIT LY
7 (Kefalopoulou et al., 2014) &yt & 2 2. 4] 2 44 2 - B ¥ + £ chlwie KR
Y GRS AR A2 rp e B S R 2 T
Flpdom 45 Bl - B L - ETY Forkchimie KRS LB T e BAERE Y YTa
Teil i £ & 2 AT -

A 0 B Deep Brain Stimulation

OH  L-Dihydroxyphenylalanine
NH, (L-DOPA) ~
HO'

N
DOPA decarboxylase
Aromatic L-amino acid decarboxylase

co, |
HO.
Dopamine
BORN
W 2 &5 p2ichi e (A Bficg—=757 (B) %iFh Tl

Figure 2. Therapeutic strategies of Parkinson's disease.
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22 ® & HN R FES
221 # -5 % = vl 4

#-#5 4 % = ¥ (6-hydroxydopamine, 6-OHDA) L % - #i5d 2 4l éf 1 < &

|

2 & (substantia nigra) ¥ i3 < A2 RFRRAE S T BT iEmE 2 T & S
JE® P HE 5 & (Ungerstedt, 1968) - 6-OHDA I_— #& #+ 52 & fir = sg 4 i ~
(catecholamine neurons) 7 & & & — el (54 & - H g dpdr 5 ° ifpin o vk- 7
P eF ke~ 5Lt 0 - Bk (hydroxyl group) (B 3A) - 5 # 3 4t 0 #
6-OHDAZE #3163~ 8¢ "9 2 F & p % % & (medial forebrain bundle, MFB) >
Al RN B AR s P Rkl Ty §B-A2~3% (5T
(Faull and Laverty, 1969) ; % £ #6-OHDAZ s3] &l ka8 e » 2 2 5 5 = sigjd
LGRS o g RIAR Y B RINE R T ! (& 3 6-OHDAL & (8
FIERFT H59% ~ w1 F)T 935% - A FT H23% 0 B RS2k R T

£15% > B LB RNV B A ST £ SN pbrig i ean d T ovRpd 2390 (Sauer
and Oertel, 1994) - pt ¢t » 6-OHDA¥? % = 3e— $ @ /2 2 57 B "GlRAE» Tt

;’gcj R T A TE BT SR AR AL B R E 7 H Pl (unilaterally lesioned) -
ZRRT D B AENFAS RS TR G AR - s arEE L o
TR ek 2R fordr &L 5 P o B P2 846-OHDA ™ R 2P % & F
B B gLt RFHET & & pd i en> ;4 (Beal, 2001; Dauer and
Przedborski, 2003; Jackson-Lewis et al., 2012; McGonigle, 2014; Torres and Dunnett,

2011) -

299 _ruﬁgwg;ﬁgw é%ﬂ)’ii##d
6-OHDAS & 5 = 1aid i = ie 7 3 & CEREFESL SR

H I eMPTP3g 7 > ¢ 22 5 i B8 4 (oxidative stress) 7 B (Adams et al., 1972; Sachs
i



and Jonsson, 1975) - f % 2. » 6-OHDA& ;# {4 MPTP- & & 4 7 B & "Gl A2 > M

2R 4R T SR B B e SR R > 1 56-OHDAT 1

(\‘

R F

*m‘é

PGS T Rp SSRGS 2 5 v RiEiF kv (dopamine avtive transporter,
DAT) i » % = viepd 52 ¥ T prdl st 7 3 @f4a (electron transport chain)
¢ complex [ihF C gipe (v (2% > @ SR80 > ATP2 & & 5 pt ¢k > 6-OHDA~ ¢ &
e g A4 % E L4 (reactive oxygen species, ROS) i = *; FiE ¥ it
(lipoperoxidation) frim*z ¥ % j2 4% (cytoskeletal disorganization) > & % # 3k % = %=

# & e = (Blandini et al., 2008; Blum et al., 2001; Rangel-Barajas et al., 2015;

Schober, 2004) (&) 3B) -

223 B2 B2 (T E

P #vg 22 (apomorphine) & - & % = % 48 ch i & &) (dopamine receptor
agonist) » Siistis v Ul F T oRM KA RfPie s ¥ X 4 (Schultz and
Ungerstedt, 1977; Marshall and Ungerstedt, 1977) » 4 %] £_#& 25 2 8815 B AL A 3%
(6 BRplend @ e 2 & ER 7 (Creeseetal, 1977) > & ¥ & & < st <
BRI ] (ipsilateral) en#s f’rgig?] 4t (motor output) 4=+ 3t F ] (contralateral)
@ od B REP w ¥ R*dE (Dunnett and Torres et al., 2011; Deumens et al., 2001;
Hudson et al., 1993; Schober, 2004) (B] 4) ; & Fr g 2 sgdd (7 5 &2 F XK
Wit and oomp g xdpd 80% o4 ¢ M (Schwarting and Huston,
1996) » w&= P M it g 7 L IR n ik 2 o

B it > 2 6-OHDA & {7 8 R 2 R ALK > £ igd Pl egf 3 2
HHEFLHFENT EHEN RO AR LR FEL T RN EAPM R E 2 -

I8 P e S o



A HO NH 2 B Dopaminergic Neuron Gia
Tyrosine
| 3 MPTP\MAO 8
HO OH
6-OHDA
HO NH,
+ Inhibition of Complex |
JATP  Mitochondria
Energy crisis ¢
HO ot = ~* Neuronal Death
Dopamine Yo

( Rangel-Barajas et al., 2015 )
W3 »-A 5 iR BHaGIHN LI PBH (A) 254 S TRy d ook
2 B4 (B) » - f ok A A 2 4 o
Figure 3. The structure and neurotoxicity of 6-hydroxydopamine. (A) The structural

formula of 6-OHDA and dopamine. (B) The neurotoxicity of 6-OHDA.

Apomorphine

" ¥

supersensitive
receptors

! 6-OHDA

substantia
nigra
o+

motor output
pathways

( Dunnett and Torres et al., 2011 )
W 4 FPRERAFELERETLTLW o (A) FPESFHE T S 284 (B)
GRS S SN S S EA § N
Figure 4. Apomorphine-induced rotational behavior. (A) Mechanism of

apomorphine-induced rotational behavior. (B) Apomorphine-induced contralateral

rotation behavior.
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2.3 iFim¥e

Frinre (stem cells) = 2 8P &3 p 2 L 37 (self-renewal) 2 & it Bos,
(differentiation potential) 2 #7kfw®e # o iz dm¥e f 4 #7078 7 & S HAE A 4
(symmetric cell division) % L4442 4 & (asymmetric cell division) ; # ¢ ¥4~

Hi-idwe @il HAALl - B o Bk Lizioie > o> 7

H 4 e fE5R w2 BB

34

%ﬁﬁﬁ&ﬁ%ﬁ?éi—%#&ﬁ@ﬁﬁkim%

24

o ¥V A4 - BRI e (specialized cell) » FiE 4] A T AL IR

N

\\__

UL SNV R =2 | N Eﬁ%‘« BT 2ZBRE LA

She

231 sz 2_ A8

2.3.1.1 ik 4 it How & X
TERCIRENT AN A S O

(1) 2%tz % (totipotent stem cells)
Eg o iR phoin g d op R foek iz B =k ek e fEAR R PLAE 2 R
TR T - R FRM Ao o

(2) % i tH¥z % (pluripotent stem cells)
g ait ik s ¢ otk Bz kol fEmre AE2 Bal 0 LA
EAGRILE o A B g T A L - REFEBW2Z A4 0 doizizefe (embryonic
stem cells, ESCs) % 2% 3 ;% % i t£#7 'm?¢ (induced pluripotent stem cells,
iPS) -

(3) #F it tH¥7 P& (multipotent stem cells)
L it H - kA e fARE2 B 0 deid & ¥ w2 (hematopoietic
stem cells, HSCs) » # ¥ & it = =z » 7% (red blood cells) ~ = -]- 4= (platelets) %

E v iw® (macrophages) % o

11



(4) % s iz e (oligopotent stem cells)
B AT e b B e e fA R 2 iy 0 doik ® i3 ez (lymphoid stem cells)
Hw Adv = Tk 3k (T lymphocytes) 2 B i = 3% (B lymphocytes) o

(5) H it ¥z w2 (unipotent stem cells)
WE g ot H - fhmre 2 Fow o doha® e (fibroblasts) » # # A& b = g

samre (fibrocytes) o

2312 B8 KihA M
R REBERRZ G NT A L2 A8 235
(1) *z#zxm?z (embryonic stem cells, ESCs)
ESCs % p »* x4 “r3 7 1 &2 (blastocyst) pFz p fm® # (inner cell
mass) > - % i iziwiz o 3t d ~ 1981 & pF - Evans @ H A7 7 B fp = 0 4
dvo] B9 ez %% (Evans and Kaufman, 1981) » @ {¢ Thompson % 4 » >t 1998

£ 3 LA d A ff i w2 (Thomson et al., 1998) - ESCs 2 3 7z ~ 4 it &2

Tie A iRE N E &Y ¢ HF ESCs v ik ¥ & A (Bjorklund et

She

|
al., 2002) = % - A4 (Doretal., 2004) ; 2% ESCs 6B~ {8 = 5% § i & 2 52
FBAPLEEFC o ATRE Y T BN GEEAL L REZ BRI
peeb o d iR 2 A 2 L VBN RE > BE BN S Saen
% (treatoma) 2. # = (Thomsonetal., 1998) ¢tz p o 5 HFF W2 § bt i F
B2 FEE o ARFEIE S AMBA RS P RIFETEFS LT
7 ESCs 3 24 2 ~ it 4p B 2 ¥4 (Young, 2011) -
(2) #iz Pz (somatic stem cells, SSCs)
Hizimie x L5 F iz mee (adult stem cells, ASCs) » ¥ 4 #p = 4 p

LA BE Y o pH A4 SSCs AN S o ¢ KR Eirme

12



(mesenchymal stem cells, MSCs)~ ¢ » #% %2 (hematopoietic stem cells, HSCs) ~
A Kz im?e  (neural stem cells, NSCs) %2 # & #z'w® (epidermal stem cells) %
(Crisanetal., 2008) o p &= SSCs *~ & 15 3" WP > VR I B4 3 4
AR F R LT e o DUFE B e R e TR A AR 72 fF e
& (homeostasis) » 4p #*t ESCs » SSCs #B~18 kih# 7 £ G2t 2. &
RoBERBLHEP) L B EERGNFHL AL EZNRERY - BEE
4 72 me Ko
(3) # ¥ ;¢ 5 s Mix w2 (induced pluripotent stem cells, iPS)
& 7 2006 # > Yamanaka ¥ * 124 5 Octd ~ Sox2 ~ c-Myc f= KIf4 % o i
A FehFE #ﬁ%fﬁ—;ﬁa F & ﬁ“ 9 0 % E 4wz (somatic cells) 5 iE £ 2 5 (v
(reprogramming) @ A& @W & 5 & ESCs Ap A fx ~ p AL AT 4 ~ H A
(proliferation) ~ =% fiz 5 1422 & it st 2_ IPS (Takahashi and Yamanaka, 2006;
Takahashi et al., 2007) - iPS # &% & ESCs e 1€, ig JL AR 2 P4 - & 10 e ~
# SSCs & F %= 52 £ 4 %?P TAERE Y BT D TR AL KRS P A iPS
SR B RICRE BAEBWH T E S F B2 B3R %~ 1 (Robinton and
Daley, 2012) o X iPS*#feinkh 2% 22 LR B 4 B4l A2 28
FooRARFHRLE N RAFE  FFE- HFE > (Ratcliffe et al,

2013)

13



232 B Eizmre
R # #7 fm*2  (mesenchymal stem cells, MSCs) /&>t 48 it {487 m¥e » ¢b L W4k
A% (spindle-shaped) » »* 48 7t 32 £ P ¢ RIS B mre ¥ E A, L H < (colony
forming unit-fibroblasts, CFU-F) » ¥ Z 5 = 7| %78 #+ (Dominici et al., 2006) :
(1) “fEE£%ET > w% LR (plastic-adherent) o
(2) # WPz we 4w &+ & (cell surface markers): 4~ CD105~CD73 2 CD90 »
* % %3 CD45 -~ CD34 ~ CD14 ~ CD19 2 HLA-DR % {&3% -
(3) &3 = k&~ i+ (trilineage differentiation) =iz 4 > ¥ T iE F R ZHBE T > 3T HY
b i LAl ¥ (osteoblast) ~ F; %4 (adipocyte) % #itF  (chondrocyte) %
‘Wiz o
MSCs *&m % % » ¥ B~ p ¥ % (Kagami etal., 2011) ~ *#4 & (Martin-Rendon et
al., 2008) ~ ### p % (Baksh et al., 2007) ~ 24 (Fukuchi et al., 2004) ~ 75 %% ' 5
(Eirin et al., 2012) ~ 7 % (dental pulp) (Huang et al., 2009) % ?: 32X -k (amniotic
fluid) (De Coppi et al., 2007) * 2 o s+ q@ et f7 o it pF > MSCs # &5 A F ~ ¢
B2 rpipimre 2 kit a4 > H 3 ek A (transdifferentiate) 5 A 5
e~ FRRIm e w A Uim e X0k e B0 EON R A FE AR LY
,% B o
rawie koG A F{RiE 0 < 384 MSCs ¥ ¢ 4 3 CD29~CD44-CD71~CD73 ~
CD90-CD105-CD106-CD166 2 MHC-l1 % % & 4 + 35> ma % 4 3 CD4a~CD11 -
CD14-CD18~-CD31-CD34~CD40~CD45~CD80 %2 CD86 (Chamberlain et al., 2007) -
A MSCs fefeim ik b = @F iiicd S A B ¢ #5 w9t (Orlicetal, 2001) -
% - Ao (Leeetal, 2006) ~ = & # < & (Herrmann and Sturm, 2014) ~ = % 7

> J& (osteogenesis imperfecta) (Guillot et al., 2008) % 5+% % i- (Jung et al., 2013)

A
* o

14



233 E-kiziwmte 2 H iR Rt B4
X -kizm?e (amniotic fluid stem cells, AFSCs) s R F ¥~ * M dEdr ) I i {7
Z 9% §1 (amniocentesis) P Bz X ok P @ koo H ¢ SrA gl chimre fEdg 0 &
3 T A4 (Prusaand Hengstschléager, 2002) :
(1) * A #g3limee (epitheloid type cells) : p5fime 5 &k p 3tPns@end § 2 JRiR o
(2) = -k#galmmre (amniotic fluid specific type cells): pt 3 mPe % &k p »vPsmc (fetal
membranes) % ;% & & (trophoblast) o

(3) & 'mapA)wrz (fibroblastic type cells) @ M #gim®e 3 K p 3R a2 s s

i

(fibrous connective tissues) % E & % a* % (dermal fibroblasts) -
d i o AFSCs & - B 12 (heterogeneous) enim®s 3 > ¥ o PF & JLI2EF
wie 2 Rz 2 o L uhin i B oA VR AT SR MR mre 2 A4F i MR e
z_f¥ (De Coppi et al., 2007; Joo et al., 2012; Prusa et al., 2003) - ¥ 3 # 7 &7+ »
AFSCs Z 3 3 A @ - Rk p a2 Mizwmree 3 { E ez sl
(telomerase activity) % #iz £ 2_ =3} (telomere) £ B % iT 3t R 4o lw 2 20 4
(Guillotetal., 2007) (% 1) > 77 5d #Beh 3 Fa it vvpg o 82 7595 ~ 4 (g o+
R % Wz (Joerger-Messerli et al., 2015; Joo et al., 2012; Loukogeorgakis and De
Coppi, 2015) -

wie fom A+ s A 178 0 AFSCs ¢ 2 IR % a iFiere & G A F 38

r‘k

4 SSEA-1 ~ SSEA-3 ~ SSEA-4 ~ TRA1-60 ~ TRA1-81 ~ KIf4 ~ SOX2 ~ c-Myc ~ Nanog
2 Oct-4 % > pobs § LA Fiziwre 2 4 5 A+ k4 CD29 - CD44 - CD73 ~
CD90 ~ CD105 f= MHC-1 % ; @ 7 % n F % £ 5 &~ F t&i&4c CD45 ~ CD34 -
CD14 =z 4 &4 §] %]+ (costimulatory molecules) 2z 4 + #&3&4- CD80 ~ CD86 *
(Loukogeorgakis and De Coppi, 2015; Dziadosz et al., 2016; Pozzobon et al., 2014) -

EHEE 23 % 0 AFSCs 5 » & e B & & & ¥ x| B (severe

15



combined immunodeficiency mice; SCID mice) & » RPN & FF oA 4 2 IR %
(De Coppi et al., 2007; Moschidou et al., 2013) - p 5 AFSCs2 = # Jig % > L J§ ~ iv
B A g s BRSO SRR SORRTEIE S 97 (diaphragm) ~ A F - B0F e
% o g A4 (angiogenesis) ¥ 7 5 2 4 2 47 3 (Joerger-Messerli et al., 2015; Joo et
al., 2012; Loukogeorgakis and De Coppi, 2015) (% 2) -

SRt AFSCs 4f 35 5 BEBER A S S LA FEP IR LAtk 4
ARBIET WIRAERT ONRE TS EGTIET NERR A IR X RS E

B & 6P AFSCs: ¥ ¥ %333

— i

@
g

FeouEs Lwme ko IV EEETY X
dmre KRG AP a0 v F L e s Yy RAEILAFSCS e 18 20 % 2 e kit
TRUEERGSES F2E (US. Food and Drug Administration, FDA) 2 %+

I

PN
\

Bt fph w2 A REEE 0 AR R E T NTRA L2 - B 2P f s kiR

¥z F ;2 (Dziadosz et al., 2016) -
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2 1 Ekipwmre e s HEN SR i wr 2 BFERREE 2 FHV R

Table 1. Main characteristics of different stem cell populations: ESCs, iPS, AFSCs

and MSCs

ES cells

iPS cells

AFS cells

MSC

Source

Feeder cells
Markers

Plasticity

Teratoma formation
Doubling time (h)
Lifespan in vitro
Ethical issues
Clinical trials

Early stage embrvo

Required

SSEA3/M4, OCT-3/4.
S0X2

Pluripotent

Yes

31-57

Long

Yes

No

Somatic cells

Required

SSEA3/4, OCT-3/4.

SOX2
Pluripotent
Yes

48

Long

No

No

Ammiotic flud

Not required
SSEA4, OCT4, c-kit,
CD44, CD105
Broadly multipotent
No

36

Long

No

No

Bone marrow and other
adult tissues

Not required

CD44, CD73, CD90,
CD105

Multipotent

No

Variable

Short

No

Yes

17
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Table 2. Various applications of AFSCs to regenerative medicine

Cell types Scaffolds Animal model and outcomes Refs.
Muscle Rat AFS n/a Cyro-injured rat bladder walls, prevention (De Coppi et al., 2007h)
of eryvo-injury induced hypertrophy of
smooth muscle cells

Nerve Neuronally —induced n/a Twitcher mice, integration with host (De Coppi et al., 2007a)
hAFS neural cells
Rat AFS n/a Extensive thoracie crush injury of E2.5 (Prasongchean et al.,

chick embryo, reduction of hemorrhage 2011)
and increased survival

Kidney Human AFS n/a Mice with glycerol-induced rhabdomyoly-  (Perin et al., 2010)
sis and acute tubular necrosis (ATN),
amelioration of ATN and decrease of
damaged tubules and apoptosis

Lung Human AFS nfa Mice with hyperoxia and naphthalene (Carraro et al., 2008)
injury, plasticity of AFS to respond to
different lung damage

Heart Rat AFS nfa Rat heart infarction by ischemia/re- (Baollini et al., 2011)
perfusion, improvement of ejection
fraction
Human AFS and nfa Heart infarction in immune-suppressed (Yeh et al., 2010b, Yeh et
AFS-derived cellular rats, improved cardiac function al., 2010a, Lee et al.,
structures 2011)
Heart valve  Human AFS Synthetic poly-  In vitro formation of neo-tissues by (Weber et al., 2011)
meric scaffold conditioning in bioreactor system
Diaphragm  Owine AFS Collagen Partial diaphragmatic replacement of (Fuchs et al., 2004)
hydrogel newborn lambs, mechanical and

functional outcomes

Bone Human AFS Alginate/collagen Subeutaneous implantation into immuno- (De Coppi et al., 2007a)
deficient mice, ectopic bone formation

Osteogenic differenti- PLLA nanofibers Subcutaneous implantation into athymic  (Sun et al., 2010)

ation of human AFS mice, ectopic bone formation
by rhBEMP-7
Rabbit AFS PLLA nanofibers Full-thickness sternal defects, postnatal  (Steigman et al., 2009)
reconstruction of chest wall
Human AFS Porous PCL Subcutaneous implantation into athymic  (Peister et al., 2009)
rats, ectopic bone formation
Cartilage Human AFS Pellet or alginate In vitro cartilage formation (Kolambkar et al., 2007,
hydrogel Kunisaki et al., 2007)
Angiogenesis CM of human AFS n/a Hind-limb ischemia in mice, tissue repair (Teodelinda et al., 2011)

by host stem cell recruitment mediated by
stem cell-secreted factors

rhBMP-7: recombinant human bone morphogenetic protein-7; PLLA: poly(L-lactic acid); PCL: poly(e-caprolactone); CM:
conditioned medium; n/a: non-applicable.

(Joo et al., 2012)
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234 X ki EHVEZHAMATER

X -kiz e (amniotic fluid stem cells, AFSCs) % iT# RFT#2 iziw?e K H
AR A iR 2 B 2 B S RFEF T A E 2k BN
fapenimiz > FATL A %%A;' BPY LA 2 §E (Jooetal, 2012) - 52 #~
i d 0 A #FAFSCsd % = Z ¥ (second trimester) 2 L2 ¥~ (X W T )
(amniocentesis) Fl4RerE R X k¢ A BT G4 R (S TF R IRA L AR v
B2 4 bldeNestin (4 gw 5% o %2 15-38) ~ B-11 tubulin (#¢ G %e F 28)~ GFAP (&
e R 2E) ~ GALC (% #t% fmre fR22) 2 CD133 (# gizimiz f£35) % (Prusa et
al., 2004; Tsai et al., 2006) » # 7 AFSCSE 7 4! 15 % fm"z 2_ $ i Jig * 304 ST 4p B B
B BEES o ¥ ATET  ARSCST R IR ARE T A L A A Flwre
(neural-like cells) (Kim et al., 2007; Orciani et al., 2008; Orciani et al., 2011; Tsai et al.,
2004; Zheng et al., 2010) » F:&— #H J* F 2 4 & F|F+ 2 K 4 B ¥ B-AFSCs~ it 5
B4 ipiud ez mE phRAGAE D AT S T R g AR R R R — R
¥z iv fi= (tyrosine hydroxylase, TH) z_#f % = »=4! 5 m?2 (dopaminergic neuron-like
cells) (Kim et al., 2014; Liu et al., 2011; McLaughlin et al., 2006; Pfeiffer and
McLaughlin, 2010) » F]* # & * >+ % & & < jpiriwre f % 2 B4 (Rosner et al.,
2012) -

RPN R T SR OAFSCSE ML ~ R Y ¥ 3 iEE00x F B iR
# (migrate) I "¥ X4 ® 24 4 (Cipriani etal., 2007) - ¥ 5 # 7 45 31 » AFSCs

2 Bk Rz B E iR e 4p v 130 F 4R & -y (y-interferon) 2 & g # i< % 5 AFSCs

¥

A

FAEIFLIMPART I AR T F BB ARSCSH T ¥ £ Nt

1@

BUrpd o ARG S 2 I S A RO AR e L e B S
;F! ,I_ %: g :I'-‘# ﬁ_ii']‘ - _}_—9 u bbify%g g,l? %@%&#ELL t'J'L'K 75%, XE; ﬁi

BT 4% 4 cnAFSCs2. S % B or - 3B {8 = 7 30 & B P 35 1] 5 7% eAFSCs ¥
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B AFSCse & it 5 £ % @ kp G A F B MRk — fLORpL 52 i f'F (tyrosine
hydroxylase, TH) % % = s=d&i& 3-v (dopamine active transporter, DAT) 2. % ¥ #=
A% 7 LAFSCs* ® & g2 sk #+ (Changetal, 2013) o ¥ 5 #7 7 B[ %
AFSCs# & = ¢ MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine) *73% %2 = 4
HRERG ) Rag? o SRS AR e ¥ R e S BT
BlREC APECOT AR R e Bl dlle s B aetd o o AR 2§
Fo EUH TS Pl A T 0L % 4 A — PKH264E %2 AFSCS» 8 d gk % & 20 5 % 25 Tt
B AFSCse & iv 2 £ BTHzZ § = wigdd & 5 8- H A 47/ R kMY 2 glhitd &
7% 4% F]3 (brain-derived neurotrophic factor, BDNF) % & > © & & < pH | A%
Ak ? 2 BONFER B F M3 ¥/ B> @ 32 AFSCs# - (s > /] R kal?
2 BONFER BRI FWw 2 3370 § /] B> & 'Fi‘#&i«’rAFSCs" i BB AR
BDNF % 4! (3% & F]F (neurotrophins) k:if Flec i ¥ & & < gl ] Hehf7 5 4
% 2_»% (Kong et al., 2008) -

&1k AFSCs B A 1 5 dpal flwre 3 3 R 5 7 i G2 R B

-~

kY

N A ENERPHNY Tt IR ITE L 2B % > TR {g@ b b
& T+ R RaeA 5 E 4 (nerve regeneration) (Kim et al., 2014) » &+ AFSCs #x§
FRET ISR T A HSRELES 0 REY Lnpis i hE g R T (Yee

etal., 2015) -
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24 RS

LFLAFRLF R nime f2 € AR 2 SR S FI 2 p 0
Bo FARGHBRDT R Y IR PR RENE - 2 kG R
AR R P E AR S e de i {5 FIER D 2 AR 2 PR S BGE
Fl P 4o B AR e KRR S - R LA RKRD Y ST A T
PREGRIT RENFHZY RAT L AFIAF 0 B2 EEH A
BRACPIT A BB RS T RAMHE L o ki - S BE e kR
MEBBET AL AEETF BRERSE S FIR 000k " i
- HIErFLUERET A

KAFEE2 & Rm 3 d > Z kiziwre (amniotic fluid stem cells, AFSCs) # 3

=
>
¥
\m\
R

%8 (major histocompatibility complex class I, MHC- 1)
B3 & IRF - AL & edpE f4F £ 8 (major histocompatibility complex class 11,
MHC-1I) % # 2% §| %]+ (costimulatory molecules) » Flpt 2% + & R B AP 7
€% 2 @A LA 4] (immunosuppression) 2 % ; ¥ 5 v},%#ﬂ a1 & CD117 4
m oA+ HRIEEFE S 2 AFSCs £ 5 & L& F B2 1% (Moorefield et al., 2011) - 3
rEE i L kR X -kixmre (porcine amniotic fluid stem cells, pAFSCs) it
FRBHBIEL T & H R, BUSY o B %gﬁ“ B % AFSCs s * >* R a5 4805

BT AR LT A
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¥z3 BRFY

31 d WhpI kizmue W FELS L LM S T R 52

3
311 %3
Trimt g 0 B f A AT G BEFEA T S el o

Fripd o efnizers FES i dizee s FRFERwe R F L B E
PR s T REER e R X Rirme 2 F KRz o Y A TR A ERT
v sgg 3o g & (Barzilay et al., 2008; Ko et al., 2015; Konagaya et al., 2015;
Perrier et al., 2004; Pfeiffer et al., 2010; Wang et al., 2010) -

W4 A3 4pd 0 8 F]+ (sonic hedgehog, SHH) + i&_i¢ ¥ o] %0 #aAd 5~
(ventral forebrain neurons) z_ 4 i+ (Ericson et al., 1995) » ¥ ¥ >t 48 ¢k X R p TR B 4
Al 59 Bgim%e (neural progenitors) s zE o tAY ATk dLeng T Y IR E R 2 &
¢ (Laietal, 2003) - ¥ 3 # 7 &1 » % ~a* wie 4 £ F|5  (fibroblast growth
factor 8, FGF8) »t ¢ 75 % & miegd ‘& <2 ¥ &2 o iV iE42Y 5 - M4EF)F (Hynes
and Rosenthal et al., 1999; Mason, 2007; Ye et al., 1998) o @ && |4 = 4 2wz 4 £ 7]
=+ (basic fibroblast growth factor, bFGF) ¥ i # 54! 45 =~ (mesencephalic neurons)

iz 52 T (Ferrari et al., 1988) » a3 4c ¥ 5 5 ¥ sl A ¥ 2 E R
(reuptake) (Knusel et al., 1990) - ¥ "5k 44¢ &% % F]+ (brain-derived neurotrophic
factor, BDNF) #t 2 LA L4 F 3t R kg8 ¢ cngd (5 % =8 (nerve terminals) (Altar et
al., 1997) » f VORaE S T o Z A2 35 % A i (Knusel etal., 1991) - § ¥ 3t RY

BRAEBRET tljgd BPEGRme AL D2 5o ma Sl Sk H AR LE
i ens 3§ T o 5 (Trzaskaet al., 2009) - #= » 3% @ * SHH -~ FGF8 ~ bFGF
i BDNF % 24 & 75 2 7 e it TR S Tl G2 FEA T R ¥R

) EEE S S R EL e S T A S R S
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3.12 Higr s
3121 @Pkd X RI 2 iF

B EEE TR B BAN B P AL S S % Rl AR (%

~

=3l

S) EE RABHIGGEA Dk BT EEL A FRGFRA L £

W

b nadFER 4Gz dh ; P340l J 3R -2 A Rog %

#
e

\

3122 ¢ ¥hpX kizwmie LR

ANESRAITR Y 2 2 d F ok G0 HE A F]5% (DsRed transgenic pigs) # d » 7
T 2 AU Rk FIE L S (pronuclear microinjection) o 3t % pEEP 2. FE T
¢LEf b p 3 B-actin frde S+ 2 e o 6 v T2 CDNA THERA @ 2 chid e A
FREo mis ¥y » AEEAMP > FARS P AREF Y T2
AT Big s R WBE R TR Rl E 2P e «k% AT A
Mizd ¥k F-d F (Chouetal, 2014)

d ¥ AR FHATIRZ I Kitwwed AFTED A S PSR 22

(Chou et al., 2014, Peng et al., 2014) » f i H Jif2de™ » R 2 8 70 X 2 # 7 e fis

N

md P IR B T R 3 F A BB AR ¥k Gy Fap Ak Xk
SR A Lo il o BB mre peikd (cell pellet) i 02 2x10° cells/om? 22 % A & 1742
%o X oKiFmir EAS LT H 5 (colony) % RE*it (adherent) #14- ¥) 5 i 8~10
T N R R MRS PV RS 2d ORI kIR o S EIR N mE
& (flowcytometry) » 478 £ m ik > ‘o d ¥R I Rizlw e 2 L T K F 5 1%
7w CD4a 2 u ] fFfrp A dne 35 CD31s v ¢ 4 IR fm oz pLo 4R B chiR3s CD44
el Eidimre 4 £35CD90; ¥ M F A L F RV BF L FRB I kirw

e B g it i 2 Py dsimie 2 = % & i (trilineage differentiation) it 4 o
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LVARLN g%f‘ﬁ'%iﬁté A IR LR s 3 s LS B P gEE 2
I ¥ ERI R RENRAFHY > FRHIEEL fR 2 TATE R (T

e g o

3123 ¢ FRpI kw2 RE
ARFHY B A ¥REI Rz A#H# B £ R 5 oMEM (Sigma M0894,
USA) » ¥ ¢ ’T 4v 1% 4 % (Pen/Strep; Gibco 1103911, USA) 12 2 3.7 g/L # s
% 40 (sodium bicarbonate, NaHCOs; Sigma S5761, USA) » fe ¥ = = {8 123t j% 0.22
m 2_jatf (Millipore MP010543, USA) it {7ifi > MFAE T3 %% 5 B FRE + ¥
R * m 7 B4 20% s g g (fetal bovine serum, FBS; Hyclone ARH272009,
USA) **Ad# ARy » Xk 4CKkfE  F*mpsRipwriEs 37CH

* o

3124 =d ¥REI kw2 IR EZ %3

ZoRiFimre B pLEARM S § et R M e 1 8 % (100% confluence) pF 3§
i (passage) & H-H 4L i o ki B T MERPE > LU IR F X fi— AR
*~ 0.25% trypsin-EDTA (Gibco 917999, USA) » # 53 37C % a5, 4> Fit 8
Flzr2t ERBAc B PP ke RiF L4 r 322 A#R
s d b trypsin £ 5% A 2 e o ez 1200 rpm e 5 A 48 0 # “,!rtj Fiv
iz g 20% Peta gz R dmi EATIACRE > D EE b5 13 8
AT A P e FARA R B et o P R C 52 e BB FTZ 10% - F
7% T #, (dimethyl sulfoxide, DMSO; Sigma RNBC1435, USA) 2 #s2 i 3+ » %%
e AR TR TR IREATE ¢ r-80C kY BMER 0 F 24~48 ) FF IS 4T

AR S T I
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3.1.2.5 lmre itk

B33 Rigz mie ey B 20l 2 me k22 5 £ 2 46§ (trypan blue; Gibco
15250-061, USA) Rfciz3 2 2 d > a 8B~ 20 ul 24 152 mPe iR » o 338
4 (hemocytometer) » ** B AcAL T 31 B E e o0 d 3T 5= 2 Wm¥e ¢ F) trypan blue
Horm BEIRES v A FwmE R Flae W B d g5 0 TRV HEE AR 2w

ol S AR S N e ik

3126 kd ¥hpEIX kizme I FHELS LI IoRMEZ HEE
B2 Fe R
Kips 2 #2472 5 DMEM (Gibco 31600-034, USA) » p 5 1% #i2 % %
37 QLA & Ahofel = 2103022 um 2 R B & R 2t ATk E Y .
FES RS GBS - FRZFEAS VB ARG 10% FBS DMEM 3 ¢
7 4v 250 ng/ml SHH (R&D systems, 461-SH)~100 ng/ml FGF8 (R&D systems, 423-F8)

3 50 ng/ml bFGF (R&D systems, 233-FB) ; % = Frfczh E A 33 &% B 1Y A

F_‘-
R

Gwmrz A G € % o G A#H R R (Neurobasal® Medium (1X); Gibco
21103-049, USA)& B-27 7 4v A (B-27® Serum-Free Supplement (50X); Gibco
17504-044, USA) i &% » ’ T v 250 ng/ml SHH ~ 100 ng/ml FGF8 ~ 50 ng/ml
bFGF 2 50 ng/ml BDNF (R&D systems, 248-BD/CF) -

dRREFRYP R ATE 2 F2 o d ¥R L kizmee > f24 15 1 5x10°
cellslom® 2. % B € #7483 w2 % x> #H K% 5 0.25% trypsin-EDTA £ 37/
Wamre > g 152 e BELE 11 & 2x10° cells/ 30 ul 20% FBS DMEM &k & 37 &
325,730l wre R Ftme s A 2 P E S - S w2 BUF (hanging drop) >
3 drop P2 BEEEX 5 2 24 UL FIRF BT 2R % g drop i3 - 42 ¥ >N

rkmphor 95-8mlp ¥ 2 G FPBS TR AL E R ED T
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X

¥ & > 3¢ (hanging-drop culture method) 2 = ‘m*z R4 53k 48 (cell spheres) > £ 4|
* pipette $Fpe ® v tip H#-pt it cell spheres # 3 & 5 F HF R ITiE 2 g ¢
(Superfrost™ Plus Microscope Slides; Fisherbrand™ 12-550-15, USA) F & 4c » % — ¢
BEFEL " BE2RBLEFEI RN G2 FEL 1% 3 X84 -
FELCREARFEE I HCPFE I I H-IRER TR ERERR W

v * #2585 (cell morphology) 2 % i* k P& BB 4p 2c4% (B 5) °

DsRed pAFSCs

In vitro dopaminergic neuronal differentiation

«"‘Z s Inductionday 0 || Inductionday3 | Inductionday 6 [ Inductionday 9

10% FBS DMEM
250 ng/ml SHH
100 ng/ml FGF8

50 ng/ml bFGF

Neurobasal medium + 2% B27 supplement
250 ng/ml SHH

100 ng/ml FGF8

50 ng/ml bFGF

Hanging drop culture 50 ng/ml BDNF *The medium would be changed per 3 days

method
2x103cells in 30 ul 20%
FBS DMEM/drop for 4

days
Characterization of AFSC-derived dopaminergic neuron-like cells

v Morphology
v Immunocytochemistry — Tyrosine hydroxylase (TH)

W 5 d FERRIA Rz fELL IS " RB L2 AR HNER -
Figure 5. In vitro dopaminergic neuronal differentiation medium formula and

steps of DsRed porcine amniotic fluid stem cells.
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3127 ¥ £ £ ¥ £ % ¢ (Immunocytochemistry)

1)

(2)

3)

(4)

()

(6)

()

(8)

©)

# % m¥ A RS A PBS (IX) Bixe- = 0 £ 2 4% = B U OpE
(paraformaldehyde; Sigma P6148, USA) >+ % 8 = B % 15 4 45 o

4 *% paraformaldehyde - 1 PBS Bt = = » & X f4# 5 5~ 4 -

4v ~ Dblocking buffer —0.25% Triton X-100/PBS % 1% BSA/PBST (bovine
serum albumin; Sigma A7030, USA) % 30 4 4& > #* 113 if ‘wve 5T 3 f, ol
B ML o

#-— gt (mouse anti-p-111 tubulin, Abcam AB7751, UK; rabbit anti-tyrosine
hydroxylase, Millipore AB152, Germany) ™ # 1§ & & 5 1:500 & >
blocking buffer ¢ -

for fEfR S 2 - M BT ACF IR R o B4 o Al (2 antibody
only) e sl » ﬁJ‘ ek ? B3 - IR o

#-- Bkl (donkey-anti-mouse 1gG, alexa flour® 488, Invitrogen A21202, USA;
goat-anti-rabbit 19G, alexa flour® 488, Invitrogen A11008, USA) & & 5 1:
300 & #1¥ >+ blocking buffer # -

# “,%* Bpukgis 0 11 PBS Bie- = > 4 > ﬁr% 2.2 Bkl > 2T TRk

# ",%: Bkl o W PBS Bz o HEXEHEE B L4 @ {84~ 1L PBS ;ﬁ;—
## 1000 & 2. DAPI (Invitrogen D3571, USA) » »>* 3 /8 Tk 3 1 448 -

# “f DAPI {$2 PBS jEie- = » £ i * £ 7 % (mounting medium; Abcam
AB104135, UK) 4t 57 > FrP W L EHMET B2 we L7 LA MY LI FF

T o
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313 &% 2%

3131 k¢ ¥ApE kP we ERFELIABERLMUI 2 we
FHWELBER

W2 Ap o dRwie 5 - R4 1 G auid (pluripotent) iz iwmre o H 4R
by R AR - LR K wre (feeder layer) ¥ 2 & AP ﬁ/, fvo o Frd] B
+ (leukemia inhibitory factor, LIF) % #ri]s it F]5+ chfi/w™ » iz mre #-¢ A
M e & R T XA S - IR — 47248 (embryoid bodies, EBs)- ¢+ = 2 (three
dimensional, 3D) &= 83k B4 " €5 = B2 — ik (ectoderm) ~ & 2k

2

(mesoderm) % p 524 (endoderm) eniw®z > §_3F § iE {7 94dF hw e 4Y 0 B 3R
B? GF M nA it 22 g o AR AR ¥R I RiFe i TR
¥ ¥ % (hanging-drop culture) » B 7% o i# o & F & g X R iR b ?e A5 8 5F 023 EBS
FHeamie RIFRaE (cell spheres, CSs)» T i p LA =2 Ao 1> @84
RrEEMN Gwe Ry TR SAHABRRIARK > # CSs ¥ b i g A G L e
FOLGFET R J_%gd ¥z 4 & F]3 (growth factors) 2 2 i eit- X TR
5o o oo

d ¥ kpEXokiz ‘mﬂe;ﬁd RiprE235\8% 4 228> 253 w3k
1 (B 6A-~B)> £ fI* pipette ##fe % v tip #ize CSs # 1 Superfrost™ Plus
Microscope Slides i 4c » % - Rz FE A P A RN FESFHMAFEL LR

oo lrd FRBI R CSS WHIF P EIER > VAN RE AT LT

CSs g RLF*r g # & 6 > ¥ A= — B inreF % (colony) (8] 6C ~ D) -
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W 6 kd PRI kirweREn 22 w2 RIFHRME LA #5232 mre

HFHEARE o (7 5 100 Agk)
Figure 6. DsRed pAFSC cell spheres and the colonies formed by the spheres. (scale

bar = 100 pum)
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3132 k¢ FARI kRweMAFEL 2RI IRN G2 HE

AERR T o ORI kRme fhd BiFR A T L e RUT R
‘v » 7§ ¥ ¥]3  (sonic hedgehog, SHH) ~ % ~ s a* w2 4 £ %3 (fibroblast
growth factor 8, FGF8) ~ & |4 = 4 ‘@ w® 4 £ F]3+ (basic fibroblast growth factor,
bFGF) 2 *gih a4 5% % %]+ (brain-derived neurotrophic factor, BDNF) % # £ 7]
F2AEAS AR A G SPEARAILL P VRN S T R S W
A e A B R A A F AR B - R R
At RR AR I AV L REIR R AT, 2 2 e 35X (cell colonies,
CCs) ifiid #55¢ wrr M I3k » PERHR XS FEFEL LB AR IAE 6
A T HFREH A e R FEA L 2h CCs 2 B2 G S F s A K

AR EFIALE QA CCs ?hE G L4 A2 mk ¥ dh

N

ERAS LR s AFEL B E wme A F IA e BEG SF e
GA A BRI E B ks LR (B 7)o AL
R EAE 2 e AR AN S AT AR o W E - H P

R LESTY £ IFLZ‘! & f #E % m;}'} F

\Lo-
T
Rt
[N
PN
b
-i;u
Fr
el
[
o
-\-”4
A
5
N
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UIACEE S ERT LAY ST VRS SSRGS F S F LR
EAEE P2 R HE LA S mE s hR R AR R A0 o (W i
© % 100 B t)

Figure 7. Cell morphological comparison of dopaminergic neuronal differentiation
group and control group by using DsRed pAFSCs in vitro. The arrows indicate the
morphology of neural-like cells with thin and long axon-like processes. (scale bar = 100
um)
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3133 ¢ FRpI kil WA FHEL LSS v Rp 2 H G %
PHEFRERS FL iR

AEHR T o d FORF I kiR > RF RN R R T2 MRS
TR G A G R Bw ARAE L hR  S R e
FFXLG ZEPIA e L T ELARA G AWM OFREEID F e aF iy
oo d @ Bl kg =0 (B-Iltubulin) 1T 54 i lmre cnd BRI T R
Iepg zz it = (tyrosine hydroxylase, TH) 1% % 5 & Jicjl (5 2 2 o i £ iy
B GERGREE S S TR S AR Y KA LR M &
FEAF R e fod s 2 € 2 B tubulins ¥ ARG Z &R
WE o R ey 23 R P &R -1 tubulin enime > £ 7 ppFe 5 3 d §
LI ki me A X LA e (B 8)c B XA EA S 12X ¥ At
it FIRAR TH chime (B 9) @ adpdlleB? v - il F R R e
PREMFIR G Mo d FRBEE kit ABARFEAL L LT R
(# 10) -

PR RS R RFR A ST E L F AR I KR D

R REIRM oV L p R s A gH Tee Attt AR d R /T 4t SHH~FGF8~

<

=24

bFGF{rBDNF% # ¢ 4 £ ¥+ V¥ F F o d FLpI kizmieg- H L 1 5 4F

AN

el g e R b R BT TS G BRI  d F R L
e G AR SATS T S S TR SR RS IR R

SRR R RS 2 e KR
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v LR YRR BRI BB L - 3fd 2 FRp I okizmear e

oMz A amre o (0 6] 8 5 100 Hoh)

Figure 8. Comparison of B-111 tubulin expression between the dopaminergic
neuronal differentiation group, control group and 2™ antibody (Ab) only group by
iImmunocytochemistry staining 9 days after induction. The arrows indicate one

neuron-like cell differentiated from DsRed pAFSC. (scale bar = 100 um)
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W O tod ¥R Kizime ool S EA L 245~ i o o

FEACH 123 L d FRPEEL kiRt ¥ RBERE R T > 11 DAPI A
Lwmietr2 =% (A)> @ DsRed pAFSCs & ¥ % 5 ‘= ¢ ¥k (B) > ¥ /5 d pi=pk
it s (TH) eh- Bt e d ¥k - mpuflr o7 R3] TH 2 21 (C) >
D) # AB)~©C) 24&R - HH5 - Hd =d FRpI kizmoe 4 &0
Lz g g T i g e (0 k)% % 100 At

Figure 9. DsRed pAFSCs were capable of differentiating into dopaminergic
neuron-like cells in vitro 12 days after induction.

(A) Nucleuses were labled by DAPI. (B) Red fluorescent expression of DsRed pAFSCs.
(C) The TH positive dopaminergic neuron-like cell was demonstrated by
immunocytochemistry staining. (D) Indicate the merge image of (A), (B) and (C). The
arrows indicate one dopaminergic neuron-like cell differentiated from DsRed pAFSC.

(scale bar =100 pum)
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W10 FFLF 12 XFEAL M drdlery - PR B2 L RpLsRptig
renfmie LR P A BE VR o L - 3d L FRBFI R i e
Uz #E 5 T p o (VB % 4 100 k)

Figure 10. Comparison of tyrosine hydroxylase (TH) expression between the
dopaminergic neuronal differentiation group, control group and 2" antibody (Ab)
only group by immunocytochemistry staining 12 days after induction. The arrows
indicate one dopaminergic neuron-like cell differentiated from DsRed pAFSC. (scale

bar = 100 pum)
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L FRBI kR wmr kN EAB ISR 45 R

A H2Z7F AR

T & N g s - g g SRy EXR H i F7 d f«%_aa W2 e
5 = gl 2 (dopaminergic neuron) - o &2 Wi KSR SRR F— 5 ¢

it

—=

e WA GREIRNAL I EFAL - LB P PIRE L T F
H

iR e TSR BE T N A B R H R o AR i R B foanss i B

%@%Ei%ﬁi%“’f*%%@ﬁaxﬁﬁﬁs&ﬁiwﬁwafﬁ%a—

Frwmre LG p AL AT PRE S L S e it o K BT T AR
B2 Bk 0 RSN E A FEELAR S 0 Udien 5 A ek B T
LA HET EHENEITERIELFS o  ABRRMNESFFEE T EECEL R
B p BB 0 £ BB (xenogeneic) F¥ kiR X ki iwre 1F L AR

F L

TR S LD SR REY R £ R A e
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3.2.2 ek
3221 #kbP kihz %

* 3 % ¢ * Sprague-Dawley (SD) ze M+« & > ## = 2 ~G# LY
250~3002 5. B #ErfL 4 AL L2 P (BioLASCO Taiwan Co., Ltd.,
Taipei, Taiwan) » &% 3K |# %5%‘31‘;;3}:}7” P e £ P E R 523+ 2°C o = p
b IR TR L F R kBRI 0 2~38 A - BT 8S g ] iR B A
FoAAgCR > Bl LB R AFERRE LR o FR L BB Y
FHRALENRS LY -G FHYRBRREAHFREGRR  RBRHREBS LA

RICAA SR ERARBIEEE @7 LR g2 LARP -

3222 7 fHA R RARBFHNLE >
AERGFETERFT N2 £ SR KA RB S o A 6% K

& % & (chloral hydrate; Riedel-de Hagn 15307, Germany) #f vzl bt #-+ EUFRAS {6
R E L pp BER S X H R 2 & (stereotaxic apparatus) o P

L7 RIFAFEL P Rz A B XA LR R B o T (bregma) E 2
BB s 44 FF L 12 T4~ p e (dura) w7 7.8 F o L oELER A
(Strémberg et al., 1989; Weng et al., 2013) (Bl 11) > 4 7 FH4e ] < 4EF jpt - § & ¥
R M TR 2 MBI E (microsyringe) #- 4 ul e - A § T ok
(6-hydroxydopamine, 6-OHDA,; 5 pg/ul in 0.02% ascorbic acid; Sigma H4381, USA)
FEML s 0 X B L M2 pRIE % & (medial forebrain bundle, MFB) i3 #ti# & % 0.5
ul/30sec> #Fixst= B s ¥ 34wt HiET > £ 12 2 mm/20 sec 2 & F 4 1 &5

(g] 12) YT fS d-% \BE*KI5P%L‘T‘B.q»&lE‘WJA'f,li}ﬁi_‘ﬁi]éqra?}i ﬁq* o
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Figure 70 ]

fan & 4

-
S P e

AHIEM

T _'_"\_-_,_. L— = S Ay
Interaural 4.56 mm

7 3 5 4 3 2 1 [] 1 2 3 4 5 3

- 1
Bregma -4.44 mm -

(Paxinos and Watson, 2007)
W 11. 6-OHDA /L 630 > K 4B o (L 5tae: bregma w {8 44 F F ~ ¢ & £+ 1.2
T e T 7.8 F )
Figure 11. The coordinate graph of the lesion site. (4.4 mm posterior to bregma, 1.2

mm lateral to the midline, and 7.8 mm below the dura)

W 12, Mz e kg8 6-OHDA 2+ L W °

Figure 12. Injection of 6-OHDA by stereotaxic apparatus.
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3223 Pl g 2 W75
11 6-OHDAR S ~ ELH ] 2 7 % R 48/ 8. (nigrostriatal pathway) = i & 3 5
veii s+ 0.5 mg/kg e 55 = (apomorphine; Sigma A4393, USA) » 5§ 2 L & FH
T4 RN R g e o AU p B (T 5 o4k k sL (automated rotometer
system; MED Associates, Inc., St. Albans, VT, USA) izék~ B g idd Bldc (B 13) -
BOPREPFRF 5604480 H P U FA404 48 TIEE DA A M4 2 X R 2 G H
= & &g~ B (Herrera-Marschitz and Ungerstedt, 1984; Lessner et al.,

2010) -

3224 ¢ ¥FEkpi-Rizm® Xk

i d § R E kIR kRdoiEsk - riE o

3225 wmrw i+ L B2 AR

AEsei 2 1 N1k #e B E 9 250~300 2 52 SD + & 5 2 6-OHDA L3k
SRH P2 FRRMERDL > SRS T L HE N T & SRS
AR IS S (1) T & &N miest + B¥4le (PDrat control group, n = 3) ~
(2) Hxpipt @ ¥ iz (PBS) 1tz %P & (Sham grafted group, n = 3) ~ (3)
i d ¥ RkFEI Riziwe 4 e (DsRed pAFSCs transplantation group, n = 6) -

e % e AR AL A dow i 2. 6-OHDA lesion £ jis 2 #5 f8 Ae s < B2 &R
£ (striatum)> H = gz A2 L34 (bregma) 5 5% RE w8 05 % K

4 25 % ~ p %% (dura) = T 45 F F (Wengetal., 2013) (8] 14) - 5 # 4 2

e i PBS ¢ 0 B2 e B 5 3~ 4x10° cells in 4 pl PBS (@] 15) - # 5w
PRl TR w R PR ESEFF 2 EH TS RBE TR R (B

16) «
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W 13 MpdaRFied it Bl iBklTiW-
Figure 13. Recording apomorphine-induced rotational behavior turns by

automated rotometer system.

7 & 5 4 3 2 1 o 1 2 3 4 5 & 7
W & ] LN A
. . . ]
N I B —_ L Figure 37 ]
el M ] SN i i N| ]
Wy A L oosma M S oMM e N ]
. AN \ | o N 1 ! 5
\
) N
7 3
& 7 ' 4
g ! 1
— l :
H !
H
H— f 6
5 |- |
it |
: - |
3 i 7
) e
[ | 4
L s
1 9
a 10
Interaural 8.52 mm Bregma -0.4§ mm -
S e RSSO RIS S A Sl AV B

(Paxinos and Watson, 2007)
W 14 wreHENtRE R (Léicbregma 15 05 F K7 &w £ 25 % F
e T 45 F )
Figure 14. The coordinate graph of the transplantation site. (0.5 mm posterior to

bregma, 2.5 mm lateral to the midline, and 4.5 mm below the dura)
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W 15 MmifErREFwEHBEE L TLE -

Figure 15. Transplantation of DsRed pAFSCs by stereotaxic apparatus.

-OHDA lesion Rotation test

« Selection of PD
modelrats

Transplantation Rotation test Rotation test

{PD control Sacrifice

I

Sham grafted (PBS)
DsRed pAFSCs

B 16. " &N m* RAERBHFFH S22 we HBHELIER -
Figure 16. Flow chart of establishment of Parkinsonian rat model and cell

transplantation.
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3.2.2.6 ﬁ,&&_@_%‘i it #% ¢ (Immunohistochemistry)

r1 6% -k & &% fE (chloral hydrate; 8 ml/kg) # "zi & #-~ EURpfs 16 B 20BN &
Fo RS ARG RE e A RTRAREE R BFPERET B RO
Bl REA RS 20 (FEANT) TrFH R -09% 2 2 @k
EZCFREFERORPFIIRLCRES R o BIRYEMENT FH D
4 I8 S ok F MBI R L H R ATHA R 2 4% PFA (PH 7.2-7.4) FiEn D 4 &
2ERA (H400ml) TF oo R (s > M-k KRB R 2 4% PFA Y 4T
B F TR R o L H 20% FEHE (Sucrose) B iRiB (TR 0 B R R 2T (S
B 30% RABBREFTH D MR FloERE T T REL SR

Btk 2 R le iy ol ¢ 32| (optimum cutting temperature, OCT; Sakura
Finetek 4583, USA) = > & s {2 » & * 4k #  (Leica CM1860 UV, Leica

Biosystems Nussloch GmbH, Germany) *+-24°C 12 30 ym e R i {7555k =7 3 » T

iZ B~ nigrostriatal pathway 1 f& ;3% (free floating) i& {7 & % gL oAFH
5}?-&11" :
(1) Felessr 3 ¥ >t 24 welldish @ » L2 PBS (1X) Bz =0 > £ 12 0.1% B3 -k

(hydrogen peroxide, H,O,; Calbiochem 386790, Germany) ** %™ ~ J& 30 4 45
IR IR i Mol Y 2 )4 i § 1t AF (peroxidase) °

(2) 4% 0.1%H0, 12 PBS ik = = -

(3) “#r » blocking buffer—0.5% Triton X-100/PBS % 1% .. % s 5 (normal goat

serum; Vector S-1000, USA) &% 1 | pF » % 103 15 P W JE¥r2E 5 — [4en

(4) - =it (rabbit anti-tyrosine hydroxylase; Millipore AB152, Germany) 4 #f
%35 1:2000 % #1§>* blocking buffer # -

(5) v ffBis2 - sprdl > B ACRTF RIER -
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(6) #-= =44l (biotinylated anti-rabbit 19G; Vector BA-1000, USA) ri#f1# i 2 N
1:200 % ### >+ blocking buffer # -

(7) #% - Bfadllis - o0 PBS iz = 4o » s 2 - mdadl - R T AY
FREL

(8) t-BmFulr x=w 30448 F3EALAeE ABC kit (avidin-biotin complex,
ABC; Vector PK-6100, USA)» #-fic % 45 cn ABCKit** 38T 27~ &304 4 -

(9) #% = mpuals 1 PBS Bik=% o £ 4~ ABC Kitw 3R T RFF b 1
,J‘ E]“;‘E o

(10) # ",!rt ABC kit 4 » 2 0.05% = % #7 %¥ "= (diaminobenzidine, DAB; Sigma
D5637, USA) 25 d F B 5 4 4s o

(11) # % DAB fo o PBS Btz =t > ¥ Ed 2 P It P T B

(& # % mounting medium #+ 5 > TF Ak B R AE T BRE o

327 HEganr g

MdpEEAd RS2 10X RAp 1S {1 k& 4o (Image-Pro® Plus
Version 6.0; Media Cybernetics, Inc., USA) & 74 SHRAE B R 2 T & o B2
R AR 360um B B REB P BE R RS Rl R R B
Hcid > 99 F8 (corpus callosum) 5 4 B E o #-m ¥ Bl i 100% ¥t E B

BEFRARS S T RN S RAR R

3.2.2.8 sitL 47
RSk 2 g @ * GraphPad Prism #rd8:& 7~ 47 > 72 ANOVA 2% Tukey's
multiple comparisons test it/ #-F Sk e 2 R E4o 0t o T T EaE + R

Z (Mean + SD) = ;%475 » § p<0.05 ks ¥ LHFLE -
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323 #% &
3231 " & H VS A R R RRMERY o iRid 82 2RF
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Figure 17. Tyrosine hydroxylase immunoreactivity in the nigrostriatal pathway of
6-OHDA-lesioned PD rat model and sham lesioned control group. (scale bar = 1

mm)
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Apomorphine-induced rotation test
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Figure 18. Apomorphine-induced rotation test analysis of different experimental
groups. (PD control group, n = 3; Sham grafted group, n = 3; DsRed pAFSCs

transplantation group, n = 6) (**p < 0.01, ***p < 0.001)
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Figure 19. Tyrosine hydroxylase (TH) positive dopaminergic neurons could be

observed in the striatum after 4 weeks following transplantation of DsRed pAFSCs.

(scale bar = 100 pm)
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Figure 20. Tyrosine hydroxylase (TH) immunoreactivity in the nigrostriatal
pathway of different experimental groups 4 weeks after of transplantation. (scale

bar =1 mm)
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Figure 21. Quantification of tyrosine hydroxylase (TH) positive neural fiber

density of striatum in different experimental groups. (***p < 0.001)
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Figure 22. DsRed pAFSCs were not capable of expressing pg-111 tubulin and TH at

24 hours after transplantation. (scale bar = 100 pm)
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Figure 23. DsRed pAFSCs were not capable of expressing p-111 tubulin and TH at

48 hours after transplantation. (scale bar = 100 pum)
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Figure 24. DsRed pAFSCs were not capable of expressing p-111 tubulin and TH at

72 hours after transplantation. (scale bar = 100 pm)
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Figure 25. The cellular debris of DsRed pAFSCs left in the graft site at 4 weeks

after transplantation.
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Figure 26. DsRed pAFSC survived and differentiated into TH positive
dopaminergic neuron at 4 weeks after transplantation.

(A) Nucleuses were labled by DAPI. (B) Red fluorescent expression of DsRed pAFSCs.
(C) The DsRed pAFSC-defferentiated TH positive dopaminergic neuron was
demonstrated by immunofluorescence. (D) Indicate the merge image of (A), (B) and (C).
The arrows indicate one dopaminergic neuron differentiated from DsRed pAFSC. (scale

bar =50 um)
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