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In Vitro Neural Cell Differentiation Derived from Human Embryonic Stem Cells:
Effects of PDGF-bb and BDNF on the Generation of Functional Neurons
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Objective: This study was to investigate the generation of the functional neuron derived from human
embryonic stem (hES, MB03) cells on in vitro neural cell differentiation system,

Methods: For neural progenitor cell formation derived from hES cells, we produced embryoid bodies
(EB: for 5 days, without mifogen) from hES cells and then neurospheres (for 7~10 days, 20 ng/ml of
bFGF added N2 medium) from EB. And then finally for the differentiation into mature neuron, neural
progenitor cells were cultured in i) N2 medium only (without bFGF), ii) N2 supplemented with 20
ng/ml platelet derived growth factor-bb (PDGF-bb) or iii) N2 supplemented with 5 ng/ml brain derived
neurotrophic factor (BDNF) for 2 weeks. Identification of neural cell differentiation was carried out by
immunocytochemistry using By-tubulin (1:250), MAP-2 {1:100) and GFAP (1:500). Also, generation
of functional neuron was identified using anti-glutamate (Sigma, 1:1000), anti-GABA (Sigma, 1:1000),
anti-serotonin (Sigma, 1:1000) and anti-tyrosine hydroxylase (Sigma, 1:1000).

Results: /n vitro neural cell differentiation, neurotrophic factors (PDGF and BDNF) treated cell
groups were high expressed MAP-2 and GFAP than non-treated cell group. The highest expression
pattern of MAP-2 and fy-tubulin was indicated in BDNF treated group. Also, in the presence of
PDGF-bb or BDNF, miost of the neural cells derived from hES cells were differentiated into glutamate
and GABA neuron in vitro. Furthermore, we confirmed that there were a few serotonin and tyrosine
hydroxylase positive neuron in the same culture environment.

Conclusion: This results suggested that the generation of functional neuron derived from hES cells
was increased by addition of neurotrophic factors such as PDGF-bb or BDNF in b-FGF induced neural

FHYAAR G, $)130-110 AFSEA FOET ALF 103-11, vhejol 7|z gtd Fayete)ol APFEATA
Tel: (02)2250-5653, Fax: (02) 2250-5669, e-mail: sppark@mariababy.com

B d7e BUSAR el B A7 EMEAMY S HAAGATH] (01-PI10-PGR-OIECO1-0010)2] R[] &lated o]
o}d A4.

This study was supported by a grant (01-PJ10-PG8-01EC01-0010) of the Korea Health 21 R&D Project, Ministry of Health & Welfare,
Repubtic of Korea.

- 117 -



cell differentiation system and especially glutamate and GABA neurons were mainly produced in the

system.

Key Words: Human embryonic stem cell, Neural progenitor cell, BDNF, PDGF-bb, Functional neuron

vfo} E7] M3 (embryonic stem cell)s 3 @o]
244E7) A Euj7) vio} (blastocyst)d] WF- Al
A (inner cell mass)ol] EAsh= Aoeg B8 23
& THeo] Uie 7|RAQ P8 AR W N 38,
I 5 BE AAr|geE A8 F e 5 Al
3E (pluripotent cell)olth o] A9 B H2jo)A]
32 g9H e gashs 2hA LakslA 2

7Feste AAA d3e fX8A Ha, &
A #3 2728 B3 2007 o) AE A
v &2Fer F3d + Qe FEE /XA gk
19814 Evans$} Martin 5] A3 siRIE7]8]E o]
83t} vjob E7IMEE DTy Hxz I o]
F17 1998 15 Y424 t)8he] Thomson &
AH 2 759 FAkgE Wjo g Al wjo} &7
AEE ==t AFEItE 20008300 Reubinoff
5ol oj9k FUT WHOE Q1T wio} EUIAEE
ks yozA 9o A uhyS dukslslic
Shuldiner 5 QIZF o} E7|A 27} lokgt A3t
Azte]] 93] o AEZ F8l7} o]FoiRE AL
Baslglon olg B3 54 AaAxle] gk o
ek ohzl YA EZ ] E3lo] 7FeAE AN
u}b deks
SHANAAE AF R dlel g8 Az
ol BAHNE W, o) 2L ] FEE Qe

o] wl%- AgAQd Aoz dA ik o3t
52 Aol o &4 gEAQ dE HYA
3 (Neurodegenerative disorders) Q.8 52177

TAERE Alxe 39 EE 7)% Fojol] o8 2
AEE 28E onleln, B70EY (Parkinson's dise-
ase), X1ull (Alzheimer's disease), THE Y (Hunting-
ton's disease), HAIS 55 (Multiple system strophy),
ZHEA 549 74315 (Amyotrophic lateral sclerosis;
ALS) ¥ #F £/ (Spinal cord injury) F0] 7o)
&} AN L] AR TH Aol o) B8
3 HAFe TRAQ 2P o} M= ke
“dejolct. A2 olef3t Al FEE FEsb] U
oz AEOA LY (cell replacement therapy)©]
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w2 ofstel MARol diFE Qivk & 4= =t
&yl 2 Bl A eole] FH2AE &4
£9o] olajste] AWo] AEHE ANE Aot
o} ¥zl S ALt &E3Ql o] A4 o
1 9k o1& #Es & & ' T UE AXgA
ayog vlo} E7NEE o]§sle] Zt Ao] 2
7154 ABAEE BeAFA o]gsh= o] %
o} 200130l = Thomson 53} Reubinoff ¢} ¢!
7k vlo} Z7IAEERE AQolA ARG FAAE
£ B3 AAAEE P8I9E ¥ ohie), g
AR AFAZE Fol oAz A 7154 A4
x2o] B3E Yishst 4Fdtd 71439
A% A8l o)l§ 7F54dE ALY

£ A7ae Q79 EYAE FARAM AREE AL
G2 o Hjo}E 53 o) T BRET H, $A9)
BYE ¥ ARRl QT vjol EVIMREE W=E
wie gyEgen !t A2de 47 AAoE
(mouse embryonic fibroblast, STO) $1o] wlie} &714

& &55H MFE F Y feeder-free WY Al
wg E3lo] MB (Maria Biotech) 029} MB03 A ¥
F& Asted A3 £ A7t B
MBO1, 02, 03 @A) vl= NIHO 555 = 4H
ojct.

£ AFE feeder-free Wl FEH A 218 ufo}
E7IHEFTQ MB03S 8319 AlLjollA] 47 A
Axzo] YL FrEsiglon, AdAEas 38
7] A8l 4738487 SRARE g#lA Yl PDGF-
bbet BDNFE Azisld] §A4T 7154 MEEY &
37} FFetA Y A58 ZARBIIT

AT oha U Yy

1. A7 the

B Ay AM-E MB03& STO cell (ATCC, CRL
1503) feeder ollA] wiF=lo] 108] A (F 2, 40
population doublings)7} ©]F013 thg-, Matrigel (Col-
laborative Biomedical Productive)o] ¥ E wjgAl
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o]} STO cell conditioned medium @& 203] o4

Al wigE AEFolch MB03 54 FAlIA] alke-
line phosphatase &7 (Sigma)7| s on AX
Fwl Bol9la}el SSEA-4 (stage-specific mouse em-
bryonic antigen-4, DSHB)7} SSEA-3 8.0} 7] 48
31, SSEA-12 LHHA] G2 AL #AFIcE 2
2|3 TRA-1-60 (tumor rejection antigen-1-60, gift of
Dr. PW. Andrews)¥ TRA-1-81 (gift of Dr. PW. And-
rews) Bt FHET H& A& gRISiqlTh 9
RT-PCRE &3l wisl AejolAnt d#HHE= Oct4
(octamer-binding transcription factor-4)® F-42}9} telo-
merase activity (Intergen)E 3QI5}3ich L3 £7)
AE7F A HHAE G-banding 22 ZAIEHY
I karyotyping (46, XX)& #qlshadt).

2. Qlgh Hjof EVIMZEQ AAMEZRS E3t

3t wjo}l STt HF AR "776“1!— X8 ¥
e AL 2] & uggAel o8, 714
¥ B, embryoid body I 94, 217 AFAE
{neural progenitor cell) 7], 7154 AAAE (fune-
tional neuron, mature neuron) B8} & 47} ¢)
ek & dgle Aeoh

1) Embrycid body (EB)2| E4

B #3ke] 94 derl 3 wigige) BAE @

i 9,1‘: NI P A dojd 247 TR
upz} oekek Az o) 237t 7hesicl wiol &7
AEe] B3 F= MB03 AIEE 0.1% collagenase
2 Xk v 28] o)4d A A &, bacteriological
dish (Falcon, # 1007)°] 4~5<10°74¢) Al¥E Y3
10% FBS (Hyclone), 1 mM L-glutamine¥} 1% non-
essential amino acid”} €91 4 DMEM/FI2 (Dul-
becco's modified Eagle's mediumv/F12, Gibeo) 8%

ol A 597 Ff wigkehe =M EB HAAS FE3IY
T} (Figure 1A).

2) &E HIME (neural progenitor cell)9)
d

27 ATFAEZY AL EBE 0.1% gelatin©]
FEE WY A (Falcon, cat #3002)°4) 20 ng/mie]
basic-FGF (KOMA)7} #7Fd N2 wjgFio g 7~10
Uzt wieFro = FEslth N2 Wil DMEM/
F129 N2 supplement, & insulin (Sigma, 5§ mg/L),

putrescine (Sigma, 100 pM), sodium selenite (Sigma,
30 nM), apo-transferrin (Sigma, 100 pg/ml), progest-
erone (Sigma, 20 nM) 5°] J7hd A7 ¥4 WG
delu}, 2174 AFHE GAol A= EB7F AR Rot
Zehd, FHogE wWol Uzt £3) FeiE Holn
FA%E 23 FeE JERdT (Figure 1B, C).

3) 7l&M MZAME (functional neuron) 29
=5}

AAAEE sy Hsiae Rstd BB 224
(A7 AFAE GANE 0.1% Trypsin-EDTAZ A
&ted 100 pg/mll poly-D-lysine (Sigma)e] FE&E 9|
FRAL SelA, i) N2 W] F2 i) N2 wjekeio]
A% 39022 dElA 2= 20 ng/ml PDGF-
bb (platelet derived growth factor-bb; Biosource)tt iii)
N2 s]%F8ol 5 ng/ml BDNF (brain derived neurotro-
phic factor; Chemicon)E 7~14% <t &7} wjoks}
o 7154 AAAER AGAZT

3. BGAIZSleE ou

ggog Bzl AAMNL} AR A7
£ BAE UEX gRE AR
ojr = og ezl g
AFSSE AIE B4 7S As 9SG
waehd gl AdvrA e g AMEE N FY
A = AR e A 4% parafor—
maldehyde (Sigma)E 1037% oAl A A elehglar
Aol AEEt 534F $o17] el 0.02% Triton X-
100 (Sigma)& 10%7F X 2]3lAch vjHold A¢E
+2)5}17] 918 5% normal goat serum (Vector) S &
X7 B9 Aol A WHAIZ T 12} dA Y A
B 1A ot Aol ukgAFCh 1A gAHEE
A7 AFAMEL] HA] FAZA] anti-human nestin
(rabbit 1gG, Chemicon, 1:100)°] AFEEILT, 417 4]
Zo] gEgA #2) FABA] anti-MAP2 (mouse IgG,
Sigma, 1:1000)9} anti-B tubulin isotype 11I {mouse IgG,
Sigma, 1:250)7F AHEEIATE 7B A XA vl%
GAelA delshs B2 ek FAZA anti-NF160
(mouse IgG, Sigma, 1:40)%} mature el A L]
= Edo] vk FAZA anti-NF200 (mouse IgG,
Sigma, 1:40)Z AM83ISITE A REAEE d2H
Ay AT (astrocyte)ol] THEE x| A RA]
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Figure 1. Neural cell differentiation from embryoid body (EB) derived human embronic sterm MB03. (A) Floating
human EBs. ><150. (B) Attached EB on 0.1% gelatin. *300. (C) Neural progenitor cell formation from EB induced by
bFGE. X40. (D) Neural cell differentiation from neural progenitor cells. <100.

anti-GFAP (rabbit 1gG, DAKO, 1:200)0] 2:%th &¥
7154 AN E g B2 FAZA anti-glute-
mate {mouse IgG, Sigma, 1:1000), anti-tyrosine hydro-
xylase (mouse IgG, Sigma, 1:100), anti-serotonin (rabbit
IgG, Sigma, 1:1000), anti-GABA (rabbit IgG, Sigma,
1:1000) Fol AH8EIRAc) % 23 A2+ TRITC
(tetramethyl rhodamine isothiocyanate) conjugated goat
anti-mouse or rabbit IgG (Jackson Immunoresearch, 1:
200)$} FITC (fluorescein isothiocyanate) conjugated
goat anti-mouse or rabbit IgG (Jackson Immunorese-
arch, 1:100)0) 1AIR} §2F A-2olx A& stach =}
Ao 2 737} sampleE-2 mounting (Biomeda) §F

¥, 21 A= FITCY 79 520 nm, TRITCY] 74
630 nm SFLEHE F23 JF dv|Foz 4
&ck =3 sample?] F7] HEE g WRes
ABC (Avidin-biotin peroxidase complex, DAB staining,
Vector) B4 7|EE o] g3te] GVHAQ B3-S d9
Bokth ABC €4 W& oA Uit 12 gA A
ol 22} 3FA|Z biotin labelled goat anti-mouse or
rabbit 1gGE 1212} B¢k ¥HEA AT tHE- avidin}
EAE streptavidin peroxidase”} 5% 84E 308
7+ Mzlsle oA 231 dAel AFAFCh vt
2 H,0,7} £0]7t 714 24 DAB (3,3-diaminoben-
zidine)& AME-3Y §~1083F WA F BT
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Figure 2. Nestin/B-tubulin stained neural progenitor cells with DAB staining. (A) A number of neural progenitor cells
were stained with anti-nestin. <200. (B) A few neural cells stained with B-tubulin were presented in neural progenitor

cell stage. <100.

T
F5)9ick

A& FANA Gt Feh @ujgsield &

2
1. QIZhHjo} Z7IMEZZRE] MF HTME 4

Izt o} Z71MIE (hES, MB03)Z%-E] EB7} A
AE &, 0.1% gelatin 9914 bFGFE 7~104 F<¢
Hrreke wlgslch AAdHEHo] HEEE A
o} gl HANES s G4 why Foll ABC ¢
S B3l IS 54 tZT (negative control)
< YRHoEE 22]' AR A2t FollA] u] Eol
2l Agel S FRIsIAT, =T AAFxAFH
A gl= 429 A /‘1]201] NZAEA A 12 A

2 WA H 27 AR Aeisiel A2 2EA
e AL AU, G4 FQ B3} EBTH A
97] Aol AAAE EAAAE) BEIA Bk

t}. 2y} EBOl 10 ng/m! bFGF2
ATAER #3 F=slgs W, AX 4 F 32
u] 4| Ad-f- (intermediate filament)2] Y4 nestin &,
FEARJA} 50% o1 AstAl thges HAEsHe A
< FAEAT (Figure 24). EF, FU A 473
ATFHE 23} dAAME AANERS £35 ¥4
A=) Btubulin isotype 7} 4% YAHE AL

&1} (Figure 2B).

Aeiehed 17

2. 417 HIMEM NFMERO 23}

o)efdt AlA AFATE 10~14Y A7 Bt F

SARE o, AT B 54 BAe) s
siol AAME R Bo7} ool BT
S QSITh W% 27 FAES o8 AL

R RN AN A A7 AFAH LY Ex 239
nestin 10% F)¥ro.2 HASH= WHA (Figure 3A),
NAA L F4o] YK Z2Q MAP2 (microtubule
associated protein 2)9} B-tubulin isotype 17} 719
] g AFOR 60% ol THHAE Re HUY
At (Figure 3E, F). =3 AAM T2 £33}
0“1‘1 uigt tlo] wt tEA 2dEE 2ol )
B, 2 F A% dAlA o 2@ vehve
AE FA9 F3t vlA AHF UH-< Neurofilament
(NF) 200 E3o] uldsd ABAE *é% G
ZA)81= NF1608ch Tk £A181% 3-8 SISt
(Figure 3C, D). 417 BEATO B AEE o
317) 918 JALME (astrocyte)ol 3k HolH oz W
3k 271 v A2 GFAP (glial fibrillary acidic
protein) = 10% o4 L&HE A%S & F U
(Figure 3B).
=g, 21747 £221R! BDNF$} PDGF-bbe
A7 ARAEL} AN BEAEL P mx=
qgg FAlol Blaaly] $3 double stainingi S
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Figure 3. In vitro differentiated neural cells after 2 wecks from neural progenitor cells derived human embryonic
stem cells. (A) Neural progenitors with anti-nestin. >200. (B) Astrocyte with anti-GFAP. *<400. (C) Immature neural
cell with anti-NF160. <200. (D) Mature neural cell with anti-NF200. X200. (E) Neural cell with anti-MAP2. ><200.
(F) Neural cell with anti-f tubulin. ><200.
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Figure 4. Double staining of MAP2 (green, monoclonal antibody) and GFAP (red, polyclonal antibody) examined in
mature neuron stage according to the treatment groups. MAP2 and GFAP staining represented as indicators the neuron
and glial cells, respectively. Green color is the more, neuron formation is the more. Each group was treated with no
addition of growth factor (A and D), PDGF-bb (B and E) and BDNF (C and F) in the neural cell differentiation stage

for 14 days. (A, E and F) %< 100. (B, C and D) <300.

g1t 1 A3} BDNF$} PDGF-bb A&7 =
F o ABAERY] 237t AAARE HFK
e gzl vl 84 o 78l deS ¢ &
AT EF Holl AT F 4B 210U A}
olo] AMT=e] £ B3 AW B BDNF A
2] PDGF-bb AT Ko} F t] AHNE A
229 MAP29] BE ATs} Eokt) 9 AAm
AEo) ¥x 249 GFAPE 23] BDNF AT
Bt} PDGF-bb AHejollA] ozt S7kska glow,
PDGF-bb T} RIS AE)dtA] & izl
A A wEsk S-S FA30h (Figure 4).

3. Hiot Er|MES| HEHL Ji5d NBMER

€ Adgol ARE A7EE Al&EA HFAo
SE AZAEE & A9 54U "4 o

Age] AEAY] X5 F o 32l i Ay
Axsstd GA vhig o]83] 7T H R ot
AELZ BEE o)Fa JeA AnEuzt vk
71 A7 BDNFY} PDGF-bbE #2381 && iz
ToAME glutamatedt GABA AAMEL29] F37t
wlu] gk ¥bE, BDNFE A2 AXE 9F 20% o4
glutamate®} GABA A1 AA X7} 242k EAJ31= 2o
2 FQIEQIE =8 BDNFE A st 3420
A X7} PDGF-bbE A Elate] #3HA171 Al Eol vls)
cholineA| "o} 431 glutamate®} GABA (y-amino
butric acid) A1FHGEZe Uig A Axe] LH
o] 5% ol ¥A JERTH (Figure 5). %38}, seroto-
nin ABHAGE A & P AE} catecholam-
inesAge x99l QA= FosHA BASHE 54
¢l TH (tyrosine hydroxylase) %43 274Xz ¥
37} AR o]FoiA A& AT F Yo vz
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Figure 5. Generation of functional neurons from neural progenitor cells treated with BDNF or PDGF; no addition of
growth factor (control; A, D, G and J), PDGF treated group (B, E, H and K) and BDNF treated group (C, F, I and L).
Indirect immunostaining of GABA (A~C), Glutamate (D-F), Serotonin (G-I) and dopamine (J-L) secreting neural
cells. (A-L, X200).
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Table 1. Effect of neurotrophic factors on the generation
of functional neuron

GABA  Glutamate  Serotonin TH

BDNF  +++ et ++ +
PDGF ++ -+ - +
W/O + + + +

"(+): Tendency of generation to specific neural cell
derived from human embryonic stem cells

T3 8lwEe-2 W, PDGF-bbt BDNFE A%
Tol|A] Erhe Ao M vehx] gt} (Figure §
9} Table 1).
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oA WA, A HFAEe] AFE E o] @
o3k AL W <A ol MB03 #lo} 714
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AZAE Ao} 9o CholineA otmjeAt 289
glutamate®} GABA 1A X29] £318 453131,
o] Zhang ¥ X Reubinoff 59] 48 Ao} $A}
sk 2 Y Avle W9 MZEA (corpus stria-
tum)o] EA43HE GABAS} glutamate A 734 EE0]
F2 AFgsle &5 Aolg sk d9d 4o
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