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(teratocarcinoma cell)2l P19 4| Z7} retinoic acid (RA) X]]ol] ¢]3] AAMZzz 2
chl g o] whale E3 #ql5l3 2-mercaptoethanol (2-ME) 2 ascorbic acid (AA)71 P19 A Z.2]
EAE AT RAG oJs) 23tgl P19 M 2+

neural cell adhesion molecule (NCAM), neuron-specific enolase (NSE) ¥ calss 11 B-tubuline] WHE o]
Eo] thulzle] glid fibrillary acidic protein (GFAP)] whal -2 #23t 4= glgio) =3 AA9)
MAE dge A Ash AAE HYT A%
]

AAAES) Feld 59 el

o] JolA] AAME-Eo] Thlixle] W EE

ore Ao nr} Zylsl A Ryor} 2-MES RAd 23 P19 4|29 H3}a}R]e] =
A9 A= retinoic acidel] 23] PO A Z7} A AMZ2 BIgoEs AL HAFE
Al Aol 9leir PIOA| 28] o] & 75 & A|AEka gleh

ol 7] 2k : P19 M| X, retinoic acid, 21ZMZ £3}, NCAM, NSE, B-tubulin

A2

AFA =l A F g 713 4= (teratocarcinoma) Al Z.¢1
PIO A 2= wiFz71el wtet wiAbgiuivl 3, A7 M 2, Z8A
Z, 49N E, dEA 2 5 S FRe Axe 23 4
7] Wgel] B3] Agrda go| o] £Ed (Martin
%, 19753, b; Nicolas 5, 1975). P19 M| 2] B3} 4B g =
A 22 2] B3l o] 8FH= dimethylsulfoxide (DMSO)<2}
A 7AM 28} HolmA Ezo] B3}o] o] L= retinoic acid
(RA)7} #F =14 gl=} (Jones-Villeneuve 5, 1982; Mcburney
51982, 1988). A ERE ofu e} J| Ul x T}
+ RAE HZ3d <ol A3 444, RARRXRE &3
z2ha-gko 22 P19 xﬂ£7} ARQME, Al At wAHE == AH
BAE So=z B3E g3 Aoz o4#A] ¢t (Jones-
Villeneuve 5, 1983). RA:= Al?ﬂ%ﬂi H3}el| -‘4'0116‘]—‘_ 7 sa]
o| = HelLa |z} HL-60 A Zo| 4] apoptosisE
Bl ¥} glok(Nagy 5, 1995).

Cyclic AMP (cAMP) ¢} &AL3}2H48-8 7}#1 ascorbic acid
(AA)E= 324173412 primary stem cello| A =3=21A] A7 A
9] w3tsl Qe mFAHolT A ook (Kalire}
Mytilineou 5, 1991; Branton %, 1998; Yan %, 2001). =3t 2-
mercaptoethanol (2-ME)2 Z4x2]¢)| £2)3}= stroma cell

ANA Az R3E Fz181M (Woodbury 5, 2000)
embryonic stem (ES) celle| /]= reactive oxygen species (ROS)
o AAE dAste] AAAEAS 93} Ao 2] apoptosis
2 A= ez RydE u¥p 9ld)(Castro-Obregon 5,
1996). 0|23+ oA} AAS 2-MEX: P19 4| £2] £3} 714
]E; FoJ g 7Aool =& Aoz ogAETh

ATl A& RA A el &3 PIOM 27} AAM 22 &

AR BAEASEA P westem 24 E o 851

AR le] R 5 Seloh Pl AL
2H7gel 2-ME F& AATL i@ e mAEAE =
AFs1si .
M
1.1

P19 Al = wuf kel A}-8-3F Dulbecco's modified Eagle’'s me-
dium (DMEM), 0.25% trypsin-EDTA3} fetal bovine serum-2
Gibco-BRLA} (Grand Island, NY, U.S.A.)ellA T3]3}t
All-trans-retinoic acid, 2-mercaptoethanol, ascorbic acid %
poly-D-lysine& Sigmax} (St. Louis, MO, U.S.A.)el| A, laminin
-2 Upstate Biotechnology A} (Old Barn Road, NY, U.SA.) | &
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< AHgEhds A Al e mF DA 2 24 anti-class
111 Bl-tubulin (Tuj-1)2 BabCOA} (Richmond, California,
U.SA.), anti-neuronal cell adhesion molecule (NCAM) 3}A] =
Sigmax} (St. Louis, MO, U.SA.), 18] 37 anti-neuron-specific
enolase (NSE):= DAKOAX} (Glosrup. Denmark), A &8 A}-&-3}
93 o]zt A 2= VectorAl (Burlingame, CA, U.SA.) A&
ql fluorescin anti-mouse 1gG¢} peroxidase anti-mouse 1gGS
AL&-51 et 29 el AF-8-3F propidium iodidex= Molecular
Probex} (Leiden, The Netherlands)el| A %13} e}

2.PIOMEO| B U 23} R

Hr

P19 4| £+ 10% FBS$} 0.1mM2] 2-MEe] %35 DMEM
£ AMg-3le] 37°C, 5% COp 2710l A wlj oFalod o, 3dwict
Hank’s balanced salt solution (HBSS)©.2 Aol & 0.25%
trypsin-EDTA=Z ul=te]] Ratgl 258 AL o5 A
dufeF stdch P19 M £E £3}X]7]7] sl E A 1x
1057)/ml =2 A Z2 05uMe] RAS = &sl: v okl )
oAl 3~47F ujoksle] 100~1,00074] ME2 o] Fo|A
| 2k 2 oFA (embryoid body)®] HFAE fr=dton o A
= w27} vigell B2 b= vlElE] el g dER] HAE
Ag-8F e M £ o2zt A= 0.05% trypsin-EDTAZ
A ste] AEZES A2 EA|F) o]= laminin (20 ug/ml)
3} poly-D-lysine(0.1mg/ml) .2 u}=hS X 2]t A Zul k4
Bmm FH B2 HAZ FHTH oF 12417 F A 27} nhge
o] eHA3EH 05% FBSE 23l wigdoz w3t}
29dnie}l FA3E v o2 ZholFqich Al ZE-3lel W]
2-ME®] °JgF& A7 $l8lM = 2-MES A A% 5Y
v ckel & Abgslolom AAS] ofdF>- 200uMe] AAE
Ao} L wickRol Zhat F wsts #EEH.
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=2HE P19 MIZZOA A1ZMZ-50
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A8l phosphate-buffered saline (PBS)ez2 A W R =
blocking -8 (10% norma horse serum, 0.1% BSA %! 0.03%
TritonX-100) 0.2 458-7F *]2]sle] A 2] n|Eo]x <l uh-$-
< A AsAT. UxEkA 24 Tuj-1(1:500), anti-NCAM (1:
250)¢} 4°CollA] 12~16417F ¥F-2A]7]2 0.03%<2] TritonX-
100¢] == PBSZ A W At o|xbekA ub-g
fluorescein anti-mouse 1gG (1: 50002 Aol 1A]7F Zgt
WHA71a PBSE Al Wl A 2 gL o] AFeHA|
o] RAA MHe] & ¥ propidium iodide2 537+ HF-E-A|
7132 PBS2 F W MA3C A ZER 238 A=e
WA F WAL A b AR E-Fo] T
B o] W EE= M EZ] £F Al oS propidium iodides]
AAEY Sz o] %z A shdch

o
&
i,
2

4. Western 244

vkl N Z£Z RIPA k349 (50mM Tris-Cl, 1% NP-40,
0.25% sodium deoxycholate, 150mM NaCl, 1mM EGTA, 1 mM
PMSF, 1 pg/ml aprotinin, 1 pg/ml leupeptin, 1 pg/ml pepstatin, 1
mM NaVOs, 1mM NaF) 2 2. & o] 2 12,000x goll A 5%
7 QuEestel AzAe Felslee o F AT B
=x7) Hx=E slo] 8% == 12% SDS-polyacrylamide gel <]
e F T0VeA 227t A7) FEAT HeE i
transblottingd %] & o] &-3}e] transfer ¢kZg-4 (25mM Tris,
190 mM glycine, 20% methanol)ell 4] 10V<] HFE 147 &
et 2o} PVDF membrane® 2 &7 vk A2l A gk A|7Hg<t
5% skim milk7} 3£3+%] TTBS(0.1% Tween 20, 100mM NaCl,
10mM Tris-Cl, pH 7.5)2 A3t & Ax}skAk-e (Tuj-1; 1:
1000, anti-NCAM; 1:500, anti-NSE; 1: 500, anti-GFAP; 1: 500)
& 4CelA 16A13F FF Al o] xkekAl 24 HRP-
anti-mouse 1gG (1:5000) &} AF2-ol|A] 1A]7F FoF ¥l-LA)7]| 12
TTBSZ A ¥l & & ECL (enhanced chemiluminescence) kit
5 o] 43t X-ray AFo x=EAZH

Fig. 1. The photograph of P19 cell cultures. Normal P19 cells(A) on tissue culture dish, embryoid body in petri dish (B) and neuronal differentiated

P19 cells(C). Scale bars=50uM ( x 200)

—



1. P19 MZe| B35t RE

EIEA 42 PIOAEE
7Y meke wRiM Mz RAEE
A). P19 A 22| 315 93] 107)/ml F=2] A EE 05uM
o] RAgL 0.1mM2] 2-MEo] H7}bsl wjokelel A 327k wjoF
kel Azrdefe]”l wlAHA (embryoid body)e] HAE =
st (Fig. 1B). o] Al=dAA 278 Rl Al25% 05%
o 3 e w AN Wit A3t of 2dA e A=
E715°] J4=7 Alﬂ‘}m‘v} oF 4~59)] Avhal #stel
AlEzEe 2 AEE718 23 Y 719 ST A73A 29
FeH 54L& M“Owi o5 Az ¥8 1ET2E
ol ¥ & W (Fg. 10).

AEEE FYAA g o

Ase v (Fig. 1

2o} PLO M Z/} ABHES) BHE ZFEAE 2]
3t A AN A Eo]H oz W EE classll] B—tubulin
Wdol] ot HAAFGFNE Tujl A& AFE-3le] A3
slom (Fig. 2A,B) 2oz A BE AE£9] & 3l

¢l= propidium iodide (Pl) 3418 A]s)s}eic} (Fig. 2C,

oA L o

iz

it

2
T

D).

RAS A2|stA] o> 7% Tuil Al 23t Hnke-2>
7] YehtA] -2 whd (Fig. 2A, C) RAS A3t A 9ol =
viehd

N ZE77} s g ﬂi‘ﬂl’ﬂ e WIS
oo} (Fig. 2B, D). == o1& =72 AAM=Z-& |
£ AN TUL A 93
£ o] P19 A ZE RAC 28 4l
Azz #3Ee AS FAsksid (Fig. 2E F).
FAEA R A A Qe AAZE PO A Z 2] 3ol m]A]
FEFE A Sl H i‘r g7 200uMe] AAE A2
A Tu-1o] s PAREE el Az i
RATHS A2 5}e] —ari}% Qo) Aguct AT ol
Axe Azxgelelzie WA NA ke e ugld
(Fig. 9. P19 A 22 3] AAAZ2 $aele Jws 434
o Jehyy) )8 Tu-1e] 245 Az Plol ola) )
He Az 5 Agsted I uEEs ST A3 AAE
23 74 Tuj-1ell GA4= Al Z2] v]E&2 AAS A28
& 7ol vl oF 12% F71skd ot (Fig. 4). 13w} 2-ME
< AH7IBHA g2 274 RAC o8 #3hd A= 2-
MES H71gE 27l A £33 Azt Fe el Aol B
oA ekskom Tuj-lof dAE A=e] vjE= on] sl A
o] & Bo|A| st

&l
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Fig. 2. Immunocytochemistry of differentiated P19 cells by Tuj1 after
the EB formation. Differentiated P19 cells in the absence of RA
(A, C, E) and in the presence of RA (B, D, F). Tuj1 (green)
stained cells (A, B), Tuj1(green) and Pl (red) counter stained
cells (C, D) and NCAM (green) and PI (red) counter stained
cells(E, F). Scale bars=50 uM ( x 200)
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Fig. 3. Immunocytochemistry of differentiated P19 cells by Tuj1. Differentiated P19 cells in the absence of RA and AA (A), in the presence of RA
and in the absence of AA (B) and in the presence of RA and AA (C). Scale bars=50puM ( x 100)
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Fig. 4. Quantitation of Tuj1 (green) and Pl (red) counter stained cells of
Fig 3. Tuj1 positive cells/ Pl positive total cells(%).

uhy | z2]o A= 180kDa®™ 140kDa =7]¢] NCAM&
qlgr 4 9lgich. B-tubulinz} NSEX: 7+7} 50kDa 46 kDa
o] 3719 = w2 Fel= e

RAZ} ZA)skA] ke ZAelA kel P19 Az M
NCAM=} NSE®] Wraleo] == ebgken B-tubuling] %
e uj$ meksigdt (Fig. 5, lane 1, 2). 22y} P19 A3
RA=Z X2|gt A3} £315 M Zelr] AAAN Z-Fe]
Ao e =4 Zrbsiglon] B3] RAd 9t of
Aol el gleja 2-MEx= A d#FE vHA
(Fig. 5. lane 3, 4). =3t W R ofolwA| Zo|A] Eo]H o=

+ dlid fibrillary associated protein (GFAP)= ofH =
Mw A dsket

s

D RN LA U U ]
4= 2 oo

2
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99 “. * wean
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49— — ...__* + [i= tubulin

49~

Fig. 5. Western blot analysis of neuronal differentiated P19 cellsin the
absence (lane 1, 2) and the presence of RA (lane 3, 4). With-
drawal (lane 1, 3) and treatment (lane 2, 4) of B-mercapto-
ethanol showed no differences in the western blot anaysis. a-
NCAM (A), a-NSE (B), a-Tuj1 (C) and a-GFAP(D).
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Embryonic carcinoma (EC) Al & #AF3o] w22 2|uf ¢
52 AN oA st A A4 Azl ApEHez A
Avs §F Azl 7193 o] 52 A7HA] wig] ez
237} 7hsshd F8 Al 2] 73$- egg cylinder ectoderme] F-
37h golstar & Adel] ARg-3 P19 A £2] A9 Aol
Z, ZHEAE 2 AR ER G4 B3k 5 AEF 2
o] Zpelg Bl =3 o] 52 ZH Z (stem cell)] 54 o
=]+ Oct4, Rex1, SSEA-1, Forrsman antigen 55 233} o]
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Z A 24l teratocarcinomag} chimera?] A >3

Retinoic acid (RA)x= A=A 3¢l g9] limb budd] A<l
Z293 3ef¥ (morphogen) o 24 A g} (Melton 5,
1991). RA: A Zo| &3l ZAd Ay 3 2842
Agste] g sl 53 PLO Aol UM E A4
TAE ol Al EAR B3E FA T Aow ot
#} ¢l5}(Bain 5, 1995).
2 A7 AE RAd o) 2318 P19 A 27} 4174 2
Zt31 9184 NCAM, class 11 B-tubulin 2! NSE 5-2]
F¥-Eo] izl whae E3| 3el3lioh P19 M X
°]3}e] P19 M2 RAZ #8)8}e] 100~ 1,0007)
A ZEo] WA= Abel 2] ==k ©] o] (embryoid body)
& fEald® ol EE W AAwwelA vigsted
Feidos AAAEY AL 2t Az B3hAZ PIO
Az RAZL glols wjame} Holels FA4skAT o 7
S B ge) Az A gA £ $agickn oelA
21t} (Jones-Villeneuve 5, 1982). ¥ <1 F-2] western -4 2 3}
o oJald H3}=E A 9k P19 M| Eol|A] class Il B-tubuline
v-$- w]ekstA AEHAUA T NCAMZE NSEE A& i3l
Al ksket 23u RAel 23l 3kl Azl A B-tubulin
o] =83} =7} 7 180kDa®] NCAM#} NSE?] =2 =t
o] o] o]F AEIt AAMELE AT 4 sl
NCAM-2 =+ - Aol A} mRNAZF A e of A=l 43
o] 2]sle] 180kDa o] £]ef] 140, 120kDag] whilzl = wiEof
A lete Aol &3 A sk (Naegele 5, 1991). 2 37-2]
P19of| A R g A7AM Zell M HA dxzsoz AMEE A
7] HellM WA= E NCAM F 180kDael == =
Aol FAFH . o] RAZE AAH ] R3}5 F= A7)
ARk 2w Y= Azt A4t AF ] HellA A=
ZAMES} g Aol7h A AF Helle o8
A7A E27E EAE PLoeAM fdt A7REAEE T F9
3 ol gl dEes AlmEd = g2 d7Ae
Bae] e RA: AlAAZE B ohe}t MeluAEz 9
3= FA%HT d2Al ¥h gl (Jones-Villeneuve %,
1983) ¥ AFAHES RAS H7Hehele o Holma|x9
o] xhlql GFAPIE-S AE 4 1ol o T Aol
P19 Al 28] ¥3}8 f=shs wWel Aolo] slalshs o
= A7 712 QPN AR PelelE YA
7] thgell RAE AH3dAIR 2 dFlME RAZE A5
B EAske 270 wiatmck HelE]e] FAE f=sta
o wheba] o3 W PIOA| =S o] &3l AMEES
Moz Jduz e F83H AR S 3 Aol
& dTelME AAZE PIO Alx9] B3l wAE FFE
ZAEE A AAMZ-Eo] shl o] WMEE = A x] H]E
o) F7kske AFE wyeh AA A A ER) $3}
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& 2047174 shetemz (A4 A3 AA RA7H 417
z29) ¥3he fEslt 59 g3iEh WekA AAL RAS)

235 ZTM7IAY 23 AAF A= reactive oxygen
species(ROS)el| 2]3t A1 AA| £2] AlE& AA|gto w4 B3}
= ARz 5 Z/MNTIE ez AsE o9 22
A2 AASL cydic AMP7E SR A A ReEgt AAE
ZINEZL =9 A 2R 23ke o JEES FUHA
9= 7129 Q3 Azs HukAd (Kairel Mytilineou

A
5, 1991; Branton 5, 1998). o|2]gt AP RAS} 72 ®3}
FreE8dE AHEE o, AlzAbd fEEd ROSE &34
o2 AAT 4 e AL Sl ARgs A17A
E #3HEE 4 F e 7R E AR
2-MEx ujz}$+3 (embryonal carcinoma, EC) Al 22] wulj ok
o Meld oz Al&EAut EC Al 29} fA138 A4S veld

= embryonic stem (ES) Al 2] uljofell= Iy oz deA
it} ESM Z el A 2-ME%: superoxide dismutase (SOD)v}
catalases} 7+-e antioxidantsx® ROSe] AAS 7F4AF o
24 apoptosisE A|3cty el g} mal ES A Zol| A
2-ME*x apoptosisE AT ¥ ofE AAME 35 o
Aste] st 2-MES] A ATz E AAMERS] 37}
7tssidb= A37 ¥ v} gt} (Castro-Obregon %,
1996). =3k 2-MEx= A7 wizkE o] &8 M =22 wief
A ARAES AEE 98 4o WA B BaHew
o7Eg T BuE up 9le] (Katayama 5, 1994) P19 A Z.2]
2ol 4ge ¥ FPeAol ¥ Ao s 1
o} B AFIME 2-MES] £4] oj3sh Awele] RAC
o8 B3E AEE Abolol A Fejsrael AolE HAY &
glglom AZANE-So] A WAPPE Aol vieh
WA ¢kol PIOA 25 A AN ZE E3A7|=H 2-ME7} &
54l Aae] e elshlnt.

2 ATelAE PLOAE7E RAC &3] AAA 2= #315

] o] R3tabA]> AASL 7 dHakst Bl o8] FA19S
gelatgeh n| 2z RE AN ZES EHH o ﬂ‘ﬂ
Wi A& 2734 Aol ol AAM £ E3laA &
T f43 ARE ATE & AE B ol 3“4%
NAZ2A} AW xawe] shtz A Fal AlxelA] X
oA SR AAME 0 FrAMAA T3 FA
3 & S ek 2y o] E HEiME RetheEAS 53
A2 3 AzEsel Fste A =4S 53
A o] WaEojof & 7lolth
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— Abstract —

Neuronal Differentiatin of P19 Cells

Soyeon Kim, Sun-Uk Kim? Chul-Sang Lee?,
Young-Don Lee, Hae Young Suh-Kim

Department of Anatomy, School of Medicine, Ajou University, Suwon 442-749, South Korea,
K orea Research Ingtitute of Bioscience and Biotechnology (KRIBB)

P19, murine embryonal carcinoma(EC) cells can be induced to differentiate into neurons in the presence of retinoic
acid (RA). To investigate neuronal differentiation of P19 cells in details, P19 aggregates were obtained in the presence
or absence of RA, ascorbic acid (AA) and 2-mercaptoethanol (2-ME) in bacteriological Petri dishes. When the
aggregates were transferred into the serum depleted medium, P19 cells exhibited dramatic morphological changes.
Cells contained long and thin processes as detected in differentiated neurons. Western blot analysis showed that
treatment of RA and AA induced expression of neuron-specific markers such as NCAM, NSE and Tuj1. Expression of
GFAP was not detected, suggesting that P19 cells differentiate into neurons under our experimental condition.
Immunocytochemical studies also revealed that treatment of RA and AA increased expression of NCAM and Tuj1. On
the contrary, 2-ME was ineffective in the neuronal differentiation of P19 cells, which is consistent the results from the
western blot analysis. These results suggest that differentiated P19 cells have similar characteristics to those of typically
differentiated neurons. This study also suggests that P19 cells may provide useful toolsto study neuronal differentiation
in vitro.
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