Rled p2 Sadgiai )l s oljod g il 35l (9 )3an s il
wHac sdglw 43 P19 Silg) soliy sladghw

Ph.D. Jiegs Jula 13,00 'M.SC. g0 2 180 £ 515 oS 3 'M.SC. (53338 Gacua
“Ph.D. s,k (aa

(o988 (ol y 9 Saliis slad sles 09,8 (ALK slga (gl o ple SlEdal 55 50 (Glag, ousiia gy )

Aol ol
‘_',lJ:sl “}lJ:\.‘.ﬁ HIV 4 Ca:t:nl;m &l8a8aT 38 40 “'Jb:ui ‘,S.a.f]# ‘:3.1.: ol il Y
Oy O B (950 ruliiiCicun y 0 9 S (X0 48 g ?Jso&iﬁld Ay

‘@L{x;\; s Jol f}.l.:. Slados 55 0 ol s 5 NAYAO-FEFY : sy Goaio Ol ) ) s s wﬁT ®

gﬂﬁ b 5 ol bl s °JJ‘?
Email: baharvand@royaninstitute.org : s S| s

AV/F/1N allin b pay AV/1/10 allin cisl ja

oaas

_}._[Ls.?_}.: ég.u_‘}..:.?) J.:w‘ L "‘J‘“‘A QJJ.LAUJ.U‘ &‘)).L:hb ;‘ 3 LS'-L@‘: LY Q}JLAU)J}\ &\})J.:A: JJ‘ PR CJM 3%
el Coals s 5 P19 ladsle I e slad sl

CiS o gais (Saothy LS o g b 53 0 gl s Doy g0 4 555 7 e 4 P19 lad sl LAl gy g W9 o
l30Hns (K g5 el 5 aa lad sk Oloj e pl 53.dh SiST (g5l DMEM Lo L ol on (6 ST,
e 635530 F Sda g ol 5 P (35 515 O el gpull glskns + ST gy el 5 052l 55 0
k;“\:.w}j:.uT;)La cTUj1, MAP-Z, Tau Pread élﬁa;)lﬁ Q\:; Sy e VALY u{'.):s _L_kSL-’: )‘ ol o-\:.ix
b e LA 8 fdly 58 (LU M sdn 58 e el 555 Aoy «((GFAP)
238 )13 o2 2550 RT-PCR 5 (s 5 sl (s e gL 5o

i, bk o 50 Y S 5 TUj lAJ_,L~J..;JA9\“iY'>)A>Ss\sowéﬂﬁb)lésh};ET:Lémg-:Ei-
Ol 03l 5550 (gl poken 3 &S5 518y ol slos om0 8755 Wl S oo Oy S5 55 el 03,5 5315 595 pokn
@E&\f‘d«é}brri" A‘jv\;-ﬂb.jM}_;v\.:A Jjjjgw‘j})}}jwjévfi \ 39> AJTUJ1

s TUT zeclad sl sl &;};;J)..L_.w‘n\,a.hQQ}P\j)-\J\&\jj.‘\.:bzdbegoL‘«}@u (SyaSdaail
a3 e a1 P19 J ke Slads Grie S5 el 55 glaas

05 5ol glosotons ¢ g Slad s 4 2 Lad S 515 ol OIS gunds

PPA-YYD msloxiuo A lisls ¥ 0 plosds (o33l Jluw (A3ily (S 3y dolidiad

Jaol dGs

Lol () 544 (Growth-Associated Protein 43; GAP-43)
b Lty sy Bl (6 A el s S e Ol g 4 S 5
054 odg seses okiasple &S eske ol (69,0 ad gl
R (e 33 G2 s b sh g (Sla) Ologs s s sladly
L;..&GA.‘}SV\.&)L;}Q‘Jﬁ@&ﬁ@@ﬁ&l&b)))b}f}
Qﬁﬁé}»cjbéhb@)ﬁ:uw@g&—&)ﬁ):
(FGF) Fibroblast Growth Factors, Retinoic Acid, (BMP)
Bone Morphogenetic Protein, Shh (Sonic Hedgehog)
Gl s 3 S Ol 4 iy Jb 53 pmae A0 AN 5,5 ol 3
Sl () ol 835 55yl 51 (6305 3l (55l ¢ S sy o
03 YN sl ol S gt el g ple oS 0ol O
BN L ey N N S5 slaedias Ol
6@|&1)>p19‘_;LAJ).LM_;\A‘_;}J,'\.»;@CBJ.L;J&
5o 0ol SiS (Slod s Doy 4 I sans wdukﬁmjafl
S S e g 5 05,8 b 1 (0l Sl e 31 (5l

229

Ao Ao
cla..u S o Wl slices S 50 g SR i 2l
Sl B ol ke o5l B 331 5 2 sm 3055 53k 5 2
JQJ;L;:\:;{L;LAJ}M):.(Yc\)@(@l;yd#&u@i}
JUE S5l Ol 23 o O3l alssdens 0Ll Oy,
Beta-) ..es Sl 5 (Glial Fibrillar Acidic Protein; GFAP)
&S sl s Olaa=e (YY) 554 o (Tubulin 1ll- Clone Tuj; Tuj1
Ol gyl glgydns (5 me 53 (630555 Olyss )3 &S AL s,
Microtubule-Associated)  as 55, Ol «b,S o 3
(F) b oo 253l T CalS sn slad sk 53 (Protein; MAP-2
w2 Sl Ol Oyl ploydas & el edie
sdske 5 1, (Neuronal Specific Nuclear Protein; NeuN)
(80355 n g5 il Bl 503 5SS o5 o gl s
G gl 005l 5 o0l 155083 555 515 skl g Bl 1SS
28 S Ol ol HIEsbil 5 oS ot i1 S Sldlisle giudls ) 5

M GLnls ¥ o jladk aaujl Jlu B3l (Sibjy elilas PPQ



yas Gl 9 09 el g yuil (g pusas

Bl 5l e S e g LAD plsil Loys +/+0A EDTA
D e 4 TPM Yoot 555 b badshe cphpiact Jlos 035
Mol 5o s Cod 59y sl Sulg 5o 5 ol § o il adds
4SSl aiSs ¥ Dok 4 o p3 F Sl S0 L a5 g (slad ke
XN G5 by ek el sdslund bd ke el
sl (3o 9und 1 dm dd 003680 4285 VO Ode 4 Loy
3L ST adshe s 4 STI 433 10 Se 4y Lop3 )t g b
Tuj1(Sigma T5293) MAP-2 (Sigma M1406) J!
JUS  lad, gawl o5, Tau (RD MAB  361)
055 S el 55,5 (GFAP) (Chemicon MAB3402)
Sl J) Ll 8 (TH) (Sigma T1299) 35S 5 s
S 5548-0) 555 (Sigma G5038) (S 5 S5 el
Sl oS Jawl 5 (Sigma S5545) (BHT sy 5
Sl e g odd wlsl Yer/y Cblle L (Chemicon MABS5270)
ol el ST Esces 5 S ads 5
s Goat Anti-Mouse 1gG FITC (Chemicon AP308F)
wlsl Vv o/\ Ll (Sigma,F1262) Anti Rabbit IgG FITC
g B sk e i (IS AR5 ¥ Se gygnes S
oes Lo 5 (oo ys S5 A3l 31,0 L o5 a5 ok 03l
Win MDI Y/A Ll 3le 5 5 Bectin Dekenson Jus'gs s s L g6

LS il == A/Y

il 9B gagasl (5 5ae 1S5

Sladshe polatl S5 ST Sl ot s 5 sl 15
L3l L, Bl Jgloee b ade Bl ) 2 0 4 (e
BE :(qu’:.?u a5 Gl s s adss\y e 4 Lo ys F
A3 w3 Triton x-100 Jslses L 5 (Fixed) coi Jlwse
odd pudea BUI gles 55 arsds T e PBS s ol ag
5 odd 33, B-Tubulinlll TAUKGFAP 4yl 63b 5T b s
F):j))m’l.:.iéﬁ“li:l;dﬁu@):fvdh;); YRES SRRV
458 sl BT Bt 5l dn s 4S5 8 Sl
cLle L Anti RabbitIgG FITC s Goat anti-mouse IgG FITC
53 el &0 Soe 4 5 0k L1 ad sl lageal (BT ade Yoo/
Al 6)‘4& J‘ﬁ‘;lﬂd a3 YV gles

RT-PCR

e 05 Ol Blod 1 5l Ve 5a) 55 Jske V0T 550
RNA b ol ¢l as v, HBY, B-Tubulinlll, TH
ks s RNX-plus solution J gowe 31 eslazsl b L ds slad ghe
sloes 51 eslanal b aslsl 53 as (gilulis &S5 ol IS5, L
ol oa Jlz>I Reaction buffer <DNA 5 Mgcl, ¢l s  Dnase |
035 31,DN@se | b s 3 8 O ok 1 5zl RNAL
2535 S5 55CDNA Cotlu s (65 2 EDTA ¢ 8 La YO
3. pleiiRevert acid H minus oo™ 3l eslizul L (RT) v ySas
s S0 sl sl paly Sleslazel LPCR STy asls|
)3 AF) s 0 1l Kabuls i 50 4 PCR Lyl 1 i plonl
(IE Sl 455 AF) b F0 1 S n Kebuly (o 5 sl
36K Jador 4545 35 8 6l el TM 4 4> 5 L :Annealing
Extention 456 £6 : | » Extention .ol o

Yakhteh Medical Journal, Vol 11, No 2, Summer 2009 230

O ) b oo ples Ghay ol poosl and slad sho 4 Lad 5o S
t.gj‘f("‘“" sk 4 L, 18 S s sl 5 e 53 oS Sl
sbdsbe Caw 4 1,5 5 Dimethyl Sulfoxide (DMSO)
ey U’J}Lﬂ Jds lad gho cpl ol Ly (P) Lsd g0 Cylda (Glameals
Conal i e Sl a5 s n Gl
sbd s casl 5l & e s Sl ol s P19 lad sl
yﬂ)bfgbjwjméﬁjé)lf@géuwb
(et e o aelbdile & 5, 5 s, el
GHalsras S she adllas L ol ol LO0Y) Al e Lo 655 0
4l el @ | @l:.l Olg o P19 ladshe Sl o
Lol J15 5 50 55 (glandllas Q}Su.zlar:w" L;)ffwww
Sby lslad b L5 O3 2l )bl glgsdons 5 &S i)
S sl Ol b U5 andllae .ol 8,55 S g e Sl sk @
el P o Ll 5 gn S5 155 ol ol o 4y 09 sl 3 )bl g5 oms
adlan sl 53 10OV 558 P19 5 e wae Slajla iy 2S5
s oy g0 s 1y 03 2l ool glg s 5 &SK8 ) ol 31 It
2 sladsle 4p19 Sbss gl sm )5 ol sl s 3l
ﬁ\.ajjj:.vL@JTQLA)V.&JJ‘QM‘A‘)Awa)‘J)‘}ijJ)}Adb

.C,5-|:J.LVTA|)5-‘S¢¢QLZ;&A4{LAJ}L~@|

by, 9 dlge

P19 o) s> sbsw,8 ladshe I adlas ol s
Lays sl ol s oslaad (el dwwse OlLg)
V0 s> Dulbecco's Modified Eagle's Medium (DMEM)
(s Lo g2 2l = e 2y 9 Fetal Bovine Serum (FBS) 45
Al ol S (il oo dlg Vo)

s s glo da julad

ol g e ad sl 4 P19 ol bad sk e oo
CLle b ladshe & 5y o plonil Gl 4 plaar! S
23 O spilw s S o 4 59,7 Do 1 Joo p gl /0 XY P
Lme A5 ST (6 S S o gt (S 23Sy b
5035 FBS 1,50 LDMEM (55l V-F (clajy, o3 bad b
Soda ol 55 8L EalS e s Y a4 0-F slajs, o o7 Hldas
Sde s badghe 05 8l 53) J S slaes 8 5 dshe Ol
D3 Ol aolil glosdns 5 &g doml (a5 S, F
S gyl (Y 505 Sen V) Ol gyl g lgsdens (8
ok + (Ve Sn F) S gt deml 5 (Y05, )
plocr) Glad s g A3 5o o | (¥ 505,50 1) 03 2l 541
Tl Sl e edid gy s (695 5 ok i o 51 GLg, 40
58813 e S Loe (3l (o Y505 S0 ) )
A g s Sk Gl 59) F ) An

S yia gl oo
sbdshe oottt 0F (ST Gl sl -l
Vo7 s gl sl Obl glad e Sl g TN e
Jsloes b sdocand g a0 F L J’:q“th J=1 5 rLJ 33 9
Loy & FBS (g5l Phosphate Buffered Saline (PBS)

PWo



Olylsad 9 55

.Aai'ac::t‘g‘)del.%;:nhjﬁexa*ﬁll._njbeu‘)a\.VJJISTGJJPCRC:Y}«AM:\ Joua

Genes Primer sequences (5'-3") Size (bp) Annealing
Tempreture

HB9 F:5'-GGCGCTTTCCTACTC ATACC- 3° 456 64
R:5°-TCCTCTTCCGTCTTC TCCTCAC -3

TH F:5-TCCTGCACTCCCTGTCAGAG- 3’ 423 59/4
R:5°-CCAAGAGCAGCCCATCAAAGG-3

Tubulin3 F:5°- GTTCCCACG TCTCCACTTCTTC -3° 479 65
R:5-CCAGGTCATTCATGTTGC TCTC-3

B-tubulin  F:5-GGAACATAGCCGTAAACTGC-3 335 67

R:5-TCACTGTGCCTGAACTTACC-3

aidL
4 (Feeder layer) oS4 a¥ 4 5L 05 P19 slad slw
S oAby FBS 43 V0 sl DMEM Lss ;s Sl
s bdshe 4 P19 (ol slad s 5l o (OA JS2)
Cop b 5 adhe pl ot plot Sbss 4k pluarl S5 el
das a1y Sy ad plarl lros g Aten )36 o 12

OB{C )

sobtel 0903l

Parallel ‘Experimental Design & )50 4 ol asllbs
ol )8 ladshe Caliies glaos & 0T 55 & ui b
SNadlas pl 53 S ey 93 4 95 Syse 4 P19 oo
G s bes 8 ans o P-value ), sl ANOVA s
s oslizal 03 8 55 sl Kl Ml oy ), Tukey
L P< /0 5 ey b oaw oy S gl ileiT Gl S5 ol
i 8 ks gyls ae Ol e

S oualtis o g3 e 438U Jalad pé culla a1, P19 (sl Jsbos A JSh a ahs e GLti | Alida slaclla s P19 sl S sbos (555158 90 1) JSub
by 59, F 3w D Uil aaa oo GLAS | audiadiy g ) 53 (g dacd plisal C JSuli .t oo QLD 5 p 9o 59 53 (SLigy 4l plusal slacu g B Jsut
0955300+ rpulalle 0 S sualdis Ol gisa |y saas slad gl 5945890 (S0 935 ) aaal s jlasl Cial 09 S 48 eaeas jluglg slad gl (udd

231

AR Oliessli Y o jlach adujl Jlo 43Rl (Saiys aslibad  PP)



yoas Gl g 09 el g yuil (g pusas

70—

60—

50—

40

Tuj 1%
—

30—

20

10

Control ' DHEA RA

" RA&DHEA

3JJ.uSo3JSthJ@MJM|a Ay oo olis |y Gaud Culy 59, ¥ Jlaa.aTuj16JLa|J.\Jl.\|J|Ja.alaL§Ju‘9.\.aLm3h G e Cravs (Y JSud
390 ¥ 3 s TUjT o giaiu ¢5 gaal o gua Cacl y Cracu (p<~/ *0) S5 gl juaidlo 9 S byl e IS b (p<~/~~\)u5‘).\m|3‘)..\.:|‘r||5‘).\m.\

80—

70

o

60—

0 I |

Control DHEA ' RA

" RA&DHEA

28350 QL |y (el Cady

Lo g S b laine SR A uas e Gldis |y Gad cualy 595 F ) aas GFAP (5Ll 5] i Juola (5 e giales gl ol sosaal ) Caas ¥ JSud

MAGAUMIJUM._«ALJ‘”\‘ijFAP

sl 5 IS Gles S 55 bl doys FY £ F spus o
JSKa) (P<e/e ) Sl zalS do 3 O E Y sade 4 O Sl 55kl
J S sloy S35 oljcmas Ol 035 omb 44 5 L opl by (¥
53 ko by s s SlaslT s O mulgyll
O el 51 glgskons + &S g1 yoml 5 &gfr.w-*‘:w‘ Sles S
Ll

s3Map-2 sTau S5k Ol Ol oteT fos as (sla gy 5]
D3 el 550 (olgkems + KI5 5 ol 5 SKI 5, Aol 038 5
scdau SHb e Ao )3 FA LA SOV VY (o5 a4 Ol o
55 0k 1y Map-2 Sl badshe doys 88 £ ) 4 50 & 0
(F UK

cbkoj ol L1, e sld g C}L RT-PCR ;JuT
5 685 5550l 05 8 53 53 MRNA wlaws ;3 HB9 5 Tujt, TH
(B S8) 5,5 gl g el g5l (gl s> + ST i 5o

\))MJ E)

Yakhteh Medical Journal, Vol 11, No 2, Summer 2009 232

(50l gt 93 9ol s guddli e Cnanws (5 9 yieul g yudl (o3l g jasaa g A0S

bz g Odd oy 55 F Sl Ay oaT oo a4 Sla gy 2 )
edsbe (g3 gosm Sl bl o 19 Ik
Olgr basli pl o e J1 &8 odd jadeia SWlST oz
5,5 lal bes,dny bosST ad sbdleel e a
0D K2)

Sles p OL3 Sk oy F Sl e e fas 4 sla )y 5
OLas S35 gyl 5 O3 2l 5581 (15,523 L P19 ks glaes 5
o 5SS g el og S 53 lad sho Ao y3 FF Y 5 g0 LS 03l
@laokns + Sl 038 )3 adshe dops VF £
25 Oy ol Ll (<700) Sl 03,8 Olo 1y TUT O35 2l 54
Qo3 YO ¥ s 4 g gyl olssdens 5 J S slaey 8
(Y JSK2) (< /e 0 ) Sl 2als

53 (s T Sadsbe S5W) GFAP 0l Ol iz or
Ol 55 gl )doms + ST syl 3 S g skl 05 8 5

pwp



80—

70

60—

50

40

MAP-2 & Tau%

30

Ollsea g 535

ORA
B RA & DHEA

MAP-2 asdh giaca 33 gasl 53 gl (aals aas oo GLin | ucs Culy 59, F 3 was Tau g MAP-2 gJuTkJDilemnghﬁgujﬁ@&Jg:\’ds‘ﬁ

70 -
60 —
R
RA ""RA+DHEA * 50—
Q
Tuj-1 =
S
2
e
il -
TH 2

e gySe ) v ipuliie s go QLA |y Gadd Caaly 59, ¥ 31 was (B) Tau 4 (A)

ORA
B RA & DHEA

|i—. la
ACT ' G ' SER ! TH

SUIAS @ wda oo LS |y La Jiaanadl i 9,83 s lel JuIlT 3 ola (s yie giulen gl gl Cacaly Crans DY
V- Xypir- gy 52} IJQ_.uA.:é.ll..‘gu()jglxRT-PCR_}f.luiﬁ;mm.(p<~/~~\).sef|‘9;“ﬁ_).\:\ulaj_,§l..n_,lau_b.a

c.»\.; &,}9 3 6))‘) a‘jo.h LY B w\.;jb slastas 'cwl.;jTaU-z
s e Rl Jeke 51 V'*“K QUJE..»T‘_;:J:& -N slaoias
Aol Jle 5 595 b ol 55,7 (b 53 P19 Jske slaes s (V0 OVF)
S Sl lad sk o )3 #1055 s oy Sl 5, F 5 S 52
O 39l GFAP .la.w\} > L;‘;.a}b Rl ) MAP-2 TUJ-"L;..A.G
v\«é))a' Jj.b-uw‘;j)}.;w)ﬂ)}jTaU;)buJ}LuM)J
RNPPYRISEYS o RN I O NIPPS / PICH NN g P Py
03,5 4 Goye 35 WS oo Oluly S 558 (55,5 A3 ¥ 5
4 TUFT Oly O 2l )l (glgydons + S g5 Aol b ok Hlas
Rl o3 Yes gl 4 DS s 5den (55,5 5 Ao s Ve sgd-

233

P19 Jglw slres 5 Os Sy 595 F Sl s el 595 58 gw )
Lo 3 VB 5 gk 313 OLES O g el gl (gl )hons 5 S g 5 ol L
lad shos o y3 ¥+ 5 Sl 58 Wad sl Ao y3 0+ ¢S izl ba sl
03,5 3 TH el 55,555 0l Oljoe Lol sl 03,8 Ol |y g9 o
oot + 88K sl 05,8 55 5 o y3 0 350 oSK 515 Ao
(F JSKa) (P /00 V) b il 3l dsp3 Yo 5 ik a5 05 sl 50

JORT Y- PEN R RN S R PN VY ISR PR [ 29
el 52l O gl gyl gl ydaas cdas o olis Neural Stem Cells
Tau-1, b S L MRNA 5530 alow OYLasT ¢ g guST Ad

AR Olieasls ¥ o jlach aojl Jho AL (Sidips aslilad  PIOW



yas QI8 9 09 el g yuil (9l g pusas

S 5548 2595 o5 SRIF o DHEAS & Lus b
(0) 55 Jutol (6o faanil 5555 5 gl g5 Il 53 il okl
P19 Jsho 3l ol plete omae ladshe 53 (M) ol SO
31@sbdemys 531y DL oS i sl Slalllas s ok lulis
JL.J;)',;Q)L.t:t,,.:jlju,w',,?.(vv FY) das e Ol i ae
s b S 5l gl Ao 3 AD 51z (0107 K5 5 !
Sy 55 3 &S e 0Ly 1, T60KDB8KD _iedls (gla 5 s il
s Sld b Conax Sl e b Gladbe 2S5 Cle 4 dsy
OF3n b B s el sk a5 555 55 (1) 255 s analS
& CiS Jaes 53.(V0) ool glulis |5 GFAP Lawly a2l
odsbe sl 4 P19 sk lods Grtis Glacas Do SV b
old s slacias (FF) Col anusly iy Gl sSB L crs 8
Jiza (F0) Oy key (6557 o (e e 4 & SLe3 P19 sl S
P19 lad sl 5 50y b Sladllas 55 il azils 5 Slas Ll 5o 0355
ol glaaas) Jl o stratum b 4 ¢S 55l L o jlas
slad s Slacae ols Ol (51 0 g A5 (oS 5555 L4l
b o & 4l pl s 4aa W Dks 4 e 8 slad sl 5 P19
03,5 Jld 55 Ol g8l glgydans oS das oo OLES Lo conyzan(YP)
4 NMDAR-1 slatss 5 35 556 NMDA. (slasbias enly
S5 sl 5 ool sl ss S, S VY S5 S b
&Lﬁ;}‘i} Calkidea gladly 5 5.(FV) 558 o0 Ol () ys) (6515 88
Sl S ol iy il 5l & oDy S s S5 I 55 S

(FAF ) sl als 55 5 gline (glaoduns il 5SS b s

SV Bl on O el g5l gy els (sla STy ¢ on iSO (b )3

S-S Ay &S 55 o a5 NMDA otias ey ol S 3 b
Far0 imas LAl B Gl s ol jen 415 (sl o pled
ol .:\:Mélf 331 e Ol 0 1y ol L’ﬁ‘S}}fh&
oo b 03 e GBS KBl S 0 2l 9, (g5 5ekons
Ol s gsmme 3S Wl 25 (3035 (S5 ksl 5 205
O joe K5 52 skl ol pan 40 09 2l gyl olsydns 45T das e
L S5 ks Sl el 5558 Ol 5 (omae Sl she 4 5l
.:_,Jwa.céhd}bﬁu w.ﬁ\jo‘aj u.itg,::a_ Lol osls 2153

SS9 a5
S GladT Wb daw 5Ss s drakils 3L Cslael § L
s p e 08 e 5 edd ST 0Ll lazaly LIl j3 055, o
laayja plos &7 0Ly, odSiags 1y s Sa5 Asls oY
hfl&j&i}«f} OEGTO‘:‘.‘?(""’J“‘U’;O?‘U \)Cjb o
.A;.iujlﬂlé.,UJ).,\,;AAIJ.M@:AQ\J,{:46>W

References

1. Ormerod BK, Lee TT, Galea LA. Estradiol enhances
neurogenesis in the dentate gyri of adult male meadow
voles by increasing the survival of young granule neu-
rons. Neuroscience. 2004; 128: 645-654.

2. Ormerod BK, Lee TT, Galea LA. Estradiol initially en-
hances but subsequently suppresses (via adrenal ster-
oids) granule cell proliferation in the dentate gyrus of
adult female rats. J Neurobiol. 2003; 55: 247-260.

Yakhteh Medical Journal, Vol 11, No 2, Summer 2009 234

(limas I edle pae Gl iy JS5 68 s
ONen 5 a3 o G WSS el 53 Cons 4 1y (e (Sl she
GBS mae Gl iy LSS 5 de OT 0 6l
..x;fu;_twu&udjuﬁb@ii;
Jo1m 2 3L S0 el A el 5 Jlab 3 48T S5 525 ]
(S 035 5 ¢ QISP 10 53 oS 5l 3l Oyl (0 oSS
Ly osle cpl i Olysn 33 .(V9-YY) 5,05 5130 Jole 8 e g
UL g 345 » ale Retinaldehyde Dehydrogenase o
Sad b Gl Cor go jraiaile s CNS L) ol ad e
JUS G sy e S5 a4 T S 5 e Sl iy
laoas cml{ B u’“ﬁ; égi 4 &s.g::};.;).kz.u‘ LY0=YY) 558 o0
G 53 P19 cladshe (YF) 355 o Jate (RARS) &S5 525 sl
bd s cubigpl ol (YF) 48"« 0L 1, RARB 5 RARa slayss
W03 3l (1 5 03,8 on 13 S g skl b pma 53 6T Sle
Glu> (10) T aen 6 S oo Ol 15 ST 55 skl 4 oukins Gl
ol e ladsle Wl S5 55 w3 ols anlllas
B 'L'{Lf“ \.oil ‘) ‘5&5.: U’:"? @L@,ﬁ LY u}):..nb)v\;‘ Lg_:"}).o\:}ﬁ} Lol
Oljer S 5l ol pon @ 05 2l syl glasdns & Gy s
233 o IR e S S el & S > |y (olSmas
105 51 (25,5 (ot 5 S o g &S5 55 ol 51 o3Lizal &l
=535 0556 Sonic hedgehog (i s s, S Al
sbkdi 5> Kappa Opidi 5 pax-6 <Mash-1 <HNF-3 o
Calbes (503 Ol 5 ST ol 04 hgs 5 35800 Sbas ool
Ol Ol 2alS 5 Jbysgie pled (i35 5 cmee el Wl Co 5o
Brach- , cardic actin «globin 4sle Jb a5 slao; MRNA
O gl gyl oloydns Cal Sas YV OYF (YY) 555 s yary
oar 4 bl il JKw e o 03,85 Jls 4 b s @
.M:&(P(\)&U;’wbbta6J§i>6u¢}g\§zjig‘$;_,;§).&w|
slaotns + G s ydanl 05 5 ol Olis LS anlllas Jle Ol g2 4
05,8 4 S |y (28 Sl lad shor 1SC5 0 n O3 20l 5,0
Sl Gl S b OF) s e il S8 iyt
e 4 05 il gl gls ket S 55yl 05,5 55 (glimas
5 DHEAS il 05 8 ol 55 wae Lo i ladsle ol 53l
@ ssh el SO e il e Allopregnanolon
5 DS oydr 259,85 GLediS Hlge bwy Il S sk
oy g 2ul ol 555 o 8 520 3-, (-4hydroxyphenyl)-ala-nine
3550 enS 558 55,5 55 s MRNA mlass (21531 s
G oS a5 5 g G Y g suln 5l g sl o 5T L(YA)
4 1) 05l syl glosdns 5 o3g 2o (b o3 WK5,8 55
Sl Ko ol (YO S o o 5 M g 05 2l g 5ol 15yl
Q}J.:,.alj).ulg;g}),\?u‘p'IQ d}l..ﬂ)huud;&aw&dud}l‘»)}
3. Suzuki M, Wright LS, Marwah P, Lardy HA, Svendsen
CN. Mitotic and neurogenic effects of dehydroepian-
drosterone (DHEA) on human neural stem cell cultures
derived from the fetal cortex. Proc Natl Acad Sci USA.
2004; 101: 3202-3207.
4. lwata M, Muneoka KT, Shirayama Y, Yamamoto A,
Kawahara R. A study of a dendritic marker, microtubule-
associated protein 2 (MAP-2), in rats neonatally treated

neurosteroids, pregnenolone and dehydroepiandroster-
one (DHEA). Neurosci Lett. 2005; 386: 145-149.

P



5. Karishma KK, Herbert J. Dehydroepiandrosterone
(DHEA) stimulates neurogenesis in the hippocampus
of the rat, promotes survival of newly formed neurons
and prevents corticosterone-induced suppression. Eur J
Neurosci. 2002; 16: 445-453.

6. Silvagno F, Guarnieri V, Capizzi A, Pescarmona GP.
Synergistic effect of retinoic acid and dehydroepiandros-
terone on differentiation of human neuroblastoma cells.
FEBS Lett. 2002; 532: 153-158.

7. Yung SY, Gokhan S, Jurcsak J, Molero AE, Abrajano
JJ, Mehler MF. Differential modulation of BMP signaling
promotes the elaboration of cerebral cortical GABAer-
gic neurons or oligodendrocytes from a common sonic
hedgehog-responsive ventral forebrain progenitor spe-
cies. Proc Natl Acad Sci USA. 2002; 99: 16273-16278.

8. Chojnacki A, Weiss S. Isolation of a novel platelet-de-
rived growth factor-responsive precursor from the embry-
onic ventral forebrain. J Neurosci. 2004; 24: 10888-10899.
9. Kessel M. Respecification of vertebral identities by
retinoic acid. Development. 1992; 115: 487-501.

10. Jones-Villeneuve EM, McBurney MW, Rogers KA,
Kalnins VI. Retinoic acid induces embryonal carcinoma
cells to differentiate into neurons and glial cells. J Cell
Biol. 1982; 94: 253-262.

11. Martin GR, Evans MJ. Differentiation of clonal-lines
of teratocarcinoma cells: formation of embryoid bodies in
vitro. Proc Natl Acad Sci USA. 1975; 72: 1441-1445.

12. Bain G, Ray WJ, Yao M, Gottlieb DI. From embryo-
nal carcinoma cells to neurons: the P19 pathway. Bioes-
says. 1994; 16: 343-348.

13. Azizi H, Zare N, Kasemi Aashtiani; Bahmani MKH,
Baharvand H. Dehydroepiandroesteron increased the
proliferation of neural progenitor cells derived from P19
embryonal carcinoma stem cells. Physiology and P19
Wmbryonal Carcinoma Stem: Cells. Physiology and
Pharmacology. 2008; 12(3): 180-187.

14. Compagnone NA, Mellon SH. Neurosteroids: bio-
synthesis and function of these novel neuromodulators.
Front Neuroendocrinol. 2000; 21: 1-56.

15. Jones-Villeneuve EM, Rudnicki MA, Harris JF, McBurney
MW. Retinoic acid-induced neural differentiation of embryo-
nal carcinoma cells. Mol Cell Biol. 1983; 3: 2271-2279.

16. Maden M. Retinoic acid and its receptors in limb re-
generation. Semin Cell Dev Biol. 1997; 8: 445-453.

17. Lee SH, Lumelsky N, Studer L, Auerbach JM, McKay
RD. Efficient generation of midbrain and hindbrain neu-
rons from mouse embryonic stem cells. Nat Biotechnol.
2000; 18: 675-679.

18. Kocsis JD, Akiyama Y, Lankford KL, Radtke C. Cell trans-
plantation of peripheral-myelin-forming cells to repair the in-
jured spinal cord. J Rehabil Res Dev. 2002; 39: 287-298.
19. Bain G, Ray WJ, Yao M, Gottlieb DI. Retinoic acid pro-
motes neural and represses mesodermal gene expres-
sion in mouse embryonic stem cells in culture. Biochem
Biophys Res Commun. 1996; 223: 691-694.

20. Bain G, Gottlieb DI. Neural cells derived by in vitro
differentiation of P19 and embryonic stem cells. Perspect
Dev Neurobiol. 1998; 5: 175-178.

21. Hens J, Nuydens R, Geerts H, Senden NH, Van de
Ven WJ, Roebroek AJ, et al. Neuronal differentiation is
accompanied by NSP-C expression. Cell Tissue Res.
1998; 292: 229-237.

22. Bain G, Kitchens D, Yao M, Huettner JE, Gottlieb
DI. Embryonic stem cells express neuronal properties in
vitro. Dev Biol. 1995; 168: 342-357.

23. Rudnicki MA, Jackowski G, Saggin L, McBurney
MW. Actin and myosin expression during development
of cardiac muscle from cultured embryonal carcinoma

235

Ollsed g 535

cells. Dev Biol. 1990; 138: 348-358.

24. Pratt MA, Kralova J, McBurney MW. A dominant
negative mutation of the alpha retinoic acid receptor
gene in a retinoic acid-nonresponsive embryonal carci-
noma cell. Mol Cell Biol. 1990; 10: 6445-6453.

25. Pratt MA, Langston AW, Gudas LJ, McBurney MW.
Retinoic acid fails to induce expression of Hox genes
in differentiation-defective murine embryonal carcinoma
cells carrying a mutant gene for alpha retinoic acid re-
ceptor. Differentiation. 1993; 53: 105-113.

26. Wobus AM; Kaomei G, Shan J, Wellner MC, Ro-
hwedel J, Ji G, et al. Retinoic acid accelerates embry-
onic stem cell-derived cardiac differentiation and en-
hances development of ventricular cardiomyocytes. J
Mol Cell Cardiol. 1997; 29: 1525-1539.

27. Jacob A, Budhiraja S, Reichel RR. Differential induc-
tion of HNF-3/transcription factors during neuronal differ-
entiation: Exp Cell Res. 1997; 234: 277-284.

28. Charalampopoulos |, Dermitzaki E, Vardouli L, Tsat-
sanis C, Stournaras C, Margioris AN, et al. Dehydroe-
piandrosterone sulfate and allopregnanolone directly
stimulate catecholamine production via induction of ty-
rosine hydroxylase and secretion by affecting actin po-
lymerization. Endocrinology. 2005; 146: 3309-3318.

29. Compagnone NA, Mellon SH. Dehydroepiandros-
terone: a potential signalling molecule for neocortical
organization during development. Proc Natl Acad Sci
USA. 1998; 95: 4678-4683.

30. Sharma S, Notter MF. Characterization of neurotrans-
mitter phenotype during neuronal differentiation of em-
bryonal carcinoma cells. Dev Biol. 1988; 125: 246-254.
31. Pawson L, Pack AK, Bolanowski SJ. Possible glutamin-
ergic interaction between the capsule and neurite of Pacin-
ian corpuscles. Somatosens Mot Res. 2007; 24: 85-95.
32. Greenwood SM, Connolly CN. Dendritic and mito-
chondrial changes during glutamate excitotoxicity. Neu-
ropharmacology. 2007; 53: 891-898.

33. McBurney MW, Reuhl KR, Ally Al, Nasipuri S, Bell
JC, Craig J. Differentiation and maturation of embryonal
carcinoma-derived neurons in cell culture. J Neurosci.
1988; 8: 1063-1073.

34. Hogan BL, Taylor A, Adamson E. Cell interactions
modulate embryonal carcinoma cell differentiation into
parietal or visceral endoderm. Nature. 1981; 291: 235-
237.

35. Strickland S, Mahdavi V. The induction of differentia-
tion in teratocarcinoma stem cells by retinoic acid. Cell.
1978; 15: 393-403.

36. McBurney MW. P19 embryonal carcinoma cells. Int J
Dev Biol. 1993; 37: 135-140.

37. Sucher NJ, Akbarian S, Chi CL, Leclerc CL, Awobu-
luyi M, Deitcher DL, et al. Developmental and regional
expression pattern of a novel NMDA receptor-like subu-
nit (NMDAR-L) in the rodent brain. J Neurosci. 1995; 15:
6509-6520.

38. Monyer H, Sprengel R, Schoepfer R, Herb A, Higuchi
M, Lomeli H, et al. Heteromeric NMDA receptors: mo-
lecular and functional distinction of subtypes. Science.
1992; 256: 1217-1221.

39. Durand GM, Gregor P, Zheng X, Bennett MV, Uhl GR,
Zukin RS. Cloning of an apparent splice variant of the
rat N-methyl-D-aspartate receptor NMDAR1 with altered
sensitivity to polyamines and activators of protein kinase
C. Proc Natl Acad Sci USA. 1992; 89: 9359-9363.

40. Brady RJ, Gorter JA, Monroe MT, Swann JW. Develop-
mental alterations in the sensitivity of hippocampal NMDA re-
ceptors to AP5. Brain Res Dev Brain Res. 1994; 83: 190-196.

AR (liaasll Y o jlach aasjl Jhu AL (Sui aslilad PO



Orriginal Article

Dehydroepiandroesteron Accompanied Retinoic Acid
Enhances Differentiation of P19 Embryonal
Stem Cells into Neural Cells

Hossein Azizi, M.Sc.!, Narges Zare Mehrjerdi, M.Sc.!, Mirza'Khalil Bahmani, Ph.D.2,
Hossein Baharvand, Ph.D." 3*

1. Stem Cells and Developmental Biology Department, Royan Institute for Stem/Cell Biology and Technology,
ACECR, Tehran, Iran
2. HIV & Hepatitis Research Center, Shiraz University of Medical Science, Shiraz, Iran
3. Developmental Biology Department, University of Science and Culture, Tehran, Iran

* Corresponding Address: P.O.Box: 19395-4644, Stem Cells and Developmental Biology Department, Royan Institute for
Stem Cell Biology and Technology, ACECR, Tehran, Iran
Email: baharvand@royaninstitute.org

Received: 6/Dec/2007, Accepted: 5/Jun/2008

Abstract
Objective: Dehydroepiandroesteron (DHEA) is-a neurosteroid with potential effect on neu-
rogenesis, neuronal survival and proliferation of neural progenitor cells. However there is no
direct evidence for its biological effect during the differentiation of stem cell-derived neurons.
The p19 line of embryonal carcinoma cells develops into neurons, astroglia and fibroblasts
after exposure to retinoic acid (RA). This study was initiated to assess the effect of DHEA on
neural cells derived from p19:embryonal carcinoma stem cells.

Materials and Methods: P19 cells:were suspended in dulbecco’s modified eagle’s medium
(DMED) containing fetal bovine serum (FBS) in bacterial-grade petri dishes in the presence
of RA, DHEA and RA+DHEA for 6 days. Then cells were trypsinized for dispersion and re-
placed in poly L- lysine (10ug/ml) coated tissue culture dishes without RA and DHEA for 4
days. The expression of neural markers Map-2, Tau, beta-tubulin IlI- clone Juj (Tuj1), astro-
cyte marker GFAP and the percent of neurotransmitters tyrosin hydroxylase, glutamate, se-
rotonin and actyl cholin transferase were evaluated by flowcytometry, immunocytochemistry
and RT-PCR analysis.

Results: Flowcytometry analysis showed that about 63 + 3% of the cells express neuronal
marker Tuj1 and about 5 + 1% of the cells express tyrosine hydroxylase neurotransmitters
in RA treated groups. However when RA and DHEA were added to the culture medium, Tuj1
expression increased to about 74 + 1% and tyrosine hydroxylase expression increased to
23 +2%.

Conclusion: Results showed that DHEA accompanied RA increased the number of Tuj1 and
dopaminergic neurons that were derived from p19 embryonal carcinoma stem cells.
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