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FoxP2 A % — BB RABARETRALTMOAR  LARAF SN FH SEMRTE LXK
FpAd > HEOAKEENARONENREBEBHI AL T ZRAMMAERK Area X 14
BEBAMERFET - RS E B EATR MR Area X t9#7 £ & LA A FoxP2 9 & B > Ewf
7 % FoxP2 T A& & A7 74 43 L7 & > {2 4 #1475 sk BA 8% © AT A BT 0 % B Platelet-derived growth factor
receptor o (PDGFRa) T 4% FoxP2 ¢4 F#4 4 B - PDGF ¢R i/ AR E T EHF @t ig L
i &AM EA R e o B 4L RAME R FoxP2 TH & % 1% PDGFRo RN E LM A « BAGT
i 4k 2 85~ FoxP2 @ #0#] P19 dm o ey & L 54t » B 4b3 £ T4 PDGFRa 7 & B A7 R #% - s R
B5% FoxP2 4 i i& PDGFRa R ##E# & L1t °

N AeHF  AEAME F BB T
@

#¥ 48 7U %7 4 (neurogenesis) & I + & F R IR
SHBE BB R —RABIEEILEG
GhRBAMBREL: RORCERARTE LELA
REHWEAREHENE - 4t AeRHAT
(Doetsch and Hen, 2005) 31 R da 7> & Y1 4247 &9
HEHEFERALERFEANERETAENY
## 48 70 4 A (Ming and Song, 2005) ° & 4 #¥ &2 T
AR LEAHBELERICHBERTR BELE
£ ~ B AR A SR % B 5 F 4 8 4 (Eriksson et al.,
1998; Kempermann et al., 1997; Rakic, 2002;
Bakan ef al., 2007) » B R A H T E €5 £ &
SR TURTE o 1E I A AR 69 AT 48 fm B (neural
progenitor cell, NPC) & & # 2| 4% & it B 3t 516 A%
BERGwE - RNBRAB RBETE
(subventricular zone, SVZ)#u % & i@ (hippocampus)
@ g4 o 4k 3@ AR 4= B T & (subgranular zone, SGZ)
A A 48 3 4m B 449 77 1. (Doetsch and Hen, 2005;
Ming and Song, 2005) = £ SVZ > 3% 42 # = B AT 7~
Il Reyib @B b & R B384 - 3 & rostral
migratory stream & {& %1% 3% 4k 3] 2R 3K FI e -$53
-4b B interneuron (Imayoshi et al., 2008; Lois and
Alvarez-Buylla, 1004) > & & % & y¥3 &9 20 5
(Enwere et al., 2004; Rochefort et al., 2002) - s
SGZ Ffi 554k 8 3% 48 B fm B b & R W7 3B 4k 2] 50

J& ¥ ik @ (dentate gyrus)> o1t s FR AL 4= B (granule
cells) » ¥4 B o % [ 2208 & M (Meshi et al., 2006;
Shors et al., 2001) o fr — b8 & 4o £ 44 » ATAG 49
{8] B% ¥ & (ventricular zone, VZ)#7 &£ i &9 # & &
mp ey R BRA MBI o HVC - Area
X it 45 i 4k & B -1k AT 48 su(Nottebohm, 2004,
Paton and Nottebohm, 1984) -

FoxP2 (Forkhead box protein P2)& — 48 /& #
Fox family #9 #4% & -7 B H & — 18 Forkhead box
DNA &4 & M43 4 -FoxP2 X B & — {8 #L AFAE
T4 A FEMARLal ef al, 2001; Feuk ef al,
2006; Lennon et al., 2007; MacDermot et al., 2005;
Zeesman ef al., 2006; Shriberg et al., 2006)° & F &
BEAEKE £% BFRABARERE=K A
HPE B EARRBAREAN BT IONE
o BBPH-FHAR FroBERAEGEL
Hike g ey FoxP2 ARMAHFARYE N
FoxP2 B & ¥ — BB RBEARBERIAM
& 2 B (Fisher et al., 1998; Lai et al., 2000; Hurst et
al., 1990) - FoxP2 & — B8 &S EMAFHAHEAR » £
HEeymiE R BE C RBELA LR
(Haesler et al., 2007; Li et al., 2007; Teramitsu et
al., 2004; Ferland et al., 2003; Haesler et al., 2004,
White et al., 2006) = LA/s & &) > 5]Fk FoxP2 &
RERASFe AR AER  Hekr EUS
Fe R Bk EREA LR R A ELLE N (Shu
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et al., 2005) - 3 44 ¥ % (Zebra finch) i 1A 4h & £ %
B 95 3k & 85 #A(sensorimotor period) © —18 & § %
Veg gy ib@4x Area X 89 FoxP2 9 2R E ¢ L
o mPEEEHhiE FoxP2 YRR FXGWMET
% o2 24 RNAI &9 # 75 1K Area X &) FoxP2 &9 %
RE > eHARBHRNDER L2 TUMERYY
Mot o FE LT U hoild FoxP2 HatE £ 2 85
Ik & s 3 Yy (Haesler et al., 2007; Rochefort ef al.,
2007) - AARE R LR LR FoxP2 %%
Area X MAF & LB 46y % B > B~ & FoxP2 B &
BETAHRTRANBETAM -

BB T ATEG e VZ M A RS R B
HeBEH B M LY SRhA MHER AreaX > it 4
iE & B 51k &k 4 48 7 (Nottebohm, 2004; Paton and
Nottebohm, 1984) - % VZ A Area X #F
FoxP2 &) % 3, (Rochefort et al., 2007) » iE w7 %
FoxP2 *T e @ sAIE M & UM A « JAT £ A
% 36 FoxP2 #) F #F A B F T £ £
Platelet-derived  growth  factor receptor «
(PDGFRa)(Konopka et al., 2009) - PDGFR & —#&
A3 K> 4w B BE L 8% receptor tyrosine kinase (RTK) °
& % %] PDGF #7&1t - PDGF family & 4 7
PDGF-A-B-C-Dm#E#HAY > r mMEEHX
<] % R XA 2 fe 8y homodimer & heterodimer :
PDGF-AA, -AB, -BB, -CC, -DD - £ % PDGFR
bH BmfEER PDGFR-o, B R#EELZE R AR
dimer : PDGFR-oa, -Bp and —aff ++ & shE o
PDGFR-BB & % #| PDGF-BB, -DD #y7&1t °
PDGFR-af & % %| PDGF-AB, -BB, -CC - & ¢
PDGFR-0a 8] € %/ T PDGF-DD % » E4hfih
$8 % PDGF #y7&4b(Shim et al., 2010; Williams,
1989; Heldin et al., 1989; Heldin et al., 1992)° B A7
42 PDGFR #Aizaiaey s &k - S R A AR
Be#F 0 83 0% #7 4 (angiogenesis) « & i 4a 8%
& 4k 4 5 4o B (fibroblast) 4 & ~ Bt B ATt i
(oligodendrocyte precursor) &3 & » LA B ¥ 48 U
A4 (Xie et al., 2001; Tsutsumi et al., 2004; Jackson
et al., 2006; Takakura et al., 1997; Zhang et al.,
2009; Cameron ef al., 1998; Erlandsson et al.,
2001) - £/ BAEKXF 0 SVZ mey NSC 458
PDGFRa > M B 35tk NSC & & 4 # 0h4F & 7L AR
F 8t R 42 i, - PDGF & 41 :4 NSC &9 3% 4 (Jackson et
al., 2006; Cameron ef al., 1998; Erlandsson ef al.,
2001)° B 3t #% 179 3 2] FoxP2 T 4& £ i 18 PDGFRa
MY EHEAME - Bi@/ REAEE a P19
K » $4r15 30 FoxP2 @30 %] P19 e b sy b 48
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a4t > B PDGFRa &g #p#| & & R ILR % - i3
R & PDGFRo £ 4% 4838 F LA T fic & FoxP2 84 F
He LA o

HREGE

P19 #HpRES R

N BB BE G 48 e P19 14 MEMa v k- 10%
N B s A faEFe 10%Penn/Strep 0 £ 37C A K
5% CO2 tha RAamzEs - TRYE  UEHK
1.2x10° cells sy B & - 32k £ 12 7L ¥ - #iTH
HE&At— R FBASH PO BBERKA
laminin & 12 7L 48 H & 57410 > H A RS
A% - £4p%| PDGFRa B8 7 & @ Al R ALK
& F v\ PDGFRa ¥ #3188 (R&D)RE pf, - TR
FARABBIL HET LSBT 2L 1:1000 &
B & ju N PDGFRa ¥+ Fod 88

A B PR EE

AFmoAhwma  Ehladar gy (US2
human ubiquitin C promoter ) (Yu et al., 2008) » %
— 4485 Mashl » £ =4n%878 FoxP2 > F ik
74 Mashl v FoxP2- % — 41 3t - 4878 GFP RAE T
WHER S mig - BREAN— I AR
AR R4 Penn/Strep & MEMa > A 37C4H 5%
CO2 #9312 % 48 M 32 % - 2 1% 1A Lipofectamine 2000
A E A E P19 g o

Eare e

A E BT e A A RMR% X IXPBS 2k
)+ % o Hhu 4°CH 4% paraformaldehyde
(PFA)IRBEl Etmpe - 15 542 HUAPBT £ B F #
H3KkBRS5 448 214 0 i mpa ik blocking
buffer Z &% 1 /)8 Hih AmBILE mouse
anti-Tujl (1:1000; Covance)# 4°CiZ i 16~18 /)
o214 MPBTRk3 R HRES NsE%
MmN R BB goat anti-mouse (1:200; Jackson
ImmunoResearch) ¥ 2 /8% - 44 H 4 PBT A%
BEFARI R BAMGY PBT &5 L#H&R
RBMERBRRLHTEER -

# R
AT Ay FoxP2 BAZRA B BRAHA K E T

FoxP2 =T # 4 $4% 42 4 F $L4% 48 9T ¥8 M (Spiteri et
al., 2007; Vernes et al., 2007) - & » Bf# FoxP2
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REAEHGEANER LB RRA - Bk
HAVER N RIERSEE taf P19 REEM R
Ko PIOtmip R —fiam#tait - £4F % E41k
fehthtmph o CITEBEHRIE XA neural
basic helix-loop-helix (bHLH)$& 4k B T & & X, » 4~
AL AR AP &8 & AL A 48 B8 (McBurney ef al., 1982;
Farah et al., 2000) - P19 ta o ¥T B I AY L5 F &9 &
BPS 8 > L RM R behtmipik EREéafe
i Bk EY  RAESILRFET o AN
UERR PO mfa sk THEHEF O —EERAR
SRR AL R, o AT LLHE P19 4 3k 75 FoxP2 &7
RAREHTCANBFFLHFEAAE - A
AR ETE P19 tapsdsa A bHLH #4:E
Mashl 8% €124 &€ 1% 1t sd¥ & 7u(Farah et al.,
2000) * HATAE#EH KR EEEGIES A - R
FoxP2 K % 4,3 R B AR i P19 4o fis b AR A 48
70 HBAjd kit —4 Mashl fv FoxP2 #h - sgs
e TEBRAaUS)AES 4 - B 4 0 enhanced
green fluorescent protein (EGFP) &, & H 3 78 i A
A RETHAR S  BHEKL N EBK
BENML RS ESEF =R ZBRFE
7. & — % & neuron-specific class III B-tubulin
(TyD kB EEHF XREHEATILAREH -
% P19 a7 A\ US2 1% 0 k¥ 2 fm B - 1L ALAY
& 70(2.3£1.26%; B — A,E) c &wFAH ° K& 4w
Bodk 78 A Mashl 7% 238 Tujl # & BTEMC
bR A 48 70(94.74+4.15%; p< .01 ; B — B, E) -
Ko £ FoxP2 8 ¥ Ry BA RS G éafe R
B Tyl K& Tk o4 AF & 7 (11.2+5.44%;
B— C, E)- ¥4z A Mashl fv FoxP2 -
4 dm B & 3R Tujl (69.53+5.1%) » — 2R 4y B R (H
— D) AAB& A > £ # Mashl 4aLb#keyediz -
3£ 48 55 A\ Mashl #= FoxP2 48 89 4% & 7L 5L BR £ 8
f&(p<.05; B—E)> A L& FH % > FoxP2 £ %
f5RE P19 mp bR EA > BEgHH
Mashl 42 i 4% & 7L b 89 2 R o b Hl4E A Ik
JB FoxP2 #& 7 Mashl 9 &£ BEk > AAL
FoxP2 $2 Mashl 4% 48 » Mashl &9 &R EHE R
&% Mashl Esgtisa(ERAKZEZR) -
HABEAY & 4m B0 8 W) B K BA o~ Platelet-
derived growth factor receptor-a (PDGFRa) T f&
% FoxP2 & TF#% B #Z X BE 2 —(Konopka et al.,
2009)-PDGF gk ¥ X — B4 AR ASKEF
HEZAR - U Ewps R - HEAME
%% > AR E# R tmig 4 1t (Valenzuela et al,
1997) - B st 14 M FoxP2 TR A Z BT M
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PDGFRa R#EHMEAM A o A T BT
P19 tmpsh i A L3l &40 H B8R 0 AV H s
%% % PDGFRa ¥ foii ey bk F ¥ =R -2
#EU Tul RAEEHFTARAEFETH)ILE
BH o yof PDGF R ESEKIEHAA FoxP2 T
#% > B FoxP2 RATEALTHIL > A Emi
PDGFRa ¥ Fu 88 R 49 %] PDGF sh 565 > B Ac A%
% FoxP2 #4¥ & u o bt dpdl gk R - 1 R T B8R
— o BAATERGESN BT € 5L RT
#& st (Con/Veh: 0.32+0.34%; Con/Ab:
0.27+0.15%) > K3 5@ A A FoxP2 ¢y éa i & K &
(FoxP2/Veh: 2.84+1.05%; B —) - {2 §iisbid s
i% FoxP2 & #m ff1 3% % 42 5 A PDGFRo + fo i 88 &)
BT 28R Tuyl & TLblBaEN S
(FoxP2/Ab: 5.52+1.19%; p< .05 B =) - E £ &4
A Mashl fo2 FoxP2 £ > K7 509 &9 48 i 51 Ak,
¥ 48 7U(M+F/Veh: 50.14+9.08%) > B PDGFRa ¥
B ERE B s bRE LYY
(M+F/Ab: 66.21£12.56%; B =) - sb&& £ 8T >
PDGFRa #9#E T h.% FoxP2 ) THEBREAR X

—_— 0

K

AE BT » —BERATETT B Ao3E T A
# 34 4% B F FoxP2 € £ F 7 PDGF ¢4 &3 &
342 > R¥pH| P19 fmf 5 AL R ATET © Bt 0 8K
e RIRAE FoxP2 £ G ARBERTHERE
e

P14t KR R4V Hafes - 128 BHF
SEFHEAKETARY N ETRRET
BREZIBABEK  BTABBRYREAEAGAEY
F X AL AT R éa fl 0 R AR A H L FoxP2 i 4¢
BEHERFHE—F o BTHERMIFoxP2HEMNEHFT &
B 4% 0 SRAPTT LA B4R BA3% B RE G AY 48 AT BE fm BB Ao
HBABMHEH @B TR 0 R EEAGHHEX
R &% % (Reynolds and Weiss, 1992; Gritti et al.,
1996; Seaberg and van der Kooy, 2002) - FoxP24&
BRI E2ARAES KA (striatum)
AP 48 AR » BFoxP2 &2 i SURMAY @ L8k 4
HEE  BETARF@BURREHFEHL
RFoxP2 » THETH RE &R -

#e AR 3% 3 . FoxP2 & #p $Mash 1 {2 i f9 48
amfeesse REAZHERGEBR FARXELAFA
M4 o KT se M%) ©.4%  FoxP2 &4 #Mashl ) %k
3, ; FoxP2 ¢ #p#|Mashl 4 4 2| ADNA R # A 5
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$thtmBe b8 (B, E; FTiRATdE) K S A
AFoxP2 & 4m i1 3t R & 516 A%, %‘P@f[.((‘ E)- £ -7
AMash |l FoFoxP2 &4 4= it % & » 3 5
FIeArAE) » 2 R AR(D; HrsArrds) o EME 24 78 6o
(# B.GFP) & fm b 45 Ab i A 48 70 (F) 85 & LGFPFoTujl)
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Figure 1. To test the effect of FoxP2 on neuronal
differentiation, P19 cells were transfected with control
(US2), Mash1, FoxP2 or Mashl plus FoxP2 (M+F) along
with EGFP vectors, cultured for three days and
immunostained with the neuronal marker Tujl (red).
When transfected with control vectors, few cells
differentiated into neurons (A, E). After transfected with
Mashl, most of P19 cells differentiated into

Tujl-positive neurons (B, E; arrows). The majority of

cells transfected with FoxP2 did not express Tujl (C, E).
Some of the cells cotransfected with Mashl and FoxP2

> oAb Ak £ (D, E;
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were Tujl-positive (D, E; arrows); some were not (D;
arrow heads). (E) Data are ratio of neuronal
differentiation of each group (percentage of Tujl, GFP
double-positive cells per GFP-positive cells) and
presented as means + SE. Neuronal differentiation was
significantly less in M+F group when compared to
Mash] only group (E). This suggests that FoxP2 alone
did not promote neuronal differentiation and it may
compete with the neurogenic effect by Mashl in P19
cells. Scale bar: 50 um. * compared with the control
group; # compared with the Mashl group. ** denotes p
< .01; # denotes p < .05 (r-test).

E-box I » # #Mashl & ;23 sEhie - 75 4
ARG H X, 0 AHE AR B AR B T P3R4 B 4% 0
M—R -

i #PDGFRa ¥ fo it 69 W % » HATER
PDGF 3l & 1% % 3542 6 sk A 7 FoxP2 ) F % mi
Z AT 4 4 & #6951 % (Konopka et al., 2009) » #857
PDGFRa #) 8 T it & FoxP2ey B 42 £ B - g7
PDGF4-Sifp @ A ik H oy S AEAIE - LHARK
R fm i b 4t 0 158 ST FoxP2 9] fE 4 48 18 J dw
R LI ERAE -

FoxP2 2444 i -6 4 - D R R Afady 3
HAoE 2 hheH Mo A% Ei#E—F 8 FoxP2
LEWNELSGET  EENGEHWB LG RER
e o HAPEARGERT AR AR BTH
LA AP 43 35 fa B, R 06 B AP 48 4R A5 Ao b 42 R AL R AR
RN 8-

B
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H FoxPZ 08 do B A S A0 o A 1% AP 48 AT AR dm

If]ﬁb?_—i 31 (NSC 99-2311-B-003 -001) » 2L B B
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Figure 2. To test whether PDGFRa acts downstream of
FoxP2, P19 cells were transfected with control (US2),
FoxP2 or Mashl plus FoxP2 (M+F) along with EGFP
vectors, cultured for three days with PDGFRa
neutralizing antibody and immunostained with the
neuronal marker Tujl. When transfected with control
vectors, few cells differentiated into neurons. The
majority of cells transfected with FoxP2 did not express
Tujl. When treating these cells with PDGFRa
neutralizing antibody, there were significantly more
Tujl-positive neurons. More than half of the cells
cotransfected with Mashl and FoxP2 were Tujl-positive
and the treatment of PDGFRa neutralizing antibody
could cause a trend increase of Tujl-positive neurons.
This suggests that PDGFRa may be one of the
downstream effector of FoxP2 in differentiating P19
cells. Data are ratio of neuronal differentiation of each
group (percentage of Tujl, GFP double-positive cells per
GFP-positive cells) and presented as means + SE. *
compared with the PBS group transfected with the same
plasmid; * denotes p < .05 (#-test).
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ABSTRACT

FoxP2 is a transcription factor involved in vocal behaviors. During adult neurogenesis in songbirds,
FoxP2 is expressed by neural progenitor cells and newly generated neurons in Area X, an area for song
learning. However, whether FoxP2 regulates neurogenesis and the mechanism remain unclear. We tested
this hypothesis by overexpressing FoxP2 in a mouse embryonic carcinoma cell line P19 to examine
whether it regulates neurogenesis. We found that FoxP2 did not promote neuronal differentiation. We
also identified that Platelet-derived growth factor (PDGF) pathway could be one of the downstream
effector of FoxP2 during neuronal differentiation. Taken together, FoxP2 may play important roles during
neural development. A better understanding of neurogenesis in the mammalian brain should provide
insight into regulatory mechanisms and lead to strategies for brain repair.
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