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[HE] + $3F TTF1 (thyroid transcription factor-1) fEMft: SD K& HE K TR T EMih RKiEMEEIL, /516 L EH 5 KiSS1,
GnRH (gonadotrOpm-releasmg hormone) FiEMKF., Hik - SD MERIEE R BEWM B AFEH (JUV U, AT R4 (EP4),
Mkl (AD 41); A4 %9yl TTF1, KiSS1, GnRH %y 2 b BHHE 40 £ Feigi i 53415 B HH 3L 1856 % 5 real-time PCR
AR AT W, wiEm A (AVPV) K5k (ARC) " KiSSI. GnRH, TTFI mRNA ik, Western blotting # AR 45 il
KiSS1, TTF1 HE{FE T BN FE B KT, G458 - TTF1 £l T Mk AVPV, ARC, IEWEZe (ME) A% %%k, GnRH, KiSSI
5 TTF1 7E ARC & ME fFfEdL 4 X1k, 76 F M, 77F] mRNA EiEB®BRAERE TG BT S, £ AVPV, ARC %4
tr, TTFI mRNA KL R LIS, GnRH mRNA B RBRFEEH & FH5E 1TF, 1E AD JHikElg; KiSST mRNA Kik5e T GnRH
mRNA, £ EP J{ik &g, AD 4R &K T, £ T s, EP W TTF1 & RIE T, 1 AD WA S| @ik, KiSS1 mARB 2L E
Fh#a%, 5 mRNA Kk —5%, &g - BEQ TTF %4504 T F R AVPV, ARC. ME, GnRH, KiSS1 5H7E ARC &% ME £
HFERBEX, MESHERE, f£ mRNA K L, KiSSI %T GnRH £ EP iklfl, TTFI FXxEFHmas, £ AD B8 HiE, 5
KiSSI. GnRH k% —8, ®AKF L, KiSS1 £k 5 mRNA #A&THEtastan, TTF1 Kk RTmiak, 78 AD B8,
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Expression of TTF1 in hypothalamus of female rats and its relationship with GnRH and KiSS1

ZHEN Ni, LU Yong-fen, LI Pin
Department of Endocrinology and Genetic Metabolism, Shanghai Children's Hospital, Shanghai Jiao Tong University, Shanghai 200333, China

[Abstract] Objective - To investigate the changes and distribution of thyroid transcription factor-1 (TTF1) expression around the puberty and to
explore the position relationship among gonadotropin-releasing hormone (GnRH), KiSS1 and TTF1 expression in the hypothalamus of female SD rats.
Methods - Female SD rats were divided into three groups: juvenile (JUV), early puberty (EP), and adult (AD). Tissue immunofluorescence staining was
used to detect the expression of TTF1, KiSS1 and GnRH immunoreactive cells in the hypothalamus and the relative position among them. Real-time
PCR was used to measure the expression of KiSSI, GnRH, TTF1 on mRNA levels in the hypothalamus, anteroventral periventricular nucleus (AVPV),
and arcuate nucleus (ARC) respectively. Western blotting was performed to detect the changes in protein level of KiSS1 and TTF1. Results - TTF1 was
densely expressed in hypothalamus nucleus AVPV, ARC and median eminence (ME) of female rats. GnRH, KiSS1 and TTF1 were adjacently expressed
in ARC and ME. The mRNA level of TTF1 in the hypothalamus showed an upward trend after a slight decrease, while in AVPV and ARC tended to
be consistent and showed an upward trend. The GnRH mRNA expression levels were significantly increased and reached the peak at AD. The mRNA
expression levels of KiSS1 showed a sharp rise which was prior to the peak expression of GnRH mRNA at EP and then sustained the high level until AD.
The protein expression level of TTF1 reached the peak at AD and the KiSS1 expression showed a sustained growth. Both of them showed an upward trend
and basically consistent with the mRNA expression trend. Conclusion - Neuronal nuclei protein TTF1 mainly expressed in the nuclei AVPV, ARC, and
ME of female rat hypothalamus. It was prominent in cells of ARC and ME which were localized GnRH, KiSS1, TTF1 positive neural cells. During the
development of puberty onset, KiSS/ mRNA preceded GnRH mRNA to reach the peak at EP. The expression of 77F7 mRNA increased and reached a peak
at AD, which was consistent with the overall increase of KiSS1 and GnRH expression. Protein expression of KiSS1 showed a corresponding upward trend
together with their mRNA expression. TTF1 protein expression increased and peaked in AD.
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REE RN —RILOE, 178, tEERIEE/ES &R E
s A MR K A ) 5y FHLT R £ ] B

B JSSAIE R SE BRI AT & — /> A 2 55
¥y, ZENEME, EFR. B, R OB RN ik
S R A RCNE, HPG B (EH 3 8 2 A1 i b i 2
fir, T I MR 1 M ik 25 B ik 2 (gonadotropin-releasing
hormone, GnRH) ## £ J¢ i ft 4> i GnRH, 1E H T
7, 3t 4 W6 P IR fi % 2 (follicle-stimulating hormone,
FSH). #{& Ak (luteinizing hormone, LH) /£ T-4E
BE, BRKERREID., EHEASKEAF. Hh GnRH #
LW BEE R EE W k45 EE/EH. KiSSI/GPR54
(KiSS1/G-protein coupled receptor 54) 155 R G- HPG %
(RS AL A T A SC B PR Y, JE IR KiSST Feik
74y Kisspeptins il it 55 GnRH {128 L2 1A 1) KiSS1 &2 &
0}l GPR54 25 & 15345 5, W {gdt GnRH ik, J52h HPG
Y, RKEE R,

PE R F I 46 o RS A D R 28 3R RIS 2 i, 1B
R KiSSI & GnRH F R F iR = 4 FHLEIE A B, A
WFge © 0, MR TTF1 (thyroid transcription factor-1) W[
fE2 5 KiSS1 ik AYs . 1ZWE7T R el &3 RS A 4
A, AR BRI T S T R & B AR 4%,
EVAEE R R B LK (TTF1, YY1, CUTLI,
pS3 %), BAIERKIEEANFEEIVAEIER, wTRERNA
GnRH RiXFNHEH K H A5,

HTA TTF1 PR Nkx2-1, FBEFGETHf, AR,
BB 3, SR T ERIRE R BA X, EHFEMER
RGN R & O O] RGAE GnRH B, S5
AL S S GnRH $h& T 2k 7, AR
P2 R A e e AR DG R R R RZ AR e &,
MZAEREA BERER, 5HEHEY GnRH Rkl A 3",
A "IN TTEL {25k B 5 4 5l 22 0 Mg 78 B XURG A
5, A SCBR A bR S R T R 2

EP A2 248, T k= R4% (arcuate nucleus,
ARC)
nucleus, AVPV) 4y 7iffJ KiSSI mRNA ik [H: #2250
e 5L B A L. ARC I KiSST mRNA FKik k752
S JEI B —— i —EE (estradiol, E,) FIAfE#FH——%
fifl (testosterone, T) [y 1 X it I8 15, AVPV £ [ KiSSI
mRNA ik kB34 A E,. TIHIEREHS Y. itk
B, HEERUPHIE KR AVPV ik KiSST H R It ek
BB b, s TS RIBIT G, KiSSI ARRRILRE
ATLMRE

AN IE R AL FH A K A Al G Y SD KB T B i

~

K mi B M| = & #% (anteroventral periventricular
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ARC, AVPV [ TTFI, KiSSI. GnRH mRNA 3%
B, LARAX FGR AL B R RO, TR AH S
FEEERANIAEM =38 Z AN ELIRYEN G &

1 HHS%HE

1.1 bkt
111 KU Kooy 4l WPk SD KK (SPF 4¢) T
g e v SIS S A IR TR A B, s A U AT IE
Z3 SCXK  (ir*) 2017-0005, &fj#y {8 H 1 #] UE 5 oA SYXK
(fr) 2016-0020, AEHFEIMTERA (21+£2)C, BJE
H (55+10)% , 12h B&RHE, AHIKE.

SD Rl I 93 H, etk HWIM Bt 4 3 4, 41 5l
Jy AR (25 Hil%, juvenile, fRiFRIJUV). Pk & H 44
41 (35 Hii%, early puberty, fai#Rk EP). PEpicidl (42 H
%, adult, fEifR AD), 43431 2, H 12 HEFEMN4
T EEANALZUE mRNA ZRF, 120 AT i ARC il
AVPV 202011 & mRNA /k°F, 4 R T Western blotting &
Ma T EEARRRE, 3 RHTHE BRI AR
AR 7 A Rl 2k fr B
112 WA 5 e FEL 28 (Sigma), 4% £ %
i ¥ (Biosharp), TRIzol (Invitrogen), Jx % 3% ik #il
& (TAKARA), ZtE ®mik#1 & (TAKARA), EHR
i W& (Thermo Fisher), GnRH #i & (Novus), KiSS1 Hi
#& (Millipore, Abcam), TTF1 i & (Abcam, CST), =%
J& —Hi (Thermo Fisher), ¥ 4R it %8 {b 4§ (horseradish
peroxidase, HRP) #7ic —#$i (Jackson), 5l4y ( il
). EHMr I (Thermo Fisher), Figpr{¥ (Thermo
Fisher), ¢JCILHE (Leica), JLREBHMEE (Zeiss), ok
It 5¢ i & PCR { (Roche), %4M3 JJE T (Thermo
Fisher), ChemiScope3500 {t.%% % Y% {L (CLINX), 7K
FRUIAHL (Leica), fiGiitmidt@5.0bL (Eppendorf) %,
1.1.3 B SREALEE P HEA R T 8:00—10:00,
SN RE it 3% AR ELEL = Ak (4 100 g {4 BT & 0.4 mg) s
PRI S O WEAE T AR B ER K, FRTC WL Mok i I, 46 B
4% %2 0 WS VA AR SR HEVE s s UG ZHEH, 4% 2 R H
B4 Cubfi, mERERS LK, M Tok&D R asifE. M
T2 mRNA F8 & e RO, fEAEmEk#EE=T
B M7k s, R R R, R R, HT
AVPV (HiX 0.12 ~ —0.12mm) #1 ARC (®ix —1.72 ~
—4.36 mm) g mRNA FEEIL LY, WK I 20 2 B s &
SRR OK R Y R bR, TEORGEYI R ML 43 Bl n, 7R
e FUIARRAZ A, PR RGE R

LSRR R (B L 2018, 38(6) (D))
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1.2 5245051k

1.2.1 A RNA £ Bt 5 real-time PCR 3 £ 21 Bf Ji& Jf:
2 Ud W 45 12 B mRNA, i #% 5¢ J cDNA, - Jx B 4% 1
)37 C 15min, 85 C 5s, LJ B-actin AN ZH K, real-

#¢ 1 Real-time PCR 2% 5]
Tab 1 Primers for real-time PCR

HEE AR L5l (5'—>3)
GnRH CCGCTGTTGTTCTGTTGACTGTG
KiSS1 AGCTGCTGCTTCTCCTCTGT
TTF1 GGACGTGAGCAAGAACATGG
B-actin TGCCGCATCCTCTTCCTC

1.2.2 IKGUIRAIHIME CRHRZHEUH OCT Wi, [z T
IR R HUREASL, 43 BIENIA% A AVPV | ARC, Li4ggk
PR 25 pm JEEUIRGEAR UNEESD) fr, SN A, WA
THRJG —20 ChEfr,

123 HAGEYE KEDRETEh T
2h, BifEEhZE ik (phosphate buffer saline, PBS) &k,
37 CHIE T h 5, @#n—t4 Cidi, PBSEME/G N
JeTHU3T CHER 2h, IEBEE YR, R TR A
Rl R, AR SRR T AP B, Hodh—$isy 1A anti-
KiSS1 (Millipore, 1:1 000). anti-TTF1 (CST, 1:50),
anti-GnRH (Novus, 1:200), ¢ Jt — ${ & Alexa Flour
488/568 (1:1000),

1.2.4 EREHE JEH GnRH. KiSSI1. TTFI1 FAPEANNEE
BRlsOtE e, LR ER MBI, T kaks
TG UL oy AT 1T 6

1.2.5 & AR HL S Western blotting £ M| 21 21 Jf %
JHREAE E, BCA LMK AR EE, 47 Western blotting
il (AR 30pg), £ SDS-PAGE HLik)g, 2k T #%
0% B 1 #2 %2 PVDF I |, 5%BSA =i H#2h, —
bi (anti-Kisspeptin - $i {4, Abcam, 1:500; anti-TTF1 $
&, Abcam, 1:500; anti-GAPDH, CST, 1:1 000) 4 ‘C %
Halk, TBSTIZPEMA ZPi =P & 2 h (HRP $rid,
Jackson, 1:5000), ##itfG ECL A JGiALE G4, RH
Image] FR{AFHEAT UG AL BE 53 #r

13 ey

R SPSS 22.0 BT EA0HT, BCARM x5 %2
R, B LIS 8 R 05 047, JFR I LSD
R RIIELE:, P<0.0S Ford RATSHHERE L.
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time PCR J v/ & {4 24 95 C Fi 2% 4 10 min, 95 C 25 4
10s, 60 Ci&:k 30s, 45 E¥FR, 95°C 10s, 65°C 60s,
97 C ls; AHAEINTEIL. FEKHSIW)/F5 W
i]‘o

s (5> 3) PR /op
GGGGTTCTGCCATTTGATCCTC 150
AGGCTTGCTCTCTGCATACC 152
GCCGACAGGTACTTCTGCTG 123
GGTCTTTACGGATGTCAACG 191

2 &R

2.1 TTF1 #p&gcfefitk SD KR F Mgt 5> 4i

PP s e tor TTRLE AR Talek:, +%
SrA(E AVPV | ARC X, CUAIKE KiSS1 #fiZe e %5y
A e T AL AT #% (preoptic area, POA), AVPV = Ji
BUA B ARC S5 0r, G2 T8 B £F 2 3R AT 1 T GnRH
2 TEHE R RAEVEH, Wi GnRH £ 22 70 41 M A 32 324> A5
TR ATk, 4hse m BEAE fa] 22 E i % (median
eminence, ME) [l 2k, ZnlE 1 Fiss TTF1 fhRik
+ AVPV B, ARC . ME, % —J== 4.

2.2 TTF1, KiSS1. GnRH 1EMi: SD KB F IRk

LA AR 2 5k VD J 43 BldE 4T TTF1 5 GnRH, KiSSl1
5 GnRH 29, £ R l& 2 fron: {£ ARC T8 & ME,
TTF1 4085 GnRH ARk B 5 | BHH4E: {E ARC
1 ME, KiSS1 48 iz 55 GnRH 48 g {7 & & &, 1fq TTF1
5 KiSS1 Rk E AL AL ARl /£ ARC, ME [X 3 TTF1,
KiSS1., GnRH A k&EFHik,

2.3 KAIMEE SD KEBANFIBAL TTFI mRNA KikiyE 4L

Sy A JUV 40, EP 4. AD 4] | &l TTF1 mRNA
FKikkF, GREI/RADH S JUV A, EP 4 A 2 7Y
BHit#E L (P<0.01, n=12), BEEFE R, TIL
TTF1 FiRGHAE T B BosAkis A T (CRFSE
X)) fERFESE (F2, E3),

PiA% U AVPV | ARC 5 854 43 85, 47 i A I ]
TTFI mRNA Fik/KkF, 51 E/R{E AVPV, ARC & H,
TTFI mRNA iR 2 FFH#a#, AD 45 JUV 4. EP 4]
bbiR, ZRAESGIFEX (P<0.01) (%2, E3),
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TE: AIRRSEE T AVPV BB TTF1 (4k@508) SAigiitaic DAPL (FEL08) P itiil, TTF1 2o ifE AVPV B =k = 8400e; B, C. 551
P A FEA LSS 552 T DAPL, TTFI iEJiS D A FERLET mﬁﬁ’%T TTF1 K5 TAMAE A E AIRREBE T ARC & [H1H TTFL (L a508) Saiigiric DAPT (i
@) W EIL, TTFL EZoAi T ARC £, ME, 5 =lu= = E40M; F. G. o 3I0 & E HENAREF @ 6586 T DAPL, TTFI1 ik ; H, Bl E HENALEF & 55 T
TTFI ik TAMEA, #ikFRch TTFL SAN2AHx i 86 & s LAVPV A ; JARC ERGKIE. A, E. $7R =100 pm; B-D, F-H. $R =20 pm,

1 TTF1 Ze#%H AVPV. ARC HIRIZ TR

Fig 1 Location of TTF1 in AVPV and ARC nucleus

G
PR 1

H
bR 2
E: A, C. E. G. U1} 1 FIEM ARC £ 400ih7ic DAPT (15 ¢2359) . GnRH (ZT6a4506) B TTF1 (4:a4506) k150, B, D, F. H. &)} 2 FEMK ARC
Birp 4Nl bric DAPL (Wi(a556). GnRH (ZI(A3506) J KiSS1 (4k(aseit) ki,

2 ARC #EZi K GnRH, KiSS1, TTF1 FRiAER (x100)
Fig 2 Expression of GnRH, KiSS1 and TTF1 in continuous sections of ARC (x100)

2.4 AFPES & HOIEYE SD KB F s, AVPV, ARC  BESH¥ENL (3 P<001); BEEEHERE, HEEK
ML GnRH, KiSS1 mRNA Fikitys{L R B (R 2, E3),
£ F E M6, GnRH mRNA £ikpiE HAET 2 ETH# KiSSI mRNA 7£ F | i, AVPV, ARC [y % ik 7k °F
W, K ADAWE & TIUVHY, ERABA5IHES *“ﬁiiiﬂ%%, AD 415 JUV 41 f1 EP 4l tbiR, 2Ry
(P<0.05), 7E AVPV, 3 4] (A GnRH mRNA ik W i kb A& (3 P<0.05), MEHFELE, AVPV A

%, ZRYAESIHFSENL (¥ P<001); ESEHERT, ARC i KiSSI mRNA Fik(E EP BBk Fik(E, 76 AD #
GnRH mRNA 7E AVPV [y ik 2 RS, 75 ARC, EP 4 4iFFfEiE 7k32 EP 41 F1 AD 41 5 JUV 4 b, ZH7H
1 AD 41 GnRH mRNA [k 8 5 JUV AMLL, ZRY  GGH%E (B P<0.05) (F2, E3),
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#2 BUKET M. AVPV, ARC ¥ GnRH., KiSSI Fl TTF] mRNA kMLt (x+s, n=12)
Tab 2 Comparison of mRNA expression of GnRH, KiSSI and TTF1 in hypothalamus, AVPV and ARC (x s, n=12)

T AVPV ARC
gkl
GnRH KiSS1 TTF1 GnRH KiSS1 TTF1 GnRH KiSS1 TTF1
JUV 4 0.925+0.375 1.060+0.377 1.120+0.632 1.061+0.409 1.024+0.241 1.012+0.162 0.872+0.318 1.056+0.345 1.372+0.817
EP 41 1.148+0.762  1.161+0.583 0.947+0.573 3.196£1.042% 2.261+0.563° 1.018+0.184 1.399+£0.241° 2.449+1.096° 1.901+0.668
AD 4] 1.51240.630° 1.576+0.447°° 2.186+0.714°  6.577+2.784° 2261+0.664° 1.727+0.460°  1.564+0.379° 2212+0.618° 2.881+0.954°%
F1E 2518 3.958 13.108 30.938 22.488 22.417 15.478 11.750 10.435
PE 0.097 0.029 0.000 0.000 0.000 0.000 0.000 0.000 0.000
. “P=0.035, “P=0.012, “P=0.005, “P=0.000, °P=0.001, 5 JUV ZLLiL; ©P=0.000 5 JUV 4. EP 45 Bltki%; ©P=0.040, ®P=0.006 5 EP 4Lz,
- i AVPYV ARC
41 &= (iRl 10+ &= it £ == (i
N = KiSS! - KiSS] L - KiSS]
= - TTF] = o = TTF! = == TTFf
# 34 +) ]
= k1 ]
= = 6 = 3
E 24 = g
= - 41 - 21
Z 1 z e
E £ 2 E 14
0 T T 0 T T T 0 T T T
Juv EP Al v EP Al Juv EP Al
3 &4H SD R T EfR. AVPV, ARC /i GnRH, KiSS1 #1 TTF1 mRNA FRik/k¥E
Fig 3 mRNA expression levels of GnRH, KiSSI and TTFI in hypothalamus, AVPV and ARC of female SD rats
JUv EP AD

2.5 APk % & Y SD iRl F )l KiSS1, TTF1 &

Pk 1k

Western blotting #AMIZ5 R (£ 3) &
BAKCEAEJUV 4, EP 4. AD 21 5 B i
i AD 24 5 JUV d Lk, ZRA SIS E X (P<0.05),
EP 4 5 JUV?EH:?‘ TTF1 & [ & EKCF- B FRIK, 2
S A G L (P<0.05), AD 410 W] & & T EP 41
(P<0.01), TTFI ﬁ EIEJUV iR i, 2 EP kiR
O TR, FiESHEKT, (£ AD kT, I EP
F| AD AR S KiSS1 H—% (& 4),

o1: KiSS1 %
Wi, K

#3 %41 SD Mkl F M KiSS1, TTF1 %L (n=4)
Tab 3 Protein expression of KiSS1 and TTF1 in hypothalamus of female SD rats
(n=4)

215 KiSS1 TTF1
JUV 4 1.072+0.093 1.078+0.149
EP 4 1.617+0.350 0.751+0.094 %
AD 4] 1.986+0.649 1.174+0.115°
FiE 3.446 10.015
P 0.101 0.012
7. “P=0.040, “P=0.016, 5 JUV 41HA; © P=0.005, 5 EP41EbER,
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GAPDH mﬂ—_w 00¢

4 %4 SD MR TR KiSS1, TTF1 ZARIE
Fig 4 Protein expression of KiSS1 and TTF1 in hypothalamus of female SD rats

T A 2 PN 40 WA IR 7 AR R DY GnRHL, W]
T HPG #it ik &k BH B5h. KiSS1 RIEFELR AL
HEEF] “<p1717 (gatekeeper) fEFINEZE T, H- ik
Kisspeptin (H1 154 /™S AEFRA L) , A& [R]— Ril A A [] 2k fif

SRR Y Kisspeptin Gt — 25 7k fift %, Kisspeptin-54
14, 13, 10 %5, % RA Kisspeptins, Kisspeptin 7] @ it 5

GnRH #i £ T # 15 1) GPR-54 £5 & {4 {55, fieit GnRH
B, #EmiE2h HPG B, (Rt HEHEMIM Rz ", BEAE T
T Mot S B RS DR AR A 8 32 iﬁ}ﬁibﬁ’ﬁﬂ?ﬁl HF%&
FEAWFE, TR T EN L2 A2 K A Ge il 15

Vol.38 No.6 Jun. 2018



moe, ¥

KISS1, #—PiAmttk & Kt ash, H2umbipLtht s
PE—BE,

B TTFI h— R R &R, (7T 149133, &
NKX R J5 5 B K& 51, A 3 AN B 12 AN E T,
W& AR, 4y BIE N i C i %A — 4 B AFL
TEYERI S Kb, 7T 5 DNA 254 R4EEM Y, FERIET
fili, FRARMR. WaSEip0r, 5% F RAFIhREMSE ", %
DRI 5T i, S A, R A i R B S ok R )
I TTFI @R & E RS Ak, TRkmEE ™,
HAE 5 TTFL w238 T e M FA0 a0 40 e oA pif 22
JCAME, RATX 4> Ai % GnRH thZ 5T, it J#E GnRH [y
Fes b R RS Y. AW ERIE AVPV, ARC,
ME %587 F 3k 19 TTFL, W] 3 ok 7% 15 28 fil /E JH T GnRH
T R EMGIVE . TTF1 5 GnRH ik B4 1A ik
", & 5% AR GnRH (kiR iRzs ", 48
TSI Y RN TTF Rk T4, £0ME T
/s AVPV . ARC #%. ME ULRS =i % 5 5 4nie,
SELEFIABY) 47 TTF1 5 GnRH, KiSS1 5 GnRH %% Y&
sz W[ UL TTF1, KiSS1. GnRH 7E ARC ¥ 5 ME %3
A R E &, TTF1, KiSS1 fE ARC B #ikEh
PLEEARES, VT R BELHEN X ZR, T ME
73 GnRH ##1 £8 S5l 28 W SRS it GnRH 3% 2 T Fe i 1 2 4
1) R e e Jk Rl % ™, KiSS1 il it GPR54 £ 4;
TEFF GnRH t#1 £ CIE i GnRH Rk Bk, —&HIEHRKIA
fr B EA ARSI RS I RE R R A 5. TP &
MAET K B HIEE R T R, TTF1 a[FE2E3kiR
T KiSS1 #£2:7C, B G W28 K B TTFI & R (09 10 B 5% ik
AR EHEBIEF B " WG, XHSEEM A
JRPE 2635 TTFL (%) GT1-7 40 i if 47 HF 58, e TTF1 =]
fez HiAEma Tyt KELARME.R A KRR
i5 ", TTF1 5 Kisspeptin #i £ 0oy fLAH 3 ®, w448 5%
% KiSS1, EAP1 (Enhanced at Puberty 1) )& zh—F[X i3t i
% 5 kK REs W™, TTF1 532k (ERa) 41
SRR REEh A % Y, RN T2 5 SRY # K
FE 56 KoM B 45 i e B — TP A Y, 2013 48, H A
—T5 GWAS W5t Sior TTF1 3 ARAT R 51 2 kb 5
A&t B ™, SRif, B —Tlxt 133 (5 dk
PR E 50 A R R ITAAS HAE R TTFI 58728 8¢
Z 5P, HRER TTFI REFZ 5HERNE 55 E
JEB Z AR5 R FEA

AU AR HEPE SD KR, EEAAER], A E R
1. PR 3 AN A, W E A R A R AT
%%, Real-time PCR #& {lll GnRH. KiSSI. TTFI mRNA 7k
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