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[(HE] BE HKiIXEH AMBPA)REH FIHERXRAEFT R T Ll KISS-1 2 GPR54 A B F kL5 F
WH., AE K SDER4 R (21 d#) 45 H 4 4,8 BPA FFR4 (0. 25 mg/kg) .BPA & & B0 (5 BPA 4
Bl B4 78) (173 — B340 (E2,0. 1 mg/kg) AN BA(AZRXAEAMEF o BLAR) . FRAAEFT 5 XL
#2510 d, AKXKME I 2 B F (VOD) A W& & (VOD % X 4 5),BPA F #i40 fA# FF o % K 4 56, 3%
1:1 4 45% BPAEastBa, KEXKINLEAF T EBALR, KA real-time PCR 7 &40 97 £ ERa.ERR
mRNA #= F £ i KISS-1.GPR54 mRNA A8xt £k K-F, BB 8N 5 PCR 7 %40 KISS-1.GPR54 A B ¥ &
WK FE, R BPA F#4f E2 4 VOD 5 7 sF B AR 3T (P<<0.05) ,BPA & & 2+ 18 28 4 5t B & h I i
JF o ,BPA Ffi T s KISS-1.GPR54 mRNA & ik K-F8] 2 & F BPA & & s 828 (P<0. 05) ,42 5 & 7] 5t
MM, £ F ARG FEL(P>0.05), E2 48 F £ /i KISS-1 mRNA #=8f £ ERB mRNA % ik K -F 8 2 4% F
A 3R (P<<0.05), BPA F7i40 . BPA =& 3t B4 E2 A A5 A AF 20 4 LA R b, F £ fim KISS-1 A
CpG AL 5 WHEMAARTFZFALHTFEL, M GPR6A A FH CpG 2 & F ALK FHEERFMRZF, L P BPA F
Fase E2 4o 7 3+ 20 GPR54 A B 1 CpG 155 F ALK F B Z4K T BPA £ 9 xR0 (P<0.05), L L F %
K FE VOD 2 EHM % (r,=0.245,P=0.009), BPA F#48 GPR54 H % 2 CpG 4L & F A ALK -F B F4& T
BA xR, E2 A0 K ERBAE FAMAKFRES FEABA(P<0.05), %Kik BPA RETF3M%
M RRMEAFD (EFTHORA, LT LM GPR4 A F P EAAKFRETRAFREIFZ —,

[RER] B A; i J 2 af i ; KISS-1/GPR54 A B ; WAL kM K R ;T #
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[ Abstract | Objective To investigate the molecular mechanism of hypothalamic KISS-1 and GPR54
gene methylation in female rats induced by bisphenol A (BPA) exposure. Methods The female Sprague-Daw-
ley (SD) rats (21-days-old) were randomly divided into four groups: the BPA intervention group (0. 25
mg/kg) , the BPA blank control group (executed at the same time as the BPA intervention group) ,the 173-es-
tradiol group (E2,0.1 mg/kg) and the solvent control group (executed until vaginal opening appeared). The
rats were given the intragastric administration for 10 consecutive days, and the vaginal opening day (VOD)
was used as the observation end point. The rats were sacrificed on the day of vaginal opening. According to the
1 : 1 proportion,the rats of the blank control group were sacrificed during the death of the BPA group. The o-
vary and hypothalamus tissues of the rats were collected,the ovarian ERa, ERf and hypothalamic KISS-1 and
GPR54 gene mRNA expression were measured by the real-time PCR. The gene methylation was detected by
the pyrosequencing PCR. Results The VOD of the BPA intervention group and the E2 group was earlier than
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that of the solvent control group (P <C0. 05) ,and there was no vaginal opening in the BPA blank control group
at the time of death. The hypothalamic KISS-1 and GPR54 mRNA expressions in the BPA intervention group
were significantly higher than that in the BPA blank control group (P<(0. 05),but when compared with the
solvent control group,there was no statistical significance (P >>0. 05). The mRNA expression levels of the
KISS-1 in the hypothalamus and ERB in the ovary in the E2 group were significantly lower than those in the
solvent control group (P <C0. 05). There was no statistical difference in the methylation level of the CPG locus
of the KISS-1 gene in the hypothalamus between the BPA intervention group,the BPA blank control group,
the E2 group and the solvent control group,while there was a significant difference in the methylation level of
the GPR54 gene. The methylation level of the GPR54 fragment 1 CPG in the BPA intervention group,the E2
group and the solvent control group was significantly lower than that in the BPA blank control group (no va-
ginal opening at the time of death) (P<C0. 05),the methylation level was positively correlated with the VOD
(r,=0.245,P =0.009). The methylation level of the GPR54 fragment 2 CPG in the BPA intervention group
was significantly lower than that in the solvent control group,while the methylation level of ERB gene in ovary
in the E2 group was significantly higher than that in the solvent control group (P <C0. 05). Conclusion The

BPA exposure can lead to early vaginal opening (sexual precocity) in female rats,and the changes in the meth-

ylation level of the GPR54 gene in hypothalamus may be one of the toxic mechanisms.
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X A (BPA)PE Jy — Flt B5 U B F1 28 ik i e 48
R 2L TEORE, ) IZ AR T NS B R A TR A
AAF IR BT L I T A AL L TE RN R IR A R AR
TR TN 5] N e B R e A e T AR OR
MR AR R A W R T B E R
W RS W hRAS BPA G o X e v S 1R 5
KT P43 e 4 T M AR R A A 2R 40 i B PR AL
SR RM2EARFR 12 6. B W5EIA N BPA 8
SRR (YT I B WNE S N B/ R Y (T R
B R GIEH & B FIIRE. 0T RE 5 & B4R & P AR T
PR BICPP) (9 & 2L RSB AT 560 H H w0 1 1 U
MLGl M AR, SEHR S5 EEEREERNSH
e &R L[ VR A 285 5 BB WF 580 BPA 5 88 1l
AEIE I T AN e AE DNA 3 Ak %5 56 K 36 Wik 1% 24
XEWAMASEWIER KB MIOETY. TR
KISS-1/GPR54 K& A %5 £ 1 Mg 4 9 )3 3l 2 ¢ & %2,
KISS-1 £ 7 g5 5% 45 1 kisspeptin 8 i3 5 Z K& A
GPR54 454, AT % GnRH BB 2h T k-2 k-
P I Bl C hypothalamic-pituitary-gonadal axis, HP-
GA) , HHAR P B 8 R 800 1 B A S AE T il Gn-
RH #1250, H A& ME—i 1F GPR54 45 0 3 1k ok 5
M. B, B/ WA S 2 S R iR £ R T BT
KISS-1/GPR54 H& K A8 5 F1 22 28 P SE 47 K W 43 47, 45
RE B KISS-1/GPR54 R AR 3 f1 2 B A = T
bk LAY H UL R B R R RE AT A B8 R 2K 0E R
W 3Et A% A HL ] 1 KISS-1/GPR54 3 A A % 5k, 17
Fil3#% GnRH RS 31 HPGA S8t Rk,

A5 2K FH 3 ) B 70 LAk F 75 2 S 3l A oG b
(4 ME T 4l B CH 2R 21 DR IR GE T 4l st i B 4 7
BPA JL35 T, DL 17p-M — 2 (E2) 44 Jy BH M % BE

bisphenol Aj;vaginal opening day; KISS-1/GPR54 gene; methylation; female rats; sexual

[F) F 35 37 5 710 X6 BB, 8 0 %% K BRI T 1 T
(vaginal opening day, VOD, B $4 K B ¥ B 24 1)
D LKA B ERa  ERB mRNA FI'F B i KISS-
1.GPR54 mRNA & ik F1 & K B 3 b oK ¥, T
BPA #7175 5 M M K R R 20hy DNA B e b2+
HLHD X FEAR N ZE BPA % 88 1 R £ 2 M L o S5 g
93 149 B ¥ B2 I BL 2 AR BE AN S 25 0 (.
1 #MR5HE
1.1 FZ2RXA5NE

BPA(r#rali 99%) , 2 E Sigma 24w, £ K GF
FD W F 25 1 5 BB 98 BR A AL A% R o 5 4t AL i )
G T MR Y B 2 B H A BR A L 986 =
PCR il 7l & W T H 4 TaKaRa 2 7] . ERa, ERB,
KISS-1.GPR54 5| ¥ 1 L ¥ Invitrogen 723wl & W,
DNA Methylation-Gold i 7] & I F 3& EH ZYMO 2%
Al A AR AR S FE A SE W F LR TAEY TR
DA BRA T, IXFE . Localized Performance # Ik 15
VKFEW T 3¢ [ Thermo Fisher 23 #) ., Eppendorf 5418
R 3 2. AL T 1% = Eppendorf 22 7], Millipore-
Q A10 #B4li /KA T 35 E Millipore 2 &), 1] L 48 4
SPOCGEETH I T H A B HEA A PyroMark Q24 £ %
PR I AU F 55 [ Qiagen 22 Al ABI 7900 HT #¢ 5%
E & PCR AU T L [E Life Tech 247,
1.2 7k
1.2.1 EHshmsiAleyds

GRGESHEIE M 1 d SD KW AT &4
BEASCB sh i o, SE S sh ) i A A IE B S
4400720002506 , JC 4 28 95 JEL A4 (SPF) & 3l ) s 1) 3%
T % B R RE B A SRR R AR E L 12 h O ORI G
PESA A B ROK, AL RS RIYR RS KT
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S Ll S 0 SRR T TR AT BT 21 d T EL
PR, B 32 HOMEME S B, 40 B 4 2. BPA T4,
BPA 75 (X IEAL (DL SRR BUAR & BPA ) E R IHE H
AL IF 5 BPA T W4 W B AR FE) (E2 4H (173-estra-
diol 41,E2 41,0. 1 mg/kg) Fi& 7 %+ B 20 (LA 2 1A R
ANE BPA B B K IME B AL P E % KR BB E T O
FRARFE) L DK BRURZ JER e €8 R 8 2 XUEE 4 5 A ic 1L 1
MR B 15 BF 78 dR B, BPA T M vk B iR o B K
0.25 mg/kg, FEAMEH W BRELHE N BRUES I
ARAFELA2Y 10 ARG IBAVAME A RATERE
K, B4 RFRE 1R AKIERERE SR E, &
KA A 30 5 K BUBAE P 0, 9F T B8 7 1024 K kb
B AL BE BPA T 20 i) ¢ 55 L ) b S8 BPA 25 1 % IR
4. BB EUT Bl Fnop S U8 F — 80 CE kR
VKA PRAERE DN . ABESE T R B2 s b oo
HEAE A5G 3P A0 20, o 52 56 K B0 B 2 R IR,
TERF AT .

1.2.2 97 % ERa,ERB mRNA # F & fs KISS1,
GPR54 mRNA % ik /K -F # )

AL 30 mg B R ik AN R A LU A 1 mL
TRIzol 743 WF I, 4% B RNA $2 B 71 2 106 17 5 45 Bt
T e i R BR SE4H 4 5 RNA, 28 48 40 5643 6 % BE 146
WAL IR SERE B RNA 35 %% 58 i cDNA, #R4E SYBR-
Green Real-Time PCR Master Mix i&F & P8 BH , X
Fe il KISS-1.GPR54 P ERa ERB H 1y 3L 145
FH B GAPDH 43 jll i# 47 5% B} PCR (real-time
PCR) ,real-time PCR WA % . PCR Master Mix 10
pL ERAGIH4 1 pL, K& FK 6 pl,cDNA 2 pl,
20 pL, RN ZAF:95 °C 10 min; 95 °C 15 360 C
15 s;72 °C 30 s, 3L 50 NMEFR, 72 CWEE DG, AT
FEHRB KTV, HEHESI Y5 0% 1.

*1 BWERNSRERSIDEFT

HH P 5 (5'-3D) P RN (bp)

KISS-1 211
1E 7] GATCCACAGGCCAGCAGTC
S 1] AGACCCAGGCTTGCTCTCT

GPR54 232
E 1] GTCTCGGTGCAAGCCACATG
R 1 CACCCAGATGCTGAGGCTGAC

ERa 501
NG| TGAAGCACAAGCGTCAGAGA
2 1] CGTAGCCAGCAACATGTCAA

ERB 210
IE ] GAAGCTGAACCACCCAATGT
JZIh] CAGTCCCACCATTAGCACCT

GAPDH 207
1E 7] CATCACTGCCACCCAGAAGACT
JZIh] GGTAGGAACACGGAAGGCCAT
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1.2.3 97 £ ER«a.ERB # F & i KISS-1,GPR54 &
3 F K 9 ALK 2

el A 1 N ol A 2 W R 1 N
DNA $2 B ) &5 36 B3 5 2 85 4l 1b 4% 1R L 8 42 Y
DNA B T —20 CrkANRAFH . Wi Eh %k
MR T PCR. IR 4 DNA 20t W7 R & 4b
B, 51 A B A B i E (OO BB AR Ry R s e (U
i Y SE A i e s e AR R A8 . SR CPGPLOT #ff:
o B E CpG 5 K B %F Bk R CpG &%
T RS PES 18 B 0 X B, #0877 3k 1A
PR AT HBE 19 43 B Al A AR BE IR I Y . W E H bR A
SR C/ e i g g (T 1Y L2, DL 0 By B A A7 A5 A H
AR, HMEKE CpG 7 & H ALK (%) =
mC/(mC+T) . Hif mC FRabFHEMLRERN CpG
A7 TP P8 2680, T Fm kb FHE AL RE B CpG
(=Rl s 1P g
1.3 %itzam

iz J] SPSS13. 0 8 AF#E 47 G it 0 45 5 IE A
AR ETRR A £ £, RHBCR B H oy 22
SrRT A LB LSD . AFF A IES A6 i &
ERE LA ECR DY S 2 A B (M (P o o P o) J3R 7R L R
A Wilcoxon FEFIK 84 Mg 0] 22 5 . SR A BRAH 4
Br vOD 5 H B CpG 7 21 H 3 AL K F- 1 A 56 M
L P<<0.05 AZERAZRITFEE L.

2 % g
2.1 Z2KR VOD feik b4t
BPA T#i4H Ml E2 240 VOD A F) % B 41 i 2 R

R (P<C0.05),E2 % BPA THiH T H (P<T0.05);
%1 IRG 2G4 4R AR A 2 (P >>0. 05) , &b FE I}
BPA T4l \BPA 75 FI X 20 Fl E2 4k W 3T
RN BB A (55 4 A7 R EH 56, P <<0. 05) . BPA F il
ZHF BPA = H XA A 22 R LR i # & L (P>
0.05), W3 2,

%®2 HBHEKR VODMEELE (z+s,n=8)

15 %1 R 2T VOD VY AINRLNG
B (o (D (2
BPA + i 41 31.13+2.64°>  60.80E2.28 103.48+27.56°

BPA 75 [ X BR 4 - 61.5845.19 106.18+23, 18"

E2 4 25.134+0. 35° 60.78+4.12 98.92+11.31°
AT R 35.13+2.03 61.27+4.02 139.26+8.76

* P<C0. 05, S AN A B . P<<0. 05, 5 E2 S He R — ik
I TC A

2.2 BMKRIE ERa,.ERR #2 F &£ i KISS-1,
GPR54 % B mRNA £ ik 4 oLk

BPA THiZH T s KISS-1.GPR54 mRNA A%}
PR K E =T BPA &5 FIXF R (P<<0.05) . H Y
WHRIR R A 22 RG22 L (P >>0.05), E2
ZHUP & ERB AR K KISS-1 mRNA A1 % 2 35 7k S
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Y I T 700 % B (P <<0. 05) ., E2 20 F1i% 77 % i
HF i GPR54 mRNA A X % ik K F 8 & & F
BPA Z5 FIA BR 4T (hb BE B 1 & 38 VOD, P<<0. 05,
L3R 3,
2.3 B@AKRKAIE ERa,.ERR #o F &£ i KISS-1,
GPR54 % B/ CpG 42 & F &AL K F b4k

BPA T 14l . BPA 75 [ %F R4 . E2 41 Al i 5 %F
WA A4 2H ] Heds, F e KISS-1 5EPH CpG A 5 Y 3
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K22 SIS 2F 7 L (P>>0. 05) , 1] GPR54 F£ A
CpG v 5 H ALK - A7 42 B 8 25 5, Jorp BPA Tl
2 E2 A FIX A GPR54 FBE 1 CpG i 5 B it
BRI T BPA 25 (X BR A1 (4b B8 i 4 K H B0
VOD,P<C0.05), BPA T4l GPR54 kBt 2 CpG
A7 A5 H 3R 7K T B B AR F 9 R0 B4, i E2 4 O 3R
ERB FHH CpG 1 o5 F F Ak /K O 5 3 /55 9 750 % B 4
(P<C0.05) ARG 227, kK4,

x3 BHEAKBIE EReERP 1 T E M KISS-1,GPR54 #HE mRNA 3 Rz KFELLE (x+5,7=238)

20 51 ERa KISS-1 GPR54
BPA + i 4l 1.00+0. 24 1.04+0.18 1.7440. 40" 1.4140.10°
BPA %5 [ 4 HR 4 0.8740. 38 0.9440. 34 1.00+0. 17 0.9740.42
E2 %41 0.9270.19 0.56+0. 18" 1.16+=0.15" 1.38+0. 32"
TR T IR 20 0.860.32 1.04+0. 26 1.6970. 40 1.402+0. 24"
F 0.06 3.85 2.36 1.57

P 0.978 0. 006 0.021 0.034

“:P<C0. 05,5 BPA 78 (% HAAL B ;" - P<<0. 05, 5 % 5 BEAL 32

x4 ZHKRIE ER« . ERB F1 T R KISS-1,.GPR54 EH CpG L m FENLKELLBEIM(P,;,Pys), % ,n=28]

20 51 ERa ERB KISS-1 GPR54 F Bt 1 GPR54 B 2
BPA i 2.01(1. 86,2.25) 1.09(0.97,1.18) 0.91€0.62,1.27) 3.42(2.81,4.50)" 4.87(3.12,6.29"
BPA %5 AT B4l 1.98(1.71,2.01) 1.12(1.03,1.21) 0. 90(0. 58,1.29) 4. 83(3.41,5.32) 5.38(3.53,7.62)
E2 #H 1.96(1.74,2.06) 1.26(1.17,1. 30" 0.89(0.59,1.28) 3.41(3.09,4.58)" 5.34(3.62,7.59)
g POpiE: | 1.99(1.79,2.13) 1.08(0.98,1.17) 0.91(0.61,1.31) 3.39(2.98,4.54)" 6.17(4.22,7.73)
V4 —0.855 —2.698 0.022 —2.411 —2.196

P 0. 196 0. 003 0. 509 0. 008 0.014

" P<C0.05,5 BPA Z A0 IRAL L 425" P<<0. 05, 5 ¥ R %) FR 41 Hh 4.

2.4 VOD 5& B #¥AR CpG Az & F KT 4548
% h

Z A X KB VOD 5 GPR54 B 1 CpG
P S H FE Al K Z B 2 IE A & (r = 0. 245, P =
0.009), AT H I FE CpG i 5 B 34 K F 5 VOD
Z IR WL B AH & (P>>0.05), lLE& 5,
%£5 VODE&EBWER CG SR ELKTEHHELM

N GPR54  GPR54
| ER« ERB KISS-1 .

hBl B2
r 0.070 0.077 —0.090 0.245 0.405
P 0.470 0.418 0.343 0. 009 0.079
3 3 %

MRBERK LB ME R B D A E
PR A TSI S TR i = A 7 A B )/ R N
¥ Cenvironmental endocrine disrupting chemicals,
EDCs) Xf A= 58 g B AN 43 W6+ 40 4F #8532 Q1.
BPA St 5 b f w7 i i A AL LR 2 — g —
w0 HA RN EDCs, H AT 8 ME 3 R A R 0 T

PAE R M, ADE5ER H E K B, BPA
25 O BRALR A BPA 1 T 41 45 (R B A s 0 ' Ak
P, [ AF 5 37 v A0 Xt BR 2 5 7 A R PR R b ek 2 s Bt
XL 25 SR s, DRAEZS IR M T . PR 2SR
/R BPA T 1 Je 3 AT Sad T 75 & 20 i oG s i ek
4R VOD #2475 F N AMIFIT 25 5 — 8RR
HAYNT BPA BB FHEMET . FEHEMY)
FUMERL 2, (FUZ BPA 5|k 28 ) 200 6 R A
Rt — 2P0 58 43 B . 4 SCHR AR IE . EDCs £ 76 “ U 3L
NG, BIAE — 5 14 7 St 0 BP9 3] et 28007 it 2 0 )
AL KT R e

UTAF R L B A 3 W 38t A% 2% L T 90 0 b 3 R
DNA H AL FHLHIFE“ & B K E R o7 X A 3HA 5
01 Mo R ) 215 08 0 R AR R 4 A B 4 v i
PEVE &2 10, EDCs 453145 PR 2 1 432 ok 28 4
SE PR P 9 AN UL T 2 W o el A RS i B T
X DNA H Ak 418 F & f1 7 RNA (micro RNA)
I G B B AL A WL A s LA SRR3R R 8 7 IX
DNA mH AL gE i dl N F 5 HE A, SRR
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FER I BRI R I E A T HAE . S
R F B, GnRH,ESR1 % HPGA # X3 N 5 3 +
DX H 3 b K P B A8 1T B 3 B0 R K T B gh i e 2
BT B /N B BPA B2 52 T fil i oo i 2 i e {5 5 0
% I P P 3 KO L 5 SO AR S R A R R 1 RO
KBS 38 s BPA 2 85 /K 1 5 A A20E 0 2 40 Ji 1l DNA
LB i S S L/ DN N o i N o 1]
KISS-1/GPR54 5 K & 4t & HPGA 3#1E M & W
A CEEIA T, & GnRH #2501 HPGA By 5 224
BEEAE ., ARWFIE 4R B R . GPR54 mRNA ik fl %
R B 1 CpG v o B 3 b K7 KRB VOD B S 7%
WA FEEEZS, WEAFTHFEY KR T B
GPR54 mRNA FiEFMEF F B 1 CpG 7 £ H 3 bk
VR AR R AR W, HHP ALK SR
Bl VOD Z [0 77 ££ 1E AH ¢, #E I GPR54 SE M R Bt 1
CpG WAL 5 KT HEMR A%, 55k, BPA
FHigH GPR54 Fr B 2 CpG B B Ak /K - i K T 1A 571
IR, HH mRNA £k KF 2 F & T BPA %5 (%t
W2 4278 GPR54 F BE 2 CpG f 5 FY 55 Ak 7K SF B A%
A mRNA FILHhn, 7T 482 BPA % #2175 T 4 K
PR ) L 354 A LR 22—

AWFSE & M, BPA T4l KISS-1 mRNA ik Kk
i E S T A A R4 H KISS-1 2 CpG 7 5 H
HALKFAE 4 41 (BPA T4l .BPA 25 [ X IR VE2 41
FNR 7% BB 20 6] 22 S IF R G H 2 8 X (P =>0. 05) , X
Al RES KISS-1 56 A - i 8 45 B 7 1% 7 S 9 il A 56 .
LOMNICZI 4% %} i L% & & B ) shL il if o5 45 21
WESE, KEUF il PeG R 2 KISS-1 JE P (1 7% s 411
il R A A . K EUE T B WS 8 s,
T PeG 2 H B I B AL 1 50 F 30 PeG B H
FIk T B XF KISS-1 3 A 1 5 5% 3 il o 2 51 i
KISS-1 3 A 33k 14 o AT 00 & /A R 3, 2Rk
PcG 8 H B H U 3h 1 19 Y 361k Bl i i, R BRI G
HHEABFEEM AT, HIL. 4N BPA 7T 38 i DNA
H AL HLEIE T R BRUR Bl PeG 2 1 ¢ 8l 3 R
T X CpG i f, F 3 PeG 8 1 56 5 5L PR3 1) 350071
B4k PeG & H BH W % S TE AL N+ 5 KISS-1 3 [
JA BT IXEE A I EE T M, PeG 1 #0 Hl KISS-1 3%
DR S A PR ok 559 o DT i 75 KISS-1 366 R 4 S 448 i
LRI, BPA F 25 175 S0 K R 7 2 1) 2 00 5t £ 27 AL
Tl A & BT i 2T KISS-1 JE P CpG i 5 Y 3t
TSI, $2 7R T B J1 8 3 6 S 2% ax A il XL A v
WY 2R IR 48 R G LR HLE A T i — 2P 5
5 BiF 5% RN IE

AW E2 T H4E KR VOD $2 /i /% FH 2%
XFREEY ) ER R OR L E2 4 VOD 42 FiT 8 BPA T 141
HHLUE2 T4l oK BUBP S ERB [ mRNA 35l
CpG A7 a5 W AR 7K S 387 5 35 500 % BE 41 (8] £2 78 b 3 22
L H E2 F i KISS-1 mRNA 235 /K B B A% T
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R AL, KU E2 B ]38 i A ERB
CpG A 5 H S AR 7K, AT T 98 P 8L ERB 2 [ mR-
NA FikKF, P ERa VEFH L5 5P 30 40 i 14 5
L ERB D] 5P A 21 e 38 2 e P AR ()
ZARFGEAR T eI R4 B T HOE E2 T,
—J5 16 AT 3 5 ERB K CpG Nz 5 H B AL HLH T 4
ERB #ik/KF, 75— Mol fE BT e KISS-1 3
PRI it 22 5T o7 % 9 3 OE 1 T IR 3 B KISS-1
mRNA FLIk7KET B, | & T fi 8 HPGA B IE
HIEE

ZE LT AR R BRI T BPA B AT
PR BAE R B il KISS-1 Fl GPR54 K& P HY 3%
A FHLE #2785 F I GPR54 35 K 1 3 4k 7K SF ok
AR BPA AR EMNLH Z —. ZEFH W DNA
LAk R 2 A8 M 25 5 R S A MR A 2 R A Sl
FR S DLW 35t 1% 2 S i LTI ol 28 1 11, #5 7 BPA 4%
WAL ZR 5 o0 WA RN R B = O &R L LA
T8 5 N ST LT M X N A W T ER R R R A DG
I B ¥

&% ik
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