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BR1E KR E T 5B shRNA &R KR WM E =
SN 4% EP3 324K X & 35 2 N B 25 i

7 FHER, RN SRS B i ik

WE BB IR EE (AAV) A 8K I RNA
(shRNA ) B 52 4MI#% ( LPB) EP3 Z{AZKiA%F LPB fi &
HHHIFIIRE E, (PGE, ) FE ST IE 208 (LPS) 51E M &
RN, Ak ETIE EP3 216K EN AAV
A, SR A ST AR 8 57 7735 439l 17] shRNA-control 21 T shRNA-
EP3 20K KL LPB Vi 4F AAV2-CMV-EGFP I AAV2-shRNA-Pt-
ger3(EP3)-EGFP % 5E . 4 JH )5 , FI 26 A BE AR AAV
BRI FE YL R H SE R 51 E i PCR K5l LPB EP3 52
& mRNA ik 9AE10 , LSS IE S I3 5 SR F Je k3 T i
S AHHINE 0 RN LPB & v S AR Bk K PGE, 28
Js VEST LPS Xt shRNA-control £ 11 shRNA-EP3 £H K Bl A AR
(T,,.) FEERACH (EE) M52 M, 5%  shRNA-EP3 41}
shRNA-control ZH K F AAV R BE% 4L FEAE P F LPB fisi X ;
55 shRNA-control AL, AAV 3% 73 1 5 @ Ik T shRNA-EP3
2H KB LPB ) EP3 Z{& mRNA Y235 (P <0.05) ;shRNA-
control 411 shRNA-EP3 41 FLY SE At 4R JC B .22 5%, LPB
S EBRER RS S T, F EE 31 BUE B R M TS,
{22 AHFJEH B2 %, 5 shRNA-control 4141 L, PGE, FH 55
shRNA-EP3 20 KB T, VEFIBH 3855 (P < 0.05) ; shRNA-
EP3 41 K U s 72 53 LPS 5 b g 51 e & #4 Ji , {H 5 shR-
NA-control ZHAH L, A& #9855 , B s 1 5 LPS J5 5.5 h 1Y)
ORI E IREEB B AR (P <0.01), 451 #ifk LPB 1Y
EP3 ZZ1AkZRiA08 55 T LPB i 4 4% PCE, A1 IE i 4 LPS
IR KN, A%, LPB 1 EP3 Z K5 LPB PGE, fY
HIVER #5257 Lps kA,
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i AR R T PR T XA R e I i 47
% E, (prostaglandin E,, PGE,) ,PGE, 515 &K #
KM Z B EP3 Z R4 A I, 5l & AE M &
PR T R, S 5 AR TR Y R
AMF% (lateral parabrachial nucleus, LPB) WNHET
RIS, FEIE R EE K B LPB Jay &8 1 ] PGE,
P65 1 IH 5 & FA R 7, H0NE 2R AL 54 (g
U7 AR 7 HRORI A L 7 A i | R B R A
WA ST AR LPS B LPB Rl AE s
A PGE, , 1 AR 298 /> LPB 11 PGE, 425, i
JEETE A LPB, S0 55 T LPS 1 & A, HE R
LPB #5325 T LPS 3z )iz, {H LPB [ PGE, /&
filid EP3 21K 2 5 LPS M &AM A, %%
5K F RNA T4 ISz A i Jogkaz il | pg it
58 RS2 2 B PCR 45 7 e WS R Ik LPB 1Y
EP3 3Z AR KX LPB fdl i i 97 PGE, FIIE I& 7 5
LPS 512 i & I W 200, LABIESY EP3 A2 402 15
3 LPB PGE, 25 LPS S N 1 F2

1 MRS H%

1.1 #F# BEPE SD ORI 20 H, KRB 140 ~ 160
g, W) I UAR I A5 S 45 2 W) A BR 23 W TEAR ) 57 2%
W BRI R, BRAH SN B (adeno-associated virus,
AAV) AT By AAV2-CMV-EGFP J5 3 (3. 15 x 10"
v.g./ml) K2 AAV2-shRNA-Piger3 ( EP3 ) -EGFP Ji5 7%
(3.42x10" v. g. /ml) th B FHPLEF LA H R A
BRAFIEEAE, RNA Later 1y H 35 [E Life 23 5], TRIzol
4 [ 9 [ Ivitrogen 23 F], PrimeScript' " RT reagent Kit
) H K % TaKaRa 7\ H], FastStart Essential DNA
Probes Master N S 2% 5% PCR 41 H 2€ [ Roche
N ST AASE A (68018 ) ) [ I T 3 9K A
A RHEA R W), sh P g AR5 B R 58 (CLAMS-
HC-8R) M JE A& JE#% ( G2 E-Mitter transponders ) )
g H 2¢ [E Columbus Instruments 23 @], ¥K % Y 7 #L
(CM1950) M [ 8 [ Leica 2 ], A 8h % % & fUBe
(BX63) g H H A B 4 7], SERZOLE i PCR
f(CFX96) I F1 52 [ BIO-RAD A,
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1.2 Zh¥IHAE 20 H SPF Uitk SD KBNS 1.6 AAV R BHRMARSERN KRR

A shRNA-control ZH ( %F B2 ) Fil shRNA-EP3 2H ( 5
Bl ) 45 10 K A, 5 HHFSERT oo &
PCR 5£58,5 R TARE(T,,, ) FIRER=ACS (EE) I
FE VA S GeE L . 4393l 18] shRNA-control ZH Fll
shRNA-EP3 41 K [\ LPB N {& %} AAV2-CMV-EGFP
M AAV2- shRNA-Ptger3-EGFP 9 B ,2 R AR
PEAGIRRAR 3 JE G B B A 4 J8 5 E AT A G F
Pzl , S5 25 o I AL S K BRI 25 & A LPB VK VR ik
VI WS 5E L1 L

1.3 AAV2-shRNA-Ptger3-EGFP f5 & & shR-
NA 71 (1) 2 R 2 284 1 Al iy i35 L
FPE2E AR A R A A 2, MRAE Prger3 (EP3 52
) LRI G 3 45 shRNA THLFEHI (£ 1),
253 MR T A A0 RNAT 2R SC 30 A 75 1 shRNA
b JFF%E E %5 R 2238 A sscVE T, BRI 32 4
AR, BT AAV B shRNA b 541 40 %
9 AAV2- shRNA-Ptger3-EGFP J5 3,

*1 KR Ptger3 (93 £& shRNA K [B 4 X$ B8 shRNA

shRNA FH1(5'3")

shRNA a ATGCAAGACGCAGATGGGAAA
shRNA b CTGCTGCTAAGAAAGATCCTT
shRNA ¢ CACCATGATGGTCACTGGCTT
shRNA i 1i§ CGCTGAGTACTTCGAAATGTC

1.4 BSCEEMFFHETIK 140 ~ 160 g KR
25 4% IV G20 (1 ml/kg, B8 T 50) BRI |, adF
AW Sz AR 2 7, LPB A& bR R BT X J5 8.30 ~ 8.35
mm, PR IEH 2T 2.10 mm, % 6.35 ~6.45 mm,
B HOREL LPB /Y 2 M 43 0 T 56 250 nl J5 8%, 1
SR A 50 nl/min, 3 J8J5E,F LPB LA B E
FE . RJFHZE 3 d WURES LA A 80 (10 mg/
100 g) LAB IE A J5 I8

1.5 BEERSBENEBENE KEKHRE,Z
HESCHR' 7 T kMR IR P G A, S
LT d, BER B 10 BT 5256 K R AT 3k FEH
i (handle) , LA K BRAO R0 0, SEBSHT 1R
T KEBAEEREE, & F A TEHENN
TCL 3 MR b HE A7 38 R 3, I TF I8 s 4R
WM RGE WM T, M EE, & H L4 9.30—
10:30 FIFH K BULER & 348 m K B LPB {14 A4 B
57K (0.1 pl) PGE, (0. 1 pg/0. 1 wl) =i I vEL g
ZHE(100 ng/ke) , B 2% 22 R 2 EMHE SR 10 h K
BH HIG S T, Fl EE,

Jei T T B KHE T A= PR 7K RN 22 2R H R VS W R A T
T, 4088 BRI S AT 05 [T . 1 30% FEHIA TR
JBAK, 22 VKR U0 ML VR AR T U0 R, i 30 um
JE5A LPB MK U) A, W T R/ BPE b, HBeak
SR E A R E IS T2 SO A 0 i B 1 5
AL S eI L

1.7 LPB EP3 Z{k mRNA Rix/kE#ETM K
SRR | VBT Sk BB , 2 H SCilR'™ ! P S e A vk T
OB LPB 41 2UF 7 B 5 RNA later 1, fifi /7
F -20 CHH., HAE TRIzol 25 15 HH 45 $2 BURE
AL RNAJFEIN 2 & RNA [ ER i g . 5190 i Al
HRERE R A IR A F A (K 2) o AR Prime-
Seript 1% SRR G ULIH 45, B AE B RNA J F% 5
5 ¢DNA, #R#E FasiStart Essential DNA Probes Mas-
ter 1) & UL BH BRI B-WL2h 25 11 ( B-actin) 1 Pt-
ger3 (EP3 3Z4K) i mRNA /KF-, EP3 3Z{& mRNA i
it B-actin( N2 ) mRNA FiAACFHEAT AN & &, 1t
G R0

*2 ZLHENKEE PCR 3
519 51¥P3(5'3")
F:CCCGCGAGTACAACCTTCT
R:CGTCATCCATGGCGAACT
Piger3 F:GATCCTTCTTCGAAAGTTCTGC
R:CTGGGGGAAGAAATTCTCATACT

B-actin

1.8 Sit= 43 R SPSS 21. 0 St # ik 7
B, SCEBER I « x5 o, BABIEII RS,
RE LA AR T BE A0 E (25 2570 0. 5 h e A
SERME) AR A A A R0 (I e (8 — SRRl /A
{8 x100% F7~, shRNA-control Z1 1 shRNA-EP3 21
%) LPB EP3 &Z{& mRNA Fik/KF-2 57 LPB i 4f
PGE, sl FEER/K)S T, X EE BY4LIE] 24 55 JE i
SPLPS J5 2.5 h F15.5 h T, A2H 6] 22 S 24 5% HI
FEARN ST ¢ KE B0 HE4T 4387, LPB {1 4) PGE, s /f #ih
IR B S LPS 5 AN [R] B[R] 850 AH X JE Al (i 1)
AR E R e 5 22500

2 FR

2.1 AAV RINE# KR LPB #F &K LPB EP3 3%
& mRNA BIFRIE 0 B 25 AT 400 2 25 48
MW HETR 23 (0 TR (1 EGEFP, R FH 48 (0,0 i 31 WL
FRBEAR IR TR . FEYEE I B T WEZE H] shRNA-
EP3 4 2 shRNA-control 0 KBl AAV JRAEFE YL 3=
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FAET T LPB DX (&1 1A (B) [ #275 AAV a5l 2)
HUe B4R A LPB, Tk, i i L 98t 2
1 PCR H:F 2 40 K B LPB 4 EP3 521k mRNA %3k
BIARAL . 25BN, 5 shRNA-control X7 HRZHAH I,
AAV ¥ 5 VE 5T B T shRNA-EP3 40 K il LPB )
EP3 /& mRNA B35 (P <0.05) (K 1C), R,
AAV 451 shRNA ARGHAR T KB LPB EP3 52K
mRNA fJ5RIE,
2.2 YK LPB B EP3 Z{kRiA 3 BRI R0
shRNA-control 20 F1 shRNA-EP3 £H K B 7E 24 °C ¥

A

B 1

B Rt AR 25 S R Ge 2R X 1) 2 4B R K
5 LPB {3 S A #RER K 5 12 T, 1 EE 1 8
BRI 2 2SR (E 2),

2.3 BEYK LPB B EP3 Z{&RIAX LPB PGE,
PAEAMZN 7] shRNA-control Z4H 7% 2 K . LPB

T4 PGE, 51 T, A1 EE 40 W 757, FLUE(E 53 1)
WIAE 25 25 )5 1 30 min A1 25 min, 1] A shRNA-
EP3 4 KE LPB 14 PGE, 51K T, 1 EE
WA 2T, 5 shRNA-control ZHAHLL T, Tt 5
Vi FHRA 08055 , BE A FRIGE S (F 3) .
Cs
iz

% T

1.0F

Xt

EP3 mRNAH
S
W

0
B 1 2

wEIES 4 FARXR LPB £33 R UK LPB EP3 Z{k mRNA RiZHTK

A B KR LPB i 4 AAV 4 JJ5 | 51JR AR RIKSF LPB 75 355 (45 00) R & x40 ;meS ; IR = LRI 2 A% ; SCP . /Ml _E I ; €. KB LPB
RS AAV 4 J8JS , LPB th EP3 SZ2 A% 3 [ 335 7K F- ;1 : shRNA-control #H ;2 : shRNA-EP3 4H ; 5 shRNA-control ZH IL#2 . * P <0. 05

A B
401 NS shRNA-controlZH (n=5) 40
ShRNA-EP34(n=5)
39+ 39+
3) 3)
s 38f 2 38t
= = o et
T
37+ 37+
36 1 1 1 1 1 1 1 1 1 1 36
-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 1 2
B 1] (h)
C D
80 shRNA-control2H (n=5) 20 -
ShRNA-EP341(n=5)
60
o
=1 [y -
S 40t £ 60
g 2
5
- 20 cg 401
E 0 1 1 1 1 1 1 1 1 ] %
< 53] o e
< 20t T
20F
-40%00 05 1.0 1.5 20 25 3.0 35 40 0 ! >
B 1] (h)

2 LPB A& 27k 3t shRNA-control 251 shRNA-EP3 AKX T, 1 EE HIS 00
A C [RIF I LPB e 7 5 A BER /K X 2 TR T, 1 EE AYSZM (LR FR St [a] 25 s B D LPB 5 A= B K 2 4H KR
T,... (30 min, A)F1 EE(25 min, B) A% ;1 :shRNA-control 41 ;2 :shRNA-EP3 £

core
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2.4 FELPBH

EP3 Z{KFKiAXT LPS & #H
808 shRNA-control ZH KBRS s 1 & LPS 5 ik i
TP WURH & 3% ARIR 20078 2.5 h 1S5 h AE A ik
{8, H¥m TR K-, shRNA-EP3 2 K B i

A B
401 PGE — shRNA-control4(n=5) 40
? — ShRNA-EP341(n=5)
39+ 39
o o
FS r \ M\ [_é ¥
— et
37 -N 37
36 1 1 1 1 1 1 1 1 ] 36
-0.5 0.0 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0
N 1) (h)
C D
80 - — shRNA-controlZl(n=5) 80
60 L — shRNA-EP34(n=5)
£ 2 60
S 40 | =
g 2
as] <
20 40
st =
m 0k 1 1 1 1 1 1 1 1 s3]
o
< < 20
20 |
0

-40'00 05 10 15 20 25 30 35 40

B3 LPBEiT5 P

i1 (h)

GE,

TG LPS 5t AR T 7,5, 5 h AR5 AR
A B THE {5 shRNA-control ZHAH EY , & RS2 W
VS MG TE S LPS Ji5 5.5 h AR M 24K T shR-
NA-control 41,2. 5 h AR A FEIEEA (K 4)

T
*
-
1 2
_l_
-
1 2

%t shRNA-control Z8%0 shRNA-EP3 A X R T, 7 EE B0

A C: I LPB SR TE S PGE, Xt 2 4L ME KRR T, A1 EE A2 (HELFm i 4t 5) ;B D LPB 344 PGE, J5 2 KR T, (30
min) Fl EE (25 min) i F6%5 ;1 : shRNA-control 2H ;2 : shRNA-EP3 4 ; 5 shRNA-control ZH [L# . * P <0. 05

A B 40 -
40 ¢ ShRNA-controlZHL(1=5) 40 3 shRNA-control#ll(n=5)
LPS ShRNA-EP341(n=5) 2 shRNA-EP3 4 (n=5)
39+ 391
5 o
2 38} = 38t
e &
37} 37 +
36 1 1 1 1 1 1 1 1 1 1 1 1
;10123456 7 8910 36
I 8] (b
C a0, ®) Doygo
H#H#
39 39 b
#itH
O 38t S ot
[_:) 37 - ’l‘ E_:J 37 - ’l‘
36— 36 L

ﬂﬁ

Baseline/l LPS2.5h

41 LPSS5.5h4l

BaselineZll LPS 2.5h4H LPS 5.5 h4

El 4 fEREST LPS Xt shRNA-control 50 shRNA-EP3 AKX R T, K200
A JEHE ST LPS X 2 HIE MR T, AR (LR TR TESTAT RS B S LPS JF 2 KRR 2.5 h f15.5 h T, AYHLER; C D i i
W5 LPS J& shRNA-control 41 #1 shRNA-EP3 £ ; 5 shRNA-control £ HL#2: * * P <0. 01 ;55 Baseline 4 45 . # P <0. 05, %# P <0. 001
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3 itig

£ LPS EEIIE I HI T, KA PGE, &
PO R RS SRR X, 5 Az kY AR
gl &Y | PGE, Z{Rf11E EP1-EP4 4 21,
H EP3 ZANT T PGE, B K4 K & $hak
B, R R SCEZ R Wl K, LPB
WS 5 RIMIN, & PGE, 78 LT X A ) X — Bk
YE A, {5 LPB PGE, MIEAE AT H EP3 %
A ST UESL, ZMFFEE T AAV T shRNA
KB LPB EP3 SZ /K SRIA MBI W% LPB EP3
Z R IRREAR ST & A B B 5, DL SE LPB EP3
ZARIETE AT LPB PGE, BYEGHVEH DL LPS 51
()4 B R AN, I SR T A ST A 5 v T 4 1Y
DR AAV HAEEA LPB, 32 % SCik'® | e 1E
B AAV R EE 4 JEIX A A] SOUER 0 75 5 Y AR AR
W AEDOL MBS T, shRNA-EP3 £ }2 shRNA-
control 21 Kl AAV Sl B 5 Yt EZEH T LPB fiiilX.,
AR T IR R R 1 5 55 shRNA-control Xif F£H
FAEL, shRNA-EP3 20 K il LPB f EP3 2 /A& mRNA #
PR B, F B AAV2-shRNA-Piger3-EGFP 5
FEAH UK T LPB 1Y EP3 324K %35 . shRNA-con-
trol ZH F1 shRNA-EP3 21 K BRL (1) JE filt 44 0k G W fgb 2%
5, LPB {4 B K 5 1 2 4K R B A%
FESHRES R T, M EE B8 ot e, 5 2
ZH A TCH B 24 5 #2755, LPB EP3 Z{AK S 5 3Rk
T R DA B e A 5 | A 1 oy S AR T FE
shRNA-control 2175 K Fl LPB 74+ PGE, 5| EE
AT, B T, L0 4 5 AR 45 2 J5 1Y 25
min 130 min, X 55CHTHF5E ' LPB PGE, i34
FEI IS R I AR —3, 1MW) shRNA-EP3 21K
i LPB VE5) PGE, 5| EE AR T, 1 EE XA
B4t , 5 shRNA-control ZHAH L, T, T+ =i /E FH A
I, EE BB s, 3R EP3 Z KN T
T LPB PGE, MEHAER

Oishi et al*' BF5T R, Rp 5 M g B/ RO 22 &R
Si1 EP3 524K 4B T LPS 5 310 & $U N , HR
MR EP3 Z K43 T LPS PER#K, it —2
fFgE ) B ETIX /Y EP3 A2 7E LPS 1 & #rh
EICHAEH , BAIRGE B, BRI PR & A
fitg-1, 98070 PGE, A= 1, AT BHWT LPS 7553 19 & #S g
F1 LPB 451 X Y Fos 25 H (FH& TG ) ) &
ik, @R PGE, & BUM 2 mPGES-1 s B fi jai />
T LPSES M LPB 45 X Fos 2 H ik, JoRiss

BT ORI TS LPS 5, KL LPB (3R Ak
fiti-2 5 mPGES-1 i) mRNA FI# [ Bk 00 2
5 T ELAAS 2 1) S LPB 13 569 R 48 A0 -2 41707k
W PGE, 942 1, 348 2 0 368 78 4 1R L 4 S 4
LPB, Y9085 T LPS M & #4 W  FE , $2 7%, LPB &
W PGE, IIREZ 5 T LPS Mk # (HiZid F B/
H LPB EP3 2R/ A #E . 7€ shRNA-control
A, KRR s 1 5 LPS 5 ke L B WU & A
W BILE 2.5 h M1 5.5 h A7k 0EME , X 5 e R A
FE T ARIE Y LPS BOA SN — B, UL AAV i i
SR LPS & A R, 7E shRNA-EP3 4, K
BRI B T 5 LPS JE s R AR T 55,5, 5 h (R B
I TR /B 5 shRNA-control 4HAH F, & #4
SN A B U B BT LPS JF 5.5 h BYMAIRAR T
shRNA-control 1, #&/R#(flk LPB EP3 521K ik HIl 55
T LPS 5l & #, LPB EP3 2% /35 5 T LPS
EF ST e

25 TR, BIK LPB 19 EP3 A2 /K32 ik ANH K1 55
T LPB i H PGE, 51 Y & # B , iR 9855 1
JE T LPS Bl I 4 Bk R #, $27% LPB PGE,
MECVERT th EP3 S22 R BHBR T MUAT X EP3
Z MR, LPB 1) EP3 ZIRLTE LPS P& it — @ fE
M.
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din E, and D2 in lipopolysaccharide-mediated changes in sleep

The effect of adeno-associated virus delivery of shRNA against EP3

receptors in the bilateral lateral parabrachial nucleus of rats on fever
He Tianhui', Wang Nanping' , Wu Sihao’, Wei Yanlin®, Xu Jianhui', Zhang Jie'
('Key Laboratory of Thermoregulation and Inflammation of Sichuan Higher Education Institutes
*School of Clinical Medicine, Chengdu Medical College, Chengdu 610500)

Abstract Objective To investigate the effect of adeno-associated virus ( AAV) delivery of short hairpin RNA
(shRNA) against the Ptger3 gene in the lateral parabrachial nucleus (LPB) on the fever induced by microinjection
of prostaglandin E, (PGE, ) into the LPB and the intraperitoneal injection of lipopolysaccharide (LPS). Methods

AAV2-shRNA-Ptger3 (EP3 ) -EGFP (shRNA-EP3) and AAV2- CMV- EGFP (shRNA-control) viruses were con-
structed and transfected the rat LPB by stereotaxic injection. Four weeks later, the transfection efficiency of AAV
viruses was observed by fluorescence microscopy, and the knockdown efficiency was determined by real-time PCR
of EP3 receptor mRNA on the LPB. The effects of microinjection of saline or PGE, in the LPB or intraperitoneal in-
) and energy expenditure (EE) of shRNA-control group and shRNA-EP3
group were monitored using an animal monitoring system with temperature telemetry. Results AAV virus transfec-
tion of shRNA-EP3 group and shRNA-control group was mainly found in the LPB. The EP3 receptor mRNA level in
LPB of shRNA-EP3 group was reduced compared with that of shRNA-control group (P <0.05). There was no sig-
nificant difference in basal body temperature between shRNA-control group and shRNA-EP3 group. T, . and EE

core

jection of LPS on body temperature (T

core

were briefly and slightly increased after microinjection of saline in the LPB, but there was no significant difference
between the two groups. Compared with the shRNA-control group, the febrile response induced by LPB PGE, was
attenuated in the shRNA-EP3 group (P <0.05). Furthermore, the knockdown of EP3 receptor of LPB also attenu-
ated the LPS-induced fever, and the T, 5.5 h post-LPS in the shRNA-EP3 rats increased compared with the base-
line (P <0.05), which was lower than that in the shRNA-control rats (P <0.01). Conclusion EP3 receptor
knockdown in LPB attenuates the febrile response induced by microinjection of PGE, in the LPB and intraperitoneal
injection of LPS, suggesting that EP3 receptors of LPB mediate the pyrogenic action of LPB PGE, and partly partici-
pate in LPS-induced fever.

Key words fever; EP3 receptors; lateral parabrachial nucleus; lipopolysaccharide; prostaglandin E,



