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Abstract

Background:

Ischemia-repersusion is one of the major factors of acute kidney injury. There is
no specific and effective medical therapies for current renal ischemia-reperfusion
injury due to a poor understanding of its pathogenesis. Prostaglandin E> (PGE>) is an
important lipid mediators and regulates diverse physiological and pathophysiological
processes in the kidney. It acts on four specific G-protein-coupled receptor subtypes,
namely EP1, EP2, EP3 and EP4. EP4 is distributed in glomerulus, tubule, vasa recta
and inflammatory cells of kidney. It is well known that EP4 regulates renal water and
sodium excretion, and EP4 in endothelium participates in vasodilatation. But the role
of endothelial EP4 in renal ischemia-reperfusion(IR) injury is unknown. In current
project, we will utilize vascular endothelial cells specific EP4 knockout mice to

testify the function of endothelial EP4 in renal IR injury and prognosis.

Methods:
1. To investigate the role of endothelial EP4 in renal IR injury, the Cre-loxp gene

recombination techniques were used to generate transgenic mice with specific
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Abstract

deletion of EP4 in vascular endothelial cells (EP44EC), and the Cre negative mice
worked as control(EP4%°¥1X) " Then renal IR injury mouse model proceeded as
follows: The renal arteries of EP44EC and EP41°¥ox mice were clipped for 30min,
then artery clamps were removed for another 24 hours or 14 days. The level of
creatinine and urea nitrogen in serum was detected. The renal structure was revealed
by PAS staining.

2. EP4 deficiency in endothelial cells exacerbated apoptosis and pyroptosis in renal
IR injury. Apoptosis and pyroptosis of renal cells was analyzed by using TUNEL
assay. The expression of pro-apoptotic factors (bax, Cleaved-caspases3) and
pyroptosis- associated protein (caspasel, caspasell, GSDMD) were detected by
western blot. To study the mechanism of EP4 in regulating apoptosis and pyroptosis ,
we tested the MAPKSs activation (p-JNK, p-ERK1/2, p-P38) in renal IR injury by
western blot. To further confirm whether the apoptosis and pyroptosis of endothelial
cells were regulated by a EP4-cAMP-PKA dependent pathway, we conducted
HUVECs with cobalt chloride to simulate hypoxia in vivo, and the expression of
cleaved-caspase3, caspasel, GSDMD was tested after being treated with EP4 agonist
with or without its downstream inhibitors of PKA and Epacl. In addition, EP4
antagonist and cAMP analogue-dbcAMP were also applied to HUVECs as a further
proof.

3. Knockout EP4 in endothelial cells suppressed angiogenesis and increased EndoMT
in the prognosis renal IR injury. Samples were collected at the last 14 days after renal
ischemia reperfusion. CD31 positive cells were detected by immunofluorescence to
determine the structure and numbers of renal interstitial capillaries.
Immunohistochemical technology detected the PCNA positive cells to assess the
proliferation of kidney. The degree of renal fibrosis was detected by Sirius scarlet

staining and the protein of a-SMA. The possible regulation molecules of renal
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fibrosis were the phosphorylation levels of smad3 was detected by western blot. To
further demonstrate the downstreams of EP4 in regulating the progression of
angiogenesis and the transformation of endothelial cell to fibroblast (Endothelial to
mesenchymal transition, EndoMT), HUVECs were treated with EP4 agonist, PKA
and Epac inhibitors as previous, while western blot detected the expression of a-SMA
and p-smad3 in endothelial cells. In addition, EP4 antagonist and cAMP

analogue-dbcAMP were also applied as before.

Results:

1.EP4 deficiency in endothelial cells increased the levels of serum creatinine and
urinary protein after renal IR, aggravated the structure of kidney and elevated
the expression of KIML.

24 hours after renal ischemia-reperfusion, the levels of serum creatinine, urea
nitrogen and urinary protein in EP44EC were higher than those in sham-operated group.
After 14th day of reperfusion, serum creatinine, urea nitrogen and urinary protein
were significantly decreased in the control, but not in the deficient mice.In contrast,
the PAS stainning showed tubular necrosis appeared in kidney sat 24 hours after renal
ischemia-reperfusion, and the pathological changes in the control were basically
recovered at 14 days after ischemia-reperfusion, however, tubular necrosis still
existed in the kidney of the EP4 defective mice.
2.Endothelial EP4 plays a protective role in acute and chronic renal IR injury by

inhibiting apoptosis and pyroptosis.

The number of TUNEL positive cells increased at 24 hours and 14 days after
renal ischemia-reperfusion.However, Bax and Cleaved-caspase3 were only
up-regulated at 24 hours after renal ischemia-reperfusion, no significant difference at

14 days, but EP42EC mice showed an increasing of N-GSDMD.
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In vitro, EP4 agonist significantly impressed the expression of apoptosis and
pyroptosis related proteins and inhibitedthe phosphorylation of JNK , while EP4
antagonists increase the up regulation of apoptosis and pyroptosis related protein,
accompanied by activating of JNK in hopoxic HUVECs . In summary, EP4 showed a
protective effect on apoptosis and pyroptosis by inhibiting p-JNK in endothelial cells.
3.Endothelial EP4 promoted angiogenesis and inhibited EndoMT in the
prognosis of renal IR injury.

At 14 day after renal ischemia-reperfusion, the number of renal interstitial
capillary in EP44EC decreased. As well as, EP4 agonists can promote endothelial tubes
formation in vitro, and EP4 antagonists did the opposite.After 14 days of reperfusion,
the expression of fibrosis-associated a-SMA and p-smad3 in EP4%EC kidney were
significantly higher than that in control. EP4 activation in HUVECs inhibited the
EndoMT by a representative increase of smad3 phosphorylation and a-SMA induced

by TGF-B. Moreover, EP4 antagonist exercised a relative inhibition in EndoMT.

Conclusion:

The study gives us more knowledges about the importance of maintaining the
homeostasis of endothelial cells by EP4 during the development and progression of
renal IR injury. Firstly, EP4 antagonized hypoxia-mediated apoptosis and pyroptosis
by suppressing JNK phosphorylation depending on cAMP-PKA activation. Secondly,
EP4 improved angiogenesis and inhibited EndoMT by affecting smad3 in the

prognosis of renal ischemia-reperfusion injury.

Key words: Endothelial cells, EP4, apoptosis, pyproptosis, angiogenesis, EndoMT
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B Sk LI Amresco
—RHIEEIEELE  (Tris) Amresco
Hai Amresco
TR AR SN (SDS) Amresco
PRI I Amresco

FH XA 945 B BT E B R A ROR




IR R

UROHLEES SIGMA

WUHE 2~ (TEMED) Amresco

Tween-20 Amresco

TRy >~ Amresco
Ak (NaCD KEERCEMFAR LT
Hh KEERCEMHA LT

PMSF Solarbio

Triton X-100 Solarbio
Jli Jig Wiky KEERCEMFEAR AT

TH R AT 2 2 BioTrace
AR ECL W KEERCEMHAR LT

1.3.4 Western blot FrA$1{E
F* 1.3.4 Western blot HifA:

EN LN A
Caspasel abcam
Caspasel 1 CST
Cleaved-Caspase3 CST
p-ERK Servicebio
ERK Servicebio
p-INK CST
JNK CST
p-P38 proteintech
P38 proteintech
BAX proteintech
GSDMD CST
a-SMA proteintech
GAPDH Solarbio
p-smad3 CST
smad3 CST
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1.3.5 HeEFERF|ek=5m#
* 1.3.5  HAhFEAH):

44 FR N
JULBEF A 0 7 A L RUER)
PRER B AR [Fepnycin et/
% Iy i G N & Solarbio
PAS {7l & Servicebio
R LLI) & Servicebio
SRR Servicebio
DAB & (i & JEH LA E
BRI S F AL L E SR 1gG et e A A
PR A B R IC B L SE PN R 1gG B e SR 7 /N
WY mPH RS
g # Solarbio
—HR (ERAS: %l
RIEEWIN TR
H R Solarbio
ToIK L1 (EBAS: %l
BCA & H W FE Il e 177 & Thermo Fisher Sciemific

1.4 FERGHRE

1.4.1 RREER (RREANLF)
£ 1000 ml HATK FHE N —ARMPE IR I K (Servicebio) , FTERME)E, =
IfEfE, ATEARME.

1.4.2 10% SDS

FREL 10 g SDS (MR e) R, F 100 ml BEAKEM 75, I
P W, FRAAT . FENREESTHUTES &, KA
AR .
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1.4.3 20xTBS £&d43%
* 141 TBSHELEL:

Ji
NaCl 87.75 g
Tris 242 ¢

PB4 KGR, W HCL W pH=7.4, JGERZ 1000 ml, =iR{R7F.

1. 4.4 1xTBST £&4;% (RKFE 500 ml)
% 1.4.2 TBSTHCHELL:

Joft B H AR AR
Tween-20 500 ul
20 x TBS 25 ml

HAKGERE 500 ml, SR, =R T, Anl B

1.4.5 30%A % L%
£ 1.43 30% NI IEHC & B

=
P B 29¢g
N, N-3V. X s Tk i lg

A KBRS 100ml, S 4 CEYCIRATF .

1.4. 6 10% I RBR R
FREU APGEBRIRAR)1 g, VAMAET 10 ml #B4lK, WIERY, WS, 703,
S 4 CHRELESF

1.4.7 1.5M Tris - HCI (pH8. 8)
FREL Tris 18.16 g, T 100 ml 467K+, A HCL i pH % 8.8, A7 -
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1.4.8 1.0M Tris - HCI (pHé. 8)

FREX Tris 12.11 g, AT 100 ml g2k, H HCl i pH 2 6.8, = f#17-

1. 4.9 SDS-ZRA WAL EERR
#* 1.4.5 SDS BEHECE -

2% EIE 8% B S%IRAEIK

(10 mD (10 mD (5mb)
EEELLVI 3.3 ml 4.6 ml 3.42 ml
30% PRI G i 4 ml 2.7 ml 0.83 ml
1.5SM Tris * HC1 2.5ml 2.5ml 0
1.0M Tris « HCI 0 0 0.625 ml
10% SDS 100 pl 100 pl 50 pl
10% I HR R Ee 100 pl 100 pl 75 ul
TEMED 10 pl 10 pl 7.5 ul

1.4.10 Tris—HER B KE P&
* 144 HIKREEELL.:

Tris 3g
Ha R 144 ¢
SDS lg

HRAIKERE 1000 ml, HJEIHFE, fEEIR 44, TEEMERHMIX.

1.4. 11 Tris—HEEEBEIERE DR



IR R

* 145 HERTEL.:

g AR LN A
Tris 3g
HaR 144 ¢
FH 200 ml

HAKE R A 1000 ml, HIEHERE, (EFIR M, ERICRIRAE .

1.4.12Western Blot FHi& G%RRAETI#)
* 1.4.6 WB AL E L :

i
Ht HR WK 5g
TBST 100 ml

WIERZ S G, TUKAE 4 CHEfE, BUAILRC, ASEIWER] .

10
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2. KBHIE

2.1 /RS B B R R iR

1. A 2 B B 224 (50 mg/kg) 5 s vE 5 IR /)N B o

2. ¥ sh Wy B E E RS TR AT, BRRAS R R. K 3-5
min /A7, MRS SR, RS EEEEFERENTAG B, HE
AT TH T4

3. FETFIR TR AT, i A5 IR B AR P A0 7 SR At o PRI (R R T, Bl il
FHAE H 0T 70N B ER) J Bt 0 s 73 oAl G e B2 1331

4. ATENRE ML EHE 0.5 ems W % 0.5 em AR HUNY) 8 55 5
oo DUMTEAE T, AR DAL SCRR RS BRI 30 min £ S 80 ™ H 1 AKT 'S IE7
531361, DRI A S8 SR FH L i B4 52 P41 30 min BRATBR IALFE . 32 P Al 1 e a1
s B NEAE 1-2 min WAL EGEETAE IR E . REaJF ik, wEimm, #47
P, B NEMEAENL, BB RAITE 10 s NAR[HIZ0 6,

5. AESE AT

6. BT AR/ RAEEA 1E LA I PG O T BEAT RIFE ) F AR . 72/ R
R P AT E MR E, BRI AR IRKER,

2.2 EPATRBR VR EREEE

Fe/NER 4 RN, #4700, BTH-Sibrid, JFEY R 50 mm B HEAT 5
KI5, B9 RIEUE, TN EP &, F BioTeke #ZRIEHUAFI & (Cat#: DP1902)
HBEAT U DNA $=2HL,

1. IMAPRRLZH SR S ER . 200 pl Z4A#7 TL. 20 pl FREEE K (10 mg/mD)
55 ‘C/K¥ 3 h BB R HN TS

2. O\ 200 pl 54 CB. 100 pl P98, ZUERIE ST .

3. B, 13000 %, 5min, WRHL ISR AC H.

4. E.Ly, 10000 ¥, 30s, FIKWR.

5. JON 500 pl #0HIA) R BRE IR, B0, 12000 %, 30s, FKEM-

6. JIA 700 pl =5 WB CE R I 100 ml JE7K ZEE) 5 BS54y, 12000
%, 30s, KW

11
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7. IO 500 pl SRR WB, B0, 12000 ¥, 30s, FFRMR.

8. KWL P AE AC A E AR . B0, 13000 %%, 2 min, FEBRIELER,
LG 400 T U S

9. WRPfTAE AC # BT 208, EMR B HR0+100 pl PEli EB (755
J5 65-70 CARBIFAO , ZEE 3-5min, E.L, 12000 %, 1 min.

10. K43 20 SR OOMA B FEAE = ECE 2 min, B0, 12000 %,
1 min.

11. DNA A[ & 47 4 C, KHIFHE-20 CHRAF.

12. #4331 DNA 347 PCR 44,

13. PCR A &:

@O DNA 4 ul
2 Mix Buffer 10 pl
@ 5% (st+as) 1 pl
@ TohgK Sul
* 2.1.2 PCR ¥ MSH:
I R i ]
1 95 C 5s
2 95 C 30s
3 61 C 30s X 35
4 72 C 30s
5 72 C 10 min
6 4 C pause

2. 3 /MR & PR & AETN E i 5 & SR I8 P 1B
*2.2.1 WUEFRF) B4 Al

IERAIEZE S ks g 96T  fRIEHME
Wil— (RD) : FEAER A 18 ml 4 CHEEICIRAT
R (R2) @ AR B 6 ml 4 CHENIRAE
R =: FrUEdH (442 umol/L) 100 pl 4 CLRAT

96 FLIR TS MEFRAR —H iR ICE

12



ST i

% 222 BAFPRE.

. Ve oo brs) wae)
FEA 6 pl
WA= ARvEE 6 pl
7&K 6 ul
W BEER A 180 ul 180 ul 180 ul
37 CHERE 5 208, 546 nm KM E WG Al
B = BEA TR B 60 ul 60 ul 60 ul
37 CHEE 5 20Bh, 546 nm AN EBOLREEE A2
HEA:
e (I 5 A2-K x I 5 ] (% H A2K x & H e gk
_AD Al) N
( b» #E A2-K x 5 (% H A2K x & H
(umol/L) - (442 pmol/L)
AD) Al
Ve BT K ﬂnﬁ%+%:ﬁim1ﬁﬂ _ _ 186
IIFE BRI A RSB B AR 246
2.4 MRIMERERZZMNE XTSI PR
1 R SEEL: (100 /96 F£)
O] —: BRI, 0.1 ml x 130, BB 30 ml x 1. 4 CORAF-
QRCEZZ MG K £ 5 B AR 4 I 3:1000 I LLBIRC S, LA B .
@ik filg 5 (55, 100ml x 1, 4 CHREGRAT
@ = Bl E & RSN, 100mlx 1, 4 CHRAF.
@ik - BUN #riftit, fHEKKE 6.006mg #ifll x 3 3.

100mmol/L BUN  FrifEl- 43 : s RT) BOR5F) 1 32N 1ml &4t /K Be sbr
‘{ﬁ‘lﬂi%’i@i’ 4‘(:1%@0

10mmo/L. BUN  FrifE N : %288 1:9 FH W& K BARAEN & W, 4°CIRAF
2~3 R,

13
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2. BRI,
% 221 BAEPRE.

THE PRk e g
M 7K (mD) 0.02
10mmo1/L BUN #r#fENHE (mD 0.02
FRIEE S (mD 0.02
ZEIPEEA (mD 0.25 0.25 0.25

BT, 37°CHER/KIA 10 3%

Fig 7] (mDD 1 1 1
B SRR (mDD 1 1 1

A7y, 37 C/KIE 10 min, K 640 nm, 1 cm O6fe, HAKHE, NEROLE OD H

3. WA
JREHE (BUND % OD - %EODX;ﬁ@&WE

W (mmol/L)  FFAEOD - Z5[OD (10 mmol/L)

X il 0 R £ A

7E: 10 mmol/L JKRFE%&=280.1 mg/L

2.5 EOREEKERRIRERE

%8 Western Blot LK RS H, HEHIK.

1. FeH] TAER: 100 ml 77K B + 2 ml ¥ A CLAEMRER L — & A 4 el
JHs S R, ATEAE 4 CH

2. [H 2 k)G PAGE fi%: BUF PAGE BN ZE 2+, IO 50 ml #B4liK,
IR TS JE 11k, 352K

3. YO K G B9 PAGE iR: BN 25 ml G TARW, 000 25 3 s I
FR IS IR 30-60 s, In#vFILfE, VIREEGL R, dRERAEN (O 38R E#E3) 5-10
min, #2752 4605 B Cn] L, A5 AN B AT 2 K A i B8 DD

4. Bt HYKE I PAGE f8: IINGEEZE/KZ) 50 ml, 0 A Z b 1 o CRF5 0
RF 30-60s, 15 iEInFE, REEWIAR, RETEARRIR LRES) 5-10 min, FHIX
oK G r] SE R, TSR R i 44 L

14
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5. HREREARY SRR G tls, nEE RS 400 65 B a0 RCE K
H4 Citk.
6. i Bio-red &t G 28 HEATHIIR BI A7

2.6 TNHIERHL

1. BB AT E e PR AR E

2. B Z8(50 mg/kg, ip)BREE/ N Fr/NRRIEE 2G4 HI R
i FEE TFAREG B, FFEIEA | mlFS 8 FEFKDUL, GESFREPED
i, 8000 £, B0 10 min, B5OJE UM, 57 T-80 C&H;

30 GG E R B, ULPY . RO AESE A S, B BN R
1T Z U N R R B . B B 2 23 A B /K AR AT R g, R AR T
ZRKGy, WE, —HOWAXRLEP &, HA7ET-80 CHrf, #ERIRINEN
JRA RNA; 55— A2 RHEEEE, 4 CiIER, Rk 20%REERF2H 25
KT G, MY BkiE T A

2.7 RiRHAK

1. AT Y] B 22 7K AR V) R N R AT = 2R @S5 min— AT = H K@)
min— N7 ZHE®GS5 min— /K LFEOS min— /K LE@S5 min— To/K ZEEG)S
min—95% B ¥ 5 min—90%i¥i 4% 5 min—80% ¥ Smin—70% B % 5 min— 4l /K ®
5 min—4i7K®35 min.

2. H 3% H0, i E Y, & IR 10 min.

3. PBS ¥k 3 ¥&X/3 min.

4. KLY R IBAPUREE R CRGIRNZEMRD . AME M, &
KBS 2 min, JESEHEEAE 10 min, FEECAINH 10 min, FiHEA .

5. PBS #l¥E 3 ¥&X/3 min.

6. FINHLUE A —1%BSA (PBS KD .

7. FEEW, FM—PURE, BANRE 4 CHER.

8. PBS ¥k 3 /3 min.

9. WM hr CHMRIEEMEFR L) , B&ET 37 C, 1h.

10. PBS il 3 %X/3 min.

15
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11.DAB & ff, 1-5min. HR/KMHPEE 1 min.

12. HAREHEYE, 30-90s, [HRAKMPEE 1 min.

13. p—Eh MR (1%) , 1-3s, ERKMHFYE 1 min.
13, E PR R K, —HIRIZE.

14, HYERRE Bk, FAHE.

2.8 PAS ERLBXG ST
LA i s —2 .
2. ¥4 Wit J5 I ZH 2300 i 3 PAS Bl B AR aE T 448 10-15 min, FH H kKK
BEAT I KPS 1 min, F R 2808 KR A 3
3HZLW) N PAS Je i A IR S 25-30 min, 3 =B, JiEKHYE 5 min;
4.8 23] F PAS Zetifi C (RIZ5RARZ) 4Lt 305-60s, H H RIKI K
U 1 min, HERRPRSIEBHEAT 000, Bk, ZUKRE, FXATRKMPBE.
5. [FGBEHILER 13 25,
6. [FIGEHIE 14 25,
. (OPAS Gettifl B BB T, G st i e 0 00 R
@PAS JLta il A etohd B

2.9 RIRIELIZE

1. R ANE—D.

2. B H Y] B RARE LG G5 8 min—15 min, JERATEK ZEED
2min—JG/K £ ¥ @2 min— /K L2 min, #FEATHK:

3. BT A NTEAK CBEFRELH, BB TF5 0 B A7 = 2R R kAT i B
5min, HVERRE A

4. FERGLA S ToK CBEWL KIS RIS R CRARR (A AR 20 234N [F) A i
B, A TANRRIRER 2RIV, AN ARSI B .

2.10 TUNEL €&
W T B REGTE, KA eI JE A AT LU A

16
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1. RS —5.

2. VI H 20 ug/mL  EEEE K GFT Tris/HCL H1, pH=7.4~8.0) =i
A 15~30 min. PBS L 2 K.

3. WA AR R i) £ TUNEL RBDE G, 5 ul A0 +45ul {71@), I
BARFA 50 ul ) TUNEL M IREY) (BUBECELH, 4 ClEE)

4. PBS BB R I, BTEE TS, fEARA LI 50 ul TUNEL % 3R
AR (2 3 FTECHID (M IRRZEAN 50 pl e EARIL ) dUTP W) 55
EInsEB A, NGBS AR & 37 CM 1 he PBS WIVE 3 W, Ve MR,
FEM BRI R RAEE (SR A iTds 3.

2.1 RIETH

1. FRZEANE—5.

2.1%BSA (H PBS ELE) =i@# [ 30 min, PBS il¥E 3 ¥k, 5 min/ik;

3. I PBS FRN—9T ( &6 1% BSA)  (FifEZ) 1:100-1:300) A4
WA LR —H AU BRI 50 pl—100p] CRARARIEFE F O/ NERREE) , 4 C
IKFEE R (HEEBE 2h) .

4. PBS % 3 K, 5 min/ik.

5. AR R ZHT (1:200 A PBS BCED 37°CHEOLIFE 2h, &3 50 pl
—100 Wl ARFERESA/NEEE) , PBS Wik 3 ¥, 5 min/ik.

6. DAPI Jubl (H T H LAt A ftz) 4% 5 min, H PBS ks, Lufl
eV 1:3000-1:5000.

7. F PBS MBESS WGt WHuauif KE b G BRI Sy b, Kk
B EHAES R B, AR 2 R RD EilRE I 10 min (AR R
R Y PR3 R DO D

8. IEDOCEMBE TS, RER T CEARARIATERIGRSE, WBNRE
H1-20 CRELIRAE, BERER K, FEXREEK).

2.12 SBE¢A 40/ ZHRRIMIR 5 RNA

1. 5 50 mg HZUEH 1 ml Trizol, A~ EP & i N 2B BE Bk 2-3 KB
SERTHEAT FRIR AL BB E L, TAE =K 6 SLBRAEEFLAAMIAE ] 1 ml Trizol

17
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fill N (7 & Total RNA HIEEN UL FEAR T ZAEIK EdEAT)

2. WU AR BE AT 2R, AR HOInON 200 wl &4, RIZIEY 15s, fEUK Bk
1T 8 5 min.

3.12,000 %, 4 °C, B> 10 min.

4. /INCHUHEG SR EP A, WO EEEEE EP & Qs RD .

5. IMANGEERARFRNEE, AR D,

6. 12,000 %, 4 C, B0 1 min; ZNOE HIBA,

7. B 1 ml A ) 70% Ll (HIGK SR+ 4K D Pekiiie, 12,000
¥, 4 °C, B0 Smin; FFEIE, HRSANOBERBEBIA. i E POt
2 5 min, MIANEERITCEEK, T RNA KRB CE BB INCEE K, f# Total RNA
WEELE 500-1000 ng/pl) .

2.13 PCR 4#fr:

2.13.1 RNA BU3E5E: (3% TAKARA i &)

1. XF5E 5 () Total RNA BHATEIEACFTE, 154 1ug RNA RFIIFT R K
A (WD 5 AR KAE AR 7wl @
2. FLE RPN

5 x gDNA Eraser Buffer 2ul
gDNA Eraser Il
KBOMAOH, 19 E1E Ak 10ou— @

B0y, 12000 ¥, 4 °C, 10 min, JE&197%)
42 °C, 2min, &EH

3. s UM
RT Primer Mix 1l
5xPrimeScript Buffer 2 4 ul
Master o @
. EASY Dilution 1wl
Mix
RNase Free dH20 4 ul

s Master Mix@ 5 _L— i Q@BHTIR G, 3 2IZ4KF 20 wl HIWERIA R .

18
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£IEW 37 T 15 min, 85 Chi# 5s, e,

4. 1543 2] cDNA A 80 pl JEHF/K (152] cDNA Z9K N 1 ug/100 pl) i
51)G, JN-80 CUKFEIRAT

2.13.2 SEBFEE PCR 43 A& E mRNA 7K 7 /NREA LR FRIFRIR
Bl #% |5 1) cDNA #3E475ER) %€ & PCR 4L,

TEASEU T :
FOAS P 95°C 5 min
PE¥H 95C 5s
64°C 60 s 35 MEIR
72°C 30 s
SIEH 72C 6 min
ik 4T pause
F 2.3 RRE 5 Y53
FER 44 FR ey 2]
KIM 1—s ACTGCTCTTCTGATAGGTGACA
KIM 1—as ACATATCGTCCAATCACAACGAC
Cre-s ACCTGAAGATGTTCGCGATTATCT
Cre-as ACCGTCAGTACGTGAGATATCTT
Flox-s GTTAGATGGGGGGAGGGGACAACT
Flox-as TCTGTGAAGCGAGTCCTTAGGCT

KO-EP4—s CCTTCACCACGTTTGGCTGAT

19



ST i

KO-EP4—as ATGGTCATCTTACTCATCGCCAC

2.14 BlAELREREER

1. 100 mg A A7 2023, N 500 pl 85 R, IO ZH 2300 B BR TN 3 il
BV A ZAAEAC T, TAE =K,

2. HAERRE, 3FAR, [EFE 2P, 10 K

3.4°C, 12,000 ¥, &0 10 7950

4. B Vg, -80 CUKFEIRAE

2.15 RIS EH

1. F 1 XPBS WP /S FLACH A2, WIe =R, SRRk, A
RO, &AM, Euk EEE S o, AR, B FREEe)E
R, TN EP B

2. HEREE, 3s/k, ARG 2s, 3K, DIEEN 30%:;

3.4°C, 12,000 %, &0 10 min;

4. B b, -80 CUKMHRTE:

2.16 BCA JEMIEHBAFNALRERKRE
ST HEER AR AT E BACTE, W] BCA R &, 96 FLEFARR K 4124 Hhkr
YHE i AT PBS-1 AN R A FRAETE M (PBS+20 mg ] BSA %) UL A2 AN [ PBS,
R DURE 4% JR RS AR AL SO A PBS-2 ZIINEE, sSAEIEREFLES I 200 pl TAEWR
(£252) . 37°CHEE 30 min, {EHK 570 nm &b, FBEAR G & O FE FREU
% OD {H. F Excel 3454 SR BSA AR (2 AIROLE OD 18 il H hr vk
ek (R2>0.99) , SHFrifkizk, RG-S E AR IWOLE OD fE, RAbRIE
th 4 8 St S5 S R IR B
#* 251 HEAWRENER:

B FRUE i PBS-1 FEDNEE PBS-2
WRE (uD (uD (uD (uD
0 A 0 20 2 18

20
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25 B 1 19 2 18
50 C 2 18 2 18
100 D 4 16 2 18
200 E 8 12 2 18
300 F 12 8 2 18
400 G 16 4 2 18
500 H 20 0 2 18
#* 2.5.2 BCA LAERAIHI:
A
T E B
R A: BCA %l 200 pl
R B: 4 % ERAR 4l

2.17 REZEHENIE (Western Blot)

1. 1348 H & B E A RN E A IER SDS RN sEE: (SDS-PAGE), A
Bio-Rad [1] Western Blot #L253F4T HL¥K o

2. WIFF L6 f 5 9 80V, 5 I 85 [ F Ko vk 4 Jie S5 mT LA A i FL TR
120V, BHEEABKIEEITS B N IA% (ARSZK T I Western Blot Hi ik it
BRI TEE /) 80 V) 5 ik dyk, HUHEER, L 8 X5cm K/, SHEMRLT4E
ARG, AIHA Bio-Rad MLA% 4 I U VROEAT FE IR, 5 55 1 G 78 B I R 41 4
F L, DL200 mA i BT R E LD 1.5-3 /N

3. MEHTPUR IS 21T, RN L B G B AT 3P, DAB)S kR4 7k
IR B, A S %R RE AR (BLAILAD) , W45 BN JE BIBEBON 5% 1 s
g, 37 CHREIRIE 1 he

4. F 1x TBST Wl G IR A 45, —R 5 min, Pefik, LR
PeF @ Bile 905, H BB EEAE L e B PUiA 3 B 2R B i hiik 5
B A —REATIRE, — RIS T 4CE R,

5. % 4°CIHE R G, TBST #ER ZEIPES:, 5 min/5 K, RE#HEIZX
S A6 Sk N H AR B A PR U R P LR P, R — N 1:5000—
1:10000.
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6. I8 Westem Blot K BARER ECL 6 BT T LA B 4540 22 02
i, KOG A WA B AR L O IR 10 1 &, A B g o
#r (£ ProteinSimple A w]) #HATEEGHE . OG5 B8 B 77 Z AT K EAE
o347, 1 Image J A4 K EAEBEAT AHN RIE & 0. UL GAPDH NN Z, W
ZEAMEEBIHIT, 3 H R AR 1% H S B A RIS & .

2.18 ANBfE2BKAN R 2RRE (HUVECs) 135

1. £ 37°C TS Hepes HIBEAT, FuAHFar 2 A M0, W KRBT,

2. W AR K — o e FLIE SR A AL, FVES 2RI L AT Hepes 0%
B e I T

3. KB ERK S —im iR E R I S, bR R, 5 P
Ot

4. [ iy K R 0.25% M9 42 78 A

5B BTH B T In#ES Hepes FIREM H#4 12-15 min;

6. THBFHT, F Hepes it A BV AL =0 e ok, 1000 % 550 5 min;

7. M # FBS 1) ECM 577k H B, HHZR MR 1AM 8 IRl e R M,
4h JE R

8. AU (£)2-3 %) , K4 e, —A4 10 em KIAEN 3 4>, L5
15 FH B 40 L 7 AR5 3-9 AREAT .

#* 2.6 ECM B53R3E:

Jii &
NaHCO3 22¢g
M199 1773 10.49 g
Hepes
Thymidine 596¢
JH 2 3mg
ECGF 94 mg
HHER 100, 000 u

BER 100, 000 u
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2.19 NERKELR

1. /£ 4CHAJER 9 FLAR T 417 1h # - 4°C WA J5 1 5 5T &R
(CORNING) , %34L 50-60 pl.

2. K HUVECs (3x10°4Hf/4L) e Ciiseln BB 96 FLiRk .

3. JAN 37 °C. 5% CO2 AM s FeAa T, H& ISR FRETIRE 6 M5,
FEE B RS N RN E TS EIREE T E A SRS, BRI B K.

2.20 GeitZE o

{8 GraphPad Prism FAFEAT £ 70 B R A . A 70 S8 0 BT A 465
R ¥ME £ SEM . R 4 S 56 B AH R R A T SR R BCXT 1 T A e AH
KA K Pearson JES 4 Spearman £ 5. P <0.05 ZRERRH G iHFE .
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3. SLIGZER

3.1 MEM K Z0AR EP4 FRBE/N R AV E .

BATR loxp-Cre H 4 RS M 412V Ve R B /N R . B 5, Ml
DK ()7 A0 /N BRIE R 4 4n Y EP4 1) 2 S 4021 W 3 &4l N — A flox 7 /575 5]
EP4flovflox /N R o SR J5 31T Tie2-Cre Ff F 1 Rk T L& N 2 40 Cre 4 2L PR/ B
Y IR f EP4foviox U R 4 il 5 Cre N R AR XM, KBRS B K
EP4fox/oxTieD - Cre-+/IN A ML A B2 40 B s 7 P Bk EP4 /NER (EP4°EC) |, H[F)
J8 EHE H 1) EP41YAXCre-(EP41o¥/ o) Jg it RE/INER o ] 1A S EP4—flox #AR 45
o, MRIEEA ARG TR BTN RIE R B 258, p3 Fl pd X% 5]
PIETHE—A loxp A7 SRR,  WIHERA loxp A7 81, PCR F=#HIK/NA 344bp,
BA W F=4ALT 243bp FIALE . B 1B VN R LR DNA #3H1T PCR AL
SRR I R R/ B R BY (AR I, Horh, JRATTZ3 0% Cre B8 ()R To AN A2 5 A7
1E flox/flox 45T AT 4w, SEmisfe NRERREE . T — 0% ¢ EP4 2
AR E AR T A M BT UIRIR R, FRATH 8 7 /N SR = Bk ) P Rz 4t
FISEW LA, 4 B2 H DNA A mRNA #47% & . LLEP4 EC/NER IR N Bz 4
DNA AR, RIS 35 Frid ) P1 A P2 X5 514147 PCR 221724, (4
BLH) EP4 1 2 S AMNE - O BT KN A 370bp PRV K] EP4 1) 2 5 4h
B ARWEBTYIEEE) 2000bp 724, 168 EP4 EC /N B 4] DNA 71 EP4 3£ [X]
KER 2 T EIY), 0TV UL DNA SRR S B =3 A LA TR G674,
VLB EP4"FC/NRANAE N 2R A T EP4 ZEFRIETY) (B 1C) o FIA mRNA #47
SUESE PCR, LA cDNA MR, EP4"EC/NR KM B2 4 b I8 EP4 HIRIE (
1D) N T —HE 3G UE B ¥ EP4 " FC /N BR B S BIL T B U B 40 9 17 21 il EP4
HIFIAGR I, B AFZH 2R34T EP4 Al Endomucin Sy ¢ e 4ett,, 45 HiFsk EP4°
EC/NE. Endomucin [HERIARARHASE I T EP4 RIAMEHE (B 1B) , UiB] EP4
TE PR 40 M S M R /N BRI R e LR A T R
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A B wt/wt cre
B T o5 floxwt | flox/flox
L l l 2000bp
I }_} I floxed EP4 allele 1000bp
exon 1 exon 2 exon 3 700bp
500bp
'I 'I 250bp
I FI cre modified allele 100bp
exon 1 exon 3
EP44EC EP4AEC
D E
EC SMC EC SMC EP4Toxfiox Epaatc
3000b i
zooot-g Primary
700bp .
500bp Excised - P4
250bp
N — —
B-actin

— — =t

B 1. I A R A EP4 SREE /DN B R A 25 5

EJ

AEP4A—flox RIS K, pl Ml p2 NEEREFATIVINGIY), p3 M pd NEE DK
flox/flox ZE B 5] 7. BRI/ E DNA HEATHE R 20 4 52 1A R . C. EP4"FC/NR 4y
BB AR AN TS LA, $RECH DNA, %58 3BT VISR B . D. EP4 EC /N R
Iy S BN B A0 BRI T LB, SR mRNA, %€ EP4 RIAMALE. EFBIEHZ
Endomucin il EP4 ¢ Y6 X4, %58 EP4 785 8] )i B 40 L N FZ 4n i) Rk .

BBy
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3.2 MEME4AE EP4 FRFENNE S B SR FE T 5 .
EP42EC I EP4foxfox /N (1 SR FH 28 i 0L B 0y ik 2 A i 98 3 %) 0 7 A 2 44)

(IR) , 5{EFARL (Sham) AHEL, FHEEF 24 /NN AL ILE UL (B 2A), 1
JRER(E 2B) I JREH (B 2C&D) FhiEy, oA EP4'EC by sf 3% . T 7E -
14 KJ5, EP4tevioc/ RIS IFEHREIR (I SCr Il BUN. JRER ) A W . 2503,
{H EP4 FC/NR B R A R oE . L ESS RN N E 41 EP4 v RE S 58
' U S 0L PR P I o B ) 4543 DA R S BB ) B BB SRR . AR i
PR AR M AR R AFAE B E B /5 X1 7 1 (Kidney injury molecular 1,
KIM1) B3 s, T3 ATH) &5 AR RIFEIESE, B Sk i 75 #E 73 5 KIM1
fIZEIAIE TN, TP 40 M0 EP4 BRIG S KIMI B NS (B 2E) . AiFE—k
BAIE N B A EP4 2 5 15 T il T 13 400 () AR AT, FRATTNS B ik 2H 1
BT E Y R D BRI FEEVE 24 /NG, BRSNS ROIR, KIE
IR, KREFEAES, 1M EP4 EC B ARG E N E, 5 CkRE A — 5K,
P 14 KRG, AR/ IESE M BRI RS, 171 EP4"EC /N RATIA7 7 7 5 25
AL (B 2F) o DL 25 SR BB IR A B2 40 i EP4 A T i i PR 5 K 11
B /NERFI S INE I s AN B RS PR R S R, se e S A
BRI,
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2. I Y B4 EP4 S i = A sk i P 45

8 JE RS HEYE EP4AEC I EP4floxflox /N R R AT XU Bk M 30min, #ERENNKIE, P 24
/NEF (IR-24h) 5% 14 K (IR-14d) o BFERL/NE (Sham) {EAXEE . PUZH /N2 B4
A & B. MAPIEAR ZEM G &E: C&D. REAMEE: E. BEAFHZH KIM1 ] mRNA £
i5; F.OBAFE4HZ PAS Jefti. n=5, *P<0.05 vs EP4Mo¥flox_Sham, #P<0.05 vs EP4Mo¥flox [R-24h,
&P<(0.05 vs EP41oviox TR /14d.,
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3.3 IMEMR 4056 EP4 FRBAMN ERRM AT & /S B 2E LR PR
THET.

20 2 I 5 E T S5 R o A B A 4 B R T R IR SR R I, i AT A
TUNEL Hetufsill A B AR 23 fBE Rk, a5 RN B2 EP4 #Bf NG 18
TEFRHETE 24 /NIFIG T2 14 K, YR Jy 825 1) 5 0 [ 45 48 s TUNEL PHMER
IE(E3A&B) . 52 M —EU1, EP4 " FC/N (U Ik 2H 23 8 T2 43 5C 8% 1 bax. caspase3
[1R)35 P % 20 (Cleaved-caspase3 ) 7E Gk IfiL F-HEVE: 5 24 /NN 5 E i 2. 3 1y T~ EP4flov/flox
/N (B 3C&D) 5 11 A EFRARIEFREYE 14 RIGEM PR AV NRCEE Z 5

(K 3E&F) o st 71k AT A A T A0 2 B A P I P Ry 1 9 1) LR B0,
T FRAT TR I B U 2H 23 2 5 65 12 AH 50 48 8L 3 % B'lcaspase 1 /caspase11—GSDMD
MZRIE, EREIR: BEP4 EC/NRE RGN R 14 KI5, 'BHTHL caspasel s
caspasell A1 GSDMD J&4LIT N %ii /741 (N-GSDMD) FRiA & 3 5T EP4flovflox /)y
B (B 3E&F) , {ERIXFPZE SR AL FREE 24 /NN IR ANBTIE . ANBL S5 R T,
Bz 40 L EP4 78 B I Sk i PR VE AN RIS R, @ WA R g i st T 07 0K
FEXT B R R AP VR

37 KB AW FEAIE S8 MAPKSs 5 5 3 1 1) 32 22 03 INK, ERK1/2 1 P38
e S A EER R, Hof INK M P38 FE T IRAEAIAE T4 2 Fif
AR MAE T b e 4 B A P02 530, T FRAT T A 5 SR o [ 0L O e . 7 9
24 /NI JE B INK BB RR A I, Ferb il s N R 40 EP4 i B Jim X P o B
B3 (K3 G&H) , MEIXLEIRARAE PR 14 R P Fh 2 DR TR /)N bR I8 35 22

(P 3 18&T) 5 PRI BATIHHE T 04 A B A EP4 T2 ' JFE sk a4 V453 £ P ) 084
TORIEE T R AR AT RE 2 8 4% INK SR .

Sham

IR-24h

IR-14d

EP4noxifiox

EP4:cc
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Relative protein level

Relative protein level

B 3. IS P B EP4 e T 25 R sl PR Y U I A A M PR T A R T

EP4"EC i1 EP4floxflox /| B3 43 il EAT OU S iR 1ML J F-REVE 24 /) (TR-24h) BY 14 K (IR-14d)
Je 73 A I : A & B. TUNEL G (G I 1 4 i BH % 28 16 AR B NG it 1 C & D.
DL DY 2H /N BB I ZH 2R T M 9¢ 5 [ bax, Cleaved-caspase3, BAX DL A B T4 L H
caspasel, caspasel1l, GSDMD, N-GSDMD ] 1A 481k western blot XK G 1T .E & F. &
It 4H 21 Ff MAPKs 38 8 ik 7% p-JNK/INK, p-P38/P38 il p-ERK1/2 / ERK1/2 {1 5 A £ IiE K
western blot fXR K FIK G 11K . n=5, *P<0.05 vs EP4fo¥flox_Sham, #P<(0.05 vs EP4flo¥/flox TR
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3.4 MENE S EP4 i85T cAMP-PKA 8% INK BB (L 22K S
BESERETRET.

FEAAR S FAIE S ML N B2 40 EP4 SRR 2 I o 78 B I e ol PR Ak 38 /s 2H 24
FT- AT, ARSI AL INK 235 (p-INK) , 27 FATE IF S 1 7
VEVERS N B2 40 EP4 ] REAZAEARHS T INK R 40 T A T g i, N T
B0 B N B 4N EP4 2 5 UL I R BARNLE], BRAIFE RSN RE IR AT ik
N2 (HUVECs) , SRR EUIRES, 2R R EP4 B
A LMK S5 3 10 Cleaved-caspase3, N-GSDMD F 8 i Fl INK O BEER 4L, 1M
EP4 (1)1 — 35 E FH AT LAk cAMP A FHBE 50 PKA B0 55 H89 54t (
4A&B) . S5Z XN, EP4 115515 ONO-AE3-208 fin 5 14 ik 4 i & (1
Cleaved-caspase3, N-GSDMD # p-JNK HJ5R15, EP4 R iF cAMP [1]2RA4) dbcAMP
A DU F R I — A8 (] 4C&D) .« L kg FHIESE EP4 7] fgif i) cAMP-PKA
] INK P58 R A0 42 AR SECRRT P R 4 B PR R T R A
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A B
CoCl2 - + + " * 5 control
PGEL.OH = - kg * ¥ b
N - - + - CoCl,+PGE1-OH
v CoCl+PGE1-CH+H89
ESl-09 = - = = +

CoCl+PGE1-OH+ESI0S

Cleaved-caspase3 ‘-——— | — — --|

GSDMD ‘ |
N-GSDMD‘—- A c— A c— |

p-JNK‘— — - -|

e = = =3

GAPDH | |
Cc D
coCl, .,. + &
ONO . - + +
dbcAMP = - ¥

Cleaved-caspase3 ‘ ! ——

R —————
N-GSDMD | - |
PINK [ . = —— ——— |
INK | |
GAPDH | |

Kl 4. 240 EP4 i cAMP-PKA 4% INK 5 AL 52 MR IR AS T A S 40 L F s T
ETRAE

R4 IR HUVECs, &AL4S (CoCl) 500 mmol/L AbFE 24 /NEHREAMBRECIRAS, A & B.

[F] I 45 F EP4 #8)5f PGE1-OH (1mmol/L) LA PKA Al Epac ##% #1571 H89 (Immol/L) Fl

ESI-09 (Immol/L) AbFE, western blot Al 2 8 T~ 4H < &5 1 —Cleaved-caspase3, FET FHK

H[1—GSDMD, N-GSDMD, UL K15 5B & 1 p-INK [IRIEEH. C&D. 4T EP4

H5 177 ONO-AE3-208 (Immol/L) LA K cAMP ZE{LU44E5 $1 77 dbc AMP(1mmol/L), western blot

¥ Cleaved-caspase, GSDMD, N-GSDMD, p-JNK &A1k . n=4, *P<0.05 vs control,
#P<0.05 vs CoCly, ¥P<0.05 vs CoCL+PGE1-OH (or ONO-AE3-208) .
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3.5 MEMRK 4P EP4 SRPaMERRMEETE S B REMMERK LD
FAHLL .

I PR b 0 PR v 5 35 ) O B A B ) B = AT BRI R, Hoh s
B /NG S5 SR AN I 1107 A SR o =3 350 400 P BT T 7 1A It 4, SR D 5t A
AN Rt — BN B A, R IR AR KR B (TGF-B) 45 4F 42434
KT (CTGF) SRLFYEbIN T IR IE G B0 B IR LT 4L AR, IR AR g It
B 9 B AR B R 5T AT I A P ARAE S B ISP L P E R B4 S A s B
NE TR BAIME WD, 52 AT SCERIREAE —2 (B 5SA) - WE4IRSS
P10 L6573 A A i B () o B 4 I/ 33 4% i B A PR DG B AP IR s9) [, FRATT i i
SIGAIE S PN S 0B EP4 BRI 25N S B i FEEEVE 14 KR B IR OPE IR . 1T
BE— SRR SXHR/NRAIEL, EP4"EC /NGB ISR R VE 14 K5 B
[ H 3L A CD31 BH PRI AL (1) 1 18] 57 B 40 i DRI (] SA&B) , [l
B /NE L, PCNA [R5 R R B & G R D s (B 5C) , FFHMR
AR LT G 0 A1 5 LA B2 41 EP4 SR e 2 T B 5 I oo 0L P JEE VR 42405 i ) T 4
K (B 5D) . Western Blot 25 B B 7~ 'S R4 4E AL Fe Fra-SMA 3R A2
WIRIE N (B SE&F) o i ESSRATLAGH: & N AR EP4 2 5145 B I Gk
I PR I U B 10 5 B A 0 S A R A L3RR

K2 B TN RN A K 7B (TGF-P)TELF4Efb 2 il B EH, &l
i smad 155 IE B 0 N URBUE KRBT AR T RENST . T ERATT I AE A 45 R B
B E BRI EEVE 14 KRB 2 o-SMA Kk B3, 5 ikb[F TGF-p-smad {5
5P Y smad3 FIBERR ALK B G, IF HLAE A 2 4 EP4 SR P /) B
INEE NG (B SE&F) o $ERBATTA 4 EP4 1] fig i@t 4% smad3 MIREER 1L
K2 5 P S 0 R A AR
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EP4fexifiox EP4:ec
30+
2, ——
Sham g
z 20
@
2 —=
2
2104
2
=}
IR-14d |_—r_‘_
0 T T T T
o qf‘ \"b 0
& & I B f:n.
& &
c EP4floxiflox EP4:EC D EP4foxifiox EP4:Ec
r Ray ~ g . T .
s
Sham Sham 2
IR-14d IR-14d
F
Sham IR-14d 4 . Ep4fioxifiox
EP4fioxffiox EP4eEC EP 4o EP4aEc g i # EP4:EC
2 3 1 Epaflesiion_ 144
B ] I EP4*ES 14
a-SMA | g >
s 2 o E
p-smad3 ‘ ——5—----6-8---‘ 2, @ s
@
= -3

e
smad3 ‘
GAPDH ‘ -—n—.--—‘—-—s‘

5. ML P R 20 B EPA S B 400 ) U fpt of PR VA A 4912 S 30 V) T s 4 L AT A R S
2 P PR 184 A DL R A5 A% S S ) AT 4k

EP4"EC F1 EP4foxflox /N (1 43 Gl dEAT XU SR I J5 FREEVE 14 R (IR-14d) « A&B. 'HiE4

LG ekl CD31 (Green) PH T A Bz 4 Mo K& A0 (8] BT I 4544 C. B IRZHZA) v

PCNA 2 4 0 SE R AN 3 A= 15 0 o D RARPE LT G €8 52 7R DU 28 /0N BRUFF) 5 U 4 Ak 3 05

E &F. Western blot £ A far Wl B JIE 2H 23 o £ 4k 4k b5 B 1 o-SMA 1 4F 4 b {5 5 i 2%

p-smad3/smad3 Al MAPKs AR KM ST E. n=5, *P<0.05 vs EP4fovflox, #p<(,05
vs EP4flox/lox [R_14d.,
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3.6 MR 4APE EP4 @33 cAMP-Epac IS MEHE .

P B 4 i 2 5 ) I A i A o 5 i B TRD 5 B A L 7 A 1 S R ) O B P R
571, Tfi{E N PGE> %24k EP4, 515 7 PGE, 7E MR M A ik #2esr, (A 3k
ATTHEWT ' U B 40 IS P B 40 B EP4 S 15 38 sk 520 IS B A 2 5 i i P 4014
MBS . BT FE AR 78 Ok S8 L8 N B2 40 EP4 SR /)N B 3008 A= 178 9k
DRI ZRFLRI . 52 MH—80, BR4IMSEIE RI: EP4 R 7 Eish 7 n] bA
I HUVECs /NETE AL, (HA2IX—EFE R A cAMP-Epacl #5517 ESI-09 &%
il (B 6A&B) 5 [FIFEM I T THSRIE, 154 EP4 IFE P72 S s /NE
HH, TR cAMP 29 dbcAMP ] LS HEFEHIRIRIMER , (Rt NE T .
PRI EP4 2551 A B2 40 B if 5737 A8 o] BE A T cAMP-Epac (138 2%
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Kl 6. EP4 ifil cAMP-Epac 4% P 52 40 /N T ik

A% HUVECs, A&B . [AI 45T EP4 #3))57 PGEl-alcohol (1mmol/L) LA PKA

F Epac #5517 H89 (1mmol/L) F1 ESI-09 (Immol/L) Ab¥E, % EP4 #5417 ONO-AE3-208

(1mmol/L) LI cAMP ZW#E5 b7 8Bromo-cAMP (Immol/L) FI dbcAMP ( Immol/L)
KM AT /NE B . n=4,%P<0.05 vs control, *P<0.05 vs PGEl, #P<0.05 vs ONO-AE3-208.
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3.7 EP4 &3 cAMP-PKA 8% smad3 B¢ & 5N K MR A%
BEALIHFE

TR T YA R T, BRAMHZUR 5 B & () AT e 20 f s s o, i AE (e
S A7 A M 7] AT b B AL RO I 5, A2 "B 0, 3 DL A2 A B2 40 1) RS 2T 4 4
M4t (EndoMT) FI/INE b Bz 40 ) 4T 4 i g ¥4k (EMT) , R B LA
LT YEYH i KI5 B EndoMT ()8 2 5 T EMTEs1, [K]1f] EndoMT W] A8 1E B i G 1fiL
FRE R R IR e A O B RIE . v TP W] EP4 R E IR AT
#E4kHh EndoMT FJEARMLE], FRATE HUVECs N TGF-RALINIE M 1 it
A M ) AT A i A I AR, i B 2T TR I EP4 Bl R nT DAL 35 )
TGF-B#5 5 M a-SMA Fl p-smad3 [1)31A, 1 PKA FI##177 H89 A LLii #% EP4
BEhHIX—EL R (B 7A&B) . [AR, EP4 [RFEFIAIE R 5 2 M &,
B 2 N B TGF-Bi% S a-SMA 1 p-smad3 FI#IEZEL, cAMP 25184 dbcAMP
Al DLV MR IX — . (] 7C&D) o UL 45 RIuEsE 17 EP4 1] LU IE cAMP
20 smad3 MR IBUE 25 N K41 EndoMT 3%
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Relative protein level
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Bl 7. iR EP4 @i 3 smad3 O] TGF-Bi% S/ EndoMT

4R HUVECS, TGF-B 1 ng/L AbEE 24 /N 755 P 52 41 i () iR AT 4E 4R B % 4k, A & B.
[F] i 5 T EP4 3271 PGE1-OH (1 mmol/L) LA PKA il Epac #5H155 H89 (1 mmol/L) F
ESI-09 (1 mmol/L) Kb, western blot £l EndoMT AHE 8 [1—a-SMA, LA AHRAE 5 il
% H p-smad3 IEEZEN,. C & D. 4F EP4 #5417 ONO-AE3-208( Immol/L) P4 52 cAMP
HIFE B dbcAMP (1 mmol/L) , western blot #5:3lll EndoMT #H3¢ & 1 —a-SMA, LM
A RAE F BB S H p-smad3 HIKIE . n=4, *P<0.05 vs Control, “P<0.05 vs TGF-B, &P<0.05 vs
TGF-B+PGE1-OH (or TGF-p+ONO-AE3-208)
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ERIR EP4 IR I P B 240 PRLE 5 O A 3R B AR B R R (4R B R IR RS A
JSIRTE o AN VR IE AL R I A R A PRLRR R (1) EP4 SRFE/NEL (EP4°EC) |, fERK
PRFN 537K F B AIE PN B2 41 B EP4 SRR i =B A of B v S A A e A A . L
R LA 45 TT R T P R M TR AR I, G A A U e s e N R 4 i
FETSEINR . [RIRE, A% N B 40 EP4 e a2 0 i) "B A Sl af 78 5 3 A,
2 B R DK AT e S EP4 BB 0 ) F 1R B 40 I ) R A o 2 SR i AR, (R
EndoMT fi B 2T 4E A0 35 A S 201

B AT SR I P E VR B AT e — NS ASRA FE PR R P B A AR HE
MR BN J1 22284k SR MR N RRI b R A a4 o T S B AR A A 4 i
YWHREE, WE B EA BRI 918 M B kg spiee 0, DRI [ B 5 B 00 45243
R B 2 IR ML) XoF 1 R T P O S . 9 v 483 4% 11 7 ¥ 1 7t LA I R
B X o FRATIAE EP4"EC I EP4oxfox /1N B3N FH XU sl ik Je PSS DL SR I, F38 24 /)N
I AADL PR EE T A A, 0 14 RAADL PR 5 B S, FEAARZE ORI B2
Y EP4 SR AN (0N H i 1 P 5| R 0 B SR 0, e T S L
(1 1E 5 4 VAT A2 o 150 B P R 40 A B O I R A A () A I A A
EH -

PR 24 A — ST VA RO BRI S S B BECNBUR 4R, fEFAE. A
JIFE V%) SR I PR VA I T 2 i S B A B 4 RS L R A K 4 R R R 4 i ) 5%
B PR R R A% N B 4T B R D B . A i R A AR ek . 4 R T A8 E AN P
FH A (ICAM1,VCAMI %) 3. A4 &R (N R RS ¥, H
FERTIMLEYIR (NO 55 /b (R0 MAETE BB 7 & s> DR 4 AE T 8+
WA AR B R, X R A B B e,

B St I P R L P R A P A R BN T RE R AT . AR, JE T
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FIIRFCEEAZAY, o FRATT I S 6 5 R 300 t5f I P 3 3 2 o 5 55 O ) [ A A O A
FEMR, FERIONFERF L TUNEL $HM AR 40 i S in, B34
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1. BIFIBRZEE, (Prostaglandin E,, PGE,) ={& EP4 f& 1)

PG M7y 185 — BN — D Toc3h, 3 EMEPKNEE, KESHN 7 4
BRIR - J 8 DNRIE T PG FRIAE SR A4 F2 AN AT L b Tl i 7K e = A= i A8 AR DU R R
(arachidonic acid, AA). AA ZI%EALEE 1/2 (cycloxygenase, COX1/2) f#E4LAE
74 PGGy M1 PGHa, PGHa FREANRIRFY B R 2 & B E T, A2 BOAS [ R R
SRR P AT P2 B2 &1 (prostaglandin E synthase, PGES) fi{t /=
K] PGE: TEAAN i) 2, TERREMEAL. AT ER IR A, &Rk
JE SRR ERZARE S, WS 5 RARIKK G A, REEETTE TG
SIEE, O PG FIEA ISR E D2 (PGDy). B4l % Eo(PGEy) IS E F2a
(PG-F20). HIFIHA R (PGL) FMMLARIA R (TxA2)EE, S5EATHIXT N 524K 53 54 i
%74 DP,EP,FPIP Al TP, {EHHHA 5T, lid 258 % e tH DU AT 2 iR =
E» %24k, B EP1. EP2. EP3 Ml EP4. B4 7> T/EVAERKIEEL, X IUM 244k
] cDNA FPAlJe /e maleE, Firdmit i) A 4k K AF B g i s . EP
RINZARE A 7 KRBT G B ALK (G protein-coupled receptor, GPCR),
SEARII L N &R 23 AT AABIERAN R G B2, BRI oS AN R 45 5 i g4 .

2. EPA WEEHFNE 518

PGE, [{) 52 R 2 IR (A Z S BR RIVR PR AR /1N, B4 EP 20k 2 8] 1 R L R [
VRMEAHEIL 30%, RMER S Gas S ABBOIFRE IR BRI EP2 1 EP4
AR, FENRFUNE B RS 38%M1 31%MI A TS, Bhah, X A2 EP4 %24k
) = 2 QR AINT PGE, [T SEHLN 8250304878 T PGEL 7E EP4 =4k LI 4h &

48



f7 A4 S103. T168 Y186+ F191. L195. S285 F1 D311, U HECAL: & MW7
®H], PGE> Xt EP4 ZAKKIEM Ty T EP2 HISRA ).

EP4 1E4 7 ISR G 8 RIS, HA S (E 5 il i 2 il i B I i
N Gas HEHEFETMIGIMEA cAMPB), SN cAMP —J7 [ 7] DU IS 0% PKA 1E
T cAMP JR N JGHESE A8 A (CREB) AEFUA « L5 &P 5K 1M 45 37 4= 45
WATERET, 55—, cAMP W] LL5 A5 S cAMP HHiFHEY)(ICER)
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