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Overexpression of human EP4 receptor in vascular smooth muscle cells attenuates

angiotensin II-induced hypertension in mice
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Abstract: Prostaglandin E, (PGE,) plays an important role in cardiovascular system. PGE, regulates blood pressure through its 4 G
protein coupled receptors, i.e., EP1, EP2, EP3, and EP4. The aim of this study was to investigate the role of EP4 receptors in vascular
smooth muscle cells (VSMC) in blood pressure regulation. VSMC-specific human EP4 transgenic (VSMC-hEP4 Tg) mice were
generated and genotyped. The systolic blood pressure (SBP) of the VSMC-hEP4 Tg mice and the wild-type (WT) littermates was
measured under normal, low-salt (LSD) and high-salt diet (HSD) conditions using a tail-cuff method. Both WT and VSMC-hEP4 Tg
mice were administered with a chronic infusion of angiotensin II (Ang II) with an osmotic pump and SBP levels were monitored every
week. The mean arterial blood pressure (MAP) of WT and VSMC-hEP4 Tg mice upon Ang II intravenous infusion was measured via
carotid arterial catheterization. Ang II-induced vasoconstriction of the mesenteric arterial rings from WT and VSMC-hEP4 Tg mice
was measured using the multi myograph system. The effect of PGE,;-OH (a selective EP4 agonist) on Ang II-induced phosphorylation
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of myosin phosphatase target subunit 1 (MYPT1) was detected by Western blot. The effect of two additional EP4 specific agonists
(CAY'10580 and CAY 10598, 0.5 mg/kg) on blood pressure of WT mice was measured by carotid arterial catheterization. The results
showed that the VSMC-hEP4 Tg mice were successfully generated and their basal SBP levels were lower than those of WT mice.
Although blood pressure levels were significantly altered in WT mice under LSD and HSD, little change was observed in the VSMC-
hEP4 Tg mice. After a chronic infusion and an acute intravenous injection of Ang II, SBP levels of VSMC-hEP4 Tg mice were signifi-
cantly lower than those of WT mice. In addition, both CAY 10580 and CAY 10598 significantly reduced MAP levels of WT mice. Ex
vivo study showed that treatment of isolated mesenteric arteries with PGE;-OH inhibited Ang II-induced phosphorylation of MYPT]I.
Collectively, these results demonstrate that specific overexpression of human EP4 gene in VSMCs significantly reduces basal blood
pressure levels and attenuates Ang II-induced hypertension, possibly via inhibiting Ang II/AT1 signaling pathway. Our findings suggest

that EP4 may represent an attractive target for the treatment of hypertension.
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Fig. 1. Generation and validation of VSMC-hEP4 Tg mice. 4: Schematic diagram showing the Tagln-hEP4 fragment inserted allele. B:

Genotyping of the wild type (WT) and transgenic allele (Tg) using mouse tail DNA. The 396 bp band represents the Tg allele. M:

molecular marker; NC: negative control. C: gPCR products of human EP4 (hEP4), mouse EP4 (mEP4) and mouse GAPDH in mesenteric
arteries (MA) and aortas of WT and VSMC-hEP4 Tg mice. D: The representative immunohistochemical staining of EP4 in WT and

VSMC-hEP4 Tg mouse aortas. Scale bar, 50 pm.
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Fig. 2. VSMC-hEP4 Tg mice displayed lower blood pressure compared to WT mice. 4: Systolic blood pressure (SBP) in the WT and
VSMC-hEP4 Tg mice at basal condition. B—D: SBP (B) and net change of SBP (C and D) in the WT and VSMC-hEP4 Tg mice under
low salt diet (LSD, yellow period), normal diet (ND, green period) and high salt diet (HSD, red period). Data are presented as mean +
SEM, n=6, "P<0.001 vs WT. Two-tailed Student’s 7 tests were used.
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Fig. 3. Overexpression of human EP4 in VSMC improved Ang Il-induced hypertension. 4 and B: SBP in the WT and VSMC-hEP4
Tg mice under saline or Ang II chronic infusion (4), and the net changes of SBP (ASBP) after 28 days of treatment were calculated
(B). The blood pressure was measured by tail cuff every week. C: Net changes of mean atrial blood pressure (MAP) in the WT and
VSMC-hEP4 Tg mice upon Ang II (100 pmol/kg/min) intravenous infusion. MAP was measured by carotid arterial catheterization.
D: Ang Il-induced vasoconstriction of mesenteric arterial rings from WT and VSMC-hEP4 Tg mice. The rings were pretreated with
N®-nitro-L-arginine methyl ester (L-NAME, 100 pumol/L) and then challenged with various doses of Ang II. E: Western blot results of
p-MYPT1 and MYPT1, with eIF5 as internal control. The relative protein level was analyzed using ImageJ software. Data are
presented as mean = SEM, n = 6-7 (4 and B), n=7-9 (C), n =4 (D), n =3 (E), P<0.05, "P<0.01, "P<0.001, P <0.001. Two-way

ANOVA tests for A—D. One-way ANOVA tests for E.
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Fig. 4. Administration of the EP4 agonists decreases mean atrial blood pressure (MAP) in mice. 4 and B: Changes and net changes of
MAP in mice after intravenous injection of CAY10580 (0.5 mg/kg). C and D: Changes and net changes of MAP in mice after intra-
venous injection of CAY 10598 (0.5 mg/kg). The MAP was measured by carotid arterial catheterization. Data are presented as mean +

SEM, n=4.
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FEARAL P FRATRTIAMIBE TR, VSMC 75 PR
B EP4 52 & 0] N8 Ang 11 2R T 10 i T iy ™
AW, FRATHRIH VSMC % 5 5 % 18 A EP4
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N 2 KT WT /N, H Ang 1T 22055 511
IR T =i B WT /NE B o b o [mE, A 35

BHKAEE V23— B, Ang 1115 S (K B F 1L JE T
=l BE/E VSMC-hEP4 Tg /MR EE FK. LB
LESLRW], TGN EP4 A2k it ik Al i
HUGE Ang 1155 S T IR SR 1L

Z AT LR R, K H VSMC-EP4 /NI
FIRE BT Ang 11175 S 110 185 5046 B2 5 53 T X6 B3/
B 5 33k — 20 F F 40 OB 78 oK, EP4 SZAREE B
REAZ I N Ang 1155 00733 VLA Al P9 45 28 ik A &
MYPT1 Thr696 il Thr853 £z st (K B Ak fE W5 1] AL
BR 2 [ 5 55 W5 FR % (myosin-light-chain phosphatase,
MLCP) 3%, M0 Ca® i skt ek r
WA R 2, Ang 11 403 5 MYPT1 Thr696 13
BRI I P, AW TS R B, EP4 B
PGE,-OH &% 2. 2 41| Ang I /15 /) MYPT1 Thr696
Pr S B ER Ak, HE—DAESE T EP4 X Ang 11 /Y
FOETER .. SR, FIFEVEN G R EARRICZ 1A, EP4
4K 5 Ang 11 %24k AT1 2 ] 5 75 44 46 A0 T AE A,
A FFE— BT

BATTRT B OO 5T AR S I P 2 41 EP4 X6 IfiL
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