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Role of prostaglandin E2 in the modulation of renal water transport

LI Yu-Yuan', ZHANG Xiao-Yan™"
'Advanced Institute for Medical Sciences, Dalian Medical University, Dalian 116044, China; ’Health Science Center, East China Normal
University, Shanghai 200241, China

Abstract: Prostaglandin E2 (PGE2), a bioactive lipid mediator, is one of the most important locally acting factors involved in a variety of
physiological and pathophysiological processes. PGE2 binds with four EP receptors (EP1-4) to activate G protein-coupled receptor
signaling responses. Recent functional and molecular studies have revealed that PGE2 plays an essential role in regulation of renal
fluid transport via a variety of mechanisms. The water balance mainly depends on the regulation of aquaporin-2 (AQP2) by arginine
vasopressin (AVP) in renal collecting duct principal cells. In recent years, increasing evidence suggests that PGE2 plays an important
role in renal water reabsorption in the collecting ducts. In this paper, we reviewed the role of PGE2 and its receptors in the regulation
of water reabsorption in the kidney, which may provide a new therapeutic strategy for many diseases especially nephrogenic diabetes

insipidus.

Key words: prostaglandin E2; water transport; collecting ducts; arginine vasopressin; aquaporin-2

AT B IR 25 E2 (prostaglandin E2, PGE2) s/t PU 180 L 'B/INBRUEVR, Hirp 90% 7E 1T i 1 /N (proximal
J#ili% (arachidonic acid, AA) Z IR AL (cyclooxygenase,  tubules, PTs) FI&E£F 5 UL,  F) 4% € 1 7K 1 =5 A I
COX) R B AL & i 27, EE b m FEREEESE. £58 REF/KIEENYUE R
AR e BRI KRR R R S REXT AR AR B BB . ], ATTIAN B K
AP AWML EENEH . BENGRRAM™E g iR AR T B o i = 28 RS 2 iR 1

Received 2020-11-17  Accepted 2021-02-08

Research from the corresponding author’s laboratory was supported by grants from the National Key Research and Development
Program (No. 2020YFC2005000) and the National Natural Science Foundation of China (General Program, No. 81970606).

"Corresponding author. Tel: +86-21-54836178; E-mail: xyzhang@hsc.ccnu.edu.cn



682 HEPR2EHR Acta Physiologica Sinica, August 25, 2021, 73(4): 681-689

JNJE & (arginine vasopressin, AVP), 5 FR Ky 4t F R
% (antidiuretic hormone, ADH) **', AVP H&E4&%
YA BE RS F i) V2 224k (V2R) &4 1, 5lizdn
HIA cAMP 7K~V Thvm, SR 530S B E I A (protein
kinase A, PKA), MIM{#7Ki#1E & -2 (aquaporin-2,
AQP2) A, IR {1 AQP2 % % 3| 41 A Tl i
J b, 3T K B S RSO R A B I AR
FN, & E WA oy WA R -t A AR A K
ik B B E . REUEE R B, PGE2
L 3 WA B 55 73 WA 1R T 2UAE T 1 B 6 B 7K RSO
HiLE 2 REENEH. A FEEXN PGE2. HA
S 368 (2 R Tk T A 52 A 7 4R 6 /K EE i b A FH AN
WL AT 2508 o

1 PGE2EYEMIS R EHZ

PGE2 f = /M4 R e M #2772 48 (B 1)
B e, A4 DY IR 75 W G I A2 (phospholipase A2,
PLA2) IR0 T MBS b 1 v ol A R BT o
4k 7E COX MIfEF T AE BRT 51 i 2= G2 (prostaglandin
G2, PGG2) A 51 iR & H2 (prostaglandin H2, PGH2).
COX & 3 FrFE g, B COX-1. COX-2 il COX-3,
4 £ & Pt & 245 (nonsteroidal antiinflammatory drugs,
NSAIDs) & 4 Hi i AR —Fh & WL SR 2454, @it
Tt COX 1 R HThak . COX-1 4 Rtk Rk T
AR Z BN DRI A I AE B TR, 1 COX-2
NiE SR, R AR FRAS TR R SRR,
HARRREME &4 Y, &), PGH2 7£ PGE2 &

" " " " Membrane Phospholipids " "Jlll
PLA2

Arachidonic acid

l' | NSAIDs

PGH2

l mPGES-1/2, cPGES

B-catenin v

Voo

cAmp | PI3K |

ca>*| cAamP1l cAMP |

e

RhoA| cAMP| camP|  pi3k|

B 1. Bi5IR R E2 (prostaglandin E2, PGE2)[{IE W& LM 22 AR S 4R 9 45 S iB %
Fig. 1. Biosynthesis and signaling pathways of prostaglandin E2 (PGE2). Arachidonic acid is released by phospholipase A2 (PLA2)

from membrane phospholipids and metabolized by cyclooxygenase-1 (COX-1) or -2 (COX-2) to prostaglandin G2 (PGG2) and then

prostaglandin H2 (PGH2) in a two-step reaction. COX activity is inhibited by nonsteroidal antiinflammatory drugs (NSAIDs). PGH2

is relatively unstable and is enzymatically converted, by PGE synthase (PGES), to PGE2, which exerts its effects by binding to four

specific G protein-coupled receptors (GPCRs), designated EP1 to EP4. PGE2 interacts with one of the four distinct EP receptors, each

of which couples to distinct signaling pathways. In general, the activation of EP1 (coupled to Gq) increases intracellular Ca®*. The

activation of EP3 (coupled to Gq) raises intracellular Ca>" and/or (coupled to Gi) inhibits cAMP production. The activation of EP2 or

EP4 (both coupled to Gs) stimulates cAMP production.



FERIRSE: WIHIMRRE2N  HEAE & B K2 iR 1

¥ (PGE synthases, PGES) HfEL T3 4% i PGE2.
H BT & & B =" PGES [F] LM, &4k ik PGE2
A 1M -1 (microsomal PGES-1, mPGES-1). mPGES-2
FHf¥ PGES (cytosolic PGES, cPGES) . — ki,
mPGES-1 [HEAIEPEM =y, Rk 75 40 R
RE R 7 115 R B A, mPGES-2 5 cPGES
IR AN 75 22155 S . mPGES-2 ] g A 7
40 B A e H IR AN XS £ 18k i ) (acetaminophen,
APAP)- It Z B N5 W) 7K X APAP 5 3 ¥ i 45
B R EEE R RTIER " A RM, cPGES/
p23 (AT E A -90 S5 G E A ) FE R ER IR 1) /)N
RAEG TG E R T B A BMAG, R A 5 %
ARE, HSSEAMET ", X =/ PGES [{T.
B EANFIZHZA. AN [F S5 R 4% PGE2 (& R, 1E
PR D RE R T 35 R 35 BRI

PGE2 10 4 F1 G 2 AR SZ 44 (G protein-
coupled receptor, GPCR) R[l EP1~4 1fij & % =¥ % 1k
H o B SZAR YA T 7 AN A B 40 R A5 5 8 25 (
1). EP1 324k 3 E 51 Gq & FAREC 2k
Ji P8 K i TR 1. EP2 24K 5 Gs A 45 A
FEAMA cAMP K-FHE, NITEGE PKA 5.
3 4h, EP2 Rl PKA B0 AT DL AF GSK-3p/
B-catenin i % . fE A3, HAETC A 8 fl EP3
AR BIHEAR Ak . TTI/NERY) EP3 SZARAEAE 3 PpEY
Ak : EP3a. EP3B Al EP3y. JLT-fif ) EP3 By4%
S G A G, IR BRI LB (adenylyl
cyclase, AC) 3 P Al [#1K cAMP /K7 ", 35 5 41
ALy Ca®, MIMTHE PLCB W, EP3y i/l L5 Gs
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EEL G, WMIE AC IR cAMP /K-F 1), EP3B
# i Gq/PLC/Ca® i 242 7 cAMP /K- Uy g4k,
EP3 B iF B 38 1 G12/13 28 4 #405E RhoA ', &5
EP2 #H1LL, EP4 F W14 € SN Gs #hERSZ 1&, ]
B AC A1 cAMP {724, 4R, 5 EP2 #tk, EP4
k5 cAMP/PKA {5 5 18 I 45 B 1 2000 R Ak 1Y,
EP4 24kt 5 Gi 2 AR E PR 40 L N cAMP 7K
7, 5 EP2 3Z44k2k4l, EP4 ifft 5 GSK-3p/B-catenin
ghfy, TGS T rofs Sae Y.

2 PGE2& RS % PRI ER & 5 (4 B0 B A B fiL

FEEEF, COX-1 N T BNk NER/NBIIK.
o BN B RRRBE RS I 40 A
FHE/MIAE U, COX-2 fESUEBE. BRI SR
B 1) BR A0 B v B R IA B2, AR /INBR I
EAMESEPIRERIL P, COX-3 & COX-1 8T
Ak, TEMGURBNIN B IR W ER R, (ST
BB M ThAE A Hb PP mPGES-1 5 COX-2
R ILRIA T BUE DEFIH) i 4 i, 5 COX-1 #hIk
e T R AR R A A P JEIRiE, mPGES-1
FER G 1 mPGES-2 2 cPGES 3 [A] 5¢ %2 1) /)N f],
LI PGE2 & g ), 1X 3% B mPGES-1 W] f¢
155 i b R A% 5 B R BT

RS2 AR Y A5 23 B AN R ) B s 6 (36 1)
EPl EEALLSERE D, ME/NREME. R
I it T /N 40 R P AR A AR AR KT i BPT B,
5 H Al EP B2 AAAN[F () 2 , EP2 76 B I o ) R IB AR A
T LS 1E B E P RS W e AL TSR AN B A B — S

& 1. PGE24 BB 34 [ ik B B AR 4 B S A

Table 1. Intrarenal localization of cyclooxygenases, PGE synthases, and EP receptors

COX, PGES, and Localization

EP receptors

COX-1 Glomerulus; afferent arteriole; proximal tubule; collecting duct; renal medullary interstitial cell; vasa recta
COX-2 Macula densa; thick ascending limb; renal medullary interstitial cell; glomerulus; proximal tubule; collecting duct
mPGES-1 Macula densa; renal medullary interstitial cell; collecting duct

mPGES-2 Proximal tubule; thick ascending limb; distal tubule

cPGES Collecting duct

EP1 Glomerulus; collecting duct; proximal tubule

EP2 Collecting duct; vasa recta

EP3 Thick ascending limb; collecting duct; distal tubule; glomerulus; afferent arteriole; macula densa

EP4 Glomerulus; afferent arteriole; proximal tubule; collecting duct; thick ascending limb; distal tubule; macula

densa; vasa recta

COX: cyclooxygenase; PGES: PGE synthases; mPGES-1: microsomal PGES-1; mPGES-2: microsomal PGES-2; cPGES: cytosolic

PGES.
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FERN, EP2 2 BEAEAE M A0 ML A (8] S5 B 2o
BEAh, EP2 trf R BRIEHAEIE T R R AR G B,
WRAE Z AT HURIE, EP2 SZARER = (/) B2 & e v Eh
HURPE S R, A EP2 78 B WK h AR S T R
HEEEIER ™. fEF AT, EP3 32443 B A T Ra ek
BTG, M NE . B NERS ABRD
B KA e A KPR IL P EP3 AR
B H2 Y R AE B IE A PR 5 oL 1 TS A B EP4 %2
PRAE LT BITAT B A SR R R 2 R0E, HermK
PARIBIENBRNEK B /NERFIEE A B,

3 PGER2EBIEAEKEEZHHER

PGE2 XJ "B Jik 7K 2 W S0 ) 52 el o I i . — 2
WFFEHRIE, PGE2 #i] AVP X4 4 5 7K 5 R I 42
HHEM, X5 PGE2 R AR RVERM—2. 4R,
HUEYE 3, AEARHE AVP (T80, PGE2 t#g
SIS EKBBHREER NP, Xfes
PGE2 & fiid #2 5 52 2 g (1) i A4 DA R 3 R #5 4E H
T BEAFZARANFHE, AR ZAMRIE K2
S 1] g 5 8 PGE2 X /K 5 W S 15 1 25 1. IRk,
TRATTRT PGE2 5 B3I it PR g F1 52 AR 7E 45 68 K i
AR IR — AT IR
3.1 PGE2& B ERPRIERBE SR & B KB IEHRER

BEAR COX-1 fE'B EH 4 RIL, {H COX-1 i
B /I B BA SR R B, T COX-2 25 [R] i o
/BRI HE ™ ) B Dh e fEAS . Anderson £ B 5T
B, AR BEE COX i 77 15] Wk 36 =7 75 kb 21 3
YNGR, HIRWGEE B RN, X R H A
TRYERT B IR 2 AE )& TR 1E AVP B TR IR i 1
TN R g . 4R, Baggaley 25 A\ Z14RE T
FHR IR, NSAIDs /A 55 W5 e 55 22 BEAR T H X
IK I BE KRB AQP2 25 i ) F- B2, {H NSAIDs &
J7 )5 PGE2 /K V21 A B & MK, X R0 2595t
AQP2 7K I 52 i 1] 582 f 25 P 1K) oA /B F A 5
ffg ¥, b Ah, COX-2 Bl th 3 8 T IR VIR 45 2 it
BEfig, 1H AVP [ & ORI RE SO A B R e s, Bk
AQP2 FRIA iGN, 5 R 4E Th e B A% 1 B S AH
S, PR 78 3 I COX-2 it B /N B8 1) PRV 45 1y
RERERS T REZ T B/ N R B R H T e s ™. &
i IR AR S5 5 R B TR A E, TRE S A
{OPIEZ/ T BRSPS

UWIRTHTIR, mPGES-1 ({3 IA & H 48R R % S
(17, 5 COX-2 FAT#Rik. fEENEHN, mPGES-1

FHERIBEESE . mPGES-1 JEF G S B a K
s 51 R AQP2 AKFFEIRAZ M, X Z2 ] mPGES-1
TE 2K ST BRI PR B R A% T B B
4b, 1E 24 h K 5, mPGES-1 @B /I BRUR R 4 R
JIHE 5, AR AQP2 kB B, iR BIEOR
mPGES-1 K JF ) PGE2 i@id #| AQP2 [k ifi f#
IR Wi it 1. BN =Fh PGES £ 14 4148 g 7= A4
PGE2, {H;& R mPGES-1 6 2k A 2 & Wi 44 4 1)
PGE2 /K°F. 124 R1f, mPGES-2 fll cPGES 7£ & JIif
AR PR A R DR AT A i) B
3.2 PGE2E{hEEAEKEEhR{ER

PGE2 5 7K 18 32 1 ) 52 2% 5 e 1] e o AN 7] 32 446
PG5 3. PGE2 #1iil] AVP %5 S it 7K S W U/
A fEZiE I EP1 F1/ 8% EP3 524K/ S, XM FPsZ
RIS 7E B IE4E &% Fh ik . EP1 REEX Gq & (3 n
TAMRNESAKT, ] T EEE K ERIL, X
FH'EE EP1 324K (05 vl Be {23 7 PGE2 (1R IR
PER W%, 4Rif0, BP1 R/ BR%E R AT IR
WHEM T RE =245 . 15 A EP3 J it 35 5T AVP i #1
il AQP2 JBEHEAL IR PRAE I C ) 32 AT, IX APk
LI H RS G &R, IR cAMP [l BT S
EHIEEZA EP3 BRI BT A, EP3 1405 G12/13
W 4G BOE AR G B Rho, #0140 f i 2 1)
fif AN AQP2 F 5 A, AT 00 6] K f A B
PGE2 JF 176 5 11 471 1] 751 5] W0k 55 7 W] 39 im 3 A= 24 /) B,
PRIBIE K, (B A BERE I EP3 B /MR iBE K B,
4k, EP3 1 #EVEES) 71 sulprostone 7] BH i il /b K
BURE, e EP3 #5407 L-7981060 B &34
KEJRE . X—RIIEW EP3 5 T PGE2 X &
WORAR DI REM AT . FIFES NI UF 22, EP3 mfR
/0N B 5 I AE RN BRORE Bl 9 T SRR 4 T e 2= ) B
BRG] A TS 2, (B AR Al 2% 2R T HoA
PGE2 324K (U EP1 %2 4& ) A <> R 4h EP3 [GR2E,
NAE TR T A T REM 5 2] EP3 4 R 46 Th
GEAiAlR

5 V2R #1181, EP2 £ EP4 4 I35y Gs #RIE 3244,
Red2 =4l i N cAMP JKF. 7B PR MR B V2R 2
DRI i75 5 B 1 R A (1 /N R ZRY i, EP4 G B3N
7 ONO-AE1-329 fgd4 s AQP2 /K-FHIFRIRIK B B
[F] #¢, EP2 i% % 1t I 5)) 7] butaprost & Jik 7 V2R #
PoAE S KRR B E. 7 V2R SR LT,
EP2 fl EP4 #R345 n] Ge 34 N R A BE . SR, EP2
EP4 {it PRI 46 ML & A [F ). EP2 2 AR



ek IR AUAIBREELXT B EER & K B iz i F4 F

5% butaprost 4 i1 cAMP 7K *F-F1 AQP2 ] Ser-269 fi
24k, 1 EP4 N7 CAY 10580 %f cAMP 7K-F-A11 AQP2
[¥] Ser-269 W BR 1L ¥ A5 5 B>, 5 4k, EP4 AJ
PI5 Gs fil Gi tRH 45 &, T EP2 A5 Gs A A -
EP4 1R RE S Gs fl Gi &5, M AQP2 S (A [ %%
SR E R . AWK, EP4 HKRENS [E(K
A5 AQP2 B A7 3k i #0 ) JRIR 4, Ui B EP4
A LLJST T AVP-V2R B G0 7 R ik 4 B,

4 PGE2XE4I& RHIRIEEF

AVP AMEAT LU AC 351, #8010 cAMP 7KF,
P AR RE X K BB T, e I R B S i
P, (R BT A DU B M40 IR B RE i, AT R T
PGE2 [y 2E W) & B B 1 I B 3% 14 30 1) 71 mepa-
crine, ] COX [ AE £ PR 4% 77 B 1E 3 2 0
Tt I il £ 2 1 0 A R 8 mT 4k AVP % PGE2
AR B AVP B BE R PGE2 A 1 B A
Fl A& Ca® Mkt i, 5 Ca’'- #5108 [l g 1%
IS A o< B,

Bk T PGE2, % FHAth 5 4 A1 55 40 WA IR T,
41 A B 3K -1 (endothelin-1, ET-1) A1 41 g 40 1% # 1R
(ATP/UTP) 1", HTRE R AVP I 4 &8 ) K
FEEER . ET-1 MEER M & BORR, 4
I P RESE A AN, DL A I E S S A i U5 KA
T ET, 24 DL/ PKA 0 Y, 42580 51k
ET-1 B B /N BRI cAMP /K F Tt v F 1T K
AVP KPR . g1 oh ATP 383 55 93 36 A0 1 4
W7 BE A P2Y 2k, bS] AVP S
(1) cCAMP J& BRI A K (#5312 o 3X S35 K7 1)
KZH BT LAY PGE2 (/= FBE . ET-1 7] i
S R IE A BB I PGE2 A1 PGE2 () £ 5 A
FEH) PGI2 B TXA2. AW FCIRIE, 164 55 (10 R
o8 R BV NER Y, I5I 36 S ] DL ET-1 35 3 1
PGE2 p=E 1, % 5 PGE2 & W HINL I 7T B2 45 &%
3% PLA2 [ 303% A1 COX-2 i i s s IR M IR L5 5
HHRHIE S . ATP 0] DOd S P2Y2 2 4R H)
PGE2 /= M. HALHI Ny ATP 55 1 16 s g
WO FHRE TR A2 DU I IR 155 41 i 1N cAMP 7K P 38
fn, MRS PGE2. BFFTIEN], P2Y2 21k &
(] PGE2 B JSU7E A B 22 R v S5 35 18 0, J A
HAFE A SR A% B R 4 R 9 E (nephrogenic diabetes
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—> Stimulation
—— Inhibition

BASAL
MEMBRANE

APICAL

MEMBRANE
H,0

Renal Collecting Duct Cell

2. Hif I BR &R E2 (prostaglandin E2, PGE2) 2 1A 4% 1 IE 45 & /K 5642 i pL i)

Fig. 2. Proposed integrated model for water transport regulation by four prostaglandin E2 (PGE2) receptors in renal collecting duct
cells. PGE2 inhibits AVP-induced water reabsorption most likely mediated by EP1 and/or EP3 receptors. EP1 couples to Gq and
induces the increase of intracellular Ca™" levels followed by protein kinase C (PKC) activation, which counteracts AVP action by
retrieving AQP2 from the plasma membrane. The EP3 receptor couples to Gi, thereby inhibiting cAMP generation. Stimulation of the
EP3 receptor by PGE2 also induces the activation of Rho, most probably via the G proteins G12/13. It promotes the formation of F-actin,
which hinders AQP2-bearing vesicles reaching the plasma membrane. However, activation of the EP2 and/or EP4 receptors may lead
to elevated levels of intracellular cAMP via Gs.
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