[ B YA Rt 2 7 2020 4E 1 A5 40 %55 1 ] Int J Endocrinol Metab, January 2020, Vol. 40, No. 1

LPA/LPA, {5 218 2 5 18 7 5 15 0 5
EEE EKA

P E EA KRS — E RN S5 KA, e
BAEVEH . 2AA ,Email : wqyemul23@ 163. com

110001

(] RS B RS (DKD) 28 PRI 8 0L A B 38 o i 2 —, & B4k A B
(ESRD) iy FZ R . ¥ M BEARRR/ 7 M B AR AR 52 7K 1 (LPA/LPA, ) {55 B o 5| & T 5 5 9k
M F—RIEELS L, R 2RO A E ZJN T M . AF DKD 71, LPA/LPA, {5538 8% T BE 7€ R 40
MK GE LR AEAL R AR M RN B N A 2 AR R AEAE AT, AR i DKD (g9 it Jig
R SCTF B B AE DKD &5 19 B SFHLHI 7 I A HRE A B . IR ABFSELPA/LPA, {5538 8% (19 4 H X
DKD fi2if BA EEE X

(SR VA MBRIEAR ; 175 10 B s W DR 1 I
EETE AL T4 w2 s A A A B TA” B H ([2014 ]187) 510 T4 HARFH# L4
(201602862)

DOI:10. 3760/ cma. j. issn. 1673-4157.2020.01. 013

LPA/LPA, signaling pathway and diabetic kidney disease Yuan Zidong, Wang Qiuyue. Department of
Endocrinology and Metabolism, The First Affiliated Hospital of China Medial University, Shenyang 110001 ,
China
Corresponding author. Wang Qiuyue , Email ;wqycmul23@ 163. com

[ Abstract] Diabetic kidney disease ( DKD) is one of the common microvascular complications of
diabetes mellitus and is the leading cause of end-stage renal disease ( ESRD). Lysophosphatidic acid/
lysophosphatidic acid receptor 1 (LPA/LPA,) signaling pathway mediates a series of pathological processes by
triggering downstream signaling cascade and is an important regulatory pathway for many diseases. In terms of
DKD, LPA/LPA, signaling pathway may play a role in mesangial cell proliferation, fibrosis, podocyte injury,
inflammation and oxidative stress to promote the progression of DKD. However, there are limited reports on the
specific molecular mechanism of this pathway in the pathogenesis of DKD. In-depth study of the role of
LPA/LPA, signaling pathway is of great significance for the diagnosis and treatment of DKD.

[ Key words] Lysophosphatidic acid; Signaling pathway; Diabetic kidney disease
Fund program: Liaoning Provincial Colleges and Universities " High-end Talents Team Construction
Project" ( [2014 ]187) ; National Natural Science Foundation of Liaoning Province (201602862 )

DOI:10. 3760/ cma. j. issn. 1673-4157.2020. 01. 013

HE PRI B P ( DKD ) fY A L 52 2% , 8 K
ZRAINE o TR, Z R IR ILREAE . HATA
7,5 DKD o R 5 04 PR 2R A4 L 50 ) 27 208
g ML MU L AL 2 K 7™ ) (AGEs ) (ZE H il C
(PKC) it 2ol te RN RIESN i 5
AP A ) 5 AL Z AR v (PPARYy) 15 AL 251 22 07
[T

W IMBAENR TR (LPA ) J2— /N1 LR 1 H ik
Wi, Hod £ /0 6 F G & FIHEIK A2 7K (GPCRs)
Bl LPA, ¢, W15 AR AR . LPA/LPA, {5538

BT BEAE ZR AN M A 5 4T i Ak R Am A 0 L R
SRR AN SR R HEVE T, T2 2 DKD 1
PRUEIR, M H LPA, AT LA B Ef 5, &%
N, LPA/LPA {5538 1% v] B8 A W 5% DKD 1) & 9
PR T S, SR I6 7 DKD [ i, R,
LﬁﬁlﬂI@k,ﬂKIE‘JELPA/LPAI15?@%5 DKD
RIFHLHI 0B i e A T 250 .
1 LPA/LPA, {55 @Bk

LPA i A X} 43 Jii & 4430 000 ~ 480 000, H.
A — S5 N 07 R B 0 — 1 Wl 1 5 A A Sy HL AR P =K o



- 56 - [ B YA R it 2 7 2020 4E 1 A5 40 %55 1 ] Int J Endocrinol Metab, January 2020, Vol. 40, No. 1

LPA JEH I T DA Sk A5 B i) S B A g e M) 4%, i HL
SR AL USRS o 20 HEAE 60 ARARAII, Vogt
R LPA 55 T Bk —aR i di . IR
I, REAFFE &I LPA BA A Wi v, vl L 4y
ZRP AR , 5 2 R AL R AR LA A
Wi iR AN B A0 MRS A0 A AL T
B AN T g AR TR R o

LPA i it 22 /0 6 it 7 Y5 I GPCRs A5 1 41 i
IME ST, I REAE ], X 28 LPA SZ 1A% A £
N LPA,¢: 5 H Jit 44 FR LPA, ~1PAg, JE [H 44 B
LPAR, ~ LPAR,( N) Fil Ipar, ~ Lparg (£ A o 3
i1, LPA, ~ LPA, (4 B BR 9 vag-1/ Ede2 . Edgd |
Edg7 ) 2N 2 453 L (endothelial cell differentia-
tion gene, Edg) ZZHE I 51 LPA, (P2Y9/GPR23) |
LPA(GPR92/93) f1 LPA, (P2Y5) J& T MM RE 3Z 14
(P2Y) 575 o X2EGPCRs 5 4 i G BT (G a5
Gy Gy 1 G) iy —Fh Bl 2 RiiBEK , 51 & 2 Fh {5
S, N UHE S YUKW S ik 24 BT, A Ras  Rho
Rac . #5 U B 22 25006 16 2 1 U (MAPK) |
PKC FIRHFIRFREAG .

1996 45, LPA, Ji 0 55— 8l A B ¥ LB N 52
A, 52 6 F LPA Z A iF 58 e i iz 0. THFLSh
LPARTFER Gfith 5 A7 364 D HEMR HATT-TM &5 #4155,
(R 43 i 41 000 25 (B, 767N RN 2E
L LPA TEC JUE i iR B UL LU MR AR L
T RUBAR S2 L B N RS i R s
5% & B, Lparl =~ /N 7R Y 50% 1) [ 7= 9] 35058
AN AT LN NNIT] Y = g Y W )
HFT=HE AN, BARLPA/LPA, 35 5 B fE W B 2 7 1 2
PGB TR KRS & BLLPA/LPA,
BRI T REA T — R B R, sl 2
KB RGP SR O B (LR 4R Ab
W I N AL
2 LPA/LPA, {55&E#5 DKD KyHEXHLH
2.1 LPA/LPA, {550 %5 R4 IGHE /D
B AR B LR JUE [ A R F R — 2
DKD % it # . DKD LI 14 g 2 e 718 2 4% JE 240
JRLIE B, WS , 200 B 0 A A5, A0 R A A NI R
I, ZR AN 14 HE 2 L DKD g AR BRBTL AR %) OC B
P& A BRI E AR 2 2RO N
AL A R MU LG S I AGEs | B SE 41 iy
P (AL A 1 B) 33 A5 3 1 /N ER A I 40

i 3= 1 5 R (B0 AR, AT 3 35 400 i &7 66 o 2
(ECM) [y BRI /N BR 3L RSB ( GBM) 3921
I, A1 2R AR A A LA ) DKD  Ji (1) 77 7%
Z—5

LPA 5 R [R) 28 R4 i i 345 8, G045 R R4 g
TAATTXT LPA T 2 5 20 M3 58 7 10 #5 S 43 F 1L
HANZ D, Kim %™ 3l g 5 480 A0 A S b S 36 F
YRR, LPAGE 328 248 i Ji 300 900 05 28 I /N Bk R
JEE(SVA0 MESI3 ) 20 Md i) 38 5 . Kriippel £ K + 5
(KLF5) #3575 db/db /)N LAY ¥ Bz B FD LPA 4b 3
HISV40 MESI34i g [ 9, i i siRNAFE 4L T
KLF5 (323530 #] 7 LPA 75 S SV40 MES13 4 fifd
HA%E . 7F LPA AbFH(SV40 MESI3 4 ifd #1 db/db /)N
B B R T, MAPK Y ST Bl 5 400 A K s o A
T 1(Egrl) (FREHE N, 350, LPA g 54 finSv40
MES13 4 i T Ras #H 3¢ C3 PR3 #F W 5 = IS W)
(Racl) GTP FRYTEE , LPA 75 S (14 3eF J3 186 5 3 3 41
il Racl {& PR M55 . B& T X o453 ni 45 th 4538,
Racl/MAPK/KLF5 {Z 23 % J& LPA 7 DKD #4574 rp
5 R M 5 M pL 22— SO R TR
LPA, 3% 35 /K F LA B LPA, 5 Racl/ MAPK/ KLF5 {5
S AEROCR . AW LI, TEME AR
Rac 335 i LPA, {5 5@/ S Bk, #el 76
R, LPA 35 S Y Racl 1G L FHLPA, /- 7. K
G TLPA/LPA {5 5 38 {2 F 2R S A4t it 34 7 Je L
B2 a3 T VA e 22 AL 0 34
2.2 LPA/LPA, {555 R aMafits 4.
A2 2 LR GBM A4 i B /N BRUE R R I . 7 DKD L
WIRIILER B 2 A0 M S A X D ae SR . RAIRIEE
() FHAERE A PR, J& i B oAb M ZOR 4 i, 2
A MR T B0 R AR AT M B ek Al AL, 2
Jo g5t 05 B A2 & DKD i E B Wi k@ N R 2
LIy g RS A R A R DR B (eNOS ™)

DKD FHABLA AT 0 B0 R R A, B4 30 ]
AR IR AR NS Dk B AR SR kb B
P /NERBE L A0 45 35 B /N BRBE AL L v BE e 1f
Feo 7EeNOS™ " db/db /N 8 J A B AT W42 3] 2
240 A3 0 PO ol 45 R IR0, s Y0 SR B AR o
JEGET S AL A P TR O Zhang %
WFTE A B, FEARME PR A /)y B, LPA, MILPA, 3 24
B NE B R A R 2k, N ER PR A R R . SR



[ B YA Rt 2 7 2020 4E 1 A5 40 %55 1 ] Int J Endocrinol Metab, January 2020, Vol. 40, No. 1 « 57 -

MM, 76 eNOS ™/~ db/db /N B (89 5 /N 8k v, LPA, F01
LPA, k34NN, Finephrin (& 40 it ) #E4T
X AR G Y R W, B /Nekrh LPA, FILPA, )
FEIRHE N TR A 2 A, (R A AE T A /)
BREANMIS AL, 1738 2:F BMS002 ( LPA, /LPA, 4541 7])
ARFR, TR S ek A% 0N BRIk, A DU
LPA/LPA, i[85 5/ 5 e 453 1M 76 DKD #f g
R FEAE T AE AR SCHE A BR 4555 i — 2Bt
FLEARHLE
2.3 LPA/LPA, {55 B SLF4Efk  2F 4e b vl ok
BIER—AZERWEGERE, KSR ECM 1
JERAH o TR (R | A B fo g8 g BB AR 1
8 ) B U, T R AR A B AR A7 i
HMf . TEARPEHLUR O L2 R BT iR S R
SRR ZER A A SR, 5B ECM A
(2546 LB AN, e & BRI IR
AR RA G B, LPA 5 B I i Bz ok £F 4k Ak
WA T A A Ak 28 R B R
LA BRI EEE R, B IELT AR A R S —
RONVHATIERL R A48 B /N ERBEAL B /N ) BT 41 4k
A0 CTIF) 1B B 1055 22 40 1) A8 1k OB /NERRITE /NS
JAFI R MAE R, 2E 0T 350OF Dhse ek T R,
L F BRI B 0 . TE S PR AR B 30
A (A5 AU DU 1) 7 AR 4005 U 2 4 Ak 1 i
Ji&) vh & B, B A PR A RERELRS , LPA (%) 48 i AP RS ik
A2y 3 5, LPA, 195 W A, i LPAT ™ /)
L5 LPA, " /NI, B 27 Ak i 2 e W I AR AIR 5
i HLPA, /LPA FEHT I Ki16425 , v] fg 3540 i 27 4k 4k
I AR £F 4 AL 4 i R 745 46 L 24 K R 7 A 1k
AT B TR B R Bk ol P v e R
LPA, 4 Ht 7] AM095 38 15 1 2 o 1 Bt £F 4 4k 7
PRS2 AD B I AR TR R 5 — R T
AREAY A SO PR ATV B /N BRI 58, R 2218
B/ I=  N( G 161 2 o P o = - R R U SR
WEEENBHE S K LPA, B . Bz, @
ORTE B SE B A 5T 0] LIRSS LPA/LPA, 7E£F4Efb
MIVER . DRI, LPA, F5H0HE A5 AT LA FH I PR 45
B, ORIR T B LT 4EAL B 25 W RE A K R AR R BF
71
2.4 LPA/LPA, {553 B% 5 2Pk S A8 Ak N
P PEAT B 9 P S N AN A 93 W AF DKD &S ML v
HH B CEE MMM JHE , DKD &2 1Y B IE4H

LR SR 20 M IR T LA T 4 B 2 B 1 AR A
T A AR TRk o AN, AL
£ DKD &ML Bt /e, iR E
A RS 22 200 M A A 38 0, RO S DR, B
M-S ECM TR, 56 0T B A gl /b, e 4 30
IINERBE AL R LT 4462 . Toll #3244 ( TLRs) 2
— A U 22 A, A T R M BN RN A RE R,
TLRA 1 e 52 20 i v (%) )18 22 0 sl 3 4 928 40 il
BN TEPERCAR (R 8 ) 0SB kB2
TLRA(E5-38 % (1) W 200 & 1, 02 — i % 4% sk ]
T A PR R O R RS, TLR4/
I F-xB {5 5 38 #% 5 R %% Al DKD i i J&
Sl B HEEAR E R AL SE BE ) R, NADPH
AR A4S I BR A E T 77 AR 06 M AU 1) o 22 il
PR, TAIFSE & PR, TLRA s, 7] L) 383 NADPH 48 1k
it , DT S 3500 R SR 2 AR 0% Lee S BF ST
L, 75 SVA0 MES13 41 ffg LA K A bR 3 /0N BB o
LPA 433 T TLRAFINADPHAE (L (19 3535 , FE 1
BRI 2 A . LPA 35S 10 AR A SO R -
214k R F- 1) 22 1K i TLR4 FINADPH 45 Ak il 1 5
FESE IR TR R 5 OB PR /N BRUBF I rh  LPA, 3%
KSR A IEAE G TR S M LPA, 54T 7]
AMO095 , 38 3 #0 # TLR4/#% K F-«B filNADPH 4 1k
ity 22 40, DA T A0 00 PR s /) BB O 20 458 A I AR
SRR, A RCHB DKD 1) &9 , $7R LPA, 54T
FIATHE N DKD ¥ 76 IG5 . BT T LPA/
LPA, 7& DKD %14 J 1 5 46 Ak 0 337 T i) e 1B A7
R, AR T B AT BT
3 LPA/LPA, (55i&8 5 DKD ZI KA EH#HE

TE I PRAFESE 77 17 , Shimizu 252 38 1o 0] JB{ 4 | #4
HC A58 & 30,2 UM RS 5 9 DKD B A i
5 ATX(—Fhy=H: LPA (i) 7KF- 5 & (1 JR F1 DKD
5%, TfiSaulnier-Blache 22" % ¥l , DKD £ % JF Wi
o LPA & s34 0m, ui W 2 5 A28 DKD 1y & 4=
Michalezyk 2 " BIFSE S R, A8 1 B MU 52 0 0 2 v, i
TTRRSFIRYT R BB AT DA R 52 ' B A 3 19 1 ¢
LPA 7KV 15 it e 75 J 25 4 L B S T o5, I 5218 1
WESER 5 1 3% LPA JKSF-FH &4 ¢ SR, 78 DKD
FF A 1) 21 96 F IR LPA KSF 2 A5 8 o
4 L5iE

LPA/LPA | {55538 [ 1T B8 38 1 1 75 22 B 240 Jifa 44
FE LT YEAL R AR 9 R B S AR I T A Aot



- 58 -

[ Ry 23 AR A 2020 4F 1 5 45 40 F45 1 1)

Int J Endocrinol Metab, January 2020, Vol. 40, No. 1

%5 DKD ik, /L4¥ LPA/LPA, i % 7 DKD
IR EAR ST T HLE A TR ABFST, LPA/LPA 3
Xk B DKD B At AR B E
ATRERCH DKD 677 HUBHL AL

[1]

(2]

(3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

& % x #t

Lin YC, Chang YH, Yang SY, et al. Update of pathophysiology
and management of diabetic kidney disease[ J].J Formos Med
Assoc,2018,117 (8) : 662-675. DOI:; 10. 1016/]. jfma. 2018.
02.007.

Ilyas Z, Chaiban JT, Krikorian A. Novel insights into the patho-
physiology and clinical aspects of diabetic nephropathy[ J]. Rev
Endocr Metab Disord, 2017, 18 (1) :21-28. DOI; 10. 1007/
s11154-017-9422-3.

Valdés-Rives SA, Gonzdalez-Arenas A. Autotaxin-lysophosphatidic
acid; from inflammation to cancer development [ J]. Mediators
Inflamm ,2017,2017 :9173090. DOI:10. 1155/2017/9173090.
Hernandez-Araiza I, Morales-Lazaro SL, Canul-Sanchez JA et al.
Role of lysophosphatidic acid in ion channel function and disease
[ J].J Neurophysiol ,2018,120(3) :1198-1211. DOI: 10. 1152/
jn. 00226.2018.

Zhang MZ,Wang X, Yang H, et al. Lysophosphatidic acid recep-
tor antagonism protects against fiabetic nephropathy in a type 2
diabetic model [ J]. J Am Soc Nephrol, 2017, 28 (11 ) ; 3300-
3311. DOI:10. 1681/ASN. 2017010107.

Gonzélezgil 1, Zian D, Vézquez-Villa H, et al. The status of the
lysophosphatidic acid receptor type 1 (LPA;R)[J]. Med Chem
Comm, 2015, 6(1): 13-23. DOI.10. 1039/C4MDO00333K.
Yung YC, Stoddard NC, Mirendil H, et al. Lysophosphatidic acid
signaling in the nervous system[ J ]. Neuron,2015,85 (4) ;669-
682. DOI;10. 1016/j. neuron. 2015.01. 009.

Kim D, Li HY, Lee JH,et al. Lysophosphatidic acid increases
mesangial cell proliferation in models of diabetic nephropathy via
Racl/MAPK/KLF5 signaling[ J]. Exp Mol Med,2019,51(2) .
18. DOI:10. 1038/s12276-019-0217-3.

Wang D, Guan MP, Zheng ZJ, et al. Transcription factor Egrl is
involved in high glucose-induced proliferation and fibrosis in rat
glomerular mesangial cells [ J]. Cell Physiol Biochem,2015,36
(6) :2093-2107. DOI;10. 1159/000430177.

Ray U,Roy SS. Aberrant lipid metabolism in cancer cells-the role
of oncolipid-activated signaling[ J|. FEBS J,2018,285(3) ;432-
443.DOI:10. 1111/febs. 14281.

Tlatovskaya DV, Levchenko V, Lowing A, et al. Podocyte injury
in diabetic nephropathy: implications of angiotensin [I-dependent
activation of TRPC channels[ J]. Sci Rep,2015,5:17637. DOI.
10. 1038/srep17637.

Nagata M. Podocyte injury and its consequences| J|. Kidney Int,
2016,89(6) :1221-1230. DOI:10.1016/j. kint. 2016.01.012.
Azushima K, Gurley SB, Coffman TM. Modelling diabetic nephropathy
in mice [ J]. Nat Rev Nephrol, 2018, 14 (1) :48-56. DOI: 10.
1038/nrneph. 2017. 142.

Humphreys BD. Mechanisms of renal fibrosis[ J]. Annu Rev Physiol
2018,80:309-326. DOL : 10. 1146/ annurev-physiol-022516-034227.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Palmer SM, Snyder L, Todd JL, et al. Randomized, double-blind,
placebo-controlled, phase 2 trial of BMS-986020, a lysophospha-
tidic acid receptor antagonist for the treatment of Idiopathic pul-
monary fibrosis[ J]. Chest,2018,154 (5) ;1061-1069. DOI; 10.
1016/]. chest. 2018. 08. 1058.
Castelino FV, Bain G, Pace VA, et al. An autotaxin/lysophos-
phatidic acid/interleukin-6 amplification loop drives scleroderma
fibrosis[ J ]. Arthritis Rheumatol, 2016, 68 ( 12) ; 2964-2974.
DOI:10. 1002/ art. 39797.
Michalezyk A, Dotegowska B, Hery¢ R, et al. Associations be-
tween plasma lysophospholipids concentrations, chronic kidney
disease and the type of renal replacement therapy [ J]. Lipids
Health Dis,2019,18(1) :85. DOI:10. 1186/512944-019-1040-5.
Stoddard NC, Chun J. Promising pharmacological directions in the
world of lysophosphatidic acid signaling[ J ]. Biomol Ther (Seoul)
2015,23(1) :1-11. DOI.10. 4062/ biomolther. 2014. 109.
Pichler R, Afkarian M, Dieter BP, et al. Immunity and inflamma-
tion in diabetic kidney disease: translating mechanisms to bio-
markers and treatment targets[ J]. Am J Physiol Renal Physiol,
2017,312(4) :F716-F731. DOI; 10. 1152/ ajprenal. 00314. 2016.
Volpe CMO, Villar-Delfino PH, Dos Anjos PMF, et al. Cellular
death, reactive oxygen species ( ROS) and diabetic complica-
tions[ J]. Cell Death Dis,2018,9 (2):119. DOI. 10. 1038/
s41419-017-0135-z.
Vidya MK, Kumar VG, Sejian Vet al. Toll-like receptors: signifi-
cance, ligands, signaling pathways, and functions in mammals
[J]. Int Rev Immunol, 2018, 37 (1) :20-36. DOI. 10. 1080/
08830185.2017. 1380200.
Garibotto G, Carta A, Picciotto D, et al. Toll-like receptor4 signa-
ling mediates inflammation and tissue injury in diabetic nephrop-
athy[ J]. J Nephrol, 2017,30 (6):719-727. DOI. 10. 1007/
s40620-017-0432-8.
Zhu L,Han J, Yuan R, et al. Berberine ameliorates diabetic ne-
phropathy by inhibiting TLR4/NF-kB pathway [ J ]. Biol Res,
2018,51(1):9. DOI:10. 1186/s40659-018-0157-8.
Nadeem A, Ahmad SF,Bakheet SA et al. Toll-like receptor 4 sig-
naling is associated with upregulated NADPH oxidase expression
in peripheral T cells of children with autism[ J]. Brain Behav
Immun,2017,61:146-154. DOI.10. 1016/]. bbi. 2016. 12. 024.
Lee JH,Sarker MK, Choi H, et al. Lysophosphatidic acid receptor
1 inhibitor, AMO09S, attenuates diabetic nephropathy in mice by
downregulation of TLR4/NF-kB signaling and NADPH oxidase
[J]. Biochim Biophys Acta Mol Basis Dis,2019,1865(6) :1332-
1340. DOI.10.1016/]. bbadis. 2019.02.001.
Shimizu M, Furuichi K, Toyama T, et al. Serum autotaxin levels
are associated with proteinuria and kidney lesions in Japanese
type 2 diabetic patients with biopsy-proven diabetic nephropathy
[J]. Intern Med,2016,55(3) :215-221. DOI.10. 2169/ internal-
medicine. 55.5473.
Saulnier-Blache JS, Feigerlova E, Halimi JM, et al. Urinary lyso-
phopholipids are increased in diabetic patients with nephropathy
[J].J Diabetes Complications,2017,31(7) :1103-1108. DOI;
10. 1016/j. jdiacomp. 2017. 04. 024.

(ki H 8 :2019-06-24 )

(A2 o)



