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# . TollFE3Z{Ak(Toll-like receptors, TLRS)TEA[F] I AR G2 8 25 o m] LATR A RGN [8] 973 SR AR AH 5 437 188 2 (pathogen-
associated molecular patterns, PAMPs), #FIfi 5840, MY HefA(Na'/H' exchanger, NHE) /AN AT 177 g P4 pHAE A 40 g
B AR TOIAEE . R E SRR ER, i B S ARG sE . IER . TG, TEAEIGOLT, NHER WS I F ik g
HFRIEHRZ BHNE] . &5 bR AR TLR2EE 5 ol i i MyD 88 AR AR i MR A= W HINHE 176 M, FAm il /E Al B 5 Sre i) 2R 4k
HMIPI3KsHIBERRAL A . ICHIIE 2 Hli(lipopolysaccharides, LPS)# i vl Sk [ ELURE4H I TLRA, it MyD88 #1142 (RI TLR4/
MyD88/NF-«xBif )5 2 4 A K AL, JENENHE P Fefig, AT HIHINHE VG Vs (G (A LPS % 85 &1 ¢ miNHE V& 1
TLRSIE0E FTNHE3 G P im0 4501 98 J8 5 ALY 2 ) ) 18 E V40 INHE3 V& T B/ N ik 2 F . 7E'E /NG - R,
BE AU LP S )08 i 0% TLR4/MyD88/MAPK/ERK {5 5 8 14 01 il 4 Jis U NHE3 [ 3514, 17 8 Jis UL P S Hl 385 U i TLR 4/
MyD884k ##i 14 PI3K-AK T-mTOR{E i %, 51 MNHE LGRS, 3510 2k A s 0 e s MINHE3 D g o
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The regulation of Na'/H" exchangers by Toll-like receptors under inflammation
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Abstract: Toll-like receptors (TLRs) can be recognized and activated by different pathogen associated molecular patterns (PAMPs),
which induce innate immune response and inflammation of the body. Na'/H" exchangers (NHEs) not only play roles in the regulation
of cellular pH and cell volume, maintenance of the cavity microenvironment and nutrients absorption, but also are related to cell
proliferation, migration and apoptosis. The activity and membrane protein expression of NHEs are inhibited under the inflammation
condition. It has been shown that the activation of TLR2 in colon epithelial cells can inhibit the activity of NHE1 through MyD88
independent pathway, which involves the recruitment of Src and the phosphorylation of PI3Ks. Other studies on intestinal macrophage
showed long-term LPS stimulation can induce TLR4 activation through MyD88-dependent pathway (TLR4/MyD88/NF-«kB) and
induce inflammation and degeneration of intracellular NHE1, which leads to NHE1 activity inhibition. But short-term LPS exposure
increases the activity and protein expression of NHEI. The activation of TLRS increases the activity of NHE3. The activity and/or
expression of NHE3 in intestinal macrophages in colitis patients and model animals were decreased. In renal tubular epithelial cells,
basolateral LPS stimulation inhibits luminal NHE3 activation through TLR4/MyD88-dependent MAPK/ERK signaling pathway. And
LPS stimulation on the lumen side activates TLR4/MyD88-dependent PI3K-AKT-mTOR signaling pathway, which results in the
inhibition of NHEI activity in basolateral side, and then affects the NHE3 function of the lumen side.
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Toll ¥ 52 {4 (Toll-like receptors, TLRs) J& Fx -
R LR AN ZZAK, 1245 Mo g %Et 10 A
TLRs A1 13 F/Nif, TLRs 2, 44> TLRs #RAEIR IR
25 o TR A 2 P s S AR A 56 431155 5 (pathogen-
associated molecular patterns, PAMPs), 25575 Toll/
412 -1 524K (Toll/IL-1 receptor, TIR) 45 ¥4 35 1) %7
BEAY, B NG S SEE, SRR Mg
BRI A DR AN TR KR 0 9, I v e R 4
FOAN RN M, BRI R AR Y, BT AR
ThEE M HEAEH

H 87 I AF 75 % B TLRs & 250 A5 T 50 0% i i,
Wk / EVRAEML. B kL. T bk 0248 B AR
FARMpSE. EhpiEt, HFERETHEARZENE
Wi AR ORI BN R g L i A
H287Y°5 TLR2, TLR3. TLR4. TLRS 1 TLRY T,
TLRs 7& B /INE 1 B 20 H A 28 i Jod 4t g v A 3R
%, H N TLR2 M TLR4Y, TLRs [l 75 2
SRR B BCAR S G, FTC A 4 HE SRR R 23 o P IR
BCAARFNAMEVERC A, Horb YR R AR 2ok B T 15
T, BEEWHREE. MR, F4EAE,
IR EE 1 SMEMER A ZR B T 5
W), GFERE 2 ¥ (lipopolysaccharides, LPS). %%
PG SH 1 4 1 1) B S 4 (peptidoglycan, PGN). A fi ki
1% (lipteichoic acid, LTA) & 2,

TLRs #30E J5, H A G 5 8@ B AR 4 2 15 K
FHERE 73K 88 (myeloid differentiation factor 88,
MyD88) 1] 7}y MyD88 # i It 5 AF (it . MyD88
MR 2%« TLRs H B A1 25 7 38 5 48 0 )33 8] 1
g, AN 45 S MyD88 [ f i 45 & )
ALVE AR IR FE R 52 A AH JCR F -6 (tumor necrosis
factor receptor-associated factor-6, TRAF-6), Jf#x%&
fit NA% Rl 7 B 1] 2 [ (inhibitor of NF-xB, IkB)
RAPEMR, 4544 kB L) NF-«B i 7 HE X\ 400
%, T NF-xB & —M NG RRE RN T, L
[0 S N IR N ) AN AR 71 1 VA G411 0}
AR T . BbAh, TRAF-6 thr] DS i 5 22 54
JE WG Ak 2R H B (mitogen-activated protein kinases,
MAPKs) I 8 R A R B0 c-fos F c-jun 1 il B %] 1
WIS 7, HLR A FOS M JUN 2K [ 2 W3 Ffr i
AT, ATPL S DNA 256 MO8 = 40 i 314
SMERET. . BLE A MAPKs A 3 MK, 43 )
& p38. ERK Al INK. MyD88 R PE(E 5 il i
CL %0 TLR4 7] DA i TRIF #H 3¢ 4% 3k 4 T (TRIF-

related adaptor molecule, TRAM) fil & 5 MyD88 &
1) TIR 45 #4) 1547 $2 2% 19 (Toll-receptor-associated
activator of interferon, TRIF) {K #1415 5%, TRIF
o] PLEOE NF-«xB A1 T #t % i 5 [X] T -3 (interferon
regulatory factor-3, IRF-3), 5| e 2 4 ff K ¥ F& (K
gL U 54k, BRI, &AM
K e H RS T EEIER .

AL AR (Na'/H exchanger, NHE) /& — il 5
B EEE A F R, B THE T/ Frin s
HH 5 % (cation/proton antiporter superfamily, CPA),
W E B FEW AN, 748 NHE1~9 ¥
BB o, NHEL 2 RIET&MaRER, H
FERpTE, B AN 2H 2R 4 D EE BB 2, NHE3 3
ERETH. Mo, g EiE. NHE AMAT LU
R A IR A TR, G A pH B 14 )
PSR P PR P A B R R R 4 B ) AR R RIS 72 (R AL
imH S ®. a2 M M e %Y
LR, RHYERRYLA IR R D) Reis A H E 2R
WEEE L BRI T ROGE &4 R I TLRs 5
NHE 7EDifg BBV RSO bR 4. Bk
9 P AN N R 4 i TLRs 5 NHE Zh g8 _F 1) B¢
FAE—LRI8 .

1 BLEMMEPTLR2ZENHER X R

g5 Mgy b 57 41 B 4> A i) TLRs 45 TLR2. TLR3.
TLR4. TLRS A1 TLRY, H = # 4 TLR2 5 TLR4,
AR5 T 40 4 1) PAMPs, 01 LTA 2%, 3823
RS, R RGE. [FIFER), A0 T 45 %8 NHEs &
A 4 Fh, )y NHE1.NHE2,NHE3 il NHES, H.,
NHE1 f74E T b Bz 40 M () B S e b, 4% 1 715 48 i
P pH.  HLAA IR B AN A B AR AR Y OB T g, NHE3
KIS W bR B s, 32 BRI B A2 ek — i
B3-S B NaCl i ™.

W b R A Dh e S DL p A e %Ki
PR RIR R AR A, TLR2 |2 0 T %35 B
Y, R ROER S BN & A DR E (F1n
NHEL) BiEPE R A8, 38U I K 4. NHEL
FESMAEL N E AR, FEA R SR
Y P AR AR /AN T ML Y. AR pH, R Z B ] L
SN AE KAtk U R AE SOE IS R
o, NHEI 4 340N BRAE 2 7+ 75 HZ 1 1E
o WFFCR, 306 NHEL 055 540 g A BR AL Al %
1 Na" $5EC Y, SERRERE—PRRE, g
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BRI T BE A7 S AN Y pH B R AR AR Ak R S8
gE R ISR IR D, BT MY RS R A
% (inflammatory bowel disease, IBD) FJSEIRZ — o

TLR2 &k ) —Fi 8 2L (1) TLR, JH7E b 40/
FEWEAN & H RIE, S 5 MR SORE IR AR
5. TLR2 FHUE 2R A MyD88 15548, Bl 5 5l
AR SN [ B0E , 15 S NF-«B [Est, s K&
RRE B’ F (11 TNF-0, IL-5. IL-6 F1 IFN-y) 43 ¥4,
FHEEN cAMP FIIRE T &, BOE T R RSE
RASHENHEL G PEFEAC (B 1,88 A). DT ER,
LTA Hl305 N T84 41 (CCL-248). /Nt b Jz -12
4 s (CRL-2110) F1K B b iz 40 Al &% -6 (CRL-1592)
f TLR2 HAFRIAACFIA R iR 1,

Cabral 25 "% {i Fif NF-xB #1%1|77 (pyrrolidine dith-
iocarbamate, PDTC) &b A\ T84 40 M j5, K H % &
T LTA, 255 %ox TLR2 76485105 8] %) NHEL 3
PRI VE A AFAE . X UEHH LTA-TLR2 R 7 i %
Bk T NF-xB 4}, &A71E 5 — A5 NF-«B TG R 15
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53 B % A & HE 1T #0H) NHET 995 . 170 Byeon
2 WU R o, TLR2 3546 AT LLE| S Sre REEF
T JIE 1% WL B 3- 30 %% (phosphatidylinositol-3 kinase,
PI3K) 1 o Sre FRIBRL J 2 P55 5 S,
HIge = ESAMmAFIER . SE R T 5= Ef
YN F 15 S . 78 TLRs {5 Sk, Src
(B T TS S e R B, HAE N
JIE R £ 4 41 g o, LTA W] Ly TLR2, 53K Sre
R AL MY, T AL B Sre B8N0 T c-jun (4% 5 AL,
SECIL-6 (153w (Kl 1- 8 g B), 1fi IL-6 {E K
KA TR LLMH] NHEL (35 X2 450 R4
ffd b TLRs 3 NF-«xB 4 i 1) 1 75 38 2% 1) — Fh rT g
B

PI3Ks C#1F 95 /2 B 2L 1¥) TLRs #iG 414, 78
WAL S H M, o A\ T84 41 fid. RAW-264
RIS A RIS YR LA DIEE A, PI3Ks Af
Iy oM 33, Hip 128 PI3Ks 7] DL#% TLRs | i % R
1% 2 R U e 3 (pYxxM) W& 4k, & A6 5 1) PI3Ks 4

Intestinal epithelial cell Macrophage
Luminal Hsp70 | .
TLR4 TLR2 plalsy . ‘e
P PI3Ks
MAL B Way C MAL
MyDgg SrC MyD88
Way A IRAK1 ~ Way B IRAK1
IRAK?2 IRAK2
IRAK4 Lijia] -2 PKC IRAK4 - TRAF6  TAK1 — NFkB
TNF-a IFN-B
TAK1  TRAF6 Hsp70
NF-kB  JNK PLC TNF-a IL-6 CaMKII S
JNK  IFN-Y IL-5 NF-«B
c-fos c-jun
— PKA
%
Way E Way D
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YN/
j
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Fig. 1. The signaling pathways of the regulation of NHE by Toll-like receptors (TLRs) in colonic epithelial cells and macrophages.
Way A: MyD88-dependent pathway; Way B: Src-mediated pathway; Way C: PI3Ks-mediated pathway; Way D: TLR4 altered the
levels of cytosolic [Na"] and [Ca’"] through NHEI, thus affected the activation of CaMKII and induced inflammation; Way E: The
expression of NHE is regulated by CHP1/3 through TLRs. NHE: Na/H" exchanger; MyD88: myeloid differentiation factor 88; TAKI,

transforming growth factor B-activated kinase 1; IRAK, interleukin-1 receptor-associated kinase; TRAF-6, tumor necrosis factor

receptor-associated factor-6; NF-xB, nuclear factor kB; JNK, c-jun N-terminal kinase; AP1, activator protein 1; PI3Ks: phosphatidy-

linositol-3 kinases; TNF-a, tumor necrosis factor a; IFN, interferon; Hsp70, heat shock 70 kDa protein; CaMKII: Ca’*/calmodulin-

dependent protein kinase II; MAL: MyD88 adapter-like; CHP: calcineurin homologous protein; COX-2, cyclooxygenase-2; VGSC,

voltage-gated sodium channel.
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ik 5 Bt WL B -(4,5)- 1% B2 (phosphatidylinositol-4,5-
diphosphate, PIP2) At R WENEWENLEE -3,4,5- =R
(phosphatidylinositol-3,4,5-diphosphate, PIP3), PIP3
55 IR BOE N B, WEREEEE B (protein
kinase B, AKT) FIHR T ERINLEE 3 (adenylate cyclase
3, AC3)( K 1- % C), M T4 o sg s, Q%
M4 R 7= 4= U, TLR2, TLR4 F1 TLRS {1
WA e S PI3Ks &5 A Thaeill, H o B/ W
FEUE W PI3Ks 5 TLR2 2 A B S A7 76 K B A 270
TLR2 5] NF-xB 405 518 % th 75 2 pYxxM
higsk iz 5 BY, X% PI3Ks 7] R4 #| TLR2 ()
LA 25 38, WO R L R G T NHET T
AE, X AT B2 — 4% 5 NF-kB TG (KIS LE(S S .

2 B LEEMPTLRASNHEIRE R

B 7 TLR2/MyDS88/NF-xB il i3 nl #1#1] NHE1
hae sk, {EXT IBD & 45 M b % 40 i i F 55 o,
Siddique 2 "7 B 7t if & 75 TLR4/MyD88/NF-kB i
#% 5 NHEL i 1 #1) il #1208 T AF A G M. 72
LPS 5 B4 F K, TLR4 %} NHEI [#jif 175 TLR2
J5fBL, #HE LT NF-xB K2 U cAMP [{1K
BEMAH NHEL 3% 1% . AEKIAR LPS fldrh, By
T SR HIERE SN, 55 AR EE T
1 (signal transducers and activators of transcription 1,
STAT) th 2 5% Tl fEd ®, H TLR4 B4
A IBD (BRI T #hR 12,

B4, TEWE TS % & (ulcerative colitis, UC)
BRI 2 i b 40 TLR4. NF-«xB (3£ 1A
WA T IR AU, ol R A [ a8 2 A S 2 41
)T e W A kb B JS, NF-xB [ %A H & % T B,
NHE1 FJZhfgth 15 5 7% & »), F B UC 1 NHEI
HADIRER ] 5 TLR4, MyD88 1 NF-xB ik
A R

BT 51 NF-xB [ &8 ok, TLR4 (136 1k
BT L] #E Sre B R ERM G, H A7 Ik BH Sre
ATLLE S TLR4 454, (HT KA TLR4 JE A &
Y] CD14 7] LL 5 Src 45 &, #2&/K Src 5 TLR4 2
V) 7] 6 47 76 A HAE FH . Cabral £ P9 75 A T84 41l i
A FH T o T 2 R e A o1 77 PP 1 AT PP2 4717 Sre
Ak, KILEBENEAE R A (monophosphoryl lipid A,
MPLA) F 3y NHEL 35V N BRI R %k, &%
Src &4 72 TLR4 #11] NHE1 T 8 /15 = 18 2%
(RN, H 4, Cabral 25 U 3 [ERE( F PP1 AN

PP2 RbERAN T84 4Hf, FJ A & H G A (protein
kinase A, PKA). f#flgfi# C (phospholipase C, PLC) F/l
T H I C (protein kinase C, PKC) g5, H
PE R R 53X = Fh g i B0E R A AL B Bk
NHE! & P4~ B B0 1 Yk 2 A F1E B NHEL 7548 i
B RIA B IS RN, R siRNA SKHH
Wr AC3 [y 3k n] DLV B MPLA %7 i 4b 38 % NHE1
TEPE R P B AC3 TT DAY PI3KSs BERRAL,
s PKA, 3ET 8200 NHED 95 1 U, PRtk A1)
N N PI3Ks /i 7 1 AC3 % 1k 5 TLR4 i 75 NHE1
T A A . FIRE, X tB4RIR TLR4 Al 3@
AN [ () 20 A5 5 JE B SR ) NHEL 3P (H2 Xt
T NHE3, %73 MPLA F¥) 00 o 11 354 # i,
K3 MPLA SO0 m #617& 14 . 7E TLRs /-3 %
it [ B, NHEL A BB 85 USL 2% I M, AT
B2 A RBIR, JE# B RIEM KA, H R YR
NHE 5 7% 2 75 7] LLBH W TLR4 i S R 5E7ER, 30
FEIE KA W FTAESE .

Sean % PVH SRR, B TR NFE, IBD i
H S5 2 230 NHEL, NHE3 & H:f5 8 4 NHERF1
FKIEWAHHEM NP, M NHE2, NHES8., NHERFI
A1 NHERF2 7F TNF-a 4b ¥ ] Caco-2bbe 41 il /1 [
Rk B T IH P FRE, UC BEIEshNG
B NHEL 36 N, EARBHMETERH,
T A P 2 (] 380 2% R B 28 00 1) 770 T DA NHEL 7%
MERE A REWE . ERIFFREY, NHEI Ihig
) PEAN GG S A %, 1 BAERIERAE 5
FiETFiAWAESE, H NHE1 %5 Fif5 TLR4 Fif
A,

3 B LEREABPTLRSENHEIR X R

TLRS 3= B4 52 40 v $E & 2 I, 44 mad
ARG SRR R IEZ T RE . MIFER b
0o, TLRS BB TR bR . H 3540
THUSHS 14 i 9% R 285 T i 55 (9 A2, TLRS 2 [T R ok 114
N BUE TR AL, BRI, A RS
#KEE T AE UC B M A BB R 0% S (dextran
sodium sulfate, DSS) &7 % /N AL 1, 5 TLR2
TLR4 #iJ, TLRS [FRIEEZE FREH P, dt—D
SIS AIT FE S 28 RAE R 5~ (0 IFN-=y) W] LA TLRS
Fix ¥,

7EN T84 4Hffl, A Caco-2 4Hfifi. /)i MLE-12
YA AN B TEC-6 41 L, 46 3 1) 6 28 (1 o) T
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PLAMH] NHEL 3514, Xt NHE3 B 2m, W 1
RIBIEA Z R 5m ; KN EE R,
NHE1 7% ¥ f R A B4 5 Wl B — 2, m
NHE3 [ 35t f ik H 2 # i ®9. 267 TLRS %}
NHE1 {2 g4, JHAEF (55 8% 51 bR 4
Mo r ) TLR2/4 284, #B5 A AC3. PKA. PKC.
PLC M¥i5A ¢, Xt NHE3, #] LU e i 2 R
H AC3 fll PKA = 5 v, NHE3 % P4 il 3% ik 1) 15
B2 TLRS 76 18 Dy Re R4 1 IS B 2L 1EN
FEIRAE Py b R 20 g s ) B B (V) B P K8 AR, NHE3
XF AL Na™ F1 HCO, Wi B A EZ R, 3
D S 76 B UAE 51 & 1) B DhRe A2 G B
SE W, TR T8 5995 77 THI (1) 520 A oK 56 42 i) A

4 EREMBIRTLRASNHEIf% R

5 4 AL AR N A 8 P 2 R N A, B
T R R 22 F IR U8 S s T R ) S SO T RS
HRm R RE . Wi S A 10 Ff TLRs o,
Bk TLR10 PA4h, HAhFRIA T ErE4NR ", TLRs
B2 R A MANIE S 0T, S BRI S
WA, A SEURME RRER KA. Campos 2 B i
JUE N, IBD % 4hJE I # % 40 fi TLR2 Al TLR4
Ris B, ORI 8 M 5 0E 1R T RE S B -
5 4 B () Th e 578 R

LPS n[if i TLR4 54k B gl e, %4 F ol 4%
BT oK & H) (— 7l NHEL #0075 ) BT, K% A
AR LPS 53 1 JORE K BRASEAL ) IfL 5 32 R A 48
iR BY. LPS A L 40 ) NHE 35 1t
SR B2, 2 BT RORE AT R s NHEL 51 T %
A LA INK A1 NF-xB 3% 46 B2, BHAE TR 4
i PR T (R TS 30, 177 INK i NF-xB 1F & TLR4
98 RE I % (1) B A R 4y, X U BE W A
NHE1 [0 90 1) K A A R d-EFH (1) . NHE]
WEPERI R N, Bl A Na" W E R BT, BOE T
NHE, f#ffp ) Ca™ iR R MT T+, m& S8
Az DU 7 TR S5 9 E 0 53 1) RE TBURN A 48 & B (cyclooxy-
genase-2, COX-2) & H/KF 1) L, 1X 275 i
AW NHE 35 PR30 5| /62 20 i) — Rl ( B 1-
W% D). {H Kamachi 2 P BF 58 B, Bl K& R 40
il LPS 5 5 ff COX-2 & [ /K~F (1 38 i - A s e i
S0 COX-2 mRNA JK-FRSLIL, 3R B E W4
H1 COX-2 mRNA 3 B4R 32 3157 MAPKs 1 NF-kB
LIRS, (5 NHEL #0657 %A emeql. |
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BERT L, J8RE -1 NHEL 3438 fnmr A i COX-2
wEKY, HAERRRAEERE, MIFAZEM
Mesk, FBEARNLHIE AR, vIEE& W& AR
BB B, 52ma 1o F I AasE M

RAEKT5 NHE [FJAH AR 5 208 1 & 4
RO A AEBC R, Hr, #YR3EE E 70 (heatshock-
protein 70, Hsp70) 7] f1 NHE1 #H HAEFH, @it Ca’™'/
BT M B (B 1T (Ca®/calmodulin-depen-
dent protein kinase II, CaMKII)/ # 404 K K7 B #i%
Pl 1 (transforming growth factor B-activated kinase 1,
TAK1) 1 5 i I& {2 i3k LPS %5 5 (1) NF-xB 1% 5 fir. fl
(IR AL LA K TxB ¥ B (inhibit kB kinase B, IKKB)
I, BRSSP EUR M RRERRAE B Br T A Ca™
(A EAE 4k, Hsp70 tht5 LPS 7E4N AR [ 5 TLR4
g & o B

FERR AV B 40 (/N B 4E i ) B, LPS
I3 8 NHE 35 {4 F120A 138 ik 5 i e 1] 42 44
i (voltage-gated sodium channel, VGSC) [f] 1% 4 &
K. fERFET LPS [ BV-2 4HJfid (C57B1/6) H VGSC
5 NHEI1 y&PER 2380, Wi X & & (tetrodotoxin,
TTX, —Ff VGSC #ifil71] ) AT LABH (kX — 30 R ) &
Az B mE g R, AE LPS $R4E 24 h 130 N R
JR 20 AR, BN Na® o RE 3 e 7E RO R B R
VGSC KA T 1, H— Bl ) 5 Hug v~ B, 1
NHEI1 F)iEPEZ# e, gkmAE VGSC /T A
Na" WK ERITH &, & FEUNE AR S, 7
RIS B, AT, VGSC HIEGE  NHEL 3% 7%
WS IR RERTEE A 1E. Ak, TR/ SR A
A 2R 51 1) NADPH 48 A VE 14 T et n] 35
LPS 52 NHEL #5 V3 il 5 2% BT

[FIFE, NHEI £ EWR 40 i h i) 2204 th 52 3 TLR4
520 . Takakuwa 25 B9 55 B8, LPS K] (24 h
PLE) RIECE, BT RAEA DS, NHEL 48
UM ERRIEE T, HTFBREES LPS filEuk
FEA %, {HULE NHE3 318 & H KA H B A
NHE! £ I 7EJ i 3R 1 T B H R AR ES NG %,
T 1 f 2 WL I [F) YR 2% [ (calcineurin homologous
protein, CHP) fEIXd#2 b K45 7 EHEAEH . CHP &
—fh Ca¥ A EAWKE, LS54 - NHEL
DIRERTTATT, AR FEI 103 S A 40 B A% N 1 2 PR
3, MR T A AT 2y CHPL, CHP2 A1 CHP3,
W ZIE T EWES4 . CHP1 A LA 5 NHEL [ 4 3%
IKIXZE4 B, 24 NHEL [ 45 SR g i 3R i e ik



526 HE B EH Acta Physiologica Sinica, October 25, 2018, 70(5): 521-530

5 CHP1 2547, 78 i P9 e 1k WA . P 290,
WFF RN, 7E CHPL SRFEZ0M - NHEL X} Na™ )%
BOS T A B A B4R 1Y 20%, AU NHEL 3G 1R
Fe, HEARBSEWHEMK, (1 mRNA RikKFE
A ¥, WAL, CHP3 4% 3F 52 5 CHP1 — #¥,
AP B NHEL ZE4H i b4t e 2,

2 E - R B AR 9 A0 i B 5 o AR I
RS, LSS5 T CHP1 B4t NHEL I
REAEE (IR IA M N E ™. HATWE R, CHPI uf
H B NHE 7540 i 51 ()48 e FIvE e ORRF, IR 0R
PHATZE - EAMARFR RS0 . Taka-
kuwa %5 LPS K313 RAW-264 41, /<3 NHE1
TEAMUIE | )R i50 />, [F CHP1 mRNA FlE
KTt B R R B, T TN 001 75 R b 2 K b T L
YK NHE1 7E4 M b3 ik BY, ixsemff fo 4 ik
B LPS @ ik INK A 5 1 Hh 2 K Fa M 6 i 12 5 3K
CHP1 [ R B9 > [F Bk, X 7] §E /& TLRs H] ¥
NHE! 2 s ASE R  — ML) (& 1- 8% E). Aid,
Y FH B A ) 7R 4 R B R I AR B, NHETL &2
HABD IR IEA e g ™, Wk TR
FI B AR B R R G52 22 4k, NHEL (9820 ik ] #g
ST RN 52 B i ) oA B 5 B AR R, B
NHE! & H & B0 T B 5 8O0 R 40 p i b ) 3R 0A =
FAR .

gi b, TR B A [F) 40 AN 58 (1 AN TR B B
TLRs 5 NHE1/3 Z [A] [} 5k R e A —FE 1. £y b
FOX R TAEAEH, TLR2/4 (0E 1T LL5] 2 NHE]
TETER R, M TLRS (130 v DA NHE3 [f3& P
W, TN T ERRAE X RS M 2 fE 4, TLR2/4
(0E 203G 9% NHEL (P3E 1, B3 RREM KA, H
KRN 25 51 R IE B T P

Sullivan 25 ® g7t for, 7€ IBD H3% f1 DSS i
T 46 B KA/ B 45 B iR A A o NHE3 mRNA
R AIRIEEH IR . Bk oh, HAhg g 2R
/NER, BLFE IL-2 RIAFRBARAY /N BRI IL-10 FRIA 6k
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Fig. 2. Toll-like receptors (TLRs)-mediated inflammation in
renal tubular epithelial cells. Way A: Basal exposure activates
TLRs-MyD88-MAPK-ERK-AC-PKA-NHE3-NHE! pathway;
Way B: Luminal exposure activates TLRs-PI3Ks-AKT-mTOR-
NHE1-NHE3 pathway. TLRs: Toll-like receptors; MyD88:
myeloid differentiation factor 88; MAPK: mitogen-activated protein
kinase; NHE: Na'/H" exchanger; PI3Ks: phosphatidylinositol-3
kinases; mTOR: mammalian target of rapamycinm; AP1, activator
protein 1; PLC, phospholipase C; IRAK, interleukin-1 receptor-
associated kinase; MAL: MyD88 adapter-like.
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