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Advances of NHE1 in Tumor Chemoresistance
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Abstract

Chemotherapeutic drug resistance has gradually become a major obstacle to clinical cancer

treatment. The mechanisms of tumor resistance include increased drug efflux, enhanced DNA repair,

inhibition of apoptosis, epithelial-mesenchymal transformation, and emerging of cancer stem cells.

Therefore, it is urgent to find new biomarkers to increase the efficacy of chemotherapeutical drugs and

improve the overall survival rate by reversing the development of tumor resistance. Sodium-hydrogen

exchanger 1(NHE1) plays an important role in the regulation of tumor cell proliferation, apoptosis, and

drug resistance, which can be considered as one of the potential targets for drug resistance in cancer

treatments. In this paper, we briefly introduce the structure and main functions of NHE1, and review the

effects and regulatory mechanisms of NHE1 on tumor resistance, as well as the role of NHE1 in the

development and metastasis of cancer.
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M) 3 3 P B 0 R R R NHEL 9 35k K
S0 NHED AT BBAE Ry — > W A 0 #8050, 34 21 %6 B
BITRE ARG AR 2 A A 5T % B, 2L A e T
Y YNIRR T NHE1 ()3 PR B 14 5 338 7K 7 B I
THURA AR , A KT 5 2LIRE B IR IT BUS
FEYIMIE, [, NHE1 193638 K7 5 2L I 98 40 i
BRI G, T NHE1 f4 22305 0 i L5 i 40 i
(ARG G, 308 2o 0] 47 200 L ) 300 55 00 o 9 o AR G o
FLRARR A0 X AT 259 22 32 He R R Uk

1 HEXHRER 1 WEHINEE

ANZ& NHE1 FER A7 F G ok 1p36. 11 13 £,
NHEI ZH H i 815 MR IEMIRILA I, 70 T+ 24N
90 kD, HAr 1~500 fr 2 B MR A T, & A K
(1 N KuGEHIER, 1157 NHE-1 #4328 ; i N 19 315
LR SRR K BE C Rt NHE-1 45 By b
A, NHEL W& Z 40 pH KPP 4% 4
5 C i i N Y S SR B BE TR Y R A Y 1, L sl
i 55 240 i P B A B RIRR SR C - i 2 I A AH
VR A0 BE OS84T 45 R i85 2 10 0 25 il 1 1K1
FUA5 5 19 (calmodulin, CaM) ' 454 25 p R
fif [7] ¥ 4 1 ( calcineurin B homologous protein
CHP) " M HAEH, IF52Z NFL K% % (human
papillomavirus, HPV') (12] \{ﬁk/%j\fm JEBENESE
FeA KT (insulin-like growth factors, IGF) M™%
ZRANA R R AR (W Fig.1) , NHE1 ke 5%
i 1 B AR 4G 5 0 A AR LA T B Ly, LA K
e A R A R AR IR T A W e 4, G C-d R 8 2
WTETCIF B9 B8 A B IR A 5, TEAR S RE Bk 22
G AP 1 ( mitogen-activated protein
kinases, MAPK1/ERK2) #ifR 1k, 25 45 40 g 41
VT IS (extracellular regulated protein kinases
2, ERK2) Hyis

PSS H R K AAE 3 B KE, — e
SLCOA FERZIE ALHE 9 AIEAY (SLCIAL-9) [H fE
fF 46 9 NHE-1 57 4 48 5 K M1 5 Fb i 2%
( pseudogene ) ,SLC9A1-9 iX 9 Ff 3L X BUAE N S S K
FIE P EA RIEAE , 7350 40 i NHE 1-9 S Hak
J& SLCYB Z (45 SLCOB1 il SLCOB2, 43 1|4 it
NHEA1 #lI NHEA2) ; 5% = J& SLCOC K Wk ({34
SLCOC1 Fl SLCOC2 SFAY) 2 ifd == 3 o JR 3R 1 11
B E R (CInFLIR -1 + Py ) %38 26 11 MCT-1,
B S B B 1 NHEL, Na™-HCO3 Py [A] #5432 2 A
NBCnl 45) KA N AL pH (B 3285 #5 F 20

P, L R AN A SR T O I R R K A
SFLARRET RS A B R LR AL
HERERIE , NHEL B3R5 5 NSRRI RN 7%
& 2 ( human epidermal growth factor receptor-2,
HER2) FIXWHFACE, 5HMER KV BOEA K, 78
FLIRAEE MDA-MB-231 g 4 NHE1 9383k e
g5 i ML N pH {8, JF 68 9 i #R B A% AE R Y 2R
K PG, NHEL 76 20 B % 4k | 36 78 | g 1 2
1 R TGS 7 245 Wy it 24 v 22 4% B 2 A el 4
TEH

NHE1 i) 2D RE IR P2 1 A 9 08 7 A o
AOBNES T EAT 12158, AR FR 40 I N 3R 5T pH fH AR
& PR AN R AN A TEMRE AR (R RS |
RIF 25 25 R R AU P pH H Y
FREATRLS 20 NHED (9 PRE S , 5 R 1K /Y NHEL
A S A LB AL A 0 i A R A R R AL, T2
N i 96 44N B0 B B B B B AR 2B MR, R AR
NHE1 FIRE il NHE1 8 P4 005 5020 i 1) A K A5
iy, [F 00 DA I A, 5 S50 PR PR R A, DA T e % 1
(o fE 2k R A0 U T2 L NHET ik 75 1 2 38
R IR h R SR BT 25 MEAE ], A E R ETE T
21 A 22 P Ik B 40 B 9 11995 ( T-cell acute lymphoblastic
leukemia, T-ALL) H Tk 14 40 M PR 732 1R 9 T A
CCL25 ( chemokine ligand 25)@1@,@(@*& NHE1 F£ik
W, JF R B T AR X A 2 L AR
(doxurubicin, DOX) FHTHEAE H ; NHET 37T 2K A9 48
JXS 225 LGB ) e 300 v B A SRR L Fl AR
R B = A S 0 P R GO B, T B
U NHE1 FIZEH P4l B ( protein kinase B, Akt) 3£
IR P R AT AS A KO B NHEL
{182 TR BT I AT 2 e g ) R T 54, T A
NHE1 A REE 240 Bhif 7 i o

2 PHEXHRER 1 SHEMH

MR £ 245t 25 (multidrug resistance, MDR) J&
H T R A0 S SO R B R T — AT 25, 1l
1 e X122 245 0 () ORI SO R T B 5 [T B 3
it 240 B ) b B 22 ML A AN R ] A A 47 e 24
7NN T 2T P T B2 S PSS DN NS ny D |
FEIE T2 2 T TG R0, 5 40 B PN 24 W vk
TF&, 5l & 25¥ s ATP 454 & (ABC binding
cassette ) Egéﬁﬂﬁﬁﬁgiﬁ,ﬂig@}ﬁ P-FEEE
P-gp). Mt 25 A ¢ 1 1/3

21]
N

( P-glycoprotein,,
( multidrug resistance-associated protein, MRP1/3!
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Fig.1 Structural representation of the NHE1 protein

Phosphorylation

regulation

Protein interaction

The NHEI protein mainly localizes in the cell membrane, with the N-

terminal 1-500 amino acids comprising the transmembrane domain and C-terminal 501-815 amino acids of the cytoplasmic tail.

Multiple phosphorylation sites exist in the C-terminus, which is involved in regulating protein-protein interaction. Under external

factors, such as viruses, hypoxia, and insulin, NHE1 participates in intracellular pH ( pHi) regulation, cell transformation,

tumorigenesis, cell invasion and chemoresistance

PN SFHITE 1T (topoisomerase 11, Topoll) | Jifi it 25 4H
K H (lung resistance-associated protein, LRP) &
LM A it %% M (breast cancer resistance protein,,
BCRP) %, Fisr Tk T 40y7 250 i HE i o B
IR T RSP

B S SR I R 0 2 R e i A R R 1Y
P&, Amith 45 50K BL, 7 MDA-MB-231 %
9 240 JEL v 08 NHE'L 5 SO M Y A SR S B R
2RI WA, I L[ g 155 00 40 JH ) 5 42 1 114 5 Jk
P BEUEM , NHEL AUE = BIPEZL IR 56 5%
FARE AR, AL A AR I3 5 T A2 B R 2y
YrgURE  BIH T NHEL RN ZLIRIE 25 900697 1Y
— B TR R B
2.1 NHE1 % SME4H 50 5 i

FI W RE % 12 ALy 24 W b 35S i 96 400 i ) 51
T, P75 S g 200 L A e S B R iy 7 1Y
HERAS ALY 25 Y RE TS S A0 A A ik, (i A
FRE xS 257 A T 25 E Y Shi SEBF ST R B, 38 i
PRI LA 5 3 1 A WA A 5 Sl b B AN
IEC-18 HAYFUE A 4% (light chain 3-11, LC3-1T)
N HEMEMSECFEE (autophagy related gene, ATG) 3

IRKSF- R, 7E#b 70 8 2 R sl I 2R 5 A 2
il ; - HAE I H] NHE3 BF ATG A LC3 35380, iE
W NHE (% 7] figf2 NHE3) =5 [ W9 38 % &
1Rl o Aredia ffF 5¢ 41 W) | NHE1 #1015 HMA
( (N, N-hexamethylene ) -amiloride ) Ab PR 45 JI7 J52 4fl
J, PEAL AR LAY TG F1 DNA 51455 K S K [ WKk &
I HMA AN BE 6% 52 i 4 i A T2 2 | 34 Bl o e 28
LR AR BT AE X DNA #2401, I 305 =2
PRAH A 2 85 3 (receptor interacting protein
kinase 3, RIPK3) 4K #i Pk i 98 12 & 42 & fih & H
W' KSR IR AE R RK W, NHE RS 5 H
WK Sy 4, H 2 NHE1 A1 NHE3, {H 2 NHEI
T I VAR A K5 e 25 ) USRI BIL R 4 R A
KHE
2.2 NHE1 #]i BhJeg 48 e =

T2 %30 B RS2 3, S350 s h
pH {4, BELA5 240 i = 1 85 Big X3+ )22 19 185 it i
Bl R ALY 259 SR PR 2 (£
LA ), BB T 22 572 i ik 96 44t 6T 1 21 245 1) 1) 4 B
H-SELYMZG > Ma 557 058 R I, 75 I
Sttt 25 4 L KS62R FNAF H 85 Je A fUsk () 18 P i R
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F I 8 %, NHEL BE 9% 375 5 1L 21 i 4 -1
(heme oxygenase 1, HO-1) [FFRIEHGM, & FHTIH
TR 22, R NHE L 457 X6F 155 20 BR 55 1 1)
A 85 15T BCR-ABL & PR BH P4 11 1t £ 2 140 i 3R
(T 25 A7 AE S 5 VE T Chen %5 BF5Y & B, NHE1
(A2 Lo TR ) B g = D S =B VA I
Joi CO ANME I T IS R EE A i Fas 5 HFC /K FasL
4h4  RERSIOE Akt FIl RhoA {5 518 %, #4495 NHEL
AR TR AL, N B ER NHE1 FAY Akt 1 ROCK1
F2 Ak for s, I 2 8 T ¢1-CD95 L ( cleaved Fas
ligand) AOANMEAYIIERS ™ FIAG 20 LPS ZbBE A
ik PN 48 B9 ( human umbilical vein endothelial
cells, HUVEC) , BE#Z 3% il NHE1 119 1% 4 , I 1 B
fif bt U8 T2 2 1 BT Bel-2 2 #F HUVEC 20 jg (19 I
=B % S A ANEhB2 ( N-terminally truncated
ErbB2) Ay IRHE 235w ZUH0 R 75 5 0 ATM-A1
pS3-WEHR AL, 14 0 e K 25 -9 -7 B 5580, B
Bel-2 35, MFLIRAE MCF-7 400N H+19 4 MES3
ANErbB2 i, i NHE1 9223k, 4k 14 fin 5 3=
ik ANErbB2 %) MCF-7 2 Jfd X it 01 4k 2 57 v /9 B¢
JEEDY

DA I, NHE-1 AT LA 12 52 0 40 B 0 1, 1845 i e
(257K, AWFFE 2B, B R AN pH i 5 AN
IR T AR 2232 AL B 240k , T ELAE HE T 4 A
X NGUEAAT R MW (R BT 245 , O FLTE— e R ek
T YRR A 250 A3 I AR
5 78 HER-2 BHPE 2L ol S5AZ B i Bt
HER-2 HUAR 1 Z- 2R AT , T LA fin i Xof 5 42 1t
MU A3 BRI, 2 LI MCF-7 40 i b 41 il
NHE1 f3%35 , WIRBHE A HE Ak T 25 W TR 175 5 ) 4t
PR I SEEHE R W] TEAATE NHEL #1061 77 19 17 50
BRI AL YT R AT REA R aR  f
TE R A, H PG 52 ( Decitabine , DEC) i 12155
SN SRR Go/ G, BRI T i 25 i385
XM HMA fefUsad 2 SEM 20, HARAE7E TP
TR AN AT ], ARGRE HMA R LA B4 i 590
A a7 T 5B R WA, 24 ALL 4 i [R] 2
5 T HMA FNZHHA0 ] 25 9 ik | WSR3 5o () B3
YERL, BRI S: HMA A S0 bR FE 24
ALL 4 [F] i 2285 T HMA F140 30 ) 25 4k, Wiz
SR PTG E R . FRTRE 5 HMA /AT
A EREIAE
2.3 NHE1 12 i BhJeE 40 R it 24

it 2526 11 P-Wl 25 iR 1T 25 1 S0 HE B 2 4K

pH AR B4R | Tl A AN pH 9728
ORI ROAEE ™ . ATP 258 &K B AL
51 1 ( ATP-binding cassette subfamily B member 1,
ABCBI ) e i {02 1 24 ) SR 45 e A2 A - i e 40 L 1)
M 251, WFFE A AR, 5 2R AL B i 4 i R A 1,
it 25 (9 40 M9 &2 b ABCB1 A1 E K % C W% 61 11
(ABCC11) ) mRNA FIEE 5T Rak 1 m= . A iF
GER], Z 25T 245 W R AR R 7E T 28 2ok 4 B Y pH
ofs 3900 2 S B A B A 5 1) TR A R i JB - 2 R I Y
ATP [} (vacuolar proton ATPase, V-ATPase) FlJi¥
Feiz EAAHE Na'/ HZHEH (NHEL) , BRI
iz ( monocarboxylate transporters, MCTs) 4
AR Bl , DL B mis I PR R is
JOT 19 96 4 L T LA R R 7 e R ) L B A
IR PR Y I A B N pHL (B EE IR R
ik P-WEEE R MR A0 i, O ] REAE—E R 5
K PRS00 R T 24

HHEG, CIFR T AT OBl o-BRRSE R I Y 44
K AIURL ) 291 K 1 IR 3 e 209 K 0L 7T L4 22 245 it
2GR IR A0 RN AT TR N e iz, AT RE
% 025 SR YU 245 W) S AZ I IUEA A 22 5 LU B AT
PECOT SRR PR 15 R AT 25, IR 58 4 0
T B R s TR P A T B, 2 S 4 pH
(ELHR J3E B 3 1) o728 2 DDA G0 Jin S50 0
B & 11 M40 BCR-ABL FHYE K562, DAIKRZE L
T 25 #9 K562/DOX 41l &7 FH AR 4 NHEL #14f
A Cariporide ZbH, FI LARFARAN A N pH, B & B #
AL PRI P-MEER 1 KRR, 2 FHE 123
PEICIRIE RGN 25 W) AR 2R | B T TV JRLRE ) T R A
P2 43 S50 AL 2R I ( MAPKSs ) 6 PE38 i, iE B p-
BEEE 1 A9 BCR-ABL BHYE 1 i v 7 B 2 14
M 25 PEREAE NHE-1 215 N5 #0i e, H p38 &
PR b FE KS62R TR 24 48 Jifd % 1), RE A% ] I BEL iy
NHE1 #5519 HO-1 335, S8 Zn i o 5 5% Jé 1
SR I D5 JE AN SURR R A8 M R 11 1 s 4 L )
T2, UERH NHE1 238 i3 p38-MAPK & #2855 HO-1
Feik IR R ek SR AE I SRR BT T o Jin AR
B K562 A1 HL60 /2 41 iy & W fk ), & B p38
MAPK Fik 9251k % A K562/DOX Tit 24 41 it il 2%
HULEE BN A A ME 5 815 S ERK A9 , 2R
Y HE N R T R p38 MAPK 1] RE i 24 4 e 4 57
(0, Ul I AL N R AL BE 0 e PR AR 1S 22 24T
ZitE BB i MAPK 5 515 SR a1,

I RN FE T T 40 M2 ( human umbilical cord
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matrix stem cell, hUC-MSC) " NHE1 /& & %3k, I
H NHE1 #1457 Cariporide f5, T40AE N pH {H %
AR ] 40 e 1 B 23 A BE D 3 I, T A A A
B-HREE M ik LiH™ BRI AL, bR IR T Ak
(epithelial-mesenchymal transition, EMT) Fl & 1
AL (cancer stem cells, CSCs) 7 /i 51 fif g A8 2= 3
HEHUREE RS 2 Ji b Bt v R 4 DG SRR T i 57 o
ZHRTT AT LIS R e B AL, 5 e+ 4
IR RN CS R IS Ik A i Pu B UL L W2
] S AL, AT BE 2 I R 20 A ) T Tl 25
PIRPOMEE S, B, @ i P8 4% NHED (9% 35K
V- SR 22 2T 2 BE PR RN AR 1 BTGk | i 75 S A i
WERAL , Wi P-WE AR A 3 00 I 22 24T 24 1 | B0
HEAER T A R o 4k, fiifE NHEL A A E R
IR it 2435 9 v 0 B B AR

3 HBERE

JHIEE I T T S 2 R S SR PR YRR A E
W5 A B 25y 24 72 i Ied v 7 B HE ORI 4R
K, Biti 5 e it 25 LI I TS AN TR A | ik 1 22 1)
AL T T Fiis H B 0 3 54 258, Rl DR i
S 25 BIR YT SR AL A B AR PG . NHEL /E R —
P2 20 L JEE P A0 pH (B AR 1 BT, il i 5 — R 5]
NS R A EAEH S 5885 58 0, fe ki
e il oy T KB i A 1 2V R W i o - 1 i
e Ak, 3 A b R A T A0 T 24 W Y T 2 A T AR
NHE-1 #P#1 FAAT LA NHE-1 19 2835 K F
TG RE A% Sk 25 410 1) 20 Pk e Vg 4 1 1 7 O
I A5 PN R 3 A L 2 ] R A IR IR T v ) 22 2 it
2y, L, NHE1 5 3 0h B 16 7 i T e i 0 A,
A A & NHEL 5 i@ 40 i A w38 A B i 45 7
TAT A AF S AR X 55 20, DA R R 2 22 1) NHEL 410 i) 551
FEAS R J32 Bsf o) i 9 240 LA AR E AN — Y B PR VE
BRI T eI IR BRIz N, BEE R
GO IR i 25 ML S B e 3, DL SORT AR TR R
BIFF 2 R, 080 i NHEL 4005510 500 R W7 ok - &, %ot
NHE1 fAH B 5% o K 38 I AR 1), AL E 46
TR Z AP0 58 U, 3K 3F — 20 5 38 X b 9
(IR 4 DN 4% NHE1 25 119 S2FH I R 2 X o
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