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[ Abstract] Gitelman syndrome( GS) is a relatively rare autosomal recessive inherited disease. It mainly ex-
presses the sodium-potassium pump protein SLC12A3 gene mutation, resulting in the change of encoded protein and
causing disease. GS is mainly manifested as symptoms of hypokalemia and metabolic alkalosis, in which hypomagne-
saemia and hypocalciuria are the most valuable in diagnosis. In addition to SLC12A3 gene mutation, recent studies
have found that CLCNKB gene mutation and autoimmune diseases may lead to GS. There are many mutation sites and
types in SLC12A3 gene, which leads to obvious individual differences in genetics, clinical manifestations and bio-
chemical indexes in GS patients. In this paper, we review the epidemiology, etiology, influencing factors of pheno-
type, diagnosis and treatment of GS, in order to improve the level of diagnosis and treatment of the disease.

[ Key words| Gitelman syndrome(GS); Epidemiology; FEtiology; Gene mutation; Phenotype



hEEARRE 20204 1 H 14 % 1Y

Gitelman ZZA&-1iE ( Gitelman syndrome , GS) J2&—Ffr
FgE B il VE B S BN R 592 25 1 (natrium  chlo-
ride cotransporter, NCC ) I RE &A% FT 20 it LA ok R4
RFHERY F Y R B RS L . R R AT R
10.3/10 000, 7557 Y1 5 g 3m )
1 GS WRITREMAR

GS 2 EPEI Gitelman T 1966 4F  YARiE"™
HZE 1996 44 & B SLC12A3 Sy HBUR LR, X A
I 13X —F WAL Ak T 2b . wE ok e &
I ASEVFPE N SR R AR R Bl 2 5. 4
Wl 2 70% GS BE A 2 ARAE, Ko 75%
BB To 18% HIBE RALS TRAD . Ml 45% 1
GS B HA R AIERAE,30% BA AN IRERTE,
7% BAT 3 NS 258 B A GS 24
TWRATERL N 1% 7 TSI ATE N R IK 58 1 %f
1 85244 H A2 17 S A BRI £T ( TagqMan ) 43
M, KB NCC A5 B BR N 3.219% ™ fix
Hh R AT 5T Hh & 30 BH 2 S I 28 A8 1 A SR Y
H3% ", T6OM Fl D4SON g [ £ 3 fx o UL 1) 42,
LR AT R AR L IVS9 +1G > T
e WU R GS e K0 R B AR K A
EESe R R B A HE 63% , 2 34% GS
HMIEER <2.5 mmol/L,47% 195 191 1L i £ % 8 7F
2.5 ~3.0 mmol/L Z i, {H1E20% ~40% (¥ 16|
ARG 38 T 1 It 7K ST, 5 % 11 £ LI KT
1,57 % B R ) BRI R M B T
FhIER AR AEARFR PR Z e, InZ AATTXF GS 1A
PN, IR IZIRW R T E KB .
2 GSWRE=ZEMR
2.1 GS 5 SLCI2A3 JLHZAF  Simon 25" 7 1996 4F
2wl T SLC12A3 (%R 4t NCC) ) cDNA AN
AN FIKEAESE GS 5 Bartter Z#-& ik ( Bartter syn-
drome , BS) (AN, 1T HAIL K GS #1244t 74K
Wi BEEXHZIEFBIFRIRA, EIL GS B E R 5
2507 1456G > A %A S8 T SLCI12A3 H[H % 12 4
WFRAS N AA S GF-300 , JE T g id 8 1 B A
486 2 BEIR HH R A2 IR (Asp ) 8N KAWL (Asn) ,
SHGIE/IME P NCC 22k T A T | BET
I T MR AR R A AL R T2
(1) SLC12A3 FE[RIZEE 37 i 74 A, 1 Je 500 Z R A ]
M, N & T INE T I R B S Higk
ARATNAIHERS RS B Y)RAE | TC X578 IS fith 5
AF R FA IAERS A 28 AR AT . Hh s LA
B WL, HAZ A 24 578 HLali A S A B L

.97 .

2.2 GS Y5 CLCNKB B MTIfeER  KBILORIA
&y CLCNKB (%5 [H] 4 it 38 6 CLC-Kb ) JE [F 548
R8BS &k B HRTA TS #81 CLCNKB
S ThREE R BT 8 GS. o & B4 is NCC
IR A AE SLC12A3 JE A Fil CLCNKB 3 K #B A] i 31,
T NGRS B 20 1 GS 835 19 DNA X} SLC12A3
FEI AR AT T 00 )5, I i 2 3 5% e O
REFY HFORUESE T SLC12A3 1 CLCNKB A 11y
BRI o AEIX 20 {4 B Hh st A I A S SO SR
22111 (Sanger ) if &3 T CLCNKB 28745 (p. YOOH Fl
p. EA42G) | [F] i 76 SE R o, th & 30 T JLAR CLCNKB
FER AL T RE BRI 2848 o X — R ILTCEERG I T
GS 5 BS (52 WiE i, H i i aE i BAT % AR
ASAETUEY GS FRF 3 X i i RO TR A B A 58
TR AT NEL ) o
2.3 GS HAGMEN B GS Bt ety
W, (HFER D EEBOUT AT4E & T B B ety , o
HRB DR T AL BA T IREEGAE (sjogren syn-
drom,SS) ([ . A B IRMIE 4k K& M GS LK,
L2 (09 B A ik . BFSE R B4k R T SS 11 GS
AL AT BB SSA HULIAAHICHY B B e A ¢,
Kusuda 25" SIEB 775 SS #3149 L5 TP AE7E BT NCC
P, aTREMNE T NCC (I hBEIGE , S 80K U E .
XA FEARRE T Sz M RVAR T 4k & T SS 1 GS i
TR O TR R o X T 3 2 SOk 4 A Y A & T
GS B A M= SEPR ARSI, AN HERR IR A7 1 3L
GRS — R R R IAFAE . PRI BRSNS o
GS Jedk Z Mt st e P B L,
2.4 JABFEZEHCH GS  RAMBRIL B S GE
FASCHY GS, I A 4k & T Ho A R 3R 1 B 41 1, X 7
I AR B8 SRy 2 DL R s AL v AN T A o 250 A S
GS FZJE W T REGE 20 2§ 1254 S DNA Tifg 24
Wy, Unfeit P TR 25 40 o 70 R e bR 2
R Z S A A B RS A A SO A AH DG 1Y GS &,
{HIX B (45 A5 D, , K 2o e = PRGN, BRI i mT e
NG
3 GSHRIEEAIENE

GS J&H WA RAEUERAY NCC (1) SLC12A3
FEH AT TR, AEREN T lIE R H NCC A F &
JUE I8 /NS b R 20 B A A T, 25 B /N R U
H1 5% ~10% S BT FEH B 10 5 i, S ML 4E
FoK R BB 2. AR 2848 33 NCC
YIRE At , G 1 R AN 3 Dz ity B /N R R i
A = 11 U @ A W 1Sl N A N E T3



- 98 - Chinese Journal of New Clinical Medicine, January 2021, Volume 14, Number 1

HENIG 2 7S R R AT O AR A R K AR T [
il (RAAS) R4, MO NE WIS Z A AT F Na ™ -K ™
e, AT G PRAFE RS 2, 2T SO
T M T S S E0R M /NVE Na ™ -Cl™ 7K
WG i, 2 T L BRAT A S0 i M 5 | A AR S o %
NCC WRAMFFE LI, H I RE AT n] B R 1T R 22 4
PR 38 6 (TRPM6 ) S BURHESEE I, 32
R o YR BRHFES AT SO M oy Bk B2 T I,
Yo st 52 A LA BH B B W K VB 5 (TRPVS)
SRR IS | MRS i, T SRS
4 GSHIEKRRIME LK =B

GS BH MG IRF M AR 585 A6 HF Wk
BUAFE I 0 , AN RIASATE Z AR08 i PRI B 1
WG MAA BEER ., —2 GS BH AR
HRIZFEENLIC T, WA i 538 ) 3R 30 o 7™ 2 )
ZELREAR , B 28 B — 2 5 D PR A 6 5 1095
A 22 PR T 40 S DT i B4 R DT A 450
HRAE H AT B %38 1 25 B0 43 R LR FIAS
HOOLAEIR . B IUAE R R 2R B T R AR B
H O ERE VLR TC ) B PR RAE B S 3 Y N
Y OLRE DR AL TS PR R AR KGR %% L R ITIER |
VR RO R PR AE T L R T AN LR g i R
FEILINT T, GS 114 5L 55 23 A6 2 48 42 ] DA A 1M o AR
RS R AR EE ARIRES . RAAS REEIE 1L I E
EFBRAL . F5E E GS MR B 5L
LivaesE =g uN DR I Y N S S O N3 S = S A
FL IR S 1 GS BB HRA I AR, I Z IRIR
XA R F I 5 E 8 ) 22 T ANMURIERA A
[ 2 AR S AU (1) B3 22 [A], RS 76 5 A A (] 28 48 1 1R
HZAHAEAE . HIRAE A — FE A F B E A
[FPER] GS BF h A fE X fp 22 57 . T XF 2R
X GS AT T RZRZWISE, HEA R GS & 1
PRI 22 53 F B 7 FE PR G AR 7 55, GAR A 5]
8577 T
5 RUBMEMESE
5.1 SLCI2A3 JL[H AR M 529 SLCI2A3
FERM A AT RE S g R IR, XF 1 4] GS i
HERZ PTG SLCI12A3 KL PR 1T 58 8 0 543
Brig s, iR A A AR GH AR HAT BT ¥ 215 1) SLC12A3
BRI A e Ah, Ml B 55 L JLEY SLC12A3 3[R 4%
AR R A5+ SR A B BA GS il
IRFEI, BRI LA HBURE IR o X Fh 4 ] 3
il LA WA RAR S I Y GS (B A A —
ANRASEENTIE IR 1 R B R R B

Tt — U X — eI, ST E X 117 A
SLCI2A3 JEH 2 AR 1) GS B H AT R AR R AL HT,
RIRGEA AR (1) 838 AN CEAG ™ F A AR B il
iE T FLEA B AR B
5.2 CLCNKB JEHZRARRMERIPA  GS B+
CLCNKB 3 ] 98 A8 R (Nl & 9848 5 P A 28748 )
ARE S EURE RN 22 57, WERCE X 34 BB A
J R AR 5 A 2 1) SR K 1E 1T SLC12A3
F1 CLCNKB JE R R A2 53 . K IEA CLCNKB %
[H 45 58738 1 SLC12A3 L [H 4% 45 58 7% 1 e 3 Fh I
B PRAEIRFEAG I GS mFIRREZE Y L M
HAG SLC12A3 LR 4fi 5 5848 il CLCNKB 2 [ ) 2%
B RAF N R F BN AR RRE AN 2 ) ME R P
B ot AT B L T LI PR3 B T A R R TR
il igs
5.3 MlSRMM BRI ORI MR MR T
ot HUHA S A TR AR A o
ARRRPE L, 1X Fh 22 52 Pk I /R B T 3k B AU 52 i)
RIMAZ AN W HIB RE R R R, Z
HIAY LI 3R 0T, o1k GS [, s e B B
AR HEAT 52 5 B B G A AT B M GS
T L5 A ELA 0 7 B (A I DA PR D 52 56 25 A A
S5 IFHWUS e B T 25, SR G S F AR
BX KA GS BF ML I F bRt T 40 B 9 R ke B
PERIZE S R E A B 2 8 ISR R B M
FEIAIAH A
6 GS Wi 5 £35S0

H TR — T W 2R KO, B R IR
VELLTF 2017 AF4R I T GS Wi ™ 18k B itk ok
PRSI MUAE , FA G 8, RAAS R0
(R E SR AR 2, 5 R R B o B
HPHAE E AR E R, [R5 IR EE ( <0.7 mmol/L)
SRS (R A RS LT EE < 0. 2) R /& B #1 4E NCC
UIfekEns . dF—2 i A A g0 (S5 FIH BR ik
55) A B F AL NCC U)ReRafit, 2B mi, B
il 6 E S BCE RS AN, IEASRERR S GS, R
LTHEIEISWT, Kl 3] SLC12A3 3 PR (1) 575 1] fif
12 GS, [H GS F BS 7EIm KRR A HE, FHA
BB AW AIA R GS & —Fhilfi R
AR BS, AW TR ABIIR A, K0 K 4F 1% |
BLHI R KR 5525 A AR BS 58 % 76 22 L sk &)
JLSUTH BUREAR:, 1 PR BN - & o R ™, 222U
B M AE AR B V2 IR R B PRAE B R T
IV 1 ) 7K SF- T 5 R AIE o 28 8 BSTI 78 ( CLCNKB



hEEARRE 20204 1 H 14 % 1Y

LN AR ) HE P X (3 % LIFT) (R
FEHE R, W 5 MU KGR E IR, RE KT £
TEH BRSO 1E % B0 55 o B xS e R 06
A R, BT NCC ZhAEIE 3 , (H Ik 28K 56 WA
INE XA B I AR A (ER I AT T3 R A
7 GS HIAST

BT GS BHE R, BHEZAEMN G
ST . W5 K IN GS 25 55 &5 IE 20 N 40 Wi
BB GS 5 63 M /N, BF9E™ LB GS
] e S E ) T S A I 5 R R L A
WHANT 52 FEE 5% 28 0 WA 52 43 1) i 34, (HL i 6 3 R
TEAMIG YT G AT REAS B st , R R R 3 IR YT 2
B EE, BRI RIAT N £,
DAY BN IR B v 26 76 i B A J I
MY E PR B2 BRSNS TS 4437 2017 4R 42
GS B AR AL EETE YT HA5R 539024 3. 0 mmol/L F
0.6 mmol/L"™ . JETFix —% Z AL, s i GS i
B E R AR, HEE W N
Yy, DOIRGEACER 1A 2R BB | IR B A Sl AL B A
2y, % A M E T BT ) R A SR A
AT 25T (A0 R DR 50 (BB N I A0 R R ) B 261
BRI E R G ) (% EHE ) A RAAS
TEAL, A R 2 5 BB 00 (gl W S48 ) A B T
DR 2 ) ) A, R AR A SGER . H T
WA SE 2RI
8 45iE

GS Je:— Rl AR X 2% DL [ SLC12A3 K % A= %
AR B B S R , I ARRE IR 22 A L A | 1A
FESFIER, I PRI ARAR B, G5 CS ik e
SR, AR E AT BT 45 R T GS 1 R 43y
TR RN, S P P RS 3 2k 356 R AG: 0 i 4% o 1 X
A BAARAL IR R Al gk R PR ISR A 3
FIVEF TS GS, %) GS Mgt HAEEE X, HAl
TR TEFE PR S AR A o, L AR S A 5 R BRI ¢ R DA
Je % BRI s e R 25 4 TR A A B0 R I A T
I A 2 o BT ok — 2P R & GS R BS [ & A
X, HyGE i 98 GS 5 — 68 UL N 4 WA IF i
Z IR 2R, T RE G IR T B T i S

S% 3k

[1] Mustafa QU, Haroon ZH, Ijaz A, et al. Gitelman syndrome[ J].J
Coll Physicians Surg Pak,2017, 27(3) :S30 - S32.

[2] Gitelman HJ, Graham JB, Welt LG. A new familial disorder charac-
terized by hypokalemia and hypomagnesemia[ J ]. Trans Assoc Am
Phys, 1966,79.221 -235.

.00 .

[3] Gug C, Mihaescu A, Mozos 1. Two mutations in the thiazide-sensitive
NaCl co-transporter gene in a Romanian Gitelman syndrome patient :
case report[ J]. Ther Clin Risk Manag,2018,14.149 - 155.

[4] Vargas-Poussou R, Dahan K, Kahila D, et al. Spectrum of mutations
in Gitelman syndrome[ J]. J Am Soc Nephrol, 2011,22(4) ;693 -
703.

[5] Gamba G. Molecular physiology and pathophysiology of electroneutral
cation-chloride cotransporters| J |. Physiol Rev, 2005,85(2) ;423 -
493.

[6] Reissinger A, Ludwig M, Utsch B, et al. Novel NCCT gene mutations
as a cause of Gitelman’s syndrome and a systematic review of mutant
and polymorphic NCCT alleles[ J]. Kidney Blood Press Res, 2002,
25(6) :354 -362.

[7] Schwartz WB, Relman AS. Effects of electrolyte disorders on renal
structure and function[ J]. N Engl J Med, 1967,276(8) :452 -
458.

[8] Tago N, Kokubo Y, Inamoto N, et al. A high prevalence of Gitelman’s
syndrome mutations in Japanese[ J]. Hypertens Res, 2004 ,27(5) :
327 -331.

—
=)
[

Lin SH, Shing JC, Huang CC, et al. Phenotype and genotype anal-

ysis in Chinese patients with Gitelman’s syndrome[ J]. J Clin Endo-

crinol Metab, 2005,90(5) :2500 —2507.

[10] Ma J, Ren H, Lin L, et al. Genetic features of Chinese patients
with Gitelman syndrome: sixteen novel SLC12A3 mutations identi-
fied in a new cohort[ J]. Am J Nephrol, 2016,44(2) :113 —121.

[11] Wang F, Shi C, Cui Y, et al. Mutation profile and treatment of
Gitelman syndrome in Chinese patients[ J]. Clin Exp Nephrol,
2017,21(2) ;293 —299.

[12

[

Bouwer ST, Coto E, Santos F, et al. The Gitelman syndrome muta-
tion, TVS9 + 1G&gt > T, is common across Europe [ J]. Kidney
Int, 2007,72(7) ;895 —898.

[13

s

Giivercin B,Kaynar K, Giiler O, et al. In the presence of hypokalemia
and hypomagnesemia; remember Gitelman syndrome [ J]. Hipp-
okratia, 2019,23(4) ;175 -178.

[14

[N

Nakamura A, Shimizu C, Nagai S, et al. Problems in diagnosing
atypical Gitelman’s syndrome presenting with normomagnesaemia
[J]. Clin Endocrinol ( Oxf) , 2010,72(2) ;272 -276.

[15

[

Balavoine AS, Bataille P, Vanhille P, et al. Phenotype-genotype
correlation and follow-up in adult patients with hypokalaemia of renal
origin suggesting Gitelman syndrome[ J]. Eur J Endocrinol, 2011,
165(4) :665 - 673.

[16

[

Simon DB, Nelson-Williams C, Bia MJ, et al. Gitelman’s variant
of Barter’s syndrome, inherited hypokalaemic alkalosis, is caused
by mutations in the thiazide-sensitive Na-CL cotransporter[ J]. Nat
Genet,1996,12(1) :24 - 30.

[17

[

Mastroianni N, Bettinelli A, Bianchetti M, et al. Novel molecular
variants of the Na-CL cotransporter gene are responsible for Gitelman
syndrome[ J]. Am J Hum Genet,1996,59(5) :1019 - 1026.

[18] Glaudemans B, Yntema HG, San-Cristobal P, et al. Novel NCC
mutants and functional analysis in a new cohort of patients with
Gitelman syndrome[ J]. Eur J Hum Genet, 2012, 20(3) ;263 -
270.



- 100 -

[19]

[20]

[21

[

[22

[

[23

[

[24

[N

[25

[

[26

s

[27

[

[28]

[29]

Chinese Journal of New Clinical Medicine, January 2021, Volume 14, Number 1

Ma J, Ren H, Lin L, et al. Genetic features of Chinese patients
with Gitelman syndrome ; sixteen novel SLC12A3 mutations identi-
fied in a new cohort[ J]. Am J Nephrol, 2016, 44 (2).113 -
121.

Lu Q, Zhang Y ,Song C, et al. A novel SLC12A3 gene homozygous
mutation of Gitelman syndrome in an Asian pedigree and literature
review[ J]. J Endocrinol Invest, 2016,39(3) :333 —340.

Tavira B, Gémez J, Santos F, et al. A labor and cost-effective non-
optical semiconductor (Ion Torrent) next-generation sequencing of
the SLC12A3 and CLCNKA/B genes in Gitelman's syndrome patients
[J]. J Hum Genet, 2014,59(7) :376 —380.

Kusuda T, Hosoya T, Mori T, et al. Acquired Gitelman syndrome
in an anti-SSA antibody-positive patient with a SLC12A3 heterozy-
gous mutation[ J]. Intern Med, 2016,55(21) ;3201 —3204.
Tursi A. Gitelman syndrome triggered by proton-pump inhibitor use
[J]. Dig Liver Dis, 2019,51(6) :911.

Rogers A, Gandhi P, Bautista J, et al. Acquired Gitelman syn-
drome secondary to bendamustine use [ J]. R I Med J(2013),
2018,101(9) :36 —38.

Reilly RF, Huang CL. The mechanism of hypocalciuria with NaCl
cotransporter inhibition[ J ]. Nat Rev Nephrol, 2011, 7(11) :669 —
674.

Munoz EV,Chang Q,Bindels RJ, et al. Gitelman syndrome: towards
genotype-phenotype correlations? [J]. Pediatr Nephrol, 2007 ,22
(3):326 -332.

Bansal T, Abeygunasekara S, Ezzat V. An unusual presentation of
primary renal hypokalemia-hypomagnesemia ( Gitelman's syndrome )
[J]. Ren Fail, 2010,32(3) :407 —410.

Graziani G, Fedeli C, Moroni L, et al. Gitelman syndrome ; patho-
physiological and clinical aspects[ J]. QJM,2010,103(10) :741 -
748.

Li C, Zhou X, Han W et al. Identification of two novel mutations

in SLC12A3 gene in two Chinese pedigrees with Gitelman syndrome
and review of literature[ J |. Clin Endocrinol (Oxl) ,2015,83(6) :
985 -993.

[30

[

Tseng MH, Yang SS, Hsu YJ, et al. Genotype, phenotype, and

follow-up in Taiwanese patients with salt-losing tubulopathy associ-

ated with SLC12A3 mutation[ J]. J Clin Endocrinol Metab, 2012,

97(8) :E1478 - E1482.

[31] Lee JW, Lee J, Heo NJ, et al. Mutations in SLCI2A3 and CLCNKB
and their correlation with clinical phenotype in patients with Gitelman
and Gitelman-like syndrome [ J]. J Korean Med Sci, 2016, 31
(1) :47 -54.

[32] Zhong F, Ying H, Jia W, et al. Characteristics and follow-up of

13 pedigrees with Gitelman syndrome [ J]. J Endocrinol Invest,

2019, 42(6) :653 - 665.

Gitelman ZEA1EI2A & K ILHPMEAL. Gitelman ZEA1EI2IA %

FIGN[I]. PLElR 2R, 2017, 56(9) 712 - 716.

Skalova S, Kutilek S. Transient hyperphosphatemia: a benign labo-

[33

[

[34

[N

ratory disorder in a boy with Gitelman syndrome[ J]. J Bras Nefrol,
2016,38(3) :363 —365.

[35] Ren H, Qin L, Wang W, et al. Abnormal glucose metabolism and
insulin sensitivity in Chinese patients with Gitelman syndrome[ J].
Am J Nephrol, 2013,37(2) :152 - 157.

[36

[

Blanchard A ,Bockenhauer D ,Bolignano D, et al. Gitelman syndrome ;
consensus and guidance from a Kidney Disease: Improving Global
Outcomes ( KDIGO) Controversies Conference[ J]. Kidney Int,
2017,91.24 -33.

(KA A M 2020 -06 -O08 ][ ALmit % A FFAr 4]

&3 A
BRHS , B3O Gitelman %3 2 GEROBFTCHEREL 1. o IR AT B2
2021,14(1) :96 - 100.



