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Abstract  Objective: To analyze the clinical features and treatment of Gitelman syndrome. Methods: Totally, 3

patients diagnosed with Gitelman syndrome were included. The clinical manifestations and biochemical examinations were ret-

rospectively analyzed, and peripheral blood samples from the patients were obtained for whole exome sequencing. In addi-

tion, the clinical characteristics, diagnosis and treatment of this disease in combination with literature review were discussed

and summarized. Results: These 3 patients in the current study were all adult-onset and had normal blood pressure. Case 1

had no obvious symptoms of hypokalemia and was presented by incidental discovery during physical examination. The case 2

and case 3 had clinical manifestations associated with hypokalemia. These symptoms could be relieved by potassium supple-

mentation. Cases 1 and 2 showed hypokalemia, hypomagnesia, renal potassium loss, hypocalcuria and metabolic alkalosis.

Case 3 had mild hypokalemia and normal serum magnesium, as well as renal potassium loss and hypocalcuria. All 3 patients

had the activation of the renin-angiotensin-aldosterone system. The results of genetic testing showed that cases 1 and 2 had

SCL12A3 compound heterozygous mutations, and case 3 only presented monoheterozygous mutations. The frameshift mutation

¢.976delG in case 2 has not been previously reported, and the pathogenetic prediction tools categorized it as likely pathogen-

ic. In this study, the symptoms of 3 patients were improved by potassium and magnesium supplementation. Conclusions: The

clinical manifestations of Gitelman syndrome lack specificity. The diagnosis depends on laboratory detections and genetic

testing. The prognosis of this disease is good.
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transporters ) member 3 ] wAS T LGS TEOM &R
FRYH 1740 000 o SEHHHI KGR M AT, H A
KFRFR A 10.3/10 000, 7 RO AR . GS i
A ARV LT g A AR {5 — 8 28 5 ) 5%
PR TR A0 RBERTIRAS o 11 PRI WA ot T 52
A, AT LA . A SCHGE 3 4
RCEP IR A8 A I R R A, O 0 J8 8 2 A0 ¥4 T
e i AN R o3 A, -4 AT BB AT BT (9 BE PR 58

AR A
AREFHE
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DB BE N oM RHAY 3 ARG A0 L A8, WACAR JE
AR S ARG A | S22 G A MO AR R A AR

AR T R IBUE A KA RE R A A T e
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2. DNA $2 Bt 5 i & A Fe: 0 1
DNA iG] & (DR FERHCA R R ) $2 5
& DNA, 42 By DNA B ARl i% 2 200 ~ 300 bp Ay
Jr B, M BRI SO, E4T PCR 974, >R
Mlumina NovaSeq6000 Bl ¥ 5 (B TURRE & ik =27
RH BT AT o

3. GEAEAG 5 BOR L 23 s fl ] SIFT, Poly-
phen2 MutationTaster #{/F#E47 5 A3 xd Fo v 5T
438, i3t dbSNP/TGP/ClinVar/ HGMD 55 2 BH
BOWALA . FTH] Sanger DNA i Fy> X S B 250 4 [
AL JTAE A R AR AT R o X207 r 2L
TR E MR 56 [ BE ~r it A op 5 B D A 2
( American College of Medical Genetics and Genomics,
ACMG ) Bt S AR 73 JhR i S 48 B A 22 S BU T

4. SCHRSE > X BEAEWT S AW 5T v GS [ %%
AR PR s SR T ik AT B4

# R

LI R ER

T 1Ak, 33 8 N R AR AR 1 d” A
B. B 1 dATPRAZEA T 2R DR ST B B A 5H 2
O AN A BB 2. 43 mmol/L, B R A
Z I RA, TC T Al s A AR HORE , ol 22
B 2R ZRERER . 1112 DL B0 5 A 4™ i
FEBE. BEAE 8 AR AR RIBUGHEZ# 15 it , K2R, A
KIS A TS 285 DR AR 2 0 A Be 1 A A
T36.6°C,P 97 ¥X/min,R 18 ¥X/min, BP 132/81 mmHg,
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i 158 em, fAH 54 kg, R ETEEL 21. 63 kg/m’, i3k
THAE KSR JC AR A R B, TG A I L 22 1B
G U il AR DL S AR AE . ORI LK
FIIEH R BRAE B

ol 2 Lotk 28 % R ) R AR R RO
= J1 9 4E" ABt. M 9 4F AT JCH BAF A H B
F O HETBRAME, U=, EYHMER
K12, KL (AR BE AR TE) | 45 T MR IT
JERERGE M . BLJE BB TR 25 NME 97 BT Al
BT R R RO A, ] B AT %, A
1 AR R AR S B A B, R AR RUT = 7
L3 1) s EN & Al N 7 S D E S 7 e
THMIEIT R AR ARG o 2 H R E UG BB
= 71 FRMOEE, B1Tr7EZ T Rk 10% St
BRI ARV W 30 mL, I 57 B 28 24 Hb B B 512, £ Il 4
3.1 mmol/L, ARt — 236 ZIRGE 12, A M4
2.78 mmol/L, [ TiZLL“ (KA IR R R ™ e B . BEAE A
NS )RR W R 1S N TR N 8 g o
T36.8°C,P 84 ¥X/min, R 18 ¥X/min, BP 124/69 mmHg,
B 161 em KT 62 kg, RHEFEEL 23. 92 kg/m’ . 1K
THRE REARAT o O Il R DL S AR AR PO AL
J71 WK 7 IEE o FRAE B

ot 3. Lotk 31 % R ) PO i = T RROR
Berel 3 S H” ABE. 3 N H ETTC A 75 A B
VUL = 7 JBRA, B i R RE AR, Fp 2 /N B 22 4 0 IR
AATS %, RATAEE B2, 1 A H B 3
o= J1 A B, 2= Y b BE B Bt 2 Ao B
3.01 mmol/L, T DIAMHVRYT G RER Mt . b ik
SE AR 18] W & AR, 7 LAAN SRR 9T S B A AR >
3.5 mmol/L, SABIHHLE IR, [ T2 LA IRBR A 75
ETWAERE. BRAE 6 AT S E T FAR S, mIAK
WIS VS 25 FR S, ABERKE KA. T
36.8°C ,P 86 Y/min, R 20 ¥X/min, BP 87/57 mmHg,
B 159 em MK 47 kg, R EHE %18, 59 kg/m®, #f
TG OREARAT o o0 R AR UL SR AR AE . OB
W7 WLBK T IE 5, o BRAE B4

2. WIE NG AR A3 Bl = KR,
HEMDIEE B D6 LA K I Ag 7K SF- 34 76 1E v .
LR T LSS M 24 h JRAD JRAEZER WEE 1,
TR 1 R 2 B ARER B B G AR R
5 AR R B 3 R AR, R IEH, AE
TE M SRR A, 153 B Sk 2 A I R 4
RS IR T . PLEKOTINE R 3 i
I HUIR IR DI RE VB LR R B R K IR IE EAE
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3. FEPRAGIN : B A BT R4 T v AR
FE oA, WLk 2, M 1 Ao 2 (Y SCLI2A3 L1y
FEAE 2 D78 R AG IG5 . it 3 7F SCL12A3
B PG RAE, Hdvis 1 #Y c. 13166
>T Hl c. 1288T > G2 956l 2 1 c. 185A > G (A
1A) Jfil 3 79 c. 3053G > AT KA SCrkiiaE o 1
) 2 (RS ZEAE ¢. 976delG (& 1B) Ky IRl , =
% ACMG KA 7S Sz de m , %8 R POV E
AIREECH [ PVS (BUmPEAE# 5% ) + PM2 (BUR M P
%) 1o MTRECEC O, IATOURE T RE B
I A1 JE I E — 25 AT 3 DRRG I, 2 R R R A
c. 185A > G RAENL i A A F (B 1C), 1 7E
c. 976del GZEAR A 1 Ry B A= U (&1 1D) , H I35 5] 2
1Y c. 976delG AL IR T4 .

4. W BARTT G5 A I R R a5 B 5 DR R ) 45
B3 BIEEIZW N GS, Wil 1 45T 10% L8
F ¥ 30 mL, 4 H 3 ¥k (qid) M 1A AR EE A
(B & ToKITTAATREE 0. 140g FITC/K A& AR B
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0.158 g)2 Jy qid; 5 2 457 10% AL IR
30 mL qid FALBPZERE R 2 ¢ qid KT TR ARREPEE A
2 J qid; Wl 3 45 T EALBRZERE A 0.5 g gid, B
3 B U2 A R w1 am g 3003 ~
3.21 mmol/L, Ifil #£0.75 ~ 0. 81 mmol/L; J5 ] 2 Ifil £
3.02 ~3. 11 mmol/L, If14£ 0. 65 ~0. 72 mmol/ Ly 4|3 I
A13.71 ~4.01 mmol/L, [filE£ 0.79 ~0.82 mmol/L,

W’

1966 4 Gitelman %' ¥ e ik 1 3 HI{RAIL
PR P 2 | R R R v R I (L I L L AR
Z I R4 S 250 Bartter £ &-1iF ( Bartter syndrome,
BS) . SRIIX 3 3 X0 T4 iy BS, HE B TR
PRESG BAREE IMAE . # GS Wk M J& BS ) —Fhiksk
WA 1996 4F Simon 25 FiE T SCLI2A3 3L [H
) cDNA 487~ T GS (4> FFhly, A st & 2% o
GS 5 BS X4 FF2k

SLCI12A3 Ji [K] 2 At W & A SO 1) [W) ) 32 1
23 PR 5 72 S B3 A /N R A R 2 ) DR R R 1Y)
NCCT g5t M/ e 58, e+ A T E
W SR/ B 5 R R, BT R R R R

fi&¢ [ fiil & 4% ( renin - angiotensin - aldosterone system ,

K1 341 GS BA NG AR ST 24h JRt BRI i 20T B R T R KT

A H JA# 1 JR 2 Jm 5 3 IE T
£ 47 (mmol/L) 2.56 2.77 3.35 3.50 ~5.10
£44 (mmol/L) 139.9 140.6 137.0 136 ~ 145
o £, (mmol/L) 93.1 98.9 102. 1 99 ~110
#24% (mmol/L) 2.49 2.07 2.29 2.15~2.50
f24% (mmol/L) 0.63 0.53 0.79 0.66 ~1.07
£ pH 7.455 7.458 7.458 7.35~7.45
HCO, ~ (mmol/L) 30.9 28.8 19.4 21 ~28
BE ( mmol/L) 7.0 4.9 -3.80 -3.00 ~3.00
PCO, (mmHg) 44 41.2 27.8 35 ~45
24h 47 (mmol/24h) 79.24 40.3 43.87 -
24h 4% ( mmol/24h) <0.20 <0.20 1.82 2.5~7.5
R E R E (pIU/mL) 364.0 212.3 119.6 4.4-~36.1
B 2 B ( pg/ml.) 505.0 159.0 200.0 0~353.0
2 3BICSEAEERT KA
¥ AR ST RE &F b5 a3
St 1 SLC12A3 10 ¢.1316G > T Aokb p. G439V 5
c. 1288T > G p. C430G 5
Jate) 2 SLCI2A3 8 ¢.976delG B R p. V326fs A7
1 c. 185A>G p. D62G 6
JBhl 3 SLC12A3 26 ¢.3053G > A b p. R1018Q 7
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A A G T T €C T G G ACAAAAATGT C B
ACACG AT CGATGTGGTGCTCOC C
A A G T T € T G G A CA A A AATG T C

A1 28 FHEE-RUF 2 (A ARH 2 4 H SLCI2A3 c.
185A> G; B 5 1] 2 85 % @ % & c. 976delG; C: 3 5 % & ¥
SLCI2A3 c. 185A > G; D B35 7 . 976delG AL 8 H B 4 &)
RAAS) ¥ o e T I3 i 1 6 2 1800 B¢ B 4k 5 48 v
PR A R IR AL, T84 T B 5 P U 1 AR 20, 3
(RIS B b 1 o AR SO 81 2 A 51 3 [
i 7K TE 8, P RE SR A0 S04 o) 2 1 i 1) 0 00 A
Ko
GS B FIRPR S B AR MU AE A AL ) 34 oK 56 42
B, 7E GS ZhW sl v i T 58 4 7 IR PR 5 nl e 5 K
iy 7 5 BT S/ N PP R T B R Sl R IR A i A
I, T2 T /N A v S T A TR A 2 A T 43 T ) B 5
TR EA WP Z RO TEEEA 6
(transient receptor potential cation channel subfamily
member 6, TRPM6) 535 T % 8E i ik o A% S0 Bl
3 JCAREE IMAE , SCHRARIE T IR AT 8% ~22% B GS i
HIMBEIEH o 76 GS 3 1B HZUH K P WAL 3] 1fiL
BRIEH B3 B TRPM6 4 1 1k /K-F Sl e AAHIE,
AR EE 7 (1) TRPM6 25 [ 357K F- W] R AIC, A ifn
BEIEH Y GS 12 WAt T B A SR
BRI B RR B A kLR
F P JLl R R B = R R, 225 A R L
L RAAS ZRGEHY S H 0E A 5%
AT 3 B8 X D AR A, LR I IE o
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] 1 F8 5 TC R AT B AE R, by ARG P K & B T gl
2 2 AU 3 A IR AR SC I R R B, i A b
PRAER T M . BEAE SCHRHRIE GS Yk R R BUAFTE
TR S Pk, B3 m] RB I A AT AT I RAE AR, AN AE 5
FRAAAG v & BAEC A I , 3 m] 2 300 s R o i A
Sl Z I o e 2R

TR Z GS By WAEAR, nlBE 5™ EAREE
LA 00 ) FF PR 55 B 3R 445 15 R L B A
HRE B L T S A KO R R O L BF gk
B I B 7 -5 R A ™ i R A OC , AR T M B O
W R (I IR A R A A B o I B

HATHEFE AR GS 1y 2 PR AU 55 e A0 2 ] Tt B
Mk, sl PR & TR ES . IREE
PRAY S BT 7] BE -5 ke PR R 728 0 o7 e S 2 A Sk P i
Wi T REAFAE AR BILRI LL e 2878 BT 3 B0 2 1 o
TITRE S 45 H el A8 AN [l A 56 R — A g
{78

GS Wl RIS WA T SC e = K A, WL 2, gt
BRI AR — " FACH TR b 2 , B A0 AR i
B AR PRSI M A RAAS 3PN . e
FR IR IR AV R ES %) GS Hi2Wra M.,

GS 38t 4% 75 2l H Y (AR B Mt 4% | ko B
LS hrilE Sy SLC12A3 FER i R A B R 722,
BRali &2 s A e B RAE T #iz . BRig
[ SLC12A3 JEPH 975 2 it 500 4> ( NS HE A 98728
BRI  hip . //www. hgmd. org) , £ 45 55 L5878 TG
MGRAS BHEGEAR o AR A b il G B H
W, BZREGHEG R, i GRABD I, hE AR
Wl LA p. TOOM Fl p. DA86N 2 fix i UL %
AT 200 i RN TR H B R f v Y 2 R R 28 AR
ol LA p. A313V FI BT 4258748 ¢. 1180 + 1G >
TP ARSCHIRG) 1 RG] 2 N A ISR, BT
W2, Wl 3 (U BRI G 578, SLi = K A s
AR i B B PR S B AT RS | I B R KT,
{BEEPRIS W i A 2 A ST, AU IR2 Wy GS, i T
BpLaf A A DN A 55 A i SRR X, N
TEEAR G A% DA TE 2R A 9 A, BTG R A 5 DL
Bl s Beg AR o) 3 75 i — 0 2 H AR
#i 2R T P B8 4 R ( multiplex ligation-dependent
probe amplification, MLPA ) L 53¢ H Ath 0] BEF7E 1Y
AR SN BRI, — TR X 448 il K2 W GS &
BB AT E s R 12 T MLPA FIZ
PIE Ik PCR AR, 3R 6% i A 58282
Al RE R A IR 2 8 T4 NCCT (3R
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Step | — 21 I 4H<3.5Smmol/L

Step 2— 434 $RRE@H (M4 >3 ~ 3.5mmol/L)
AR (fiL42.5 ~ 3mmol/L)
HREBRA (¥ < 2.5mmol/L)

!
<20mmol/d+————————{ Step 3 — WRH (I 4FRT) |

|
(1) AW >20mmoL/d
() BRI KA
2 1 Wit ZUS %
23 e
(3) AWK
M0 SO !
AR AR T fiE U3 Wb (pHT) i B (pH )
B -
D AR
o . (2) Fanconi%# & fiE
IEH i L (3) Kbk PR
(1) Bartter/GitelmanZy & fiE Step 6 — i i &% [ A
) it Barterti & , E ]
WO KR BRA, VS ﬁ'W”“EJdK RS [ M<15 ng/dL
— ~ !
K i % ICH%  E Rk
v
D KR | [rrmEmm

2 R dE D B R

DIRE ; A 15 NCCT yRERIAHSC IR N A7 7R A 57 5 2
I 2k FDh RE T REJG KA

H AN R GS 1 Jeikih i, (H i R 2218 T
J& B 697 L, LIGIE GS A A R AL MG
RN FE . IRITITE EEAER A B i SR IRy TR
T B AL AR YT, bR MR MEE S f Y
T R AN K SE TG YT B AR 28 i
B =3.0 mmol/L, Ifil £ =0. 6 mmol/L"*%' . %} F K5l
SEPREE TR AN 52 15 7] 25 RIS 45 P RAAS REEHY
PRERFI PRI (AR P T A 1) 16 60 B K 98 1)) L 3F
SEARBEIIERIR) (fnnslwesE=r) LUL A Bk Rk
BEHT 0]/ 105 B 5K R 2 RS PR 2R 25, A3
151 56 25 30 Aok BORITBE P D 78, R B, I | ol B K
SR ENATT H R A KA 5

A SCHRIE 9 1] 1 i 4] 2 S 0 2 G A A
RV A AU, L RIS # PR A BO 2722 , e
R W B EE PN WA o AR 61 1 JCHE AR, o 1) 2
HH S0 18] Uiy A IR BRI B i B0 = ) R Al #3 iE
Ao Wt 3 il A=A AS G ) 1 A ) 2
EREAR Y 5, B RIS AN e IR B 5 5878, T itE— b
P2 T 5 PR ARG I 2 AR A 34 AT BB A7 7 109 oAt 28 S 7
H HATOUR RZW GS. AR SCE 1 IR ARGE 1k 1] 2
AT . 976delG (EATY R B X 7 & BLAY S S
FAATIIRE AT IE . 3 8 &A1 L, 456 Sk
220, I T X GS A,
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