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WY 35 A2 2 DR UG 205 AT R 5 S A W GiE T B BCE AT T /T2, SR SBiEH i S0l E A
CLC-Kb A% CLCNKB ZE K E7E ¢.88C>T (p.Arg30% ) Hll ¢.968+2T>A H A ARG RS, Hirf ¢.88C>T (p.Arg30%) K
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Abstract: Objective
syndrome (BS). Methods The high-throughput capture sequencing technique and PCR-Sanger sequencing were used
to detect pathogenic genes in the proband of this family and analyze the whole family at the genomic level. After the

To investigate the mutation of related genes and prenatal diagnosis of a family with Bartter

genetic cause was clarified, the amniotic fluid was collected from the proband’s mother who was pregnant for 5 months
for prenatal diagnosis. Results The proband carried compound heterozygous mutations of ¢.88C>T(p.Arg30*) and
c.968+2T>A in the CLCNKB gene; ¢.88C>T(p.Arg30*) had been reported as a pathogenic mutation, and ¢.968+2T>A
was a new mutation. Pedigree analysis showed that the two mutations were inherited from the mother and father,
respectively. Prenatal diagnosis showed that the fetus did not inherit the mutations from parents and had no mutations at
the two loci. The follow-up visit confirmed that the infant was in a healthy state, which proved the accuracy of genetic
diagnosis and prenatal diagnosis. Conclusions The compound heterozygous mutations ¢.88C>T(p.Arg30*) and

c.968+2T>A in the CLCNKB gene are the cause of BS in the proband, and prenatal diagnosis can prevent the risk of

recurrence of BS in this family.

[Chin J Contemp Pediatr, 2016, 18(8): 746-750]
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B Y 0 A PR AL PR AR AL S A Gitelman 25 A fiF
( Gitelman syndrome, GS) o #4250 3L KA A,
¥ BS 2r Ay 5 AN AT GS, 4 A% Na'-K'-2C17 3
M 3z % 1 NKCC2 1Y SLC12A1 3t [H 28 28 S 5 |
I BS (MIM #601678 ) ; 4 i £ il i ROMK 1Y
KCNJI 2 [H 28 48 S 8 1T &4 BS ( MIM #214200 ) ;
% A 44 8 18 & 1 CLC-Kb (19 CLCNKB 3t [ 28 75
SN AU BS (MIM #607364 ) ;5 4 it 55 IS 44 3
8 B V.3 barttin ) BSND &7 S 2 IV A BS ( MIM
#602522 ) ; CaSR FEPIPIH R FEV AL BS (MIM
+601199 ) 5 Zwfith izt il /N4 45 1 JE 1 19 NaCl [ 1]
HHs 1K NCCT Y SLC12A3 2 R4 § 3 GS ( MIM

#263800 ) 71,

TEIIR b, 4530 A BS 7R7E & AL S ot
RIS, SR RAR A IR A—EL, IfR L
YN W R, AT i A A7 78 XU R 9848
FoRMES Y, AR, FRATE T i AR
4 AR 454 PCR-Sanger U7X 1 441] BS 1Y% & 1
177 BS FHOCEUR B A 28 AR, JFAE LAl 1
SERL T ATz W, FRATE I SEIEE ) CLCNKB
HWAAE 2 NERRERA, 56 INIRRE N
BS AL, il g Wil Bz Z R4 T — it
FRZL.

1 #ERSFHE

1.1 RIS

BIL, o, 1% 64 H, HIMNEHEHER
BS HAJLERE S NAEUR 4 A4y, ZoRIH 5%
Wi, BILAE LRRSE 1, BRAE, AR
H29ke, A1 EEHAREMESE, 1 ZEH
HE. =201, 2R, 2R, EKAKFEETEI
W12, BILCEHER, HINFKBE A LELEH,
TN RS, A, B 72em, K 6kg, Sk
Fil 45.5cm, JORFIRIIZS . MERTERE, KM N AT .
DR AP 2 RE AR T E 5. LRER
A 1A 2.41 mmol/L ( IEH{H 3.50~5.50 mmol/L. ) ,
IM%A 132.5 mmol/L ( 1EH{H 135.0~145.0mmol/L ) ,
1M 54 84.9 mmol/L ( 1E 4 {H 96.0~108.0mmol/L ) ,
T AR R 45 4 77 33.70 mmol/L ( 1F 4 {H 18.00~
29.00mmol/L) , il pH 7.614, BE 19, & - Il
SRR TE IFOIREIE R s FRES 0.62 mmol/L

(IEH1H 2.7~7.5 mmol/L.) , JR#% 3.30 mmol/L ( 1FE
HAH 16.1~42 mmol/L. ) ; FRILEE 1.010; B i Kis
AT B /NERSE AR AN AR, NS L TGS R
M LEATEEEEED 75 (3% >86) .
1.2 E[FH DNA 2B

EAFBMERERZE, REBILEILAE,
23 6 # K 1L 4% 2 mL, EDTA $U#E, & 1 QlAamp
DNA Blood Mini Kit ( Qiagen, Hilden, Germany ) #&
LR ZH DNA
1.3 BEEHKNFFEES

BeuE & FE K 2 DNA Sng, >k H lon-Torrent-
PGM AKX BS AHICE0 3L K 1 M - X K Wi v
Sy Y7 ST HNHEAT S E Y (Bartter £5 5 /i AH
FFEH Panel K0 ) o Kot o4 LA NCBI A A0 A
RIELHA TINS5, FBg dbSNP, Hapmap Fl4<
B B S50 R Y SNP AV AT e % e it [X a5
GRAR RSO s AR, S Gt E T AU E R BEEL
WRAL o AT A THCE IR FR R 058
1.4 REWIERREZDH

F| H PCR-Sanger Ml J¥* X 56 3iF # J A B it
17 57 B ik M % & 41 Bro R4l GenBank H A
2% CLCNKB #: A %] (NG_013079.1) , % %I
CLCNKB #:[H 2 51 10 5-4h g K H A 5571,
' Premier 5.0 #1544 : CLCNKB-2F:
5'-CTAGAGGCAGTGCGAGGACG-3'; CLCNKB-
2R: 5'- GGGCTGTATCTCCCGAAAGG-3'; CLCNKB-
10F: 5'- GCTCATGTCTCCATGCTCCC-3'; CLCNKB-
10R: 5'- GTGGTGTTAGGGGCTCCACAT-3', Jf Hi
NCBI 1) Primer_ BLAST %440 M Hodr 50, B b
WA TN Al A . PCR AR R: 20 mmol/L ) I |
TG94 0.2 ul, 2.5 mmol/L ) ANTPs 1.5 pL,
10 x buffer 2 pL, TaqDNA R & 02uL (1U)
A 20 DNA 1uL (100ng) , ddH,0 % & =
50 uL, PCR FZRW &1 95°CHiZEPE 90 s; 94°C 7%
Tk 40s, 57~60°C 1Bk 40s, 72°C #Eff 405, 3k
35 MER; 72°CHEfH 5 min, HX 2 pL PCR = ¥47
20 o/L SRR WHEERL UK, i 7= K/ NE 2k T ABI
377 DNA 5 ASGHEA T XL a0 7 43 A, 7 45 SR 5
HEIEH 41 ( NM_000085 ) BLAST 434t
1.5 FRNSET K P

ZEAGRE R, U R TR 5 A H
IR K, #R IR R T R IR R4 DNA, i3 1]
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EIRTW) R AR 2 S 10 SAMNE T,
SRJE HEATIN R o0 A o 2R S AR A A D0 45 R e 2 1
MEAEYR, IR ARLLAE YR LTE AR R R,
HE— 25 W RE RS W B TR T

2 ZR
21 EERTHHER

EZN =TI (17 R S O oA I, vl 1| 3
CLCNKB 2R 2 M AR T 2548

1Y ¢.88C>T (p.Arg30%) HYTC LARAERMALT 10 =
AP BT 19 c.968+2T>A 11 55 YJ i/ 15 545, ¢.88C>T
(p-Arg30% ) R EHRAB IUEOH AL o £ 5] ¢.968+2T>A
ZRAR, 2 db SNP £t#iE % (http:// www.ncbi.nlm.
nih.gov/snp ) , ANBFH R AR Y8 % ( Human Gene

Mutation Database http://www.hgmd.org ) FI ClinVar

B (http://www.ncbi.nlm.nih.gov/clinvar) , Y
ZRBIICE . 73, LA PubMed (http://www.
ncbi.nlm.nih.gov/pubmed ) FI CNKI ( http://www.cnki.
net/ ) SCHRECHE 2, YR R BLIZ 58728 1 SCHiRARE
I, ¢.968+2T>A SR WARIE RGBT 28748, XK
10 5 N E T BTOIBHAN SR “GT” 72 “GA”
HED AT RES R mRNA BT U155, RS EN,
ABEATH IE W TN6E. 12 F PCR-Sanger I F¥ #4758
SRR LA B FEFR ST, UESESEIEE #ET X 2 M
BREGRAE, HIZB IR HERMAGE (E11) .
22 FENSHER KRG

FEHTZ W R R i LR Sk i L
¢.88C>T (p.Arg30% ) Fll ¢.968+2T>A F4~28 748 (&
1), $RRJUNEREME. 1ER 2 2R TR,
K BB I EEYIEY, (BACRE 4] H it
AT AR B K2 e

CCGCYX

-n imEEsEn=n
CAGGWAGGCTCCGG

c.968+2T>A

B RKRERREA LN E

A NZRIE, T =1L =2 535 S SRR (B9 it ), 1 -1

JFeiE, -2 ERGIL; 18 B DL F 2 BASEIES | BSEFIRILEY 2 SAMET o 88 AT [ €L EL G 20 5ASEIE
H L SOERRILE 10 AN T ¢.968+2 Sl ¥ 18] o 173k s W 22507 5

3 itig

BS R4 E0R LA 43 5, T AURI T
RIZFogA LR, RMONHE . BIE, )R
FIMEFE R ME, KA TIRLE, M™EAH R
AL LR e eE A P ER S A T E SV SUE A7 L
s B T REILHE B =M AR AR

T M TR LAE IR T g% . TTEL BS oy
S, Z TR, EERMINZIR, ZIR
WEER . MO TR G, A ARG b UL |

AR B A RE B IR AL, R O R I S0 AP I
s T ER — A B GK AR - REI AR AR SO A — 2L
AR N, VR BS B PR
BrA LW BS, BR T 5 I BA ERYAEIR, b A
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JEE M, VAL BS gLAT H S T A ) dE
R, HEAMESIMAE, VA BS AN[E T HAth A,
AL L RBUA F Y R B s L T, BRIV AL,
LA TR A R A B HE LXK 530 ARWF5E TC R
o EIEERRER, 1 FTEHIEE . 2R,
HESEIR, A RKEERE, BIAERERSE,
(ELTAE A N BRE X et ol B /=37 (30 1K NI AW
B EE R - MBI R, RN E N
BERSFER AU | IR L 3EARSF GBS, M EHAR A,
FRAT ok 5 3 A AR T 45 A Sanger PN [ B AS
T BS 6 MEURFEEN, KBJCIEE W CLCNKB %
¢.88C>T (p.Arg30* ) Fll c.968+2T>A B HAH R
, WA TIAL BS,

CLCNKB % Al 2 42 a] 52 3¢ T A BS, fH Simon
2 190 1997 4E Y ARiE . CLCNKB F: [ 3k 19 4
SR F, gt — 687 BRI EH - BT

P
=z

S THEIE CLC-Kb, A7 11 DESHEIX, 20 3 Al
RN TN . CLC-Kb AT #fiek Tt
SORLBE . i/ JEHONE L REE LA
(RS, £ 5% I §%iz ", CLC-Kb 2R {6 J5
BERETE SOHLBE b B AR MBS C1 AR 8D, A
775 W TR Na'-K*-2C1° 35532 1 A 5512 T BE,
fdf NaCl S W IS™ B AR, AN A, 5l
T E R - A R T — B R I . 1A 5
WRE E R m, SEURH . (R ™ M
BS B YL iR E kst , il AR R AR E
J% ( http://www.hgmd.cf.ac.uk/ac/search.php ) B 4R 18
¥y CLCNKB P RAZA 70 A0Fh, 2 Ko b X

RAR . TCLRAL . BN RAL . /NI R A

RALGE . WX LEGRAB AT I, KR L) 7
A TR, ORI (& 2) .

IVS3 as-aA>C IVS9 as-1G>A,G>T G424R,G424E
v IVS18 ds+1G>A
R538P $+1G>.
no2W IVS10 ds+2T>A Y432H
IVS8 as2A>G WB10X
R30XA61N GA3IR0a K560M C667X
ATTTATTP Q513X
viden  aziov RS95X | |vs18 as-2A>G
IVS11 ds+1G>T A438H,A438C S573Y
ARl IVS10 ds+1G>T M4121
C626Y

B 2 CLC-Kb ERHHTREERMIRESHIBER

IR 978 L CABRTE R A A R A 27

AR SR IR ¢.88C>T( p.Arg30% ) Fil ¢.968+2T>A
ARSI DI A . Yu B Y S,
c.88C>T (p.Arg30* ) %872 5 BSND A p.Tyr98Ala
7 JLAety YL 3] JTCME B RE 20 6, 38 o 00 B P
ST R, S AR L, ¢.88CST (p.Arg30%)
R T AP, FRUIZIC LR T 300
P R A TR Bl IE CLC-Kb B IIRE
.968+2T>A 3 1 59 P17 S 8745, W] E mRNA
R DR B U0 7 AR S 2R T A R T RE . R, 3X
PINE A ARG R e S BUR LB ™ E I
PRAEAR B B0 S5 A

A5 e 1 AR 58 FR HE AT 7 R A2 A T8 )7 9

=749 -
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TURZER, B2 Bon AR B LGE R, B2
UESE T AEDZ W i v k. TRl mf e B, 7E BT ik
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AR KA, BRI A A E A E

(& % x W]

[11  YuY, Xu C, Pan X, et al. Identification and functional analysis
of novel mutations of the CLCNKB gene in Chinese patients
with classic Bartter syndrome[J]. Clin Genet, 2010,77(2): 155-

162.



5518 4 5 8 4] REE RISy Vol.18 No.8
2016 4F 8 A Chin J Contemp Pediatr Aug. 2016
2] T, WEREEE ., T4, & AL A Bartter L5 B IER R Spectrum of clinical manifestations caused by different

[10]

[11]

[12]

CLCNKB B SA M BTSE (1], HPAE R LRSS |, 2010, 26(8):
598-602.

Akuma AO, Mittal SK, Sambo AA. Neonatal Bartter syndrome
associated with ileal atresia and cystic fibrosis[J]. Indian J
Nephrol, 2013, 23(1): 47-50.

Wang XM, Shen Z, Xu M, et al. A Chinese girl with Bartter
Syndrome Type III due to a novel mutation and/or single
nucleotide polymorphisms (SNPs) in CLCNKB gene[J]. Iran J
Pediatr, 2013, 23(1): 89-94.

Lee BH, Cho HY, Lee H, et al. Genetic basis of Bartter
syndrome in Korea[J]. Nephrol Dial Transplant, 2012, 27(4):
1516-1521.

Robitaille P, Merouani A, He N, et al. Bartter syndrome in two
sisters with a novel mutation of the CLCNKB gene, one with
deafness[J]. Eur J Pediatr, 2011, 170(9): 1209-1211.

Nozu K, Inagaki T, Fu XJ, et al. Molecular analysis of digenic
inheritance in Bartter syndrome with sensorineural deafness[J].
J Med Genet, 2007, 45(3): 182-186.

Wong AC, Chan LG. Neonatal bartter syndrome[J]. Med J
Malaysia, 2014, 69(5): 229-230.

Afzal M, Khan EA, Khan WA, et al. Antenatal Bartter
syndrome[J]. J Coll Physicians Surg Pak, 2014, 24(Suppl 2):
S121-S123.

Brochard K, Boyer O, Blanchard A, et al. Phenotype-genotype
correlation in antenatal and neonatal variants of Bartter
syndrome[J]. Nephrol Dial Transplant, 2009, 24(5): 1455-1464.

Chan WK, To KF, Tong JH, et al. Paradoxical hypertension
and salt wasting in Type II Bartter syndrome[J]. Clin Kidney J,
2012, 5(3): 217-220.

Shibli AA, Narchi H. Bartter and Gitelman syndromes:

750+

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

mutations[J]. World J Methodol, 2015, 5(2): 55-61.

Tajima T, Nawate M, Takahashi Y, et al. Molecular analysis of
the CLCNKB gene in Japanese patients with classic Bartter
syndromel[J]. Endocr J, 2006, 53(5): 647-652.

Luque de Pablos A, Garcia-Nieto V, Lopez-Menchero JC, et al.
Severe manifestation of Bartter syndrome type IV caused by a
novel insertion mutation in the BSND gene[J]. Clin Nephrol,
2014, 81(5): 363-368.

Choi KH, Shin CH, Yang SW, et al. Autosomal dominant
hypocalcemia with Bartter syndrome due to a novel activating
mutation of calcium sensing receptor, Y829C[J]. Korean J
Pediatr, 2015, 58(4): 148-153.

Simon DB, Bindra RS, Mansfield TA, et al. Mutations in the
chloride channel gene, CLCNKB, cause Bartter's syndrome type
III[J]. Nat Genet, 1997, 17(2): 171-178.

Kobayashi K, Uchida S, Okamura HO, et al. Human CLC-Kb
gene promoter drives the EGFP expression in the specific distal
nephron segments and inner ear[J]. J Am Soc Nephrol, 2002,
13(8): 1992-1998.

Koulouridis E, Koulouridis I. Molecular pathophysiology of
Bartter’s and Gitelman’s syndromes[J]. World J Pediatr, 2015,
11(2): 113-125.

Garnier A, Dreux S, Vargas-Poussou R, et al. Bartter syndrome
prenatal diagnosis based on amniotic fluid biochemical
analysis[J]. Pediatr Res, 2010, 67(3): 300-303.

Rachid ML, Dreux S, de Ponfilly GP, et al. Prenatal diagnosis of
Bartter syndrome: amniotic fluid aldosterone[J]. Prenat Diagn,
2016, 36(1): 88-91.

Aﬂ‘)

(ARSCGnt . Ave





