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Influence of chronic hypoxia on expression and function of
high-flux Ca*"-activated K' channel in cultured human
glomerular podocytes*

Rui Zhang, Wei Zhang, Guo-jian Liu, Yun-xia Bao
(Department of Nephrology, the Second Affiliated Hospital, Harbin Medical University,
Harbin, Heilongjiang 150086, China)

Abstract: Objective To explore the influence of chronic hypoxia on expression and function of high-flux Ca®-
activated K" channel (BK channel) in human glomerular podocytes, and to evaluate its roles in the progression of
chronic kidney diseases (CKD). Methods A fully-differentiated and conditionally-immortalized human podocyte
cell line was placed into the normoxic (21% O,) or hypoxic (2% O, or 10% O,) environment in a duration of 6 to 48
h. The expressions of o, B3 and 4 subunits of BK channels were detected with real-time PCR and Western blot. The
changes of BK channel function in podocytes under whole-cell model were examined by the patch clamp technique.
Results Exposure of podocytes to 2% O, for 24 h caused a significant reduction in currents at +80 mV from (14.45 +
2.06) pS to (4.78 + 1.12) pS (P < 0.05). Chronic hypoxia also caused a marked increase in the time constant for BK
channel activation from (4.59 + 1.67) to (25.16 + 11.04) with significant difference (P < 0.05). The total expression
of B4 subunit of BK channel significantly increased in a time- and dose-dependent manner. Conclusions Chronic
hypoxia inhibits BK channel current by upregulating 34 subunit expression.
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(end stage renal disease, ESRD ) fHLFE4E ", LIfE
BIMFFE R 2 SRS R A B /NS TR Bt 3, 204l
S BB /NERAR SR . SR ARIBETERITE /DR 2
20 10 AR SEC M 9  TT e R R 4 i 4 FL A 1 CD2AP
FACE TR, RMEEREN Facin B4, 25
B /NBRAE AL 0 A T AR R /N R B A B R Y
KHELH Ry, RETE 1 A2 ) R BRI LA 1
B /NBRDEIE A, R AN T R ek AR R
FIE B A 0 CARIFIESS, (RARMT R4
WA B S R T ( hypoxia induced transcription factor,
HIFs ) ZKV-Th, i e i 2 i o 2 T RE L DA 1) e
SR AL AR RN RE T I A R R B PRI
A REIE L R AT AL 2 BN R A RE A ) K
Jie ™, AR H EAAHIL] A TEAE

e HE PO I E (AR BK B IE ) SRtk
P R B i — ", E PR
BK 38 18 A1 S ] 5 R A0 B A 2t s AR
EASETE, SEOCE Ca” IR, 51 AIEAIKEE
N, IS 5 2R SV A AT
AHFFELHBAR BK I8 25 2 A0 M AR S A 35 1 P
IER X IR B, S LGS T AR NS L 4N BK
I FRIR AN REATRZMR, A I X EUIRAS TS BK i iE
PET B AT REAL A TR

1 RS

HRITER
BT /NER R A 2R Ak g, R e
SJEABRATHIE AR IR, PRI ALk £ A Rk
AP NS A RIS . IS R Rk
A T IR EEHUREREN , 7E 33°C I FRIT AL THEFEIRE,
BN 37 CHEFR 5 JO T AR B 95 56 B o3 RIS 1k 14 58 -
THAME . ARSE5E3: 11 ~ 14 d R4 AT k584 40k,
HA PN R B T fE
1.2 ZIHR

RPMI 1640 ( 3¢[F HyClone A ), BEBE . #Ek
A SOWATER AN TR A (insulin, transferrin and sodium
selenite, ITS ) ( 5% [# Sigma 2 7 ), 10% FBS ( 3% [{
HyClone A F] ). ¢DNA #5687 & ( €E ABI/AF] ),
SYBR Green PCR Master Mix & & ( 358 ABL A ] ),
ABI PRISM 7500 % 4t ( &[5 ABI A #] ), BCA # [

1.1

WE A2 (22 Pierce AH] ), BKili#E o . B3 Hl
B4 WHRPTIA ( FEE Abcam 23] ) B actin Frik (55
[ Santa Cruz 4] ), FHiM 1gG SFEHER 1gG 2O
3 ( 32 Invitrogen 23 A ), Odyssey infrared il{{% £
4t (£ Li-COR AF] ). HAFESIIY I 1] (3
[ Sigma 2~ F] ), {H'E WS ( HA Nikon 2AF] ), H
e B A P=97 ( 5 H Sutter A &) ), Axo—patch 200B
Z5t (3E[H Axon A ] ), Digidata 1440A interface R4¢
( 2 Axon A ] ), pClamp 10.2 A 35 F Axon 23 F] ),
Graphpad prism 5 #f ( 3£[H GraphPad 22 7] ),

1.3 FHik

131 i, RAREA Lym Kk
A N FE A M R 3 B % G BT T s A S A L A
RPMI 1640, ITS F1 10% FBS, H:rp ITS GESILE E 4H i
(3EE Ak, SR o ATARPE LI I ik
SEAI LIRS 3 41, 43 B IR R AR 21%0,)
RS SAE (10% 8% 2% 0,) BB hub Tl ™ o,
TEH EUR IR N SR 21% 0, 5% CO,, H4xh
N, #h 78 AR AEIBEA N AR L3 10% 5% 2% 0,, 5%
CO,, HAYH N, #h5t. fEXGFRMIEE 6. 12, 24 Fl 48 h
BRI, 53 T PCR Kill, Western blot
AN 0 B S B, D A 2 40 BK G o . B3
K B4 W HFE R A KF, RS BK @
EIFRCHI,  HRRA A AN AR H EURMIL A SR R R AN
(IR 1) 25 BK 38 1E A R RRARAS , SRR R A%t
JEANE BK I IR M RER R, DA R
I 5 | L 11 ' /DN BR g SEUPR AAS R E 4 f dk AE0 4 BK G
DIRE AT S HEES AR o Dy BOPI 21 SR B B 3R T
SHEE A AN, A BIIMA Z R RN I A AR
(DMOG, 1 mmol/L) {5 b4k ( CoCl,, 100 mol/L),
VR A B R, I BK 38 38 WV A8 (kK
-, TesRE AR, HEBCH S R O IR ZH 21 A BK Gl
EYRE MR MIATR] . 55 B ZE 885 37 10 2 20
TE AR IR B4 0 1) 3 FE 0 b AGR BRI S e H
JKZ. B (GSH, 1 mmol/L) o it 4 fL & ( Catalase,
200 wml ), PRI SR R4 40 M BK 38 18 W HE 5=
IRFTIRERIARE], 4B R 2 5 S A L]
132 Real-tme PCR ¥ 10 w1 B ARSI
Wil S R G XA R FH Y RNA B 0.5 mg,
JE R FH AR cDNA 33 5% SR 171 T cDNA 146
E . FRA ) real-time PCR 256K FH SYBR Green
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PCR Master Mix K%, J-#£ ABI PRISM 7500 R4 H15¢
A, BK @B & FEEF 5 PF ST, KCNMAL iF
1514 : 5'~AACCCGCCCTATGAGTTTG-3", JZ |8 514 :
5'-GGATGGGATGGAGTGAACAG-3' ; KCNMB3 iE [f]
51¥) . 5'-GAGAGGACCGAGCCGTGAT-3', K [m 5|4 -
5'-CACCACCTAGCAGAGTCAGTGAAG-3' ; KCNMB4
EE 514 . 5'-GCGTTCTCATTGTGGTCC-3", JZ 7] 5]
Y . 5-TTCCAGTTGTGCCTGTTTC=3', ™4 J5 iy i 43
tH ABI Prism genetic analyzer 1 753H7 .
1.3.3 I35 4 1) R AR I VK PBS W
WYL, 483000 v/min B0 10 min, BASAT 1% HEH
B R A T AR R AR 2R T A
VK ERE 3R 15 min, ZJ5 A 13 500 r/min #5.0> 15 min, FH
BCA 2 I 127 o Sl & i e s b, Bl
Ja B HREATIAT 10% SDS PAGE é@%ﬂy%/}( e =0
DT RASIRAYER N b o TN e e s TR 41 2 25 5
TES IR T 5% BIRY3EA] 2 h, )5 ERAE i —PTit
P07 « BKAEIiH o . B3 A1 B4 IR (1 1 200)
5 actin HUAA (1 500), MhEEIEHRA4ER IS
P TG BEPT R 1eG A2 —HT (1 : 10 000)
PEATHIR . B Odyssey infrared JRSR R GEXT A
WG HAT I3 0T
1.3.4  wARIek  BK LA T
JEE R B R, R AR A P B A A B R A A R
X P97 il sE e, A LR IR R (20 ~ 22°C)
T T, FEA I SRBIEUE, A0 N IR AR
15 mmol/L KCI, 130 mmol/L K aspartate, 1 mmol/L
MgCl,, 10 mmol/L EGTA , 10 mmol/L Hepes } 5.76 mmol/L
CaCl, (i B Ca™ ¥ J&F 200 nmol/L ) 5 JH] KOH i 5 pH
6 %2 720 b5 #E W WAL 53 42 55 145 mmol/L NaCl,
4.5 mmol/L KC1, 1 mmol/L MgCl,, 2 mmol/L CaCl, }% 10
mmol/L, Hepes ; H] NaOH 15 pH{EZ 7.4 AERAES ~ 15
PRI 58 443 Ak /2 A MR T A D0 200 B 1 ) P
JERE R 60 mV, ik HEEFE -80 ~ +80 mV Z [H]
W hBEIE R AR L. B 20 mV iEsRk 1K, BRIKIC
SEBFTE] R 700 mso  HEL 3R Axo—patch 200B RETHKR
JF2 1 kHz JURIEP 5, 183 Digidata 1440A interface
RGEHATHELIE 5. feJa i pClamp 10.2 FAF 3R
BARIF AT 0. BRI G/Gmax R HAT G
Bolizmann J7 .

Western blot

1.4 SIrEFE

K5 43 #7R F SPSS 16.0. Photoshop 5 Graphpad
prism 5 GEIFEAE, THEVORILIIEC £ bRmEZE (x+5s)
PR, ZHMMY BRI R T 25007, P LA
KA KR, P <0.05 WEFAGIFE L,

#HR

BK @i iR IR E
WIE R AL —60 mV, HEIT K ST 7
(AR AR K™ MR BE 43900 145.0 F1 4.5 mmol/L ), 4
MR Ca™ W 200 nmol/L #2552 5w mol/L B, 38
TE RN ] L R KCERE S (DU 1A ). E4HMIS
R A R K E W TEA (5 mmol/L) J5,
+80 mV HLE T AL KT T RE R 41% 5 I AEREE
BK 18 i BH 7 571 Penitrem A ( 100 nmol/L ) " J5, WA
HLE R 29% (DL 1B ). UL UESEE A& ()8
ot BKGEEF G IR, Wik 1 ~ 3,
2.2 EMHEREXTE M BK @& BRI F
RASM (2920224 h) F, 40 BK i 18 7¢
+80 mV HL T A HL K- B (14.45 £2.06) pS
TRERE(4.78 £ 1.12)pS, Z R A GITH#E L (P <0.05),
HE s Il A2 4k, WLIEI 24 2B Jk 4.
23 EMHRKELARHAKRBKEE B4THE
MRNA REBRIEXM o 1 B3 TERILHHI
A (2% 0224 h) FE40H BK 38 B4
EHE mRNAC B4 KPS T o Fl1 B 375 mRNA( AL
1 B3) KIATCHI B L (WLEI3A ), B4 T mRNA
FAIRE 6 h BTFIR T, (R4 12 ~ 24 h 3kIEAE, 7E{%
S48 h A I IR, SIEFFIREH ML, KAEK
T (2% 0,24 h) BK il B4 WAEZAR N (WK
3B IS ),

2

2.1

24 SUNHMERNZ5RAFZFHBKEE B4
TPESRE i

A RS F2 A DMOG (1 mmol/L) B CoCl,
(100 pmol/L) W E 24 h Jf A B . (48 BK il iE B4
T mRNA B9FEE (ILE 4A ), (RSESME R 4o MR
T AGE R A e H RS TR (GSH, 1 mmol/L ) Biid
AL A (Catalase, 200 w/ml) BH G RERARAR A5 |2 A0
B 4 W mRNA K- FE . W 4B Fik 6. 7.
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259 == {Ca5pm 157 _g-Control
20 -
I - {Ca200nM 10 4 TEA
hQ 15 4 /L: A Penitrem A
(=9
E &
3 10 = 3 5 -
i e
S5 =
= =
1 L L T T
04 L T T T T 80 -60 -40 -20 0 20 40 60 80
80 —60 40 20 0 20 40 60 80 . I fmA
= HUE /mA -5
A B
B 1 AZKE/NBKEZAE BK BEEBRINIER
1 AEAFHBHEREN BKBERRHEME (xxs) #*2 TEAXBKEERGHHE (x+s)
-80 mV -0.225 +0.132 -0.204 = 0.200 0.288 0.776 -80 mV -0.211£0.130 -0.175+0.104 0.543 0.597
-60 mV 0.005 £ 0.054 -0.015 £ 0.087 0.663 0.515 -60 mV 0.028 + 0.047 -0.018 £ 0.035 1.886 0.084
40 mV 0.253 £0.136 0.470 £ 0.173 3.155  0.005 40 mV 0.286 + 0.143 0.110 £ 0.071 2.542 0.026
-20 mV 0.536 £ 0.272 1.039 + 0.408 3.385 0.003 =20 mV 0.586 £ 0.278 0.350 £ 0.110 1.797 0.098
OmV 0.937 £0.422 1.749 + 0.647 3.480  0.003 0OmV 1.000 + 0.396 0.581 £0.179 2.216 0.047
20 mV 1.686 = 0.574 3.291 + 1.393 3.787  0.001 20 mV 1.787 £ 0.428 1.115+0.167 3.325 0.006
40 mV 3.369 £ 0.777 6.166 + 3.064 3.288  0.004 40 mV 3.527 £ 0.427 1.939 + 0.299 7.319 0.000
60 mV 6.685 +0.976 11.838 +4.025 4.635  0.000 60 mV 6.873 £ 0.607 3.285 +0.352 12.010 0.000
80 mV 12.171 = 1.464 19.168 +4.279 5.613  0.000 80 mV 12.380 = 1.139 5.041 £0.372 13.788 0.000
£ 3 Penitrem A 3t BK EEEGHZM  (x+s) x4 REXMBHMBKBERFTHHIE (xzs)

—80mV  —0211+0.130 -0.258+0.181 0.527 0.609 -80 mV -0.277 £ 0.203 -0.088 £ 0.042 2.403 0.028
—60 mV 0.028 + 0.047 ~0.002 + 0.046 1.055 0.314 -60 mV 0.114 +0.189 0.103 +0.145 0.130 0.896
-40 mV 0.286 +0.143 0.280 +0.135 0.073 0.943 -40 mV 0.520 + 0.560 0.030 £ 0.047 2.283 0.036
-20 mV 0.586 +0.278 0.561 +0.183 0.165 0.872 =20 mV 0.990 +0.876 0.002 £ 0.002 2.948 0.009
OmV 1.000 + 0.396 0.903 + 0.287 0.439 0.669 OmV 1.532 +1.222 0.169 £ 0.186 2.897 0.010
20 mV 1.787 + 0.428 1.333 + 0.404 1.793 0.100 20 mV 2.571 +£1.598 0.690 +0.578 2972 0.009
40 mV 3.527 +0.427 1.896 + 0.544 5.874 0.000 40 mV 4.629 +1.793 1.441 + 1.099 4.234 0.001
60 mV 6.873 £ 0.607 2.642 +0.684 11.197 0.000 60 mV 8.135+1.899 2.091 + 1.355 7.359 0.000
80 mV 12.380 = 1.139 3.619 £0.709 14.027 0.000 80 mV 13.807 +2.272 3.504 £ 1.591 10.530  0.000
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InA
100 ms Normoxia 20 -
o et e A -~ Normoxia
i
e 15 4 - Hypoxia
P
= 10 -+
=%
£ 51
Al Hypoxia &
100 ms 0 -
-80 -60 -40 -20 0 20 40 60 80
i L /mA
B

B2 (@MsREMHIALENKELHM BK EERR
3 - Oh 12h  24h

Normoxia
- g 4-subunit [ A > <D
5, ] 0O 2%o.
7w = 2.5 7 = Normoxia
+
= = 20 1
=z z -~ 3 2%0,24h
2 1 - B~ 15 A
= %
E & 1.0 4
i)
i 05 4
0
Al B3 B4 0
KCNMX o —subunit B 3-subunit B 4-subunit
A B
3 EMEEXT BKBEIE mRNA flE B RIAR M
#5 1BHEER BK EETE mRNA & A RIAH I 37 DMOG/CoCl,
()_c s ) MEH
2, T
= L
o
= -
< 1 = ——
é —_
KCNMA1 1.445+0.527  0.944 + 0.606 1.248 0.259 g
KCNMB3 1.075+0.406  1.146+0.373 0.257 0.806 0 N N N M -
HWRXMIRA  DMOG CoCl,  Hypo24h
KCNMB4 1.447+0.692 4.137+1.359  3.529 0.012 A
o —subunit 3900+ 1.271  4.109+1.132  0.245 0.815 3 -
GSH/Cata
B 3—subunit 13.286 +1.553 13.846+0.907 0.622 0.557
. T
B 4-subunit 6.511+1.459 11.497+2.188  3.791 0.009 ﬁ 29 -L
&
=
% 6 DMOG #1 CoCl, 3F B 4 IFE mRNA RiZHIZ M 2: 1 -L T
(Txs) = -
B AL 7974 + 0.335 WENTHRZ]  Hypo24h  Hypo+GSH Hypo+Cata
B
DMOG 24 7.420 + 0.342 0.415 0.678
B4 SUMNHERES5REFSH B4 THE mRNA
CoCl, 4 7.178 + 0.307 N N
— : Fik FiA
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5 28 &

%7 GSH 70 Cata X} B 4 & mRNA K& 14 _EiEHIS0E

(xxs)

5 mRNA FikfE F{H P
H AR IR 2 7.754 + 0.475
Hypo+GSH 41 7.803 = 0.415 0.047 0.954
Hypo+Cata 2 7.637 + 0.998
3 it

& ARG 480 32 405 78 B /BRI s 1 0k e LA
TEEAEM . BK A E B0 R &S 5 AR E N 1)

fath, REFLL P BK sl FHOA LA REM ],
WK . ShBEHE LN . AR 2oL Lgn
W15 FEaxSLZA UMb, B BK R E D] 5 ]E
UM 2otk DA i PR U i 1, 4k
KA Ca™ NI, 51 & 40 A SR AU M s . AR
TR RN A, (R AT 5] BK @B fg
P, KT B SRR A

BK 388 F 8 AL o WP E B
Mo HAEHIEC 4ok B iiFlah® BKEER 4 F B
W, B 1~B4 W A5 5 i A B i) KCNMB 1~4 i i
e NFEYNME BK @AM o B3 1 B4 WHAL,
ARG o T AW 25 R RS P A ] L5 R
4l BK 3 iE B4 WA mRNA Fl185 193235 7K 7 i,
1% BK 3838 A AL o SWEFEFEATPE B3 IRy
AT R, PN IRA T AR R B 4 WA
T A0 BK ST RE. BLES RS 2 ) BK
A AR AE T 2L WA TTHY B4 WILRIA N
JE BKEIEARY R UEPEF", AT L 8 T S R 1) 25
Wk Dy R h, JENE BK i ieE sh gl . A
FELEC WLAT R B B LA R B Wt 2 5 T
CAEE T 0 BB IE R EI S " Bk, BFras R
FORMRSAGE I EIA B 4 WA 2 40 BK 8
ik, [RIBAIFIT LA & B R ] GSH Fl Catalase
oA $ ) 2 240 At 2 RTG53 1 BKGEIE B 4
Bk A, $8 ROS RS S T 241 BK JEiE B
P F TR AR SEPE T o DA B 4R s 18 P dele A 0t
B 4 WL H IR ML 2/ e A A Sk ™ T
A AR TR PR (RO 250K ) 1938 N
P SR AR T 5 1) 22 Fof 32 DR 33K 7K 18 2 S AL
SR T 52 M0 BK 38 38 5 9 b AR (A 45 37 56 19 B %
e, s, DAL B BRAAEIER) MR

IBANTHAE

BARABIFRA A R RN ERN o WRERIETC
Wl s, (2P 2 MR IR o WHS S BK#
WAMCEMETETT . BK EiE o WILAYR I A I
IR GMSFFS, TS s "™, %
Ab, BKEIH o WHES LT 2%l 2 (HO-2) A%
B, HO-2 ffi i £L R AEA E51F T 5 NADPH 41 (5
F P450 i R 255 7 A — Ak NO, NO AT DL 4%
PErm A N EE 2 BK S IE P M . ARSI RRAR T
NO WA, I 208 E CH . ik HO-2 gk
SR BK JH A RISz 25 0 SRR
BK 3 78t AT LA 40 M P Ca™ R JEE () ik ] 28 Ak (Ca™
KAE ) WG Ca™ KAETT LM RIP A Ca™ HeE LA
TRREE SR BN BE N, DTG TR B 0G BK 38 38 1) 7K
- G Bl KT LA A RS 236 BK il 1A
o WIEF B IHKEAY HEK293 4 ™ gE47 4 1 1] 4h X,
JEE SRR, TEARTIMEAT RS GO R,
B LAAML PN Ca™ MO A I ] BK BB TE . X
S0l s i A e 3 SRR AL 1 s Ca™ K AR AN
BK J# i 1A 50HRIC , HEmi5 i BK EE G Mg . 2
JEA A A BK X 4R v B AR (8 PR T
P8 B PR B 0 PR A e — B
PRSP E SRR T 51 " AT AR AR 2 40
Jil BK 338 o WIFIRICH B, Rl RES 4Rl
(3R AR A AR A G, RIAIF Y AR i —
ANE MR BK i8Il o WIEAFRE, i BaHAE
JE 2 AR AU VA Y R R
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