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The Effect of Quercetin on the BK, in Umbilical Cord
Vein-derived Mesenchymal Stem Cells

Kyoung Sun Park’ and Yangmi Kim**

'Department of Physiology, College of Medicine, Seoul National University, Seoul, Korea
’Department of Physiology, College of Medicine, Chungbuk National University, Cheongju, Korea

Recently, we demonstrated that a large conductance Ca**-activated K* channel (BK_,) in human umbilical
cord vein-derived mesenchymal cells (hUC-MSCs). In this study, we studied effects of quercetin, the
flavonoid used for the modulator of cell cycle and the treatment of anti-tumor, on BK_, in hUC-MSCs
using single channel and/or whole cell configuration. Single channel conductance was 277.8+36.2 pS in
hUC-MSCs and the value is similar to that of typical BK., channel reported in other cells. The single
channel current was activated by increasing of intracellular Ca**. Quercetin (30~100 uM) increased BK,
in whole cell patch configuration whereas EGCG was not affected on the channel. The activation effect of
quercetin on BK, channel was also observed in inside-out configuration. The quercetin-induced BK_, was
increased a concentration-dependent manner with an IC,; value of 19.9 uM. Taken together, BK_, in hUC-
MSCs can be an important target for the action of quercetin and the channels are partly may contribute
to maintaining homeostasis by regulation of K ion flux in hUC-MSCs.
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A ZA € (quercetin}> Z2}H.2=0] = (flavonoid) YEOE
ZHHls 2o &t 27t e HAo ofAjdl] B
o] Ak AR dHA Utk S He F
ol F 60-75%7} AZA€e]tiHertog and Hollman,
1996). AZARE AGHS FEo] Bfsol 283t
dAFHaAE e 18 $E RN e
TATIAY, APHItE B8 Aksks WA gk Duarte
et al., 2001; Sanchez et al., 2006). =3 A2A€e g
o 9EE dvax A el AGEAE, A=
AGA oHAlE, 283 A543 8 (promyeloleukemic)
AFES HL-60 AlEZA AZAEL AEe] A = of
EEAZ(apoptosis) S FEEo] Hil ESTtHLee et al.,
2002b; Wang et al., 2003). B3t ARRe] FHleA Z oA
T A=A o AEF7|7F BAEIL ofEEA LT}
HAEJTHChoi et al, 2001). o]AH A=A I,
it A4E 55 YUEaL dow ETA M E o)y
g FefRcolEEe] ®#3lE S BHAEY] AZ}
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star ok #iA 9] 5 wj g AlxdA] AZARS Th=
A| 3234 (osteoclastogenesis) S 3T LA 3lom
(Rassi et al, 2005), TE F7F9o ZTgHxo=<]
epigallocatechin gallate (EGCG)2 NF-kappaBE 73-f-3t
S ZA 2 23E JASEL(Lin et al, 2009), hBM-MSCsell
Me AAIE E3kE stk BaEAkShin et al,
2009). AEAELE & FE29 o|2FRx &3t
oh AbEe AeEH s tisdolM e AZA- o3k
NO/cGMP 40| BK. & &X43slste] A+ fxsla
o] F_E=o| o] 2AA s AMEWRES] ZCa™t)
QJo] &R =o] BIEAF (Kuhlmann et al., 2005), T4+
& (coronary arteries)olX= AlZA| o] Zitsl4r(H,0,)
E At BK., AFE S7MIXITA. Bad bk Qo
(Cogolludo et al., 2007).

2 e AN fHE S0 MR
(human umbilical cord vein-derived mesenchymal stem
cells, hUC-MSCs)ellX BK., &=(large conductance Ca’*-
activated K channel), Na B2 283 @71 2§59 K
B2} 7lsdom wHES HusItHPark et al., 2007).
T3 $2le A2 hUC-MSCol A8 BK,, 525 ©
d FREE 7St 254 /4743 (amyotrophic
lateral sclerosis) X]ZEA|21 riluzoleol] 23] &Ad3ldo] &
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QI5FATHPark et al, 2008). ¥ ATl AE hUC-MSC w]
13l E7|A| 2 EAlshs BK ol EERio|=7) ofH
FFE FEA AT hUC-MSCsell A8k BK,,
of et Eehricol=e] k= WdTE % 5 whole
cell patch configurationE ©]-&-3ted 18ISt

e Y g
AG A Qe Arge] F7HE EIIME BRo
1

g S A AUe 2E 5 121687 Al
A HAth AN Y-S 2ol A WL phosphate

buffered saline (GIBCO-BRL, Invitrogen Corporation,
Grand Island, NY, USAZ Ao & W= 05%

collagenase (GIBCO-BRL, Invitrogen Corporation, Grand
Island, NY, USA)E 931 37°CollA] 5A17F E3F W53l
o FEe Royd vhbsel ol e AXE 4
sk €9 AEE 1,000 pmelA 1087 & 94

W2]stal, Dulbecco’s modified Eagle’s  medium-low
glucose  (GIBCO-BRL, Invitrogen ~Corporation, ~Grand
Island, NY, USA), 100 U/mL penicillin, 100 pug/mL

streptomycin, and 10% fetal bovine serum (GIBCO-
BRL, Invitrogen Corporation, Grand Island, NY, USA)$}
4o 75cm? culture flasksell Ee] 37°C, 5% CO, #]%
Ao wisieich, Mgl e 2elnkh vhe] Fa 7]
AR AR AMgaIt,

Mg Py

Aol ARS8 T A AlE 9 &AL 140 mM
NaCl, 54 mM KCl, 0.5 mM MgCl,, 1.8mM CaCl,, 10
mM glucose, 5mM HEPESE +/33t5L, pH 7.4% #
galo] ARgsIAth. HUT=E 71=Gingle channel recording)
< 93l inside-out patch B+ cell-attached patchE &
o freldF(pipette) W &4 bath €42 150 mM
KCl, 1T mM MgCl,, 1T0mM HEPES, 5 mM EGTAZ T4
sk, pHe 722 AHASIATE Whole cell patch 3273
wHos ARE 7152 A9 pipette &4 140 mM
KCl, TmM MgCl,, 5mM MgATP 2mM EGTA, 5mM
HEPESZ. 7A3lal, pHE 7.32.2 A3t A&l

AZAA AF-whole-cell current)e} HAEZ %7 (single
channel current)= gigaohm (CQ)-sealts: FAste] 7153}
Atk Whole-cell current 71210+ 1~3 MQ Axe] A
A 7R ASS AR, ddER VISAE
2~3MQ Ao ASe AREEY AT 22
sylgard (Dow Corning, Midland, MI, USA) coatingdt -
fire polishale] AME-sITE TAFTRL] 7|54 o|2F=R
o] Y= I;MAILGFH7](patch clamp  amplifier,
axopatch 200B, Union city, CA, USAZ 7|53ttt 7]

Lab. Anim. Res. | June, 2010 | Vol. 26, No. 2

S5 2lsE 8pole bessel filter (-3dB, Frequency
Device)& AF&3ted 2 kHzol A filter 313 Th. Datas
computerZ  &Z W& 10kHze] sampling rateZ
digidata 1322A interface (Axon instrument, Union city,
CA, USAE ©o]&3t computerel]l A3t EE data
= pCLAMP program 9.0 (Axon instrument, Union
cty, CA, USA)S o]83ld B4tk ZE Ade de
(23-25°C)ellA] DA

2 T

2 e AHEY AdAERE SUE E71ME
(human umbilical cord vein-derived mesenchymal stem
cells, hUC-MSCs)ell4] whole cell patch configurationS
AHgste] 7|eH o WEEE ol2FEE FHIAT
(Park et al., 2007). ¥ AFdAE °l& T large-
conductance Ca**-activated K* (BK.) BZ7} Z&}Hx0]
zof 93] of¥A A HeAE HHATE Figure 1A
£ hUC-MSCollx] Heole A=A Afe] Fdolrt. Wi
F AR Vel o QT ARV 7ISES & 7
Atk o] W ARF= 52 old BiA 71535 I
219 ¢F 30%ANA T FHEEE Na AFYS At
(Park et al., 2007). ¥ AFoM= A= X9 98%
oA Holz 23 HFol g Sefreol=d] a3E #
Z 39k o] 9 AFE nosy HEE 7RI 9loH
BK., AFde] el =HAthPark et al, 2007; Park et
al, 2008). EGCG 50 uM)E 9% AF 2 g AFol
Al I FA ¥kon olfd At AR/ AY F
Aoz JellilthFigure 1A and 1A-1). ¥HH AZAE
< 9 ARE 243 AFeH o] B4 ASAMRS
ol HHs) B FFEoE 3]EEUA(Figure 1B),
ARAY FAoA AZAMEe] Sdaxs & F AU
(Figure 1B-1). o]&]gh @42 oiF-Ee] siX|ox & 5
Atkn=16). °ojd FAHALLE 8OmVE 3FHSH —40
mVellX] 50 mv7EA] AlSg Fof 7] 5skeith

AZAR] e AF S AIIERE 2] 93]
Yx AFE Fol 102 HeR A=A a3s 7]
SoFArhFigure 2A and 2A-1). FAIXE -80 mVE 8}
3L 120 mVellAl 60 mVZEA] A 2= F=o] 7)E519)
o AlZMES A7) dolls AF7E 718 &gt
7 AZARE Agskd xx3] F7lsh7] Alztste] of 2
i At AvA Hoighel] =29k Flskslt. Figure
241 AR HRE A/ AYG FAdel vepd A
olth. AFe Z7]= +50 mvellA] 6.78) o] F7FeFA
oH(n=4), AZMES AANA 28] 3| EE} 3]
I EHA= FUTh A=ZA-A o5 F AFIF F=
o|EA o FIIEEA B S8 747 e FElA
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Figure 1. The effect EGCG (epigallocatechin 3-gallate) and quercetin on outward in hUC-MSCs. hUC-MSCs were voltage-
clamped under whole cell configuration at -80 mV. Voltage steps of 200 ms duration were then applied from -40 mV to 50 mV in 10-
mV increments every 10 s, showing outward currents a rapidly activating current with noisy oscillation, similar to large conductance
Ca* activated K* current (BK,,). The pipette solution consisted of 140 mM KCI, 1 mM MgCl,, 5 mM Mg-ATP and 2 mM EGTA,; the
bath solution contained 143 mM NaCl, 5.4 mM KCI, 0.5 mM NaH,PO,, 0.5 mM MgCl,, 1.8 mM CaCl,, 5 mM HEPES and 10 mM
glucose. (A) Membrane currents were recorded in the presence of EGCG. (A-1) The current-voltage relationship (I-V relationship)
was plotted from A. Current-voltage relationship showed in the control (), 50 M EGCG (@) and wash (A). (B) Quercetin
increased outward current in hUC-MSCs. (B-1) The current-voltage relationship (I-V relationship) was plotted from B. |-V
relationships showed in the control (), 100 uM quercetin (@) and wash (A).

AFE 71531 A=A o8] 23¥ F7ke] Al
zhste] 50 pMell A A9l H ghell ol2# 2, IC= oF
19.9 uM 8 =S thFigure 2B, n=3).

A=Al s S7H AF7F ofE HAFAA Lopr
7] S8 DB V15HS ol&ste] 71E3kth Figure
3AL THUFE FollA] large-conductance Ca**-activated
K* channel (BK.)& hUC-MSCsollA 7153 B2+
40 mVollA 277.8+36.2 pS BEo] TUTE AxEE B
Ao (11.6+1.5 pA), ©] B2 Ax Ul Ca¥* 2 =}
o] elEAow Fo] Ztal%itHFigure 2A). ©] A=

F2e] old A#st FAFsIATHPark et al, 2008).
40mV Agtellr Hze] FAE 00011790 FE 4

= *lZHmean open time}& 0.09ms HE3THn=4).
40mVelle 7155 E AR AE el A e
7he SRR 715Ed. o] F27F HlaEd Cat ol
ofgAl "hgsh=Al AR flef AlEW Catt =S
A7 FRe] SYEE vlasiint. Al Ca*
o] gl AHeMe &4e Hole =27 stz Al
I Ca*t F=Th EoRd Il oo BE7F et
deje Aol #FHen, AEW G F=7F 7kt
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Figure 2. Effect of extracellular quercetin on the outward current in hUC-MSCs. (A) Ramp pulse was applied from -120 to 60 mV for
250 ms at a holding potential of -80 mV and the pulse was applied at every 10 s. The x-axis shows time and the y-axis shows
current. The outward current was activated by quercetin. Currents were reached a stable level in 2 min after the application of
quercetin (100 uM) and recovered after washing with quercetin-free solution. (A-1) Quercetin -induced typical outward-rectifying
current vs. voltage. (B) Dose dependence of quercetin-induced outward current in hUC-MSC using the whole cell patch
configuration. Currents were measured at 50 mV and IC,, was 19.9 uM. (n=3 cells per concentration).

Hat dele A7kl 0.09 mell A 3.95 msZ F71H5H
229 A% 0.001904 0312 Z7} st} ol
Asb= AlEd Cattell 843t He BK, 52U &
s $ale] o)W Axpel AX|ETHPark et al, 2008).
o] B2 inside-out patch B4 bath¢dl 2 el 213
AZARE0 pMyS &30S o whg-g A Stk
AzARe od 9d T2 FAsiee] Hsh= +60 mV
A 71531t AZMES A3 A ddERe &
AEE 0.035+0.0010190 04 AZAE 2L Fo] BEx9)
FAHEE 0.056+0.0292 °F 1.68] =75ttt 3 &
2o HF 9yE AIZFE 1.4320.15 msollA 2.63+0.42
msS &2 7 7t a3itin=5). o|H§ A= A=AE
o] A Ay A8 F= U AAgHL
AZAR o3 71 A/F7E BK A= gRlsk] ¢
3 A=ZMYE 2] F BK,, 5olAl dAAe adE &
Zral Atk Figure 4). FAAYLE -80mVEE g whole
cell patch =04 29 —40 mVellA 50 mv7kA] &
SIS AY AR #F =W, o] FHF=
AZARe ols] BAdstey BsHE AFE BK, 5°]

o KR

ol

o g

O
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Aol AAAQ iberiotoxinel]l &3l A3 AA|FPon=
Az2ARe o) F7He AFe= BK YS Felsiin
ool AEe ARt AW Rl st S0 &
ZIHZhUC-MSOell 7158 o2 dds e o252 5
BK.7F A=A <& &/st=r, o] AZAME 9
8 olEet o] TR FHo| T MEAAAHH =7
Alze] AsAGA A YIS Fo ME] Fsht F2
I 2o Alxd) dAde] wslel 7o = dSS A

st}

2

2 ATeM AR Al 52 rlEst S71ME (huc-
MSCo)ollA] EA8H= 98k AE7F ZelRvols = A=
Aol ol EAslES els, A=ME o &

st ZF7F BK, T2US BlsT).
BK., B2t Ca'52E Eal AE oA

Carolup AEW &7|de] Axet $2E S8

Zgell o8 AxEd Cattol Frlskd deEle
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Figure 3. The effect of intracellular quercetin on large conductance Ca*" activated K' channels (BKg,) using single channel
recording in hUC-MSCs. Data were obtained from estimates of relative channel activity. (A) The trace shown the effect of
intracellular Ca?*. Single channel currents recorded at +40mV from an inside-out patch configuration. Pipette solution contained
150 mM KCI, 1 mM MgCl,, 5 mM EGTA, and 10 mM HEPES. The bath solution consisted of 150 mM KCI 150 mM KCI, 1 mM
MgCl,, 5 mM EGTA, and 10 mM HEPES and 0 uM, 1 uM CaCl,. The channel activity was increased by [Ca®']; dependently. The

letter “a” and “b” show an expanded scale of the A. Current amplitude of 1 main peak is about 12 pA. (B) The traces were showed
the effect of quercetin on BK_, channels. The channel activity was increased by intracellular application of quercetin (30 uM). The

]

letter “a” and “b” show an expanded scale of the A. The recording potential was +60mV. Current amplitude of 1 main peak is about
15 pA. The letter “close” represents the closed channel level and the letter “open” represents the open channel level. Abbreviations:

min, minutes; ms, milliseconds; pA, picoampere.

Aol K o258 MR wEeam AxdE <t
A3t Al7IE 98 Sith BK, T2E @ HEZA
o] 753 o|¢ks 24 sl Z2AAA 98 o
ool GEANI T AxEe] Floly dAxEe] F
2o Fogth(Wiecha et al, 1998; Roger et al,
2004). BK. = AlZWe] s AR SAHARSE
FA8HA 3t BK, 9 A AIXE Y& I A
7IAG A2z Cae A4 F Jde TS 3o Alx
o] e 2T AoE AZtHE

AZAE L M|zl A Aol AlsHgel 7]ofste]
AES] F71v 37l 71osiy d3 HEZxe E3
o ot Fogitt AZAH o3 BK o &de] &
FHEZoAME NO A& H,0, Z71el <s dojdtt
3 B = ckKuhlmann et al., 2005; Cogolludo et al.,
2007). ¥ AFex] AREE hUC-MSCollA] AlZAM gl o
gk BK, 24> NO &74°lu H,0,0 oJgt ZAIA=
EA& ¢ ¢t sk NOY H,0,7F §le A%
inside-out patch configuration@¥ 5= 7154 F< st
eIN= AzMErez F2o] gio] el (Figure
3), Kuhlman et al. (20057 Cogolludo et al. (2007)¢]

o my o

B AZA” 93t BK. o] &% de] NO &4
°lu H,0,& 43 ¥ 4 3= whole cell configuration
FARAFE 715 F de= ¥ FdEges @A Ygr
%] wiiEel Al AZAE ok H,0,0] &4dolv
NO®| F7tol el dojd 7FeA= wiAl & & ok
(Figure 3 and Figure 4). Z8B=Z M X9 FFol| we}
AZA el g BK ol 884 2e e & dokar A
ZE

u 23l F7|A 2] B3] MEQte] 37 W) 4bkslA
thAF (oxidative metabolism)®] ¥3} 5 thekst Adslst
2 9 Wty Wt pRtEEg )M xe] 23 =
Aol Fefiico|=7F AT TheAdo] Ut =iAe =
T g MESE AR ZFdA fHlE S0
FEhBM-MSCeA] S8t o] =e] a7} ole|gh 7hsA
S S dchRassi et al, 2005; Lin et al, 2009;
Shin et al, 2009). E=3F o] oA dApZ el M o]
2 A7 o]FEI 71 & F U Aolge A
Attt sHANE oA = E7IM XA o] 2F 2
gk A= obd wFshH, o yoprt Eefr-o|=rt
E7|A Xl EAshE o] F R TS Wt B

Lab. Anim. Res. | June, 2010 | Vol. 26, No. 2



208 Kyoung Sun Park and Yangmi Kim

A

Control Quercetin Quercetin + IBX
pA
1500
AT
1000 ] 50mV
“‘M ~40$V
500 -80mv
0- T T T T
0 50 100 150 200
5 ms oA
1500 .
—=— Control /
—&— Quercetin(100uM) 1000 /-
—A— Quecertin+IBX(100nM) 500 o
N E i T S
-40 -20 20 40 mVv

Figure 4. Effect of quercetin and Iberiotoxin (IBX, a blocker of large conductance Ca?**-activated K* current) on BK, in hUC-MSCs.
(A) Current traces are shown for 200-ms depolarization pulses from -40 mV to +50 mV (in 10-mV increments) from a holding
potential of -80mV. Quercetin activates noisy outward currents in hUC-MSCs. Currents were recorded before (control), after the
exposure to quercetin (100 uM) reached a stable level (3 min) and after application with quercetin and IBX solution. (B) The current-
voltage relationship (I-V relationship) was plotted from A. |-V relationships of currents showed in the control (ll), 100 uM quercetin

(@) and 100 uM quercetin with 100 nM iberiotoxin (A).

i

gtk & Aol AR fef viEst 27142
(hUC-MSCs)ellA] Eetrico|=7b Z7IM 2] EA8k= ©
< T2 e FehExolErt 9FE E F YEe
Batdet. Ahge fel vk E71ME0M BK 7t
gtiol= F Al=A”] o3 F7HS Elsilen
2 o] T2} EFehiicolsd ofs w3l 7l 7b
/0] g Zolgkal FEHEE FF AEHL A7t
2

T E9t ABARS] 5 BK, ¥R okdzt whd
shell ol 2gste= AR KAFS O AR/, G
AFoM= BTk AFe] Kvls S22t A=A
o5l &/dsl=al(Yang et al, 2009), A=L] AANA =
Cr #rE FUA7171%= gekCermak et al, 1998). A
= wEH HE(rat tail artery smooth muscle)oll 4] L-
type Ca** 25 &3l Al71™(Saponara et al., 2002),
ZAZANME ABAEC] @d G WE 28 243}
alo] AlXd Ca* F=E 2tk e vl lthlee
et al, 2002a). AZAR o3 MEXW Ca** WETEE
3l AEW CGa'tol F7HE 4 Atk Eale hUC-MSC
ME= BK. ol /o] A=A ofeff Azl Cat*ol T
7kl BK,, =7 8443t € F S 7hee S
gt} sARE $-2le] deE MEU Ca-dfree AEI(107 M
olshell M= AZARA 93 Ad &do] Yeigonz
Azl Carel Sl g Zolzby] moe A=EAd
AL AR A ol A8 FE S-S AR
ThHFigure 3). Z28]3 hUC-MSCsell EAl8k= BK,, B2+
FehE o= o8 @dstEe 5498 AWeH, whole

—_

e olN
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cell patch E=¥7F olUg} inside-out patch EEOA =
St zo|=d o3k BAst 54o] o] dEE= A
o= Hol, ezl EAiskE BK.F A=AE 754
A Agow FAo] SUHET= Aot gtEr)

ABHOFE hUC-MSCollA Eetrico|=o o =3
HE ol B2 54% FHToy Fehniwol=st
27) ATAA Axe) B3} 717 74T 5 9L b
e AAE B A7Ads hUC-MSCol 52 =4
gk A7 o Yolrbd UC-MSCe] &35t 28-S A3t
=d 71249 AREM Aled 5 e Ae= A7
o EF o s ETIAMES] £33 S ETE 0]
ot ol Ret dAdd ASHLGAA oA AdE
o] h=A Aehe Zlol dasit Az
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°] =wd 20089% FHUSR StEATA AR
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