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Cell proliferation inhibition effects of epigallocatechin-3-gallate in
TREK2-channel overexpressing cell line
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TREK2 Ad L= o9 Zd27HH71-3- 28 0] E(EGCG) ¥ AZ2A" 7 722 Zefr o] =of o3 zhz} 91, 5113.1%(n=5),
82.2+13.7%(n=5)7F4 JAIHATE A, EGCG FAHA 2l ol 97 EIZI(EC)E TREK2 W4 Al A% #A3 o4 3=
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At E A9 A= EGCG 2 A=A €] TREK2 AdL oAgto M wagte] W3}l Fieol AE F4]o =
AZW 2ls Hste] Al2s EgAste YAt eR s 4 deS AlAbeth

Abstract Two-pore domain potassium (K2P) channels are the targets of physiological stimuli, such as intracellular
pH, bioactive lipids, and neurotransmitters, and they set the resting membrane potential. Some types of K2P channels
play a critical role in both apoptosis and tumoriogenesis. Among the K2P channels, no antagonists of the TREK2
channel have been reported. The aim of the present study was to determine if the TREK2 channel is blocked and
whether cell proliferation is influenced by flavonoids in the TREK2 overexpressing HEK293 cells (HEKT2). The
electrophysiological current was recorded using single channel patch clamp techniques and cell proliferation was
measured using a XTT assay. The electrophysiological results showed that the TREK2 channel activity was reduced
to 91.5£13.1% (n=5) and 82.2+13.7% (n=5) by flavonoids, such as epigallocatechin-3-gallate (EGCG) and quercetin
in HEKT2 cells, respectively. In contrast, the EGCG analogue, epicatechin (EC), had no significant inhibitory effects
on the TREK2 single channel activity. In addition, cell proliferation was reduced to 69.4+£14.0% (n=4) by ECGG in
the HEKT2 cells. From these results, EGCG and quercetin represent the first known TREK2 channel inhibitors and
only EGCG reduced HEKT?2 cell proliferation. This suggests that the flavonoids may work primarily by inhibiting
the TREK2 channel, leading to a change in the resting membrane potential, and triggering the initiation of a change
in intracellular signaling for cell proliferation. TREK2 channel may, at least in part, contribute to cell proliferation.

Keywords : Epigallocatechin-3-gallate(EGCG), Flavonoid, Quercetin, TREK2, Two-pore domain potassium(K2P)
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2. Mz U

2.1 M= HHQF

HEKT2:= C thehulollA] 2ofnbol ARGt Al
+ 10% fetal bovine serum(FBS)©] %7} Dulbecco's
modified Eagle's medium(DMEM)l| penicillin 200
units/ml9} streptomycin 200 pg/mlE 2o, 5% CO,7}
3 37T 7ks latulolefel njFatict.

2.2 T™74elst 7|12

AN A 715 MAyATA 715
71538+ 31[4, 11], patch clamp %%7] (Axopatch
200B, Axon Instruments, Inc., Foster city, CA)E A&
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TREK2-Ad FUE NEZFo)N ouZd2rtez]-3-Z2Ho|EQ Al F4] A &}

ste] gl A 715S FETHI2]. &

£(22-24°C)0l A 43

=7Ee A

(pipette) &4} Al
I §9E T3 bath 42 150 mM KCl, 1 mM
MgCly, 10 mM HEPES, 5 mM EGTAZ &9&}4 74
3}al, HCIS o]&3te] pH 722 AAs3ch ek
ol & W& DMSOE ©]8-3k¢] 1000174 5143}
o] AHE-3k3

24 M= 34 24

HEKT2 3! HEK A13X9] S 3pgell A Setn o=
o] g5 Hrhslr] flske], AlE S B4 XTIT kitE
AHE-3} 9 ti(Biological Industries Israel Beit-Haemek
Ltd. Kibbutz Beit-Haemek, Israel). WHS Q oFs}H o}
o} 2k 1x10°719] AIEZE 96 welloll 100 pl/well 4
Yol mFsta Zetricols 9 XEE Y ATA
(TEA)E 2o 39zt viFaloitt. 39 & XTT #hde o
50 plE F7kete] 47 st viekstnh EddEA
(SpectraMax M5e, Sunnyvale, CA)Z 450~550 nm®l

N FAEE ZASAI, V5|42 e WA

913} 630~690 nm®] 33 Z3ho] A AHEBLE

2.5 H7|42|st ol 24

7148 et4 HolEi= pCLAMP Z213(version
9.02, Axon instrument, Union City, CA)S- ©]-&3}o] o]
= A SAHENP,, N2 o252 F, Pz 24&
7H Ade] 49 gE)E sk 9 Ad AR
trace’™ 2 kHzollA ZE{sle] A8}tk

TREK2 #ol] tlgh Zebr o] =0] Fr-ukg 17|
2Z 127] 93l Origin software (OriginLab, Corp,
Northampton, MA, USA)IA Hill &2)y=1/1+1Cs/[F])")
& ARESETh yE Ad 28 EE YERTh IC &
Zhr o] =of o3 TREK2 #de] 50% A== ol
™ n& Hill 437, F= S8R o= Fxo|t}h A
o4 A %V‘éd_(relative
NrestPoTest/NcontrolPocontrol 2, 32 A F(relative current)

T Ire/lcomro 2 AXFSFATE BE FX= i £SEE
YEPITE SetE o= A d o] Pty SebE e
o= Az T Hirgkel o] unpaired(independent)

channel  activity)©

l
rlo

student's test® AMEElH I RE EAHY §o4F

P<0.052 3}%t}

3. Zut

3.1 TREK2 tHSt EGCG ¥ AIZMEl &1t

ol A 71298 AFEsle] TREK29] tl3F EGCG
2 AZAEY] g5 2SI Patch clamp W
ZFoll A MEo] MERFe R =fih= W2 inside-out
|1 TREK2 A'dell Wk EGCG &= #
Zglci(Table 17} Fig. 1). 4 A S(holding potential)
2 .60 mVZ AT 2 715 TREK2 A i &
A= 50 uMe] EGCGel 9]s) 91.5+13. 1%(n=5)7J}X1
72383 t(Table 1, Fig. la, Fig. 1b). Table 1-&
R

patch E=

ole] o8] TREK2 Aol B4 Aoia} o4

A BeFa 9k EGCG ##]d TREK2 49
FiA 2= A 29E 0% & 9 EGCGE A
23S A9 F 2% AAEE BT 9
(Table 1)
Table 1. The relative TREK2 channel activity by
flavonoids
Flavonoids st Aid AGEAE AT IH%)
(50uM) (mV) (H1+ + SE)
EGCG 60 91.53+13.14%
Quercetin -60 82.19+13.69+
Apigenin -60 0.10£1.20
EC 60 2.10£1.20

A BT
w5 AA Ad B % NresPores/NcontrolPocontrol

* p < 0.05°04 F24 dF, n=5

EGCGel ¢Jsf ©j4l€l TREK2 & EGCG7} §l=
golom #Eo}oq+ 3557 FUTHFig. la).

2 TH] Fehrwol=el AZARY] TREK2 A
2 el g a3k ARSI (Table 1, Fig. lc,
Fig. 1d). AZA® Ag)de] TREK2 Hd 459 7+
2 BAE 0% 2w AEUe] 50 pMe] A=AE F
44 TREK2 A A 35S 82.2+13.7%714) 7

o

2A1ZdtTable 13} Fig. 1c9} 1d, n=5). 7A2A&l|
3 JAE AFe AZARE gld SHoA] A 35

=7 e AUTHFig.1c).
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@ Control  EGCG  wash ()
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{ W W 23505 Y
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& 77 Cont EGCG
Wash . o
200ms
(c) . (d)
Control_Quercetin_ wash -
c
Ly c
——l20pn % %'1 0
Control WWMWWWW g B0.5 *
. 4 00
Quercetin 2 Cont Que
Wash Lot i e e et "
—110pA

200ms

Fig. 1. The effects of EGCG and quercetin on TREK2
channel activity in HEKT2 cells. (a and c)
EGCG (50 uM) and quercetin (50 pM) inhibited
TREK2 channel activity. A representative
channel trace for EGCG and quercetin inhibited
TREK2 current was voltage-clamped under
inside out patch configuration at -60 mV.
Expanded single channel current trace were
showed before (control), after the response to
EGCG (50 uM) and quercetin (50 uM) reached
a stable level and after washing with
EGCG-free and quercetin-free solution. (b and
d) Relative channel activity showed in (b) and
(d) before and after treatment of EGCG or
quercetin. Pipette and bath solutions for
electorophysiological recording contained 150
mM KCI, 1 mM MgCl,, 10 mM HEPES and 5
mM EGTA. Asterisks indicate values which are
different from the respective control (t-test,
P<0.05).

3.2 TREK20|| ch$t Otm|A|-l(apigenin) X ofim]
FtE|Zl(epicatechin)@| H7|Ma|st™ Sa}
&gl A felE o] Ad(apigenin, 5, 7- Dihydroxy
-2-(4-hydroxyphenyl)-4h-1-benzopyran-4-one) 2} EGCG
o] fAAIQL Al 3] 7}ElZ] (epicatechin, EC)] TREK2 |
doll thek 535 Hl2=Esitt SakellA fEiE szl
+5+ EGCG, (-)-epigallocatechin(EGC), (-)-epicatechin
gallate(ECG) % (-)-epicatechin(EC)7} AtH14]. ©]
% 2 Al A= EC9F EGCGel tlE TREK2 Ade]
et a35 21819 Inside-out patch oA -
21748 -60 mVolX d3E askgith EGCG e 7
50 uM o} A 3 ECE TREK2 A
| 9GS F4 ekdtHTable 1, Fig. 2a, 2b).
ol Al o]} EC+= table 1914 H%¢] TREK2 Ad &

=

=

130

Aol 2 ZHE A9 0%l 7HTE 5 olEE A
ofglAldo|u} ECE TREK2 A Abdhol] Aol ks
FA Btk 2 AAE,
Control Apigenin
(a)
‘ ‘ o ‘_I‘ZOpA
30sec
Control VWWWNMMWMW’WM
APIGENIR Yy My A
Epicatechin
(b) Control
20pA

Control wmwmwmrm
Epicatechin TWWWW

Fig. 2. The effects of epicatechin (EC) and apigenin on
HEKT2 cells. (a and b) EC (50 uM) and
apigenin (50 uM) did not affect TREK2 channel
activity. A representative channel trace for EC
and apigenin inhibited was
voltage-clamped under inside patch
configuration at -60 mV. Expanded single
channel current trace were showed before
(control) and after the response to EC (50 uM)
and apigenin. Pipette and bath solutions
contained 150 mM KCI, 1 mM MgCl,, 10 mM
HEPES and 5 mM EGTA

current
out

3.3 TREK20|| CHSt EGCGat HZME sk
olEY

TREK2 Ade] %57 79 (current-voltage relationship,
I-V) 34L& TREKI1©] 9% F(outward rectification)
Hol= A gl WEgR(inward rectifying)
. BGCG$} 71=A1"1e] TREK2 O
& ZAFsH7] 9130 inside-out macro patch
A FA A4S 0 mV 3L -100 mVellA
0 25 200 ms & 7hete] AFE V)
atsich TREK2 A2 24 %o diek EGCGoF A=AE

TE AR ZTRIIHA ARE 7|58t 24

2480, 0.5, 5, 30, 50, 100 pM)2] F=7} Z7}3hol
w&} TREK2 A7 A71E 7HAAIHT. Table 2%
EGCGZ | wel AElslde - TREK29] #F

=
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TREK2-Ad FUE NEZFo)N ouZd2rtez]-3-Z2Ho|EQ Al F4] A &}

TREK2 #1575 50% * %"E(ICso)t 18.9+1.42 1
M(n=5)% WL Hill 7187] Al$7} 2.08] A THFig.
3a). Table 2014 Ho] 10 yMelM %= TREK2 AHF7}
control A 13} w9 S 75 0.782 79 JAE A
29k 100 pMeo] A o] A77F A 8] FolELL
Al o]Z & Aol 4] pMe] EoJoF TREK2 Aol
[e)

Ao 5 Qe A,

Table 2. The dose dependency of ECGC on relative
TREK2 current

EGCG At EGCG &3 A7

(V) (mV) (31 + SE)
0 -60 1+0
0.1 60 094 + 010
1 60 094 + 0.08
10 60 0.78 £ 0.15

100 60 0.02 + 0.10

** }b]":Hz—i iHL-j ’ﬁ“l?T Tresi/Icontrol (rl:5)
Table 3 =3t AZARS Fx=ol wel A2 s5S

79 TREK2 A5 7Z+2a 3= vehd Aol A=A
| sle %QMH AR 715 12 & o AZAR" 5
%7} 0, 0.5, 5, 30, 50, 100 pM7HA] Z7FE4E A A
2o A7)7} A BoJFa1 9r). o2k
& Z5"5] Hill 345 o83t JA"H9S
AZAE L [C5p2 3.9£1.8 UM (n=5) ©1A 2L Hill 7]27)
A571 0.99 ©]ATh(Fig. 3b). AAZME Y AL EGCGSH
= 9 5 Mol or] HFe] 2717t 0442 HA T
Zo] 91&S HolFa ItiTable 3).

o

g

A A

%3
%

R

i

A=

Table 3. The dose dependency of quercetin on relative
TREK2 current

Quercetin ek EGCG 314 A5

(uM) (mV) (H+t + SE)

0 60 1+0

0.1 -60 09 + 006

5 -60 044 + 016

30 -60 0.13 + 0.01

50 -60 007 + 018
100 -60 0.043 + 0.01

wx A A D AR Tres/Iconro, NE5
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Fig. 3¢ % 3d& W49 ¥% o9& IV F4E L}E}
W Aoz fgfrrhs W[ o AAE dF4
9] TREK2 AfF EokS Holal )

(a) (b)
510 5 0.8
: 0% g 04 \
200 2 0.0
§ 01 10100 8 01110100
& Concentration of & Concentration of
EGCG (uM) Quercetin (uM)
(c) 1oomv  (d)
A omv
ZOOOT “100 mv
/M— s
-804 40 80mV S
2000 Control
-4000! — EGCG(0.1uM) 600 Quercetin(0.5uM)
EGCG(1uM) Quercetin(5uM)
——EGCG(10uM) Quercetin(30uM)
EGCG(100:M)

Quercetin(50uM)
Quercetin(100uM)

Fig. 3. EGCG and quercetin concentration-response
curve for TREK2 channel in HEKT2 cells.
HEKT2 cells were voltage-clamped under
inside-out macropatch configuration at 0 mV.
The bath solution contained 0 yM ~100 uM
EGCG and quercetin. (a and b) Dose-dependent
effects of EGCG and quercetin on TREK2 at
-60 mV were plotted. Each point represents
the mean +S.E. (n= 5 cells per concentration).
(c and d) Current-voltage relationship with
dose dependency. EGCG and quercetin
inhibited TREK2 current continually recorded
by 150-ms ramp from -100 to 100 mV (as
shown in the inset) at holding potential of 0
mV. The inward rectifying current was
inhibited by EGCG and quercetin dose
dependently. Percent inhibition by EGCG and
quercetin of TREK2 channel current was
calculated from -60 mV after application of
EGCG and quercetin.

3.4 EGCGQ| ZXHA| TREK20{| CHEF M=o}
AFo| cist plze
TREK2+% TREKIAH AlEEre] Ao of&) &g st

He Aoz g#EA uH15]. EGCGe AZAE o]
TREK2 HFE SAlatonz e dAf7t Axd
Ao = 4 Jg FEA B3] H8l 25 M EGCGE
Aol 28-3te] TREK29l et AR Ao ot

uk-2-S- 2 A}eltHFig. 4). Fig. 4% EGCG 59} &%t
(negative pressure, P) 5ol w2} TREK29] A2} Al
Aol 3t 7] A% 7= (mechanosensitivity) S H.o]F
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3L Atk EGCGZF 9l& ZA-F-oll& FAY -60 mVellA

-10 mmHg~-30 mmHg¢] 71714 &%l 2l&] TREK2

A FAo] FrbE L Sol AlME A

Fo= 35E9th EGCG Al Folx Ad AL
o

PN
T

=3
=

A

oF gl o 4ol sk Wt EE Wi "olA ol
SthFig. 4). o|#le A7t FeR 0] =7} TREK2 A
do] A 2l gigt IAEE A dS5S
A\ A gt
P Control EGCG L
1 10pA

Tmin

Fig. 4. Mechanosensitivity of TREK2 channels by
EGCG. The negative pressure (denoted as P)
was applied from -10 mmHg to -30 mmHg.
The addition of EGCG (25 uM) alone
decreased the sensitivity of membrane stretch.
Pipette and bath solutions contained 150 mM
KCl, 1 mM MgCl,, 10 mM HEPES and 5

mM EGTA
3.5 HEKT2 2} HEK MIZOIM MEZE SAlat =
2t2L0|E S| Hatd
EFotEro|Ee AX T4 F AE APl ks F
= Ao ® 4#A] QlH16]. EGCG7F TREK2 AdS <
A2 HEKT2 A ZA EGCG A2 A% AE &

=z 1

2o oGS FEA| ZASINTL HEK AlES}

HEKT2 AZo] Zelr ol HA| AE 24 33E

XTT BAHS o] g3le] B89 thTable 49} Fig. 5,
n=4). Table 4= TREK27} W& =] &2 HEK A|3E9}

TREK27} 338 HEKT2 AEoA Zehri-o]=9]
F39E vnEith. HEK A9} HEKT2 AHl3EolA Ze}
Hi-ol=8 AEdhA] &9k A-$(control) AIE 4 o
Al BIE 0%S.2 £ u] HEK Ml ¥4 EGCG % A=
Aol a3k vn) 3 tHEGCG:24% 74, A=A €:
11% #2). A% TREK27F 3% HEKT29M =
EGCG AHEA] Zetrxoltrl AR e

Aol vnek w) A 9] 69.4+£14.0%(n=4)7F4] A FE FA4]

o] 7+x3lSS B & Uti(Table 4% Fig. 5). A=A

control

132

gl 2@ AJoll= HEKT2 A% 34 724837} HEK Al
YoM RT o AA e T Table 4, HEK vs HEKT2,
24% vs 15%). 18]3 ¥k Ad AAQ TEA A&
Alell HEKT2 A4 F2]0] ot S7HE24 A&7

[}
7b -2 EAE) Hold “ ATKTable 4).

o o
=

o)
=

Table 4. The comparison of relative cell proliferation
rate between HEK and HEKT2 cells after
treatment with flavonoids

Agents HEK cells HEKT?2 cells
(inhibitory effect of (inhibitory effect of
proliferation, %) proliferation, %)
Control 0.00+1.70 0.00+6.03
o 056:0:86 (-)6:38£0.39
Quercetin _
(50 1M 24.32+1.29 15.3+6.28
EGCG
(50 1D 10.68+6.94 69.36%14.00+
]()01\/11:/()) 0.35+£3.82 (-)3.2646.28
. (8
*p < 0.05904 o4 S, n=4, (-): A4S AW

Table 4°] A#Z Fig. 591 YePNSIEK(Fig. 5). Fig.
50) A% HEKT2 A|3ollA EGCGol ol AE2] F2o]

A fAES BofFal gith

O
=
G5

HEK cells HEKT2 cells

Proliferate rates
Proliferate rates

Fig. 5. The relevance of cell proliferation on HEK and
HEKT2 by flavonoids (a) Percent proliferation
of non-transfected HEK293 (HEK) cell in the
presence of flavonoid and TEA. DMSO was
used as a control. EGCG induced cytotoxicity in
TREK2 transfected HEK 293 (HEKT2) cells.
Cells were treated for 3 days with flavonoid
such as EGCG (50 uM), quercetin (50 uM) and
TEA. Cell survival was determined by the XTT
assay. Error bars represent standard error from
the mean (SEM) for 4 separate experiments.
Asterisks indicate values which are different
from the respective control (t-test, P<0.05).
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