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Abstract Human bone marrow or human umbilical cord vein derived-mesenchymal stem cells (hBM-MSCs or
hUC-MSCs) have known as a potentially useful cell type for clinical therapeutic applications. We investigated
two-pore domain potassium (K2P) channels in these cells. K2P channels play a major role in setting the resting
membrane potential in many cell types. Among them, TREK1 is targets of hydrogen, hypoxia, polyunsaturated fatty
acids, antidepressant, and neurotransmitters. We investigated whether hBM-MSCs and hUC-MSCs express functional
TREK1 channel using RT-PCR analysis and patch clamp technique. Potassium channel with a single channel
conductance of 100 pS was found in hUC-MSCs and BM-MSCs and the channel was activated by membrane stretch
(-5 mmHg ~ -15 mmHg), arachidonic acid (10 yM) and intracellular acidosis (pH 6.0). These electrophysiological
properties were similar to those of TREKI1. Our results suggest that TREK1 is functionally present in hBM-MSCs
and hUC-MSCs, where they contribute to its resting membrane potential.

Key Words : human bone marrow-derived mesenchymal stem cells, human umbilical cord vein-derived mesenchymal
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SAIRE 3 BAIE T S F A vpAbA] sk @
oA U AZE 33k 1000 rpmel| Al 103 &<t LA
#2)8t3, Dulbecco's modified Fagle's medium-low
glucose (DMEM, Life technology, Calsbad, CA, USA),
100 U/ml penicillin, 100 pg/ml streptomycin, 1026 FBS
(Life technology, Calsbad, CA, USA)S} 410} 75 cmt’ 1l
FZetazol Qo 37°C, 5% COy v %710l vjeksls)
o}, wj kel 2wt} vHte] a1 A7 A el AE
o AR&stSTt M7= s Al AH-E hUC-MSC
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el e S P = o B A= D W R P B e R s R =i
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£ 150 mM KCl, 1 mM MgCl,, 10 mM HEPES, 5
mM EGTAZ TA3I9 1 pHE 725 A Aste] A3t
AL Aol kA o2 FFe KAds A7 9
3 K'Ag AAAS] tetraethylammonium (TEA)S 1L
7]1Z3F93 o} @ d A A F (single channel current)
A 1AW (voltage clamp technique) &2¢] dfvfel i
#3143 719 (patch clamp technique)S ©]-&3}% 11[18],
HAFE AF A 52F7] (patch clamp amplifier, Axopatch
200B, Axon Instruments, Union City, CA, USA)Z GQ
seal o]de] MH ool vt 715t
kHzo] MZ% ©v|&E digidata interface (Digidata
1322A, Axon instrument, Union City, CA, USA)E o]-&
ste] H3FElel A7dstsirh
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2.4 cDNA B U Al S8 5A AN Hi2
[reverse transcriptase polymerase chain
reaction (RT-PCR)]

Total RNAT vl hBM-MSC %= hUC-MSC Al

1966

¥4 MN NucleoSpin RNAII Kit (Macherey-Nagel,
Germany)& AR&3te] AlzAbe] iR skl
cDNA 3§32 iScript ¢cDNA Synthesis kit (Bio-Rad,
Hercules, CA, USA)E A3t} cDNA #4593l
total RNA 1 ugs AH8-3Fth. RT-PCR & ® HotStart
PCR PreMix (Bioneer, Daejon, Korea) kitE A}g-a}to]
MU°C (15%), 57°C (30%), 72°C (40Zx)°NA 30 cycle
(Bioneer, Daejon, Korea) 722 Al&3}311, ethidium
bromide7]- A7V 29 agarose-geloll 100V, 30571 #17)
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[Table 1] Primer sequences of K2P channels

Size(bp)
400

Sequences (5’ to 3)
F ccaactgtecttctectcgatcac
R agcctcttecttgeacectga

Name

TWIK1

F cctgtcactgetgetgact:
TWIK2 cctgtcactgetgetgacte 215
R ccgatggtggacagagagat
TREK1 F ggatttggaaacatctcaccacgcaca 55
R gatccacctgcaacgtagtc
F cagccctttgagagcagee
R aagatgacagcagggatcgtc
F aggtcggagtcaacggatttg

R gtgatggcatggactgtggt

TREK2 481

GAPDH 258

2,5 Olo|g 24

RE doe: pCLAMP ZZ 13 (version 902, Axon
instrument, Union City, CA, USA)S o]-&3fo] £215}19]
t} RE dolEE AF =7] (amplitude, pA), 29
Pt F9 A7 (dwell time % mean open time, ms),
ol2Ad FHE (NP N2 0|52 7 Pe 84S
7 oAde 99 #3HE)S 2T SRl o+

SEMe=Z Yeiigich

3. &1}
3.1 AR 2% |2l =21 E7 M= (hBM—MSC)2}
JHIEH%;"" =719 ZJIMIE  (hUC—-MSC)OHI A
TREK1 E29| 23 H|w

L

TREK Y mRNA] E¥Z2 2A}5}7] 98] RT-PCR
24& AHg3te] hBM-MSCH hUC-MSCel 4] TREK
A e s AEseith hUC-MSCollAE TWIK,
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TWIK2, TREK1¥ #& K2P Ado] wazlont

TREK2E &= A &btk hBM-MSCol 4% TREK1
v 9w a1 TREK2E Hawx] 4git gizdtes
GAPDHE °]&3l3th (Fig. 1).
hUC-MSC hBM-MSC
500 bp _,
500bp = 300 bp—
200bp =+
2233 s
2323 273
= N T
(a) (b)

[Fig. 1] Comparison of messenger RNA (mRNA)
expression of TREK1 and TREK2 channels
in hUC-MSCs and hBM-MSCs. Messenger
RNA of K2P related to the functional ionic
currents in hUC-MSCs and hBM-MSCs
was amplified by RT-PCR. GAPDH was
used as the control.

3.2 huC-MSC2} hBM—-MSCOflA{ TREK19|
Cl=2 o Mat
hUC-MSC (n=337) 2+ hBVFMSC (n=498) oIl TREK1
o] & Ad A5 (single channel current)= 53
71H& o] 43t 7]Z33th TREKIS 150 mM KCl
NG ALg-3Fe] A E (bath) &3} Al Y (pipette)
3 A3HA] 1431 excised inside-out patch &
Aol A 7125191t} Fig2: CHO A3l zhitdle
TREKI Ade] @ Ad a3 hUC-MSC2 hBVEMSC
oA 7158 TREKL A4S wlagk Zlojty, CHO AHlE
o Zhd® TREK] Ad2} hUC-MSC2 hBM-MSCel|
Al 7155 TREKI Ado] frakgh Ad 3k Hoar 9}
25 & 4 ) (Fig. 2a9t 2b). 60 mVell Al hUC-MSC
5 271 60 pA (6.0 £ 02, n=3) 3L hBM-MSC
AFe Z7]+= 59 pA (59 + 04 pA n=3)E 2} 100
pS (picosimen)] A Hol= A{F7E 715H AL
AFgre] UC-MSCOll A= KeaZt WA 2ol 71553
ouv & A MR A7 A Aol thEY] WiE
T AT} (Fig. 2a). BH$] wglel] whah dF--
A8 wpddE TREKIZ AR A8 2 (inear
shape)S B33t} (Fig. 2c). hBM-MSColA 7128 zd
2 CHO Al Zol shrad TREKL g3 AFe =717}
AT (Fig. 2bst 2d).
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[Fig. 2] Single channel properties of TREKI using
single channel recording in hUC-MSCs and
hBM-MSCs. (a and b) Channel openings at
various membrane potentials from an inside-out
patch are shown in hUC-MSCs/or hBM-MSCs and
TREK -transfected CHO cells. The letter “C”
represents the closed-channel level and the
letter “O” represents the open-channel level.
(c and d) Current-voltage relationships are shown
linear shape in hUC-MSCs/or hBM-MSC and
TREK 1 -transfected CHO cells. Current amplitudes
from the first open level were determined and
plotted to obtain the current - voltage relationships
for MSCs (filled circle) and TREKI-transfected
CHO cells. (filled square). The pipette and
bath solution contained 150 mM KCI, 5 mM
EGTA, 10 mM HEPES, 1 mM MgCl.

—a- CHO/TREKA1
- hBM-MSC/TREKA1
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3.3 hUC-MSC2} hBM-MSC2} 7|2=l TREK1
TARRHS ol CHet MiELY Mz[stx SZlo| Su}
7159 Ade AFAY FHolv AR 2717 KoP
% TREK1% FAFFTh 1A $-2]& hUC-MSC
hBM-MSCellA TREKI®| thst Azt e 3]
ZAHgTh & TREK1S Al2EQke] pHYF ol Al o]
A3 "k gefA glom R [20], EV1AEAA 715
A AdelA AEd 2 pH Z3s #EEth
hUC-MSC®} hBM-MSC F AXeA 7158 Ad 27
AZ pHE 72014 6028 w3=0] 33 pH 7. 29] 1|
a AdiA A9 A (relative channel activity F+
relative NP,) ©] Z+7} 394 (39.2 + 4.8, n=3), 9.64] (96
+ 06, n=3) o) F7FU I T pH 7.2 2 ulFte] F
5] 5go] #EAHFig. 3).
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pH6.0
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[Fig. 3] The effects of the pH on TREKI in inside-out
patch configurations in hUC-MSC and hBM-MSC.
(a) Low pH solution (pH 6.0) was applied to
the cytoplasmic side of the inside-out patch in
hUC-MSCs. Below panels(i, ii and iii) show
the single channel on an expanded time scale
in hUC-MSCs. The cell membrane potential
was held at - 60 mV. (b) The figure shows the
general single channel activity with acidic pH
in hBM-MSCs. The cell membrane potential
was held at -40mV. The bath solution contained 5
mM TEA. Below panel shows the single channel on
an expanded time scale in hBM-MSCs.

& TREK1 Ade] 574 <9 shbz Azt A13de]
o Ajd e} &golrh. hUC-MSCeF hBM-MSCel A 7]

8 K A msh AlEet Aol ol @A) =HeA] 2
AT Al Aol SIS E o] Afde] &40
74 Elakitt (Fig. 4). hUC-MSCE Q1914 o=
-5 mmHg, -10 mmHg, -15 mmHg® A% %45
7¥etH E5hE 7hebA] ehohs wl Bt A Ad 24

T} 24 22v) (224 + 1.2, n=3), 12790 (1274 + 2.
n=3), 16081 (1600 = 60, n=3)7k4 =78kl
hBM-MSC¥ -5 mmHg, -10 mmHg, -15 mmHg, 2%
Ao A AAFH S94S T4 4k W B} 4]
A Ag gAdo] 242k 37a) (372 £ 2.8 n=3), 1768 (1756
+ 81, n=3), 306 (30656 = 135, n=3) 74 Z7}5}5
(Fig. 4). -15 mmHgol A= A9 HAulghdl] =235t
ok AT Aze] oA w Ald EAe] AleklE
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e

(=)
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\ \
I
||
6pA
4s
(@
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0 -5 -10 -15mmHg

A A
—15pA

(b)

[Fig. 4] The effects of membrane stretch on TREK1 in
inside-out patch configurations in hUC-MSCs
and hBM-MSCs. (a) The channel activity increased in
the presence of membrane stretch with mechanical
negative pressure (5 mmHg, 10 mmHg and 15
mmHg) in hUC-MSCs. The cell membrane
potential was held at -60 mV. (b) The figure
shows the general single channel activity with
mechanical membrane stretch in hBM-MSCs.
Below panel shows the single channel on an expanded
time scale in h(BMEMSC. The letter “C” represents the
closed-channel level and the letter “O” represents the
open-channel level. The cell membrane potential was
held at 40 mV. The bath solution contained 5 mM TEA.
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oJgh ggolrh2]. 1A hUC-MSC2H hBM-MSCell A1
wEs) el wakg zARCh oA oz A
F) B33} A9t 5 3l arachidonic acid (10 pM)

o o&] o] AdL AA G AJo] k2 108 (104
+ 08 n=3), 249 (244 + 1.0, n=3) &4J3} =231 arachidonic
acid® AASE A3 8EHo] BAHU (Fig. 5).

ol2]g A¥= hUC-MSC¢F hBM-MSCejlAl TREKI®]

2 e AEEor 7)EeEkal s HolErh

hUC-MSC

Control Arachidonic acid wash

i T i epA

i 1min

6pA
50 ms

(a)
hBM-MSC
Conirol Arachidonic acid  yyash

1 “ Il‘ —I5pA

10s

—15pA
50ms

(b)

[Fig. 5] The effects of the arachidonic acid on TREK1
in inside-out patch configurations in hUC-MSCs and
hBM-MSCs. (a) Arachidonic acid (10 utM) was
applied to the cytoplasmic side of the
inside-out patch in hUC-MSC. The channel
activity increased in the presence of
arachidonic acid. Below panels (i, ii and iii)
show the single channel on an expanded time
scale in hUC-MSCs. The holding potential held
at -60 mV. (b) Arachidonic acid (10 uM) was
applied to the cytoplasmic side of the
inside-out patch in hBM-MSCs. The holding
potential held at -40 mV. Below panel shows
the single channel on an expanded time scale
in hBM-MSCs.
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b B9 AAH R AR AEe] E3b5e] &4
= 7FsAE o Axe] w5t dol & 5 QIelgl L

Hoz2 Z7|MEe gAd AlEwsts (multilineage

A

1969



A& =R A6d A3E, 2015
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