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Fig. 1. Ca”* signaling in PAH.

In PASMCs, VDCCs activate by membrane depolarization and induce Ca®*

influx. Activation of Ky channels by
depolarization causes hyperpolarization and thereby reduces Ca®* influx through VVDCCs. Stimulation of G, protein-coupled
receptors including CaSR activates phospholipase C (PLC) and produces from phosphatidylinositol 4,5-bisphosphate (PIP,)
to diacylglycerol (DG) plus inositol 1,4,5-trisphosphate (IP3). DG activates ROC channels consisted of TRPC6 and promotes
Ca®* influx. 1P; binds to IP3R receptor (IP;R) on the SR and facilitates Ca”" release. Ca?* depletion in the SR evokes the
activity of SOC channels consisted of Orai/STIM complex and/or TRPC6 channels and facilitates Ca?* influx. An increase in
[Ca2+]cyt triggers contraction and proliferation of PASMCs. Enhanced Ca®* signaling by the upregulation of Ca®* channels

causes vasoconstriction and vascular
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genes (KCNK1-18 except for KCNK8, 11, and 14).
KCNKS3 and KCNKG6 have reported to be associated with
PAH.
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Table 1. Specific primers of human Ky channel genes for real-time PCR analysis.

Gene ngBank Sequence Product size

Accession number (bp)
o, | o [OLISECECITIGTTE | 1
S | womoneae [ [ACACTOACR OS]
S | o - ACAESIGRCACC OO |,
5ot | oo |01 ToSSRCBSTOACHTIOAS, |y
S | oo [0 SEIRECTERRGERReE T 1o
oy | w0 ESEAONG TR |
owr | oo |CITICSCTGOCSTOSTETTE |
S | mwoowmsos |13 ToCToRRGRGRS SOCISE |
e | wieus [OTeHseccrseratne [
sz | o |1 ICOTRCETIRGORCERTE | 1
ous | woms [N TACIEACCRGcoceTICtaE [y
Il el AL A R
e | o [ IAscorcoR I oS
gy | oo |0 SSAGRSTOSOASETOITS | i
Cves | women MO ICreremcrsran |
gom, | oo [ [asecemccoccammme |




2. 4 Fw—)LEILINVFHSUTiE

Hi— PASMCs |ZR— /L SwF 25 T L,

Kop ¥ RV B AW E LT, Mlashke L TRV
HEPES fEA R OB, 137 mM NaCl, 5.9 mM KCl,
2.2 mM CaCly, 1.2 mM MgCl,, 14 mM glucose, 10 mM
HEPES, 10 mM tetraethylammonium (TEA)-CI(pH 7.4),
FMAEPNIR OFALARIE, 140 mM KCI, 4 mM MgCl,, 2 mM
ATPNay, 10 mM HEPES, 0.05 mM EGTA(pH 7.2),
2.5 MTT 7ytAik

PASMCs (5 x 10° cells/well) % 96 /07— MIFHFHEL,
37°C T 6 WIS L7k, FEM(F/E T T 48 RfHES L
oo M OB A fFE E o W OE I E, MTT
( 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide) /5% F&AfEL L 7= Cell Counting Kit-8 (Dojin) % H
VN2, B (450 nm) (%, Multiskan JX (Thermo Fisher
Scientific) THRIEL 7,

>

0.004] . #

Expression

2. 6 #EHEN
TR T, EHEHEAERRZE (mean + S.E.) THRLTZ,
2 BRI O B 2EMEICIT, Student D t B EE TV =,

3. MIRHER
3. 1 IPAH EEH K PASMCs 28115 Kp Fr LD
RINLE)

IEH R Cof BEE, normal) 35 KUY IPAH FB 3 ok
PASMCs IZHW\ T, KpT ¥/ 7 73— (KCNKL ~ 18,
7272 L KCNKB8, 11, 14 ZFr<) O mRNA R B &2 7 L4
A2 PCR IETEHTL7-, IEHEN PASMCs (235 C,
KCNK2 (TREK1), KCNK3 (TASK1), NCNK6 (TWIK2)
F ¥ R OFHIFEDOHT (Fig. 3A), IPAH B3 H 5k
PASMCs Ti, KCNK1(TWIK1) & KCNK2(TREK1) F
YRV ORBLEN, S RBELE L CEE ML T
7= (Fig. 3B), —7J7, KCNK3(TASK1) & KCNK6 (TWIK2)
F ¥RV OFBLEIL, FREELOLD L T,

[—INormal
I PAH




Fig. 3. Expression profiles of KCNK (K, channel) genes in PASMCs from normal subjects and IPAH patients.

Expressions of KCNK (Kp channel) genes (KCNKZ1-18 except for KCNKS8, 11, and 14) in normal- and IPAH-PASMCs was
examined by quantitative real-time PCR. A. Expressions of KCNK genes in normal- and IPAH-PASMCs (n=4). The mRNA
expression of KCNK was normalized by that of B-actin (ACTB). *p<0.05, **p<0.01 vs. normal-PASMCs. B. Comparative
analysis of KCNK expressions between normal- and IPAH-PASMCs (n=4). Note that the expressions of KCNK1 (TWIK1)
and KCNK2 (TREKZ1) were upregulated, whereas those of KCNK3 (TASK1) and KCNK6 (TWIK2) were downregulated in
IPAH-PASMCs compared to normal-PASMCs.
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Fig. 4. Upregulation of KCNK1 (TWIK1) protein expression in PASMCs from IPAH patients.

Expressions of KCNK1 (TWIK1) and KCNK2 (TREK1) channel proteins in normal- and IPAH-PASMCs were examined
by immunocytochemical staining. A. Representative immunocytochemical images of KCNK1 (TWIKZ1) protein in normal-
and IPAH-PASMCs. Similar results were obtained from 11 independent experiments. B. Representative
immunocytochemical images of KCNK2 (TREKZ1) protein in normal- and IPAH-PASMCs. Similar results were obtained
from 13 independent experiments.
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Fig. 5. Kyp channel currents in PASMCs from normal subjects and IPAH patients.

Kop currents were recorded in normal- and IPAH-PASMCs under the whole-cell voltage-clamp configuration. Ky and BK¢,
currents were abolished by 10 mM TEA in the extracellular solution. Single cells were depolarized from the holding
potential of -80 mV to test potentials (-100~+100 mV) using a ramp pulse for 120 ms every 5 s. A. Representative traces of
Kop currents in normal-PASMCs. B. Representative traces of Ky currents in IPAH-PASMCs.
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Fig. 6. Inhibitory effects of K,p channel blocker on the proliferation of PASMCs from IPAH patients.
Effects of a K,p channel blocker, 300 nM quinine, for 48 h on excessive proliferation of IPAH-PASMCs were examined by
MTT assay. Data were normalized by 0O h.
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Summary

Pulmonary arterial hypertension (PAH) is a progressive and fatal disease of the pulmonary artery. The
major pathogenesis is sustained vasoconstriction and vascular remodeling of the pulmonary artery. These cause
progressive elevations in pulmonary vascular resistance and pulmonary arterial pressure. Elevated pulmonary
arterial pressure leads to right heart failure and finally death. The vascular remodeling is caused by the enhanced
proliferation and reduced apoptosis of pulmonary arterial smooth muscle cells (PASMCs). The excessive
PASMC proliferation is triggered by increase in cytosolic Ca** concentration ([Ca2+]cy[). [Caz"]Cyt is predominantly
determined by the balance of the activity of ion channels. In the present study, the functional expression of
two-pore domain K* (K,p) channels (KCNK family; KCNK1-18 except for KCNKS, 11, and 14) was examined in
PASMCs from normal subjects and patients with idiopathic pulmonary arterial hypertension (IPAH). Expression
analyses revealed that, in PASMCs from IPAH patients, the expressions of KCNK1 (TWIK1) and KCNK2
(TREK1) channels were upregulated, whereas those of KCNK3 (TASK1) and KCNK6 (TWIK2) channels were
downregulated. Kop channel currents with inward and outward rectifications were detected in PASMCs from IPAH
patients. The excessive proliferation of PASMCs from IPAH patients was inhibited by a K, channel blocker,
quinine. In conclusion, these results suggest that upregulated KCNK1 (TWIK1) and KCNK2 (TREK1) channels
facilitate the proliferation of PASMCs, leading to the development of PAH. Therefore, KCNK1 (TWIK1) and
KCNK2 (TREK1) channels may be novel therapeutic targets for PAH.



