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Functional expression of TMEM16 channels in portal hypertension

YAMAMURA, Hisao

3,700,000

TMEM16A
TMEM16A
TMEM16A

80%
TMEM16A

Portal hypertension is a major complication in patients with chronic liver
diseases and cirrhosis, but its pathogenic mechanism remains unclear. Here, we demonstrate that, in
portal hypertensive mice, 1) expression of calcium-activated chloride channel TMEM16A is
downregulated, 2) calcium-activated chloride currents are reduced, and 3) component of
TMEM16A-mediated contraction is attenuated. These results suggest that TMEM16A is involved in the
molecular mechanism of the development of portal hypertension.

TMEM16A



100 mmHO 7.4 mmHg

80%

1,000

Ca?* [Ca?']i
Ca*

Ca* Cl- Clca

Large & Wang, Am J Physiol, 1996;
Leblanc et al., Can J Physiol Pharmacol, 2005  Clca
[Ca]i
Galietta,
Biophys J, 2009; Ferrera et a., Physiology, 2010; Huang
et al., Pharmacol Rev, 2012 Clca

Kunzelmann, Pfliigers Arch,

2011 Clca
TMEM16
TMEM16A~K Duran
& Hartzell, Acta Pharmacol Sin, 2011 1
TMEM16A TMEMI16B Clca
Yang et al.,

Nature, 2008; Caputo et al., Science, 2008; Schroeder et
al., Cell, 2008 Clca

Hartzell et a., J Physiol,
2009 2

TMEM16A
4 2
4
TMEM16A

Ohshiro et al., Biochem Biophys Res Commun,
2014; Ohshiro et a., J Pharmacol Sci, 2014;
Yamamuraet al., J Pharmacol Sci, 2015

TMEM16A
TMEM16A
Sun et a., J Physiol, 2012; Forrest et al.,
Am J Physiol Cell Physiol, 2012
Wang et al., Circulation, 2012; Heinze et al., J Clin
Invest, 2014; Wang et al., J Mol Cell Cardiol, 2015
TMEM16

TMEM16

200 mmH20  14.7 mmHg

250 mmH.O 18.4 mmHg

30 50%
100 7.3
TMEM16H
TMEM16G
TMEM16B TMEM16K
TMEM16A
TMEM16F TMEM16D
TMEM16E
TMEM16J  TMEMI16C
1 TMEM16
TMEM16 10 TMEM16A~K
TMEM16A

TMEM16B Clca

out

C
2 TMEM16
TMEM16 N Cc
8
5 S5 6 S6
3 Clca
5
A
0.05 1 (n=3)

0.04

0.03 1

0.02
0.01 ’_]_‘ H
0.00 I R 1 | -

Ratio to GAPDH

=
16A 16B 16C 16D 16E 16F 16G 16H 16J 16K

3 TMEM16A
A TMEM16A
PCR B
TMEM16A

MRNA



A L 200
i aiu.
-70mv EAii b aiagin - 20s
control + 1 uM cytochalasin D o tM J'l::;;lcakai‘nﬁilge ........... 4

350 activation deactivation
300 4
E 20 Clea
A

>
% w0 . Clea Clea 5 TMEM16A
© 100 A 5 GFP TMEM16A
50
; m [N GFP
& s & s TMEM16A
& &g & & g¢g BCh Clea

%

*p<0.05, **p<0.01

BDL hile duct
ligation PPVL partial portal vein
ligation

PCR ClCa
pCa 60 1 uM

TMEM16

BDL TMEM16A mRNA Sham
PPVL TMEM16A

TMEM16A

BDL Clca Sham PPVL
Sham

TMEM16A

Sham BDL BDL Sham
TMEM16A
Sham BDL PPVL
TMEM16A
TMEM16A
TMEM16A pCa6.0
1 HM ClCa
TMEM16A
BDL
PPVL TMEM16A
TMEM16A
TMEM16A Clca

TMEM16A



10.

11.

12.

13.

13
Yamamura H, Suzuki Y, Yamamura H, Asai K, Imaizumi Y. Hypoxic stress up-regulates Kir2.1
expression and facilitates cell proliferation in brain capillary endothelial cells. Biochem Biophys
Res Commun, 476(4):386-392 (2016). [doi: 10.1016/j.bbrc.2016.05.131]
Suzuki Y, Ohya S, Yamamura H, Giles WR, Imaizumi Y. A new splice variant of
large-conductance Ca?* -activated K* (BK) channel o subunit alters human chondrocyte function. J
Biol Chem, 291(46):24247-24260 (2016). [doi: 10.1074/jbc.M116.743302]
Matsuki K, Takemoto M, Suzuki Y, Yamamura H, Ohya S, Takeshima H, Imaizumi Y. Ryanodine
receptor type 3 does not contribute to contractions in the mouse myometrium regardless of
pregnancy. Pfliigers Arch, 469(2):313-326 (2017). [doi: 10.1007/s00424-016-1900-Z]
Yamamura A, Fujitomi E, Ohara N, Tsukamoto K, Sato M, Yamamura H. Tadalafil induces
antiproliferation, apoptosis, and phosphodiesterase type 5 downregulation in idiopathic pulmonary
arterial  hypertension in vitro. Eur J Pharmacol, 810:44-50 (2017). [doi:
10.1016/j.€jphar.2017.06.010]
Suzuki Y, Tsutsumi K, Miyamoto T, Yamamura H, Imaizumi Y. Heterodimerization of two pore
domain K* channel TASK1 and TALK2 in living heterologous expression systems. PL0oS One,
12(10):e0186252 (2017). [doi: 10.1371/journal .pone.0186252]
Yamamura H, Kawasaki K, Inagaki S, Suzuki Y, Imaizumi Y. Local Ca?* coupling between
mitochondria and sarcoplasmic reticulum following depolarization in guinea pig urinary bladder
smooth muscle cellss. Am J Physol Cel Physol, 314(1):C88-C98 (2018). [doi:
10.1152/ajpcel1.00208.2017]
Yamamura H, Nishimura K, Hagihara Y, Suzuki Y, Imaizumi Y. TMEM16A and TMEM16B
channel proteins generate Ca?*-activated Cl- current and regulate melatonin secretion in rat pineal
glands. J Biol Chem, 293(3):995-1006 (2018). [doi: 10.1074/jbc.RA117.000326]
Matsuki K, Kato D, Takemoto M, Suzuki Y, Yamamura H, Ohya S, Takeshima H, Imaizumi Y.
Negative regulation of cellular Ca?* mobilization by ryanodine receptor type 3 in mouse mesenteric
artery smooth muscle. Am J Physol Cdl Physol, 315(1):C1-C9 (2018). [doi:
10.1152/ajpcell.00006.2018]
Yamamura H, Suzuki Y, Yamamura H, Asai K, Giles W, Imaizumi Y. Hypoxic stress upregulates
Kir2.1 expression by a pathway including hypoxic-inducible factor-1a. and dynamin2 in brain
capillary endothelial cells. Am J Physol Cell Physiol, 315(2):C202-C213 (2018). [doi:
10.1152/gjpcell.00154.2017]
Yamamura H, Suzuki Y, Imaizumi Y. Physiological and pathological functions of Cl- channelsin
chondrocytes. Biol Pharm Bull, 41(8):1145-1151 (2018). [doi: 10.1248/bpb.b18-00152]
Saeki T, Kimura T, Hashidume K, Murayama T, Yamamura H, Ohya S, Suzuki Y, Nakayama S,
Imaizumi Y. Conversion of Ca?* oscillation into propagative electrical signals by Ca?*-activated
ion channels and connexin as a reconstituted Ca?* clock model for the pacemaker activity.
Biochem Biophys Res Commun, 510(2):242-247 (2019). [doi: 10.1016/j.bbrc.2019.01.080]
Kawasaki K, Suzuki Y, Yamamura H, Imaizumi Y. Rapid Na*" accumulation by a sustained action
potential impairs mitochondria function and induces apoptosis in HEK293 cells expressing
non-inactivating Na* channels. Biochem Biophys Res Commun, 513(1):269-274 (2019). [doi:
10.1016/j.bbrc.2019.03.129]
Kawasaki K, Suzuki Y, Yamamura H, Imaizumi Y. Development of a novel cell-based assay
system for high-throughput screening of compounds acting on background two-pore domain K*
channels. SLAS Discov, in press. [doi: 10.1177/2472555219829745]

13
TMEM16A 2016
2016
ca?t Cl
TMEM16A/B 38 2016
TMEM16A 130
2016
Ca?
Cl TMEM16A 90 2017
Ca?*
Cl TMEM16A/B 137 2017
TMEM16A 137 2017

Ca?* Cl



10.

11.

12.

13.

TMEM16A TMEM16B 131

2017
TMEM16A 59 2017
TMEM16A 132 2017
Ca?*
Cl TMEM16A 95 2018
Ca?*
Cl TMEM16A 64 2018

Hisao Yamamura, Yoshiaki Suzuki, Yuji Imaizumi. Downregulation of Ca?*-activated Cl- channel
TMEM16A in cirrhotic portal hypertension. 18th World Congress of Basic and Clinical
Pharmacology (WCP2018), 2018.

TMEM16A 2018
2018

http://www.phar.nagoya-cu.ac.j p/hplysg/

@

@)



