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Expression and Regulation of TMEM16A in Epithelial Cells
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Abstract TMEMI16A (tranmenbrane protein 16A) is widely expressed in the body as a known CACC
(calcium-activated chloride channel), which mediates many important physiological functions. In epithelial cells,
TMEMI16A can mediate membrane potential changes and fluid secretion through multiple reactions. In addition,
TMEMI6A expression is up-regulated in a variety of inflammation-related epithelial diseases, such as cystic fibro-
sis, asthma and acute pancreatitis; regulating TMEMI16A expression and channel activity may be a potential strate-
gy for the treatment of inflammation. Studying the expression and regulation mechanism of TMEM16A in epithelial
cells is of great significance for elucidating the physiological and pathological functions of TMEM16A. Here, this
artical reviewed the latest research progress of TMEM16A in epithelial cells.
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The four alternative splicing fragments of TMEM16A is labeled with a, b, ¢ and d, respectively.
Ell TMEMI16ARTIMEHATREEI(RIES % SCHk[19-22118%0)
Fig.1 TMEMI16A topology diagram (modified from references [19-22])

BA M A E54, IF B 7 5 B A & R <7
PE. TMEMI16AEA 4N n[ A8 BY45% F B - a(1~116).
b(268~289). c(470~473)F1d(498~523)(1). Hi1, a
B N-3ii 45 46 43 520 TMEM 1 6A R E FIZh g 1Y b
BRI 5TMEM16A[#1Ca® U P 7 2602, cBeaT LA
T 5 B (1 PR AR Y, T AR R IR B
J X TMEM 16 A T8 3 1A BH St (1) s 03

H AT & & K DU A A FPIRZAS ) TMEM 16 A 25
F, ALFE 2 Ca¥" 45545 (50YB. 6BGI). 1/~ Ca*
Zi 5 A 6BGI. 14 Ca> HHASOYG!!, Hor,
SOYBIW R gt e e B B R iy . Ca”' 454
XT TMEMI16AHT Ca> WM 14258 e A5 PR FH 17180,
£ TMEM 16 A A 1E 2 AR 5k K& (E654. ET702.
E705. E734M1E738), ‘M1 4/t TMEM16A[F] 5
6~85 Il g, R Ca® & &2, [ b iRs
AN A [ R 1 Bk L 2 A, N650. N651RINT30H 4
BiCa> g &1,

i Ca® &5 G R WL 4b, TMEM16A FI 30 1
% 4,5- TR R WEVLEE [P1(4,5)P, ] F 4z U, 1
TMEMI16AH 22 /D A77E 34> P1(4,5)P. 45 A7 1 122, 4
A H 5N (R433. K430, R429. R437. K313). 77
(K659, R662. R665. R668. R682. R683. K684)
I3 (R461. K480 R4A84)HH 5 4 i, 1X LE Ay £ 45
B) oy A AE i FL A A B PR PR (B D . BT
HEW, 20 o 9 PI(4,5)P, 1 8L 2> 2 T EITMEMI16A
S AR BERY, PI(4,5)P, AT R T IR B T S
54 Gl B R M Ca? ) 45 A ST TMEM 1 6 A S 1

PRI,

2 TMEMIGATE ER P RIFTRIZ, Ih
BEFN A ML

K PRIl Z . 52 By BT
AR S50 EmA i R R S B R
b R 2 B P ) REAR I BT A B AR S, (H AR
ARG SEE, B ORAP R B R . RS A4 )
AR W55 . TMEMI6A 1ML AICL 23 Wb P
520 bR A Thae AHUCED, & b i 40 4UR ¥ 47
B AR PRI RE I E R (R ).
2.1 TMEMI16ARIFRIE N INRE

PR = 2 b di . ok ffe. X
AR 4T B A0 A 2279 41 B A B2, AT DU OS5
AT I B ME RS . TMEM16ATE
/N BRI B €8 25 | J% (retinal pigment epithelium,
RPE) )57 JIE . J O 248 R0 SOURK 248 L ) £ 3 35, IF
Bz 58 T B2 45 1 R Al oK 3> . TMEM16A
TEAFARFOHEIR 6 B 52 2% b 3Rk F 2 SR o A2, 78
B )R PRSI TS 1312 SN 5 0 I D 1T =3
FITMEMI6AN) 2 1R IEP) ., 158 HES Y IR AT IR XL
A% 40 o v AT A I 2 Ca B0 I CL HL I (Laen), 7% HE
T AR Ca? il I8 35 M B VI OC . Ca i@ iE [
i AICo™ . LAYCa® 18 18 PH A5 77 il 2K b 1. CliEiE
BEL ¥it7 771)5- A Fik-2-(3- 25 5 T 2k 24 %) K H R (NPPB).
TMEMI16A#1I il 77 T16 Aun-AO L HITMEM16A 7t 14 7]
DA FF AR RS A L eyen IR P AR Loy co il I B
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Table 1 Expression and function of TMEM16A in epithelial cells
bR i) st FARERAL TMEM16A R T it S35 3R
Epithelium Cell type Expression pattern The function of TMEMI16A References
Retina RPE (retinal pig- Cell parietal membrane Promoting the absorption of water and electrolytes in the subreti-  [23]
ment epithelium) nal space
Rod bipolar cells Cell terminals Involved in the regulation of synaptic transmission at the ends of ~ [25]
photoreceptors, it is related to the activity of Ca** channel
Photoreceptor Presynaptic terminal An intrinsic regulator of presynaptic membrane potential. Modu- [24-25]
lating synaptic transmission at the ends of photoreceptors
Olfactory Supporting cells Cell parietal membrane,  Controlling ClI” homeostasis and dynamics in the mucus covering ~ [26-30]
epithelium high expression in the the olfactory epithelium
ventral zone and low Maintaining proper endocytic trafficking
expression in the dorsal Affecting the TMEM16B-mediated current, modifying the odor-
zone ant response of the olfactory sensory neurons
Airway Ciliated epithelial Cell parietal membrane Controlling the mucus production/secretion. Facilitating effective ~ [35-39]
epithelium cells compartmentalized Ca®* signaling. Leading to fusion of mucus
containing granules, exocytosis, and release of mucus
ASM (airway Cell parietal membrane It is related to the development of airway smooth muscle. Con- [31-35]
smooth muscle) trolling paracrine release of inflammatory mediators. Regulating
cells contraction of ASM
Intestinal Intestinal epithelial ~ Low expression in Regulation of calcium signaling required for basolateral muco- [41-44]
tract cells ileum; high expression cele; associated with diarrhea caused by rotavirus toxin NSP4;
in proximal and distal playing a role in CI secretion in intestines; forming the basis for
colon future studies of the expression and function of TMEM16A in
normal and inflammatory intestinal diseases in vivo
Pancreas Acinous cells Low expression in nor- Related to HCO;™ transport. The driving force for the secretion of ~ [46-51]
mal acinar cells fluid by acinar cells
High expression in duc- TMEMI6A inhibitors for the treatment of acute pancreatitis.
tal-like epithelial cells of  Associated with the glucose-induced membrane fluctuation in f3
pancreatic cancer tissue cell that is necessary for insulin secretion
Biliary duct  Bile duct epithelial ~ Cell parietal membrane The driving force for cholangiocyte secretion. Promoting alkali- [55-56]

cells

zation of bile duct fluid. Associated with changes in the composi-
tion of bile. A potential target to modulate bile formation in the

treatment of cholestatic liver disorders
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RERIE, X—4
() 5h A . HENRIQUESZ5P71
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J5 78 AR AR R b R SR, TE BOR SR B 4 B BT AE
NI IG & & I FE H, TMEMI6ATE RS | 57 5 IR
wRk B AR, MAURYA S P2
¥ 4 B (wild type, WT)FI TMEM16A47 %:(knock-out,
KO)/)N B #E 47 22 K, E12.5 K TMEM16AYE MLt | 37
HEAMI X (ventral zones)ZKiA, ME16.5 K IH7E I X
(transition zones) 1 1A, 1M 7£ 1 ] [X (dorsal zones)

7k, A SE T R 2 TG bR T & E (olfactory
marker protein, OMP). £ L £F EFr i ¥( L BEfb
T B ) LA K TMEMI6ATE IR |- 7 (1) 3Rk i 7, 45
REIRTMEMI6AZRIE TR ERTHZ, HAS 4

WAk 7 i B L2, UESE T TMEMI6A M) 3Rk A7 &
S SRR AN R T35 4, AR PR AN TC . 78 HF

AR, AL 2 R A AT, X R A YA
e 2 AR BE (1 L EUD IR . HESEPOR I, b 57 4 A
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f N R is i A R

FEE S, TMEMI6ATELE 6 L S 4l A
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T8 & A CT 43 A 1) 32 B ER Y, B AR OR, 1R
TMEMI6AZAZ /N, BEES B MM ENEE
0, UIEBITMEM16A 5 UE PRI KB H XK. H
T 5T 2 B, TMEM16A 52 Th2 %4 41 ffd [X] -F-IL-4 F11L-13
VAT, AT TR TS A8 b R AR 2 AR, EIL-4 A
IL- 13083, TMEM16AFINa' /K 2CI i is ik %
K L, S ECTR 4 WA E N, TCL ) 43 W £ il
F K53 UABN w5 S A TE R K G EH, AR
TLFBHED), R ISR DGR I R WL o 7R
g £ 55 Hh, TMEM16A K & T % & FH5AC(MUCS5AC)
FEYESRAR A, FF7T R & A ™, TMEMI6A#E
5 R R AW, PRI B R = 1 R, i
BRGSO R HE P IRGE, MK
AN EYFRINREY, GHFFEE M, TMEMI16A
TE b RO 5 TS il 25 DL S M i st 2 vt o B 1Y)
fER . fE5Z TMEMI16AKIERT, ATPE S IR 4>
WASZ SR FN D, MR Py Ca® W PR TS, T 30F
TRRORE Gy I RO R T2 B 1)),

15 [l 3, TMEMI16AYE /N B3 1 b 2 40 i A1 A
RN R 35 2R IA, T SRR AU B A e i 7R 1
Ca? (5 54 U0, B (5 20 40 B A1 5 92 B AR TN 42
~, TMEMI16AZE+ 48l f2 i B RIK, £
B FRIK, AR Ko v 45 e K B R IEM,
WF9T 3 B, 7E R TMEM I 6AFE R () /N6 b K 48 g
W, 4 B Ca® MBS IR CL 43 36 52 3] 1 4 112 T 26 1
4 K [ T (epidermal growth factor, EGF)™] I if{Ca®
W BICL 53 W, FEHE = 45 W b B 20 I TMEM16A
FakW, — P AR 7 B R(NSPA) AT 5] 2 %2 )L
75, 2 5l RCa>™ K i (C1 7 Who  F FINSP44L #E
L TMEMI16ATHEK 29341 it 5, 7l 75 5 40 i = A=
Ca? I #i (I CL 43 W14, B ] L, TMEMI6A 2 #&
R EE YIRS ROl B ) R B @ E . R
TMEM 1 6A B AT i %5 C1 43 W 1) A2 BRARR 112, 78 1 b
B B V2 4 Ak % R L R 15 BT (eystic fibrosis
transmembrane regulator, CFTR)E 1l /& /i §:C1 7 48
Sy WA B AR, ICFTR I DhRELE T AR B A it
T TMEMI16A™), 5 5 TMEM16A4: 8 55 45 % - Je 40
Jid - cAMPAICa? B35 FICL HL T,

FEJERR S, TMEMI16AZE IR 41 g o, i
P R 1450, R 5 A 0V DA B i i g 24 i T e
FRiL. 1EIEH BEIRIRIE N TMEM16A K IA E 1
fiC, e B R SR B m Rk

TMEMI16A {3 32 2 38 5 IR v 40 J (1) CT 43 8, B
DRBAA 4y WA T T LK B J10, [R] B TMEM16A A &
[IHCO, % iz vl i 47 I W pHAR A%, gE 4k, TME-
M16AZRIE R BE T ¥ T 0 HINF-xB1E0E, Be% A
R S 9 IR 4 (acute pancreatitis, AP Y /) ],
) B R A5 050500 7E JB 5 BT I, TMEM16 A 1] 571
T16Aum-AO1 R 57 47 5 175 5 R JB 5 2 29 id LA B s
LA IR 5, TMEM16A 3 Bl ok th £ 540 /N B IE
I R WY, [, TMEMI6A 2 iR 55 B4t i
HRE T R S R A E A T

TEARE Ff, REY T TR R A BT AR (0 & A
JEABE iz s, WHFi s, 76 AMz-Cha-140/15), 1F
i K BRUIE % 41 il (normal rat cholangiocytes, NRCs)+
/INER R HEE 41 Y (large mouse cholangiocytes, MLCs)
/N R ZNEE 41 Bl (small mouse cholangiocytes,
MSCs)H ¥ al# I B] TMEM 16 A FI 3R 1E B4 KR
HT/IN BT I S 028 % €0 5 7R, TMEM16ATE JT 48 ffl o
FIKILES, T 7E REE A M R SRR B R, A AT
iE B, TMEMI16ATE JIH & I} 4 i (biliary epithelial
cells, BECs) T[22 1A, ATP ] FBECS! A Loicay, F
FsiRNAT L TMEM16A % iA 5§ 7E TECa® 1) 26 14 R
1% HLIA 2 35 PR AIG, 1IF I TMEM16A /& BECs 1 = 1
CaCCs, F MR )50 W2 3R 3 /15, TMEM16A
YERRRAE CLAMHEREIE, W] §E R R VTR R P I
HH R T RE I B ) A A
2.2 TMEMI16ARYEIEHHI
22.1 TMEMIGAZALRMJE ¥ a9 R =AE WL E
7, ATPAERPEAH ffd 1) T5 AN AT DL F Leyen FR 7= A2
RPEHTMEM 16A WU ML A1 A= B8 S ANE 2,
HEW TT RE PSS P,Y 5244 (30 BT 51 &2 (1) Ca* R T3 AT
5 B TE T, T A IR T R R SR A EE
ﬁg’i)ﬁ[ﬂlo

AP 5 H B s ] 9% Ca? I 3E (voltage-dependent
calcium channel, VGCC)Hial. a28. Pl-4FlyPYFhA[H]
PS4 % 2, Horp 0283 3553 028 1(CACNA2DI).
0282(CACNA2D2). a283(CACNA2D3) I
0284(CACNA2D4) PUFHAS [F] (R, A 52 58 i K ity
) Ca* WL, fR A3 #H 420 5T (1R . TMEMI16ATE
1H 5 Ca> @18 1 o AL AHE , TERE &) VGCC/
TMEMI6A, A F| T 62 38 KA R I K D RE K 45, 5
Ca®" PN L &5 P 335 11 5 2 &6 5 T LASKT SR v 20 77 A
PR R Az P, 7E CACNA2DAZR A /N AR PR i o
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VGCCH 028431 A7 23 BRI TE SRR, A8 Ik S22 5 i
R S F¥ 45 A4 R Th BE T B REIA B, TMEM 16 AHIE 2% 2
HARAA E R, SBOGRGZ SRR RinE A
MR fih R ity [7] 40 % JZ (outer nuclear laye, ONL)¥%
¥, FEOFPOCRSZ 4% 1) N L5 5 R e
Z AR,

2.2.2 TMEMI6A "% L & e &9 42 AL 4|
ATP3H o B0E SR 4 G B B AR BC P Y 32 44 2 i
Y11 P9 A A7 B Ca> RETI, 51 S 1 L P9 Ca 1 I I 4
Jn, B A0 Y TMEM 16 AR P FLJRY . Ca® 7E
SCRFAN BT A TMEM16A CLBIE T, 5
FCIAME, M2 HICLFE B 58 b B2 R P i 3h 35
AT, W E AT DASZ B = XA KRl STz
PRSI, IX 2T 2 m DS L il 5% SRR AT POV
TMEMI6AT] LA P J5t 94 i L ) = 1 2 AL A 32 4
(inositol 1,4,5-trisphosphate receptor, IP;R)#H H.1F H
KIBCRATPA R ICa* (5 5, 5 W5 b5 4 ATP
B Pl RIS . AN, A IR W] — Sk
93 F 22 5 AL T RUECRE # 48 JT(olfactory sensory neu-
rons, OSNs)Z & L[R2k 4s &, i T HGE
AR S5 L, 0TS i R PG BB, (3% R )
%% 11818 (cyclic nucleotide-gated channel, CNG)#!l
Ca> BiE HICL B IE TMEM16B K B R iA ), 4t
LT AE AR L O M3 B B S A4, A3 41 i Y Ca™ ik
JE T, BETT BT TMEMI6A A S (1) B0,

223 TMEMI6AZ A8 & e F 4 8 42 AL 4]
AE E T I TMEM6A 5P, Y % f4. CFTR3LE fif
T 4H B ORI, P,Y S AR 00 5 mT 51k N J5 I Ca™
PRI, Ca® AL BIETMEM16A, 4 il ¥ R R 3 1k
fit# 1(adenylate cyclase type 1, ADCY 1) IR, (14
cAMP/KF-FF 51, cAMPRIIUER FH BB A (protein kinase
A, PKA)FITEE, #EMEGECFTR, (E#ECT 73, 21
WAy — R e 7 il s A7 AE T RIE AL, 51ESE
bR Cat IR B R T, AR R E . B
T8 JE S S R b, Th2 40 B mT URE T80 2 i 46 12 [
T o, TL-AE 1 SPE 2 E AL b S A B
WFER, 45 % Bk 2 H (immunoglobulin E, IgE)
() 7= A2 DL R W TR MR 40 L T i e 4 i A IS K
2 A AT A S BOME R TR, IL-4 7T DR
TMEMI6A [ 3235, 125 A 73 W v e %5 5 24
JRT0, A IL-4 B TMEM 16 A [ ¥ 97 77 7T 45 %% 2%
iR A LA £ 8 PP A Y T 0T

2.2.4 TMEMI6AEM LK e eifi=pd  H
T, 2T i I B A TMEMI16A 8 45 WL () 1) 38
B/, R 3R OA A E PR I TR T A A RS S i
i 2 SRR ILE AT SR B, 1R
A 51 2 R v 5 22 R 22 0 5 5 1 b e B B T g P A
i, TMEMI16AE X FEAEH . TMEMI16AZ 8 i #
ERK 1/MLCKA 53 %, I #E AR & 2 575 5 1 4
JitL B 55 Th RE R i ; A1 I, 1833 ERK/Bel-2/Bax {5 5 1@ i
AT AR R R e 2 WS T A R R T BT
PPt g RN, I 2 0] DL 2 R B TMEM16A
(1235, X FhE F £ PNF-«B 2 2 7, TME-
MI16ATF) 5 2% Vi 2 WLkl REE ) 4 B b 1 o B4 4
PRI LE IR T S 0E, JE VB FETMEMI6ALE 1E H
(1) P 308 4 0 98 5 1 i 1 92 5 1 38 N T B 25
FERBTT,
225 TMEMIG6A MG 0T 49 F A4S TME-
M16ATE 20 i HH 2 A3 4 5 IR iR 4H 2R I 375
IL-64H %, HF 73R BH, 7E ARA2J4H M (R BRUABE R ke 40
i), TL-638 I TL-652 R (IL-6R)AE 5 i T Rl 3 B
1% T 3(signal transducer and activator of transcription 3,
STAT3){5 5 %, (et i 4t i -F TMEMI16A R IZ,
5] EETMEMI16AZ i& Y, TMEMI16AL K ik &
T IR0 2 e FR TIPSR /Ca®' /NF-xBAE Sl %, JF4IPsR
S Ca® B TRV 0, 48 i P CaZ T i B0 NF-«B
F T, T EURI A 7 A B IL-638 e [t
TMEMI16A 51P;R/Ca* /NF-xB/IL-63 % 2 [H] ] 1F [
BT [A] B 4 Ca® T . NF-kBIE AL-6F% i 2 5%
HIE,
2.2.6 TMEMI16AEREE L& tafeeF 69440 )
FE /I BRI N JH S A8 g b, IE v R BT L I B TMEE -
MI16AS Flcicar A, ZISFEW T PKCa, ¥ S 41
HATPAIP,Y B IP; 52 A4 (1 B 7™ o JHF 4 it R JE 75 &4
MRS TATP R FR U, SRR AR P, Y 2445 &,
HET O TP 3244, T ECa? R FE T AIC i@ i 5 1
¥, {2 TMEM16AST F ICL 437, & s Cl
R JE AR 88 AR A CATHC O, 38 i AE2(B B 148
B AT A, 7K 5Tt /KB T8 28 1 4(aquaporin 4,
AQPA)LH, fe 2 AT IR N VRBRALTS . IHAE 2 i 4%
ZRET R UDCA S TUDCA IS, 41 i
{100 L et 7K P R AT P T8 i 26 gk — 22 14 i, UDCA )
WATPEE JHCEIIE 7 o, B0 S TMEMI16ASL & A7 1)
CFTR, #t— DRI ATP LA H 43 WA 5% 73 Wk ¥ 7 R
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Fig.2 The regulatory mechanism of TMEM16A in epithelial cells (modified from references [50,57,60,68,74,79])

I 5P, Y 5k &5 4, 38 I TP A2 44 A 5 1 4 i P 45
JERE R Ca™, 3 204 H N Ca® 8 1, BE TMEM16A
JHIET Ak, TMEM16A &2 ATPRIFFICT i H I«
iE"il 18, CFTRE 2 5 BRI I B i ATPARE il (1)« I
WeHm U0 Ak PKCofEUDCARIE I T i #532
L I, I 5 ATPRI B TMEM 16 AU #5 10,
BRIk, EY B2 T RESE e IR A A B ARG 5 7 15
5TMEMI6AHR 78,

TE KRR A B, N JTE A e A RS /)
et P JUE 2H 2353 5 1) JIE 7 441 P2 4% 2R SR TL-4R o/ TL -
13Ro1ZARE S M. AIL-1380IL-440 5 (19 IH 4 2
JITMEM16A £ [ 3% 1k 14 I, ATPRI B ™ A ey
5 R, IL-4M1IL-13/ T (I TMEM16A 3 i 1
I 5 STAT6 8 R AL AH 5%, K5 7t P 4711 1] STAT6 AJ ¥ %
TMEM16A % 34 [ 384 N ATATPRI B K CL 43 b o X 4
T 5T & BH, TL-13FIIL-438 i 3 N STAT6I {5 5 18 i
W% IHIE TMEM 16 AT E (1R IA F D) ae™., HErc
HIFJTMEM16A RIS RSN E 25T FE2.

3 TMEMI16A 5%
3.1 TMEMI16ASE T4

e 21 4k Ak (cystic fibrosis, CF)J& — Fi HHCFTR
Thee 2 1 5] e A0 B K & B BT 51 R 108 &
FEPESZR, ZR IR KRB E B NG Wi Z. S
T PHZE RSB IRSES . TR B EREE R, B
T A 286 P AR b, 3R S AT R T R
BE 7525054, S8 N 20 B SR e U o (B BT TR T,

Bk A8 B KA AS &2 A8, CFIE T i 5 CFTRA S 17
IR A By W RS A 55, H BTCFRIIA YT S 32 2L
e B B K R S kM CFTRIF T RE, — S8 F 78
NN, TMEMI16AT] LA 4 14 5 CFUIE 2503 B fg
77 A 34 B0 s, 38 I B CSOE ATP/UTP I BR i, 2
PR INTMEM 16 AT S B B8 ¥ 73 Wb, M1 2038 <UTE
FBUK AR LT S B A BIEBR A 1. (B
ETX001(—FTMEM16A 5 7)) CL 4 IF B AT 34 55 CF
BB A aca™, CL 433 386 55 DR 5 5 22 () 3 4
HENSTE RN, 1208 B 2 A IR R 0E BRIt Re 71, T
DIAE A R I R PG 16 7 2590 -
3.2 TMEMI16A5r%s

TEEH, TMEMI16A R R IE 2 5] i ASMKI
45, W FEUGRAE R SRR ZE, T TMEMI6AS T
AT LLRH T TMEMI6A, #1135 5 30U E #77K5.
TTMEMI6ATE £ Fh I iz 40 g vh 350 2Rk, AT bl 4=
S PS8 FH TMEM16 A5 H1 71K V6 T7 SCUE R 22 )
A At S B RLN, R T 3 S AL N 5 245 ] DL
UF b 38 G BIAE R, 547 b R4 B A B, TME-
MI16ATE R 7> WAL I e 3 I8 B8 = 5, 770 18 i 45 284 (1)
Rl AR IA . TMEM16ATS HLi
A RE X B R SR I ASMIR K 77 R0 2 4 s B XL
HIGITAEHP,
3.3 TMEMI6ASAMRRIRA

SV R IR 2 (acute pancreatitis, AP)& — Fi figi JiR
B E RO AR, HORT  Bh = H BOE R APHIE YT
259, AP AL 32 222 i T IRV 4 i Cca®*
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