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Research progress of Ca’-activated CI channel TMEM16A for the
occurrence and development and therapeutic potentials in cancer

GE Jing-shu, XIAO Qing-huan

(School of Pharmacy, China Medical University, Shenyang 110122, China)

Abstract: Transmembrane protein 16A (TMEM16A) is a Ca*"-activated CI" channel that is overexpressed in
various malignant tumors. The gene is located in chromosome 11q13 region, and its amplification is one of the
main reasons for the high expression of this protein. In addition, transcriptional regulation, epigenetic regulation
and microRNAs (miRNAs) can promote TMEMI16A expression in many cancer cells. TMEMI16A not only
activates a variety of signaling pathways that promote tumor cell proliferation, migration and invasion, but also
plays an important role in inhibiting tumor cell apoptosis. Therefore, the development of anticancer drugs targeting
TMEMI16A is of great clinical significance. This article reviews the mechanism of TMEMI16A in malignant
tumors, summarizes the signaling pathways of TMEM16A in promoting tumor development, and analyzes the key
role of TMEM16A as a potential biomarker in tumor development. TMEM16A inhibitors may become a new
treatment for cancers with high expression of TMEM16A.

Key words: transmembrane protein 16A; Ca*"-activated CI" channel; cancer; biomarker; signaling pathway;

targeted drug
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Table 1 TMEMI16A's role in the pathogenesis of various malignant tumors. TMEM16A: Transmembrane protein 16A; P: Proliferation; M:

Migration; I: Invasion; A: Apoptosis; +: Increased; -: Inhibited; NR: Not reported; NE: No effect; EGFR: Epidermal growth factor receptor;

HER2: Human epidermal growth factor receptor 2; STAT3: Signal transducer and activator of transcription 3; ER: Estrogen receptor;

ROCKI1: Rho-associated protein kinase 1; CRC: Colorectal cancer; MAPK: Mitogen-activated protein kinase; ESCC: Esophageal squamous

cell carcinoma; TGF-f: Transforming growth factor-f; Spl: Specificity protein 1; H3K4: Histone H3 lysine 4; NF-xB: Nuclear factor-«B;

HCC: Hepatocellular carcinoma; HNSCC: Head and neck squamous cell carcinoma

TMEMI16A
Cancer . . TMEM16A knockdown .
type Tumor cell Mechanism overexpression Clinical outcome
P M 1 A P M I A
Breast SKBR3™ EGFR signaling NR NR NR NR NR NR NR NR Overexpression of TMEMI16A is correlated
cancer with decreased survival in HER2-amplified
breast cancer
MCF-7, T47D"” EGFR/STATS3 signaling + NR NR NR - NR NR NR Overexpression of TMEMI16A is correlated
with shorter overall survival in ER-positive
breast cancer
MCF-7, T47D"" EGFR/STAT3/ROCK 1 NR + + NR NR - - NR Overexpression of TMEMI16A is correlated
signaling with lymph node metastasis and shorter
survival
CRC DLD-1, HCT116"""  Epigenetic regulation via NR NR NR NR NR NR NR NR Overexpression of TMEMI6A is correlated
miR-132 down-regulation with poor prognosis
HCT116% Epigenetic regulation via NR NR NR NR - - - +  Overexpression of TMEM16A is correlated
miR-9 down-regulation, with advanced tumor stage and lymph node
MAPK signaling metastasis
SW4801*! Epigenetic regulation via NR NR NR NR NR - - NR  Overexpression of TMEM16A is correlated
miR-144 down-regulation, with poor histology differentiation and
MAPK signaling lymph node metastasis
SW480, SW620, Whnt/f-catenin signaling NR NR NR NR - NR NR +  Overexpression of TMEM16A is correlated
HCT116, HT-295 with advanced tumor stage, histological type
and pathological differentiation
ESCC KYSE30Ilm3, KYSE EGFR signaling NR + + NR NR - - NR  Overexpression of TMEMI16A is correlated

450lm2, KYSE30
luc, KYSE450luc™™

with lymph node metastasis
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Continued
TMEMI16A
Cancer X . TMEM16A knockdown .
type Tumor cell Mechanism overexpression Clinical outcome
P M 1 A P M 1 A
KYSE30, TGF-p signaling NR NR NR NR - - - NE Overexpression of TMEM16A is correlated
KYSE4108¢ advanced tumor stage and lymph node
metastasis
Gastric AGS, SGC79015%"  Transcriptional regulation NR NR NR NR NR - - NR  Overexpression of TMEM16A is correlated
cancer via Sp1, epigenetic regula- with advanced tumor stage and tumor
tion via H3K4 trimethylation metastasis
AGS, BGC823""!  Epigenetic regulation via NR NR NR NR NR NR NR NR Overexpression of TMEMI6A is correlated
miR-381 down-regulation, with poor prognosis and tumor metastasis
TGF-f signaling
AGS, BGC-823"1  TGF-§ signaling NR NR NR NR NE - - NR Overexpression of TMEMI6A is correlated
with advanced tumor stage and lymph node
metastasis
Glioma U87MG™! NF-«B signaling NR NR NR NR - - - NR  Overexpression of TMEMI16A is correlated
with pathological stage
HCC SMMC-772111 MAPK signaling NR NR NR NR - - - NE NR
HepG2, SMMC- MAPK signaling + + + - - - - +  Overexpression of TMEM16A is correlated
772142 with tumor grade, tumor size, distant
metastasis and poor differentiation
HNSCC  Patient tissue'*’! TMEMI6A gene NR NR NR NR NR NR NR NR Dysplasia with amplification of the TMEM1
amplification 6A gene carries a higher risk of malignant
transformation
Patient tissue'** TMEMI6A gene NR NR NR NR NR NR NR NR Amplification of TMEM16A gene and
amplification overexpression of its protein are associated
with poor prognosis in HPV-negative
HNSCC tumors
Patient tissue'*! TMEMI16A gene NR NR NR NR NR NR NR NR Overexpression of TMEMI16A is associated
amplification with lymph node metastasis and pathological
stage in HPV-negative HNSCC tumors
PE/CA-PJ34, Fa- Epigenetic regulation via NR NR NR NR NR NR NR NR Overexpression of TMEMI6A is correlated
Dul*! promoter hypermethylation with decreased survival in HPV-negative
HNSCC tumors
Patient tissue'*” Epigenetic regulation via NR NR NR NR NR NR NR NR Overexpression of TMEMI16A is correlated
promoter hypermethylation with decreased survival
Lung Patient tissue!* TMEMI6A gene amplifica- NR NR NR NR NR NR NR NR Overexpression of TMEMI6A is correlated
cancer tion, EGFR overexpression with advanced tumor stage and high
recurrence rate
A549, H16501" Epigenetic regulation via + NR NR NR NR NR NR NR NR
H3K4 trimethylation
H1299""! EGFR signaling, MAPK NR + + NR - - - NR NR
signaling
Melanoma A-3758" MAPK signaling NR NR NR NR - NR NR NR Overexpression of TMEMI6A is correlated
with low survival rate
Prostate ~ PC-3%% MAPK signaling, TNF-a + NR NR - - NR NR + NR
cancer signaling
Pancreatic AsPC-1"" EGFR-Ca” signaling NR NR NR NR NR - NR NR Overexpression of TMEMI16A is correlated
cancer with decreased survival
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The structure of TMEMI16A and activation mechanism. A: Cryo-EM structure of mTMEMI16A (PDB ID: 50YB). The
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K, BN L AE % iR 1) ok A Ak e b ) 8 AR AE
GR ). BAME, 1645 B e A0 15 i 55 50 1 i
JEAILH, TMEMI16A ) id 221k 5 itk 4556 72 L i 63 2>
P S AR B 2 AR SRR TMEMIT6A
RN R A R T N v
%z[30,32,33,35-37,39-42,50,53]\ ,f% %[30,32,33,35-37,39-42,50] %[] ‘{Eﬂ -l‘:[32,34,42,52]
(GE Do X T KZHMIR KU, TMEMI16A )it RiA T
B UIE S RE 8 (2 3t 20 B 1 36 B RS AR 28, R R
20 U T, T R A TMEMI6A 1 3% 35 7= A2 M e /F
(F 1) AWFFTIRIE, TMEMI6A BT _F 40 i 5 311 &
1 (cyclin) @ cyclin D1.cyclin A2.cyclin E PA J% 41 i J&
HA K % M WS (cyclin-dependent kinases, CDK) il
CDK 1 Al CDK2 ) 3% i 7K V- {2 32t 240 Jf 434 510414, 3 H.
TMEM 16A RE I 55 41 i 38 58 AF ¢ 10 7% 5% IR+ s
TG T SR G 3 (signal transducer and activator
of transcription 3, STAT3).c-myc f1#% K F xB (nuclear

Extracellular
vestibule

Neck

Intracellular
vestibule

Ca?*-bound
Closed

:.

Ca?* binding site

Closed

CI conducting pore

homodimer structure of Ca**-bound TMEM16A is presented. Each subunit comprises TM1-10, two Ca**-binding sites, and an independent

ion conduction pore. Purple spheres represent Ca®* ions; B: Ton conduction pore of mMTMEMI16A. The grey mesh represents the pore surface,

and purple spheres denote Ca*" ions; C: Ca** binding site of mMTMEMI6A. This site is formed by seven conserved acidic amino acid residues
(N650, N651, E654, E702, E705, E734, D738) on T6-8. Sticks represent the side chains of selected residues, and purple spheres indicate
Ca” ions. The figures A—C were generated by PyMOL (https://pymol.org/2/); D: Schematic depiction of Ca*-dependent gating mechanism

of TMEMI16A. Ca® binding to the TMEM16A channel primarily induces a conformational rearrangement of TM6. The image displays an

intracellular perspective of the membrane structure
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factor-xB, NF-xB) ¥°%, i 4} TMEM16A §E % fi¢ it
PUIH T2 H 1 B 41 i itk 298 X1 2 (B-cell lymphoma
2, Bel-2) FIEEAM i H L% K1 1 (myeloid cell leukemia
1, MCL-1) [ &, T4 i 2 4 T 8 B 405 2 e 2 iR
H R 4 % 1R & H /K R B 3 (cysteinyl aspartate specific
proteinase 3, caspase-3). caspase-7- caspase-8 Fas # ¢
FET- 45 #48 & H (Fas-associated death domain protein,
FADD) & M 98 ¥k %6 [N F a (tumor necrosis factor a,
TNF-o)) FJFRIEP>5C 54k, TMEM 16A i i i 5 s
A A R 22 5 R, A R AR 132 44 (epidermal
growth factor receptor, EGFR) 15 5 i i . 22 2 J5L 0% £
H % % (mitogen-activated protein kinase, MAPK) 15 5
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FEDE AL T B (AR 11q13 X3, X — X4 i) 2R R 4 3

Transcriptional regulation

E 22 S 1 iR H B H L, 4n HNSCC A E /) 48 il
Jilif% (non-small cell lung cancer, NSCLC) Z&*41, £
T 90 3R B, TMEM16A 5 1R & 1 5 I Js 40 g
TMEMI16A i Kk fEE % VB &R . A 18 HNSCC Ji#
S T AR YUI BRI b J8 25 23RN e 170 A2 4 23 rp 2 Y B
TMEM16A XNy 38, H TMEMI16A 3 R4 34 1) i % B
A = R RS, R TMEMI64 2R 91 5 &
A RIS AR S, He Z97E 11q13 97 1
[ NSCLC i jeg 20 2 b L 82 3 | TMEM16A4 1) 5 [
¥ 55t £k, 3 K B TMEMI6A )3T % ik 5 g
oy W R AE OG . b4k, 5 N FL KR % FF (human
papillomavirus, HPV) BH 4% ] HNSCC #H L., TMEM 164
FLN Y18 5 HPV B ) HNSCC F bk B2 45 % 5% A 2
I3 A I AR S, X SR T A R, AT
AR 11q13 X I TMEM164 3 DR 34 78 ik 988 12 W A
TG A B A I R S 1

3.2 TMEMI6A % FiBEX MBS HEYFE
ITRSNE  EWE BT R T TMEMI64 5K
Ja B T X A 1, % X = & 10 T
5 TATA &, (A& & 2 P sl # oot , B4R T
(initiator, INR). STAT6 &5 & 7 i «FF 5 M 8 A 1
(specificity protein 1, Spl) &5 & 7 s 55, XL i 2 5
T TMEM16A4 % R % 55 i 417 .- STAT6 A v i 5 1A
T, fE YA 2 4 (interleukin-4, TL-4) F11L-13 %
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X ‘\a\ (RN — UL . 0700000
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Figure 2

miR-132  miR-144 :

MicroRNA regulation

TMEMI6A overexpression in cancer via transcriptional and epigenetic regulation as well as microRNA regulation.

(D Transcriptional regulation: IL-4 and IL-13-induced TMEM16A overexpression: IL-4 and IL-13 promote the transcription of TMEM16A
by activation of STAT6. Gil inhibits gene transcription by targeting the TMEM16A promoter. ) Epigenetic regulation: DNMTs induce CpG

islands hypermethylation to inhibit gene transcription. Conversely, HMTs induce histone H3K4 trimethylation to promote gene transcription.

Spl binds to TMEM16A promoter and recruits MLL1, which facilitates histone H3K4 trimethylation to promote gene transcription.
(3 MicroRNA regulation: miR-132, miR-144, miR-381, and miR-9 bind to the 3'-UTR of TMEMI16A, leading to mRNA degradation or

post-transcriptional repression
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S R TMEM164 5 R (1) % 5% o 4800 58 s 58
AR STAT6 45 45 Ay F1A# B STAT6 /> 4 RNA (small
interfering RNA, siRNA) &b B 52 4% #fl ] 1IL-4 /v F 7
TMEMI164 %% 3% b &, 1t 4, TMEMI16A #1I i 7
T16A,,-A01 3 TMEM 16A-siRNA 4b 3 ] & 2 401 1L-13
S ERK BEER AL B 5N R ILA TL-13 b2 5
()£ b R 4R TMEM164 mRNA [()3635 5 3% Fif,
Y th i G % L PIUEN 7 (chromatin immunoprecipitation
sequencing, CHIP-seq) &5 % & 7~ STAT6 5 TMEM164
FE R #E 5L A 1 (transcriptional start site, TSS) i 1)
DR 20 X 3 A7 78 AH LA A, dx s o R B 1L-4 Al
IL-13 /55 TMEMI16A [1] 31k 1] G834 J2 STAT6 1) i
TER . R IL-4 MIL-13 75 TMEM 164 %% 5% 80E H 1
PEF 28z 0 507, (HE 1138 i STAT6 A T 1
TMEMI16A 3£ ik F 78 e 36 58 T B AR 2 b i A
RAER M T — A .

Mazzone 5V it — 2 4578 7R TR AH 0% i 2k
(glioma-associated oncogene, Gli) % [ 7E TMEM16A %
B RAER . Gl AR = KL S R R 4 A
AN B TJE AR 97, 9 s CHIP /6 9 &% BL HEK 293 4
JfL PR A B Gl e B3 5 TMEMI164 JE 8 T 45 &,
PO o 7 HAZ R B GANTOL I Gl EEH 5
DNA 454 J5 firidi 5 530 TMEM 164 () mRNA Al & [
FakKF B, K8 Gl B o] gl i TMEM 164
(14 2t S S R 2 T e 40 B P 3 i FE AT

HHUE P WL, TMEM16A4 [ i4E 72 — D2 )2 I

ZHRZS LM, ¥ &2 P s B FE Sk,
AR I T T BER N IR ZR IX e 1 4% TC A R4 5% IR 7
A AR, BARCEATTTEAS [R] J8s 2 24 o (1 5 S 1k
YEM .
33 BTIMIRE B EIE TMEMI16A EE#FES 5B
RIHER  RUEAE F 2 57 £ A SU% DNA 7 41 1)1 L
T, 38 I AT I AE Uy 3R s S R SRR ML . X SR
HITE IR R A R S e RO E B RIE . R
WAL A RE DNA B L A4 8 1811 .

DNA H AL/ i DNA H B i (DNA methyl-
transferase, DNMT) {4611, £ E R ATE CpG & LI
WS UE B R . fE TMEMI164 3 B ) 53 3 1 X 38,
CpG B AFAAECHBFIN, FHHEFEALRS S
TMEMI164 R R IEZE VI G . HARIN S, CpG &
R R AS B R E HD ] T TMEM 164 3£ 1K )3
ik, AR H AR A T 3 7 H R B, 5 HPV
[ 4 1Y) HNSCC 48 fiftd #H B, HPV B ) HNSCC 28 Jifd h
TMEMI16A [R5 K5, X 5 HH 3 7 X8
F AL AR FE M 2%, $275 TMEMI6A 13215 1] g 52 J5 5

TR AS 0 A 400 SR, 7E 101 R R 40 B
(oropharyngeal squamous cell carcinoma, OPSCC) 4 ff
b, BF 5T N B3R I 5z o 1 1T oA (5" distal regulatory
element, 5'-DRE) [t i1 1) CpG & /=1 H 246 DL & TSS Bt
1) CpG K Y 2 4k v g 3L 6] | TMEMI6A (1) 3%
ik, B DNA F AL 5 TMEM16A £ iR v 2634 (1) 1
T REAFAE X 3k 22 7

R A A A 4 R DR R 1) S — b LA
TMEMI16A # 1\ 972 4 5 [ H3 5 4 7 #5282 (histone
H3 lysine 4, H3K4) H 354k 178 75 50 55, DA G 40 2 1 H
H 4 1§ (histone methyltransferase, HMT) 7] DA it
WA H3K4 1 F B AH 7K P o 52 i 2k R % 574, CHIP
SEH6 SR Spl REME 45 & TMEMI6A JE 3 1 IX, I 55418
A 2 A I 2 1 1 (mixed-lineage leukemia 1, MLLI1)
FEH3K4 = HEA, AT B TMEM16A FI3R X, {1
HEE A R AR KRB BT, SR, 2 B R R
& SET F1 MYND %5 #1383 (histone methyltrans-
ferase SET and MYND domain-containing 3, SMYD?3)
W45 & TMEM16A4 J3 31 IF1% 5 H3K4 = H &4k, 2
BT TMEM16A W) %% 5%, 3351 #E 5l NSCLC 40 i (1) 5
HFEY, XA AL BRI, AE A REE AN T
) H3K4 — H BE A 7] il i {2 i3 TMEM 164 5 R % 5%
T 5 5 e R A4 e 1 1 B, RV Gtk ZH B R R TE
TMEM 164 %% 5642 v 1) BAR ML 3 75 i — P 1 8 .
3.4 miRNAs #f [5] TMEM164 mRNA 31| B J88 B9 %
HERMBER  miRNAs & — 28 i Y8 2 R ga i 10 K
218 22 MZE R P A gAY /N B RNA 73 o BT
W 5 S mRNA (1 3'- 9 # % X (3' untranslated
regions, 3'-UTR) Bl J:FL 6T, 5 B mRNA [ [ fig si400 i)
HBee, NmERMS L REh K EEEEH.
miRNAs 75 i #5 OB 5 9 5 D5 A 4019 266 DR 1 3R 04 5 T
T A 200 F LA, a3 17 5 e e 240 e ) 398 5 R T
AR B W) 25 FEP Y, fF TMEMIG6A (¥ %
558 1 miRNAs 9% F 52 7T B #2250 /) 5L 3'-UTR, M ifii
W H R ik . Mokutani Z5PUHF 78 % B, miR-132 i i
BLEHE R TMEM164 1) 3'-UTR, T i H mRNA K %£i5,
T A0 CRC 48 J i A= K 12 28, H miR-132 /) i
5 CRC 38 A R 5 #H ¢, & 8] miR-132 i 3k 4]
il TMEM16A [#) 23, R g #00 il] [ 988 1) i AE Ak Jg o
Cao PN — B 878 7 miR-381 76 B /e, K3
miR-381 [} %75 5 TMEMI6A ik 5 75, miR-381
18 4R H AL K A F B (transforming growth factor-g3,
TGF-p) 18 i K3 1E A, R B miR-381 =R 1A 15 &
) TMEM 16 A i 3 i i i #1 i1] TGF- 18 % 12 1 BHAS B
JEAMERER AR 28, BRAk, R = B4R 15 52 R AG DU
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iE 52 7 miR-9 A1 miR-144 b &8 8 1T ¥0 /) TMEM164
mRNA [ 3'-UTR i H 21k, 33k i 411 CRC 4H i (1)
B T B R 2R, IX B T 45 R K R W
miRNAs 7] DL i #2 16) TMEM164 mRNA [f] 3'-UTR &
VA LRk T 5 e e 8 A I PR AR D AT O . R
&, miR-132.miR-381. miR-9 Al miR-144 [ i % i% fE
i 401 TMEM16A [ 2235, M ] fe $00i] Jif 88 248 ffd )
WEE TR AR 28 . XL BN A TMEMI6A 1 Jif
Jo R TR AR AR AL TR R AR, IR MR R T S it
TIBTERIARTTHE A .
4 TMEMI6A & 5(E%E
puk:

TMEM16A#’%UE%WE?LE%{EJ&HEFV?HB@M
W R RE R TEEYELRE. Axadg T
TMEMI16A {2 i il e 40 i 3 5 1T 7 iR 28 I T 45 4E
W FRAH O BAE S B AL (B3 3R 1),

EGFR /& — P i 2 R W8 52 Ak, L AE 2 Fof fi 96 4
E@EPE’Jﬁ?iﬁxm%izﬁ L5 e 40 B (1 36 5 T RS AR 2 5

T FE 85 P AR 520303530531 TMEM16A B 2 TR 58 1iE

S5 EGFR A 5l B A7 £ 2 XAFEH . Kulkarni £
FL K I, TMEM16A #% @ fik 7J % { EGFR Fll A\ 5% ¢ 4=
K A 732 2 (human epidermal growth factor receptor

BERAEMEEBENF

Promote GF
EGF secretion g g

— G

2, HER2) W3R IEKFAGE v, HAaZ M 1F H 5 HER2
371G P 7L % e 240 D ) A 0 26 B AIAH 5, TMEM16A #l1
i) 77 AL 7] EGFR 597, [ o AR V8 %2 & B 55 AL B AE
HNSCC 4 Jf (1935 71 W1 2.4 2%, R W] EGFR 1) id ik 1E
TMEM16A /-5 1) it 78 4 i A= K F0 A2 A b % 4% B AR
o AU 2 1 AT BT 98 45 78 T EGF 8 &L EGFR/
STAT3 {55 53 B4l 7 TMEM16A ik, M i AH B 3
F ARt T e 40 A ) 3 5. Ak, TMEMI6A I %
A7) LU I EGFR/STAT3 5 538 #& {2 #2F Rho #H X H
P 1 (Rho-associated protein kinase 1, ROCK1) ] 3%
ik, AR 3E 2L e 4 IR A AR 2R, 7E it e
H1299 4iiffil & *, TMEM16A (1] =& 1A {2 ik EGFR A4
JH 40 U 15 B (13O 1/2 (extracellular regulated kinase
1/2, ERK1/2) [ B5FRAL, T T16A,,-A01 4b 2 0] DL . 3%
1 1) 1% 26 T B IR AL, K B TMEM16A # it EGFR/
ERK1/2 15 5 18 % & 2 Jifi 96 28 Jfa 00 3T % A2 2807,
Crottes 2P0 70 3R B, EGF i ik 75 TMEM16A Fl
TMEM 16A & #t 1165 P2 5 P\ Ca®* N I (store-operated
calcium entry, SOCE) i i3 Ji /it e 40 A (1) 3T 7%, FF1iF BH
TMEMI16A i@ it 2 5 EGFR/Ca™ 5 5 i % 5 Wi Jik [l g
El"]i‘ﬁ): X LR L 45 R W], TMEMI16A it 214 A G
il A #E EGFR B R (L Al EGF 43 4 3E 17 #43% EGFR 15
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—— Inhibit

—— Store-operated calcium entry4‘

e @
EGFR

—> ( PBK ) —— ( AKT )——( p38

NF-«B
TMEMI16A (,; 50-(1iB) ®:
overexpression ——> (* C P65 f" ®IKB\ * \ P65 )

TGF-p Degradation
Promote

TGF-BR

TGF secretion W - — > EMT —‘_>

p_»S

—> (ASK[) —— INK
TNF-a

*'%%f’@“

TNF-aR

TMEMI16A
knockdown

®—> ERK® —'—>

VYAVXYKX

Target gene

' |

e Survival

* Proliferation

* Migration

* Invasion

* Cell-cycle progression

\

®—(JUIN) ———

\
Cormed _ Gy N

« Apoptosis

Figure 3 TMEMI16A-associated signaling pathways in tumorigenesis. TMEMI16A plays a crucial role in tumor development through its

involvement in multiple signaling pathways. TMEM16A overexpression can enhance EGFR phosphorylation and promote EGF secretion,

thereby activating STAT3/ROCKI1 signaling pathways and SOCE. This activation promotes tumor cell proliferation and migration.

TMEMI16A induces ERK activation through the PI3K/AKT signaling pathway, which promotes tumor cell-cycle progression. TMEM16A

activates NF-«B signaling pathway, contributing to tumor cell proliferation, migration and invasion. Overexpression of TMEM16A can

activate the TGF-f signaling pathway, promoting TGF-J secretion, downregulating E-cadherin expression, and facilitating EMT, thereby

enhancing tumor cell migration and invasion. Knockdown of TMEMI16A promotes tumor cell apoptosis by activating the ASK1/p38/JNK/

JUN signaling pathway. Knockdown of TMEMI16A activates TNF-a signaling pathway, leading to FADD phosphorylation and caspase

activation, thereby promoting tumor cell apoptosis
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5 B, Y R AR ) AR A R

MAPK {5 5 18 % 75 )83 4 B (1 35 6 12 88 . o 1k
S B B A N S B L RV =i S i
U274 Qong AEA N B AR TMEM 164 38 i & 3
W R T 5 5 A B 1 (apoptosis signal regulating
kinase 1, ASK1).p38. 41 il P £& 11 Jun 2 F& K i 1
(c-Jun N-terminal kinase, JNK) 1 c-Jun [ 3§ 2 14 7K ¥
HETT AR 3 TNF-o A 5 0 7 21 I g 40 B 8 T2, 3% B
TMEM16A %} MAPK 15 5 i@ i#% i B0 B A W4 4E H .
4, TMEM16A-siRNA &b B ] 38 i 0% 22/75 28 18 &
% B (serine and threonine kinase, AKT)/Wiji AL 24 T
A% 2 ¥ 2 (1 (mammalian target of rapamycin, mTOR)
15 5 38 B% 0 1) FL iR 6 40 B b HER2 (1) %% 5%, i W
TMEM16A I il 51| 7] 24 %+ HER2 ¥ [7] J6 7 7= A= Tiif 24
PE ) FL R e A SR AR LR 1R T SR T, 1R TR
SMMC-7721 4 s v, TMEM16A %% s 1% 5 S0 A Bk UL
fi-3-3% /i (phosphatidylinositol-3 kinase, PI3K).p-AKT.
p-p38 Fl p-ERK (1] F ik 7K T B4, [AIBS cyclin D1 FJ3€
A2 B, X b BRI TMEMI6A 1] fig il PI3K/
AKT/p38/ERK 15 5 i #% i 2 i i 4 Ji 1 28 K A
TR R B 9T 45 R 2 R, 7E B-Raf J5 i
(BRAF) RAZ WM O R4l b, muiK TMEM 164
Al LA 3 ) AKT. 22 2R 55 1k B O B0 U e
(mitogen-activated protein kinase kinase, MEK) 1 ERK [
BERRIL LIS - 1X — 2R 5 BRAF 11l 771 4 2 JE PRI
MEK 1 ERK 8§ BR A 7K1 BA W [FAE H, JF H.Re i+
PUHAE 3 00 AKT B R 0380, & B4 1 TMEM16A Af
REA BT o435 2B 5 2098 4 BRAF 410l 771 (4 i 245 12"
(R, 78 AN [R] i3 40 i, TMEM16A 7] g Ji ik s A
[F] MAPK {5 538 %, 52 M fi J8g 448 A 17 39 7 L %) 1 A0 it
27k,

4k, TMEM16A & 2 5 | 2 Fh HAl(E 5 38 2% 1)
W% . Liu &R BLIE TMEM16A i 32 (14 i 5 788 41
Jfirf, NF-«B p65 fEAN iz N B, LR K aHES 5
MM FA K cyclin D1.cyclin Evc-mye, PA K 5iEFE /112
22 1H 5% 1) 2k 5T 42 J@ B % 2 (matrix metalloproteinase
2, MMP-2) 1 MMP-9 [ 3% /K ¥ & 2% F A, 3k im (g it
Ji Jo 96 A B ) B 5 G BB AR 28 . TMEMI6A i R i&
Al TGF-A 15 5 i A2 1t 1 e 40 () 3T 78 F iR 28,
1M miR-381 ji & & [7] TMEM16A 1 | TGF-4 {5 5 i
%, 33 0 Rz 18] 78 5 4% 40 (epithelial-mesenchymal
transition, EMT)P**", It #F | TMEM16A /) /& 3¢ RNA
(small hairpin RNA, shRNA) 4 AL 1 TGF-B 3
K, B FEAK N A 5 25 1 Smad2 A1 Smad3 1) B K
7K, 33T 40 ] ESCC 4 i i3 & A2 285, Song

SR LA H) TMEM16A A LLEGE TNF-o {5 5 18 1%,
S5 FADD [ B2 14 M caspase F M i 572 A I , 3E 1m0
A1 HE AT 51 B g8 40 M TS . Yan ZECOBE R R OR T
TMEMI6A i it Wnt/S-catenin 15 5 i 4 i 4% 45 BL e
ST (Y B B AR T

25 B TR, TMEMI6A 7E A [ [ 48 g b i it 2
CEZ LEReput SN iAol Sy
XL Bk — A AE B TMEM16A 78 il % i b it 22
Rett, I NTTF R &K TMEMI6A (K48 1] ¥4 I 5% i 4 4t
TEIEMN S THLHE .
5 TMEMI16A 0| {mpeA =

iR 240 it ok R B T R PR R A AR R
S DR] 1) 2R 2k o b ke ) T2, AT 3R 75 A A7 A B4 125200000
TMEM I16A C 4% 22 TR 7 10E 52 7 fif 88 40 i 7 T2 F 8 5
HORIEEEAEM . 76 IR 4, TMEMI16A 1) id
Feak W KB O] LR BT T 8 E Bel-2 1 Mel-1 [ 3%
i%, [A) B #0142 9 T2 25 [ caspase-3 Al caspase-9 [ i
P, W T 0 40 O TS, X — R B ] TMEM16A
I GEORTR R ey EP R S L Edne S AN S o]
iz . Bim &2 R R T Bel-2 K E A, N
A BT s 40 o 2K 8 T2 . £ HNSCC FaDu 41 g
TMEM 16A i i T 1 Bim [ 3 128 S #0 1) 248 g 7 T2
b Ak, fE T 40 f % (hepatocellular carcinoma, HCC)
HepG2 Al SMMC7721 4 g v, TMEM 164 %% i ik 5 5
AP TR R 2, 3 PHIESE T TMEMI16A &
i e 240 B O O A R A A R R A iR SR PC-3 48
Mo, TMEM16A %% i (K )5 & 3] LU TNF-o T iF
55 JE B, B35 FADD (11 2 1k Al caspase 5% Ji% i A
(caspase-3 . caspase-7 fll caspase-8) [ ih & T IR —
Tl 2 A% 4 5% & % (poly ADP-ribose polymerase, PARP)
R A, B AR HEAN AR T2, 3 B TMEMI16A 7] GEiE i
YT TNF-o {5 5 38 2% 5K 5200 5T 51 968 40 i i) 98 707

(A tt, TMEM 16A 7 AN [ 25 B i J8 4 ff s it 2
FEAL A A T AR T, RS PR T AR T R A
IRk, LA ES I TNF-o f5 5 38 1% B30 « X LR 3
NERfE TMEM16A 75 8 i v /B FE 34 T8 AR
£, 3 NIT KA X TMEMI6A [ 1697 SRS R4t T
TELE IR 5
6 TMEMI16A SHEFMHHXR

Ji 983 T4 B (cancer stem cells, CSC) & —K HEH
3 5T R 22 1) 43 4K 7 R T 24 20 i S RS,
R P B IR TR S R ) R R R AN R )
ST, Z IR SR B, CSC T Z AT 2 Fh i
R RV IT HRPUR B TS AN R AR 3 B
FA R , $E1A) CSC 4N Ay S — Ff 8 7E 11 357 35 e
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SRR YT SR, A EE SRR AR B e RIS sk i 245 12k % 4

Ca® X 6045 T 41 i 76 P9 14 2 i 20 B 1) 344 3 A7
T o AR R R 3R A5 TR A1 i D e 2 o EE OO, Y
55 200 L PR Y T 5T T S L PR R N 1V 20
H T FE 0 R R S DA S B 5T R B, S R R T
IP.R A1 SOCE 7£ CSC m 3¢ 4 3R ik, I 15 4E 57 T 40 i &y
PEAR <, 38 HE A0 P A TR AR 28 K b AR
R BL R B S IR T AR AE A 1) 3R 98 7K 1 a8 il R T
PEV A 439 B, TMEMI6A i3 232 © i Sz 38
i W0 IP,R A SOCE i a3 fit 96 1) 58 1 2 J2 1%, [ ik
TMEMI16A 1E ¥ CSC A=W 2247 N I AE AN 75 2.
P, R BAR R ML & 3 — D0t 7, DUE R HLAE
i ggg A e Ay T A i AT AR o
7 $B[E TMEMI16A B4 B 25494 % i3t FR

TMEM 1 6A 7£ 2 Flt T4 Jil 8 Hh iob 20 4 1t b g
f) A A 3k g, JE T 8B ) TMEM16A Hi M8 25 ¥ G 77
TEC B R . HHET, TMEMI16A i il 71 32 22
JE I DU WL S 0 [ 40 ) - ] TMEM16A [ 38 18
IhEE T4 TMEM16A /5 (115 5 18 B B0E B A 32t i
JREANMIA T . X EEE T TMEM16A ¥ [ 1) 55 (196 97
T3 A B AE S TR A DS R R IR TT I8 7T

) B8 7 18 3E T A 2 B0 1A 0 TMEM16A 1 —F
WL, 32 B HE 1) SRS T H A AN LB B LA .
7 B Mt e J5 8 4 i v, CaCC,,-A 0T I AT 101 il 52
BT, 5 B M AR AT RE ) T B AN 4 A JE T BE
TS By 308 5 B 1) TMEM 16 A 0081 58025 7 HL 3L 148 1717 410
il CRC 41 Jfd fy 34 B, L A 220 8 1R ok ik R429. K430 Al
N435 J& FE FM 55 5 TMEMI16A $1 il (1) 32 24 H #E
R, BE— PR SE TR JE AN X TMEM16A 8 18 I g [
POHIE ™ oAk, 5 20 DL FE A 1 T =X 0
TMEMI16A (1) 5025 7 FL I, 33 17 00 1 fis Ji 4 4 P 17%) 3
FEAT RS, 55— 77 [, Shi ST 58 & AR FE W g
5 5 TMEM16A [ T IR 745 45 & 1 4 i) TMEMI16A,
T A0 ) 0 20 e A M PR MG A . SR el 2R B R AL
£ Rt gk E B 38 L BH I TMEM16A FLI&, 3E 1M #1041
Jits F e 200 L ) 38 B AGE RO, (R, TMEM16A 1)1
7 AT GEAE L F0 1 TMEM 16A 38 18 3 14 2 i 400 1) fif 983 4
i () 386 5 FEF

TMEM 16 A $iiill 351 CL A% UE S vl d itk FHIr TMEM 16A
A5 115 5 38 2% 52 00 e R AR 0 AR 2B AT . RS
F 2% AbHE AT DL 3 0 ) il e 4 i o TMEM16A Al
cyclin D1 f33&, LA K& MEK1/2 F1 ERK 1/2 K8 B2 1k 7K
S, 5 250 T3 S0 154 00 £ R £ R B L, 3 T ek A
i i e B AR A T R A, = AR AL TR AT i R

YR8 1 BT TMEM16A /3 11 MAPK {5 5 i, #11
) it i 4 ) A A

Z THE 5 % W, TMEMI16A #0141 7538 7] 38 i #0 [a)
TMEMI16A i S MR AN T . Song R I CaCC, -
AO1 FT Ani9 DAV BEAR S (1) 77 s0AR E TNF-o0 73 W, AT
AT A T = RIS BR IR AL 5 S 5
T A 1S 5 2 A Tl caspase-3 Al caspase-9, & B H.a]
JE T B ) ) TMEM 16A {2 33 it i Je 20 i 07 7200, f¢
B 7S R B, 14T 2R RE 0% 3 Ik H TMEM16A 1S
caspase-3 & [% fi# PARP, #f 1 {i& i3t 7 %) It 8 40 Hg
TP,

55T TMEMI6A 7 I8 kA2 % Je v i R 42 B,
TMEM 16A il 71 15 At 47 1988 24 W Bk & 9 FH A B2 3K
TGP IR TT AR . BB N TMEMI16A FIFE T 14 4K
T-HCAA 1 (programmed death ligand 1, PD-L1) #7155 88
i 4 = HNSCC i3 B AEA7 26, R il A2 75 X EGFR #1)1 il
7= AT 24 VE (1 B 2 R R R ST Bl A
FH R 7] TMEM16A 5. 58 [ 514K mT16a#5 174 2 5
PLREDS P [R] #0H] ESCC 1 AE KA #, Ui B TMEM16A
5 EGFR [J3L$E | 8 ESCC ¥ 7 $AE T 38 78 i 8 i B
iXse gk B W], BT TMEMIGA [ £ 88 S B &R 7 )
FIN T )P R AR, R % 3 i iR IR 9T RUR e
Jeitif 245 1
8 REERE

TMEM 16A {F 5y —Ff 45 B J0s 1 &0 1E, Chk
T2 B 5T IR SEAE 2 B 2% 1 g vh R R DGR E -
TE4y T )2 1, TMEM16A J it 1/ 4% it 988 41 i 9 2 Fh 43
T I K AR bR 0 M 4G 5 . 7E A0 e 2 T
TMEM 16A 2 55 1) 47 Jit 768 20 P (1) 38 5 3L 4% A= 28 A
ToRb 2, H 3R IE KR AE Y 48 A 40 5 o 1 o
TEAN PR JZ TH, TMEM16A 75 i3 41 g (1 i 380K 5 i
JE Mk A EE ARG VMR T HREk
11q13 X8 ) TMEM 164 3£ R 48 2 S # it RIE K
FEFER 2 — . iR 8t 4L 715 WA b 72
H A EEMAO, 2R SE T A E S BRI
miRNAs i i 4§ 41 i % TMEM16A [ %% 55 A 3% i
T, SR R 0 i () 38 TR R BRI T R,
TMEMI16A 5 3 #0% T 8.5 EGFR.MAPK . NF-xB.
TGF-B 1 TNF-o £ N ] 22 P 53 I, 31X L83 1 7E il
ML AT NPl E R R EEIMER . 4,
TMEM 16A 7t 4 ¢ i 98 14 i AR 5 T 0 A%
() DY, JFC T R I8 R T R 4 B ) T AR ) AT
AT VAR A R IE KT, 33 1T R A LT 40 R
R TMEMI16A [1) 575 RIA D RERR=AT 2 5 T MR
K, A E TMEMI6A 1E N iR 16 7 S8 s AT5 9% /&
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—ANEKPEAR . TMEMI6A 75 il 8 2 24w (78 I 3
AR T 5 T I T T e, 34 75 25 RS i 8 8 284 R0 4 it A
Sk

b A X TMEM16A 7E i 988 7 4 FH AL il 9 2R N 22
fige, $E 17 TMEM16A )i 8 25 ) 0t K 2 — A
B AT 10 . TMEMI16A TEJIE 30 5 i 5% 1
P RMWBAL WM E & G KRB AR, 2
TMEM16A #1 i] 551 3 2.7~ H Pi b 9 B 3% 77, (R A 2
PEL 2 A PEFIRE R BAR . CaCC,,-A01. Ani9 L&
R FEANG 5 S0 RIEHE R R VTR
ZRIZTED A AN I T 2 S Ak A ) B AR A R4
P Sz 56 R HE 6 TMEMIL6A 30 08, S A
VBT O R BT T R o I ) 5 5E i BH B
TMEMI16A ) il 38 36 £ 88 5 ) L B (g R0k, T4k
TMEM 16A /5 (145 538 8% 30, 308 1 400 ) Jiee 38 41
AR 2R, R bR 4 L R

& TMEMI16A T 2 It 78Ik S A 22 ot 1 i
J RIS RIS, BSOS E A RS R %
FHOE, KRB TEAT 7 3E— PR 2 TMEMI16A 1 i
IR A WIARIC P s 0, SRR L AE B IR 12 W AT TS DA
I R N R AR B . [RIEE, PR N HF 55 TMEM16A [
FEWLRR A BT A8 B MR IR 9T 5 . Bl & 20t
R (AN B 2, TMEMI16A 5 22 R 0] [ -7 22 1] f) A
HAEH SR A TR I, X N 5L TMEM16A 1E i
98 P I AR B Th e ST A ] TMEMIL6A IR Bt 8 254
PEAE T U RE. TMEMI16A $E [ 4011 77 A B2 je o i v
ST AU R, ABRE W RINA R, B2,
TMEM16A 7t it 68 47 7 vh ) 22 Dy Re P S FLAE bR v
97 H R LE L, A5 R — AN A L T (R A 5 4

e BR: S0k G SCIRKY 52 SR S O R
B PRI 2R SR i L e LR RS X SRR I S 4
AR ST AR R AT G

FIFMSE: BT 1B TCAT AR 4255 1) 2 B AL 5%
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