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Effects of Cannabidiol on Ion Channels in Tumors

XIE Yanan, YU Dan, WAN Fang*
(College of Life Sciences, Inner Mongolia Agricultural University, Hohhot 010010, China)

Abstract Cannabis sativa is an ancient medicinal plant commonly used to relieve pain and epileptic sei-
zures. But the addictive nature of cannabinoids limits its clinical application. Cannabidiol, an extract of cannabis,
is not psychoactive and has significantly less adverse reactions than A9-tetrahydrocannabinol, so it is widely fa-
vored. Ion channels are hydrophilic protein pores that run through the cell membrane, maintaining the body’s life
activities, and they are also closely related to the occurrence and development of tumors. This article focuses on
some transient receptor potential channels, voltage-dependent anion channel 1 and T type calcium channel affect-
ed by cannabidiol. Cannabidiol is a multi-target drug that is known to bind to ion channels, but its mechanism of
action and binding sites are not clear. Although there are reviews on cannabidiol’s effect via ion channels, and on
the relationship between ion channels and tumors, there is little literature summarizing the effect of cannabidiol
via ion channels in tumors. This article mainly summarizes the possible ion channels bound by cannabidiol and
their roles in tumor cells.
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Fig.1 The proportion of Cannabidiol’s different molecular targets (modified from reference [12])

HT R AP0 Th . 78 DAE Y0 KRR T 32 B
AL R IRR L AR, T 424 TZ0A A, CBD
A1 THC A ity AN 7T 38k o 3 2 25 A7 /0 58 H At [R] U5 K
R . CBD L& THCHAEH T Wil KRR R4t
(endocannabinoid system, ECS), i% &4t HH KR &%
& (cannabinoid receptor, CBR). PEPERFRE. W
W KRR REE N 12 RAH M. KRR AT
BAG A 2R, BIRBRER 3244 1(cannabinoid
receptor type 1, CB1)F1 KK E 52 14 2(cannabinoid
receptor type 2, CB2). ECSZ 5% LWk ;i 14y
() LR 7E R IR AR R v AT AR g 4
WY 22T PO, R LT, ECSIZ#TRK
IRTT S I RE K FT AR 7. CBD & THCIME FH T
CBIAICB2"®, CB1#I CB21I AR 50 4, 5 80%
A 4K ) 328 8 PR AN A0 R e MR RN . CBLAE A
ARG ANEMERNE . S B S &R
1k, CB27E 2 i i J6d 24 A A S 28 240 it G bk £ 400 .
EVRAAf . RN Sk A5 5 P s s . XM 2
PR B R AE 2 Fh IR 2R s Rk, AR,
CB27E MR K e g SC Bt A ] . CBDAI THCXS K
2R SZ R KSR 7R ], THCX CB1RICB2 )5 A1 /)
B, FENESERA T CBIMCB2RIEIER, HA K
MR, X IR HIER M . CBDXY CB1AI
CB2MRISEF UG, AEA RS o e, 76 i 3g 4t
HHAEAE AR I BE A

AR, BRKEE 2 M HURIE ], CBD W] BLA 2K
A AN . CBDR G #MEE S MR 4 R T,
B zatm. BEERAR SRS, EIRKR
36 R EIA 1500 mg/d i ARSI E 5 700 mg/diE S
2i 6 ARA W R MFREIERH " CBDSWITH4Y

R A T T LRSS 1y 25 I BERIE T, A5t —
AT . CBD HIRAEIA A 9 6%, Hh/bEfe
K4 B MLBAE A, (B R)IA AN 25 701 5 i iR
455 A 1k 94%, Jif B2 1 CBDAR A, #my i
PANERER R PSR R T NP g ol

IR N B ECS L RT AR 45 CB AT CB2 AL
o BEFLHE BN, KRR CBIRICB24E &, J&
KRIKMR G HAMBEES, GFHMZR. HizE
H . BRI I8 TE 5 U (A AEAE A BAE T (B 1),
AR, CBDMI AT F4s REW], Howl et 1F /T
2 P B 3 T R R M 2 1 AR S B DO RS
LS5 CBD S B TEE 1 HAR, JFRR A5G AL
S R o

2 - A T R R ARG 5 R 4 AN 52 4 ) 1
FE - RPTRA TS 1R 28 ML #8 S5 R AL PIAH < 1314,
CBDXf Z F & T IEE A 1EH , 2k I A7 Sk
kRS, CBDAIBESE G & TlEZ A
& TRPV 1(transient receptor potential vanilloid 1)+
TRPV2(TRP vanilloid 2). TRPV3(TRP vanilloid 3).
TRPV4(TRP vanilloid 4). TRPMS&(TRP melastatin 8).
TRPA1(TRP ankyrin 1). R ARHPEH &1k Pk
JHJH 1 (voltage-dependent anion channel 1, VDAC1).
TH! CaVv3!"™>l, CBDAIX Lk 8 73 18 7™ AL ) 52 1
TR

1 TRPZHI&

5% I 5% 442 VT (transient receptor potential, TRP)
BTl IE & — KA I A1 A AT rR AR R 2 2R 4
SRSz B B, R E A RS . RYEE
FEWR 7 5 [FJEAE 73 6 ML SR, 43 3l /& : TRPA(TRP
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Table 1 Ion channel summary of CBD action
Loy YEH ERVAYSE SETE TN L% %
Target Effect Affinity and activation/antagonism Research target
TRPV] 1 + EC5=3.5 umol/L HEK?293 cells/human
TRPV2 [0 + ECs=31.7 umol/L HEK293 cells/human
ECsy=3.7 umol/L HEK?293 cells/rat

TRPV3 7] ECs5i=3.7 umol/L HEK?293 cells/rat
TRPV4 7] EC5=0.8 umol/L HEK?293 cells/rat
TRPA1 "0 ECs=81.4 umol/L HEK?293 cells/rat
TRPMS 18 - 1C5=0.14 pmol/L HEK?293 cells/rat
VDACI1 ) - K&=11.2 pmol/L Liver VDACI channel in planar lipid bilayer/sheep

T-type (Cacnal G) * -
T-type (CacnalH) 2% -
T-type (Cacnall) -

1C5y=0.82 umol/L
1C5p=0.78 pumol/L
1C5¢=3.70 umol/L

HEK?293 cells/human
HEK?293 cells/human
HEK?293 cells/human

+: WSS - P

+: activation; -: antagonism.

TRPC7

_rTRPM4
TRPM3 TRPM5
TRPM6

RPM2
TRPM7

TRPM

TRPV2 TRPV1

TRPMS

TRPV3

|

RPML)

TRPMLI—

TRPML2

TRPML3

TRPA1

&2 TRPZF% % 3 (3k B https:/zhuanlan.zhihu.com/p/368163927)
Fig.2 Branches of the TRP family (sourse from https://zhuanlan.zhihu.com/p/368163927)

ankyrin). TRPV(TRP vanilloid). TRPM(TRP melas-
tatin). TRPC(TRP canonical) fITRPML(TRP mucolip-
in). TRPP(TRP polycystin), 7528/ 51U 2).
PR35 AR, 95— ATRPA. TRPV. TRPM.
TRPC; % — 28 HTRPML. TRPP?,

FALT LR T TEE B TlE , TRP & 138 3E H
17 9052 B8 S Y 1) DY ANV R 2 ke, A IV 3y — A 5
X 3 (61 7% HE A TiE S1~S6) i P N-iia A1t P C-iig 2H.

(1 3) . AEIEIE 5 B X S1~S6 T, S1~S4TEZ K
FH 1 JB 52 45 #4935 (voltage sensor-like domain, VSLD),
S5+ S6L P Hh A ] — BB e (FLAZE )T s 0 25
FTAESAL, BTttt SSFNFLIRE 2 8] 1) X 35
JEFAEFLER) BT, TRPV. TRPMAI TRPCIliH
%E%EPS6¢?§E'JC3K i e — &J&Q’HS/\ FER AR
SERIE, %EZ%/J'?TRPE@Z SIS 5 W
E’JQHE .72 TRPIE l]?"&*’]ﬂ’]?@% R I 2T
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7 TRP DX 5k A, 2 — B i B R ST IR U R T 51 WK-
FQR, J# il — B 448 (A link 5 SOUR g 4 4125,

81t Uniport/PDBH & 1 [ 45 #4 B K ILIX — V
B K X 38 A7 7E T 5 CBD4S & (1) HiAth )L TRPZ
R e T HEN CBDXT X — S R R 4
5 ERRIE Y CBD 5 TRPV245 & 4 7 s0AR L, 288
FH B TE Hh S5 SORRTIE T B VIR Bt 7K DX 8o 1) 5 2
& AR R AR TN 2R T A S (E4)

TRPE @8 B A — 2 & ik R, @ g
Fr A P9 A1 BH B8 1T RS 5 e SRR A A7
T WL M RERER,

1.1 TRPVZXF&

TRPV ZK G i 4 4 3T 55— AN@E TRPV 1
RIL. TRPV U —Fh K SRAFTE 1 AL F B IR 1) 55
F—— B (vanilloid) Tt . ] TRPV Li#1E
BERRA VR, H H T 2540 0 2 I TRP ST )
HARL, B E B a4 N TRPVIPY, B R 0l 1% K
R AN 5AS K TRPV2~6. i TRPV1~4 45—

Extracellular

Intracellular

NH2

X, ZE5RGUER, EIE A SHE T, BFEd
(P51 FEE, Ped/ Pra N 1~10; TRPVS~6 455 — 2K, BAY
o P BV IR BRI, Peo/Pva K T100, 25 B ECa® T
b5 e,

CBDXJTRPV 1~4 35 AT AN [R5 [0 1 FH B

HAR X BB ECso43 5l /& 3.5 umol/L. 3.7 pumol/L.
3.7 umol/L. 0.8 pmol/LI'*'"1,
1.1.1 TRPVI  TRPVIEELEEG ML ICHRIA,
RERE BB ER . T B RATK T-42 °CHUIRE AT,
DR L AE A o SRR b 5 IR AR . %08
EEE ZFAEB YR, W R 2 M AR, 5
TR PR A ORBT, FELRR (M 45 & AL S HS3. S84
S4-S53ESE T M AHABAISS SO LT i, %47 e AR
SEATLRIRS T IEH S ARBE R4S &2,

CBD W HLEZ GG TRPVI 2k . B LR, £
LRI 41 R b, CBDIE LS TRPV S #lCa* N
W T P R R, P A0 Y ROS/K T FE A AR 2
R AT S, AT e 8 40 i A8 T8, 7 = L

&3 TRPV/TRPM/TRPCI RikEHREE
Fig.3 Schematic of TRPV/TRPM/TRPC subfamily structure

UniPort ID: Q9Y5S1 BY; UniPort ID: 075762 P%; PDB ID: 8E4Q P31,

KOV -
FEN
L

E4 CBDSTRPV2/TRPA1I/TRPMSHIZE &I
Fig.4 The binding site of CBD to TRPV2/TRPA1/TRPMS8
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Ji 62 20 i CB DA i 7 TRPV 1155 5 41 g R 172870
CBDI I8 1 3 H TRPV 11 5 /)N 58 5 40 A 1 7 Wk 1
)EH[4O]0
1.12 TRPV2  TRPV25TRPVIFF MBI i =,
HAT50% 17 71 [RIVEPAE, 7545 Fh 28 B H ZU L FR R 22
AR A TGHLA R RIE, S HRTTMAERE
928 B2 46 2 Bl B LI AR B Th g

TRPV25 1k 78 2 P e 40 i b 2 — A 20
DRI 25, 75 /D B0 40 B A ) & F5 49 1 FH (R 2) .
EE R . RO BRI . =B M L AR S e vt
Fak, -5 AN M AF G 3G HE A IE RS 10 (5 S R
H Ko TRPV2I2 G IT I BT BF4H i J5 1 B 281 AT,
CBD AJ 3l i G TRP V2, 3 1 #7254 48 e o 8 40
J P A0 2 BRI 5 5 N R o R 4 M R O T
CBDUETRPV 2 1] 42 = 7L I e 40 i 0 46 97 2540 /)
RO, AT AE A4 Y A8 6 ek g 2B K P AR T R
HilE ), CBD i i S 12 M HE & A i 41 i
I TRPV 2% F LR AR D) RE bR . 2R R4 B g
051 4 P 184 B 144451
1.1.3 TRPV3# TRPV4 TRPV3. TRPV4 5
TRPVI1[&Ji. TRPV3H]{E31~39 °Cifft & i [l P 4 8k
I, TR PR VRIS B TR aRIA, R R DA S
iy 38 1 b B 2 P rp R IR KPR R, R R R A DG
th B B I REPY. TRPV3 5CBD%S & 1) 24 34k
v RS ERG IR R . HHF7XEE, CBD#
BOSTRPVIS B4 N Ca?' Fa s, k& H i
FRAEN, TRPV3TE /NN it o Rk, 5 e
(R33E FE AR O, WG TRPV 3 AT 2 32 fifi e 41 o 1 5 ),
WGBS ) T o iR AR AL, (15 12—t

TRPVATER N Z FhRIARE S, 752 P e 4
M EERIE, AT EEN SRS Ca i, i
W A 2 R R (B2 5 Ca” Wil . i 21T 5T
RO, TRPVATE Z H MR rp RIEKFI 2, (NER
B PRI AT ) e S5 A D U R Hh 2R KR ek Bl
TRPVATE VTR AN 3658 . A, T L%
HR gy T A €0 5 7 LR R R gk A R RS A I
A RSN e mP e I A AR BT A, s R
AR B T e HR R A RS | s 20 B 1 0o
TE o5 e e a3k FfIgg T A3 %, 78 Bz e R e gk g 7
B, AT 20 Ak (64051, TRPVAIE f& 1 22 % o Je 75
TERIAEDAR B RE T HE S, CBDIE IS #E TRPV4
A IR A2y IR NN N KD G EZY i
41 o 358 B O
1.2 TRPMZ %

TRPMZK % 5 HoAth JLAN W 2K % A R B 45 74
X 35, 12 30 5% 1 K 22 B 03 e 00 2 AN i g 4 21
v B AC,  RE AR L B RN 0 Ak T AR G
MR SR R . B (M) RS AR
. TRPME Kk B A W2 A R 0 Brs A =0, BH
BT IR B R S0 A, T AR 45 M AE AL 2 S Y
Z%: TRPMI1AITRPM3 A5 —2; TRPM4FI TRPMS
NES 2%, TRPM2. TRPM6HI TRPM7 N5 =3
TRPMS8 N IYE 2, CBDH| 541 TRPMS, ICs0 9
0.14 umol/LM,

TRPMS & — Pl AR A e 7 0 AR e 8 14 FH 25
TIIE, 5K . PRI 2 R E 1)
RAERE. FETRPMIES % H, TRPM8XfCa® [k %
PEf iR, VPRI (Peo/Pra) 9337, TRPMBAFAE T

Fo WAL BRI R T LA g s AP, 2 5
2 TRPV2ESEIME T RIAM B EFHEIER
Table 2 Oncogenic and tumor suppressor effects of TRPV2 expression in different tumors
iy B Eillb
Tumor Tumor promoter Tumor suppressor

Mantle cell lymphoma ¢!

Multiple myeloma 7
Bladder carcinoma **!
Prostate adenocarcinoma !
Hepatocarcinoma "

Myeloid acute leukemia ")

~ ~ + + + + +

Glioblastoma *%!

~ —~ ~ o~ —

+ WG - B RERE

+: activation; -: antagonism; /: not reported.
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TIALAA B TR TR DA A A M S T L ik AR TR
TS E A H AR,

BTN, TRPMSE B [ 41 B
W VUL BT, R TS A R m R A
TEN G I 4 f A498 R L BR TRPM S, HI TRPM 8
SH W R RE @ I INKAS 5 38 B 30 1 40 A
B IE A 3k FL U U 7R R P, TRPMSR A /K
Pl v, 20 P A AL FR R R 22, TRPMS ) v 3k {5 3t
NG PN P45 25 1 3 22, (g R e o T g e S

AR, 75 /05 e 40 i, CBD PR
TRPMSFJmRNA 7K F-, CBD {42 8 T F F ] #6 5
BT 45 SLTRPMS, I 1A #2246 0 F i
pS3 MBS A vE P ROS/AKF 1 T =" TRPMS
5 s A K= V1A 5%, (B RCBDS5 TRPMS I £
PR >, R B — DA
1.3 TRPAXRJE

TRPA 172 Wi AL S P TRPA Y 5% J H M — FA % 173,
5 HABTRP S i 45 #4 A EL, TRPA TS = TRPZ 14 35k,
FEN-ZR Ui 45 A 3 A 5 14~ 17 MR IE A R B
F 5, IR Rl R il 2 (9 22

TRPA1JE T AR £ P FH & I8, & I 3eE ]
WhnNa*s H'. Ca%5Mi4MHES ¥ At . TRPA1
A EH 22 R YRR AR AL S s, B T SR
G F (U I 2R AR 2R )W, i mT LA RS
ST RMREBOE , 18 52 2 &R Py IR FC A (01 HL0,
SRURAK. TR AR RS IR, i IE A
HEIHRE IR . BRI S R s, 1
RS, BpiE. O EMEZMEE S SMm, B
G MACMAEM AR ZRE. BE
oy S R B, TRPA1Z H G L= 5 TRPVIHE%
S & B e e R i N T S v L
SRR, AT E R A, S TR A2 M B e
1R, TRPA1STRPVIS 5 % 1 ) B, FF7E % 1
PRI P R AR R, A B X R A J 3 AT LA
0] 8 A R IR 28 75 11 ARG BBORT B A e B
Bk TRPA 1@ 38 v] LA 35 BRI/ B &5 0 28 51k 1 L
WA o 3 S, R TRPA 1 AT B J2: 45 17 4 M9
(R I7 Iy 184531,

BN AR 2 B CBDAE A T /M@ 41 i TRPAL
I FC, fH 51 CBD R 3G TRPA 1Y), CBDX} &
X TRPA 1A 4 o0 7= £ 50 Z0 10 % A5 1 F B9, ifg
TRPA1 X 5 RE & i A %, AT /E S 7L I S iR

J7 IS AT B FE 7. R e HEI CBD R W]l i A
JH 3 3 At Jiev 88 448 it H 1) TRPA 138 18 2% At i i i o
[f7% . A% CBDYH TRPALFIEUEJEH 2>, Fik
P 3 2 18] A Ji 958 20 F 1K) AR S BL 473 SR A A5 —
BT o

2 VDACZ &

P AR 12 B B9 1 36 4% 14 18 1 (voltage-depen-
dent anion channel, VDAC) /& & Wi iR L5 A K%, A
T2k ki ik A, LA VDACI. VDAC2HIVDAC3
SEINFERL 5L, HPAE A R ARSI,
LR R A I SR I 10%08, H A VDACTIE B (5 B
e, 215%, SRIGHKIRAEVDAC2RIVDAC3 . B4
VDACH# 18 # /& H — A~ B I VDACH H(£12851
IR, 30~32 kDa)Jl B (1) Wi A 45 44 2 A e IX
Pl — Z K BT — AN JF 8O B 4% 92.5~3.0 nm.
B E A2 20 81.9 nm ) K FL AR 1 F CE TR,
VDAC I /E4H i B b A5 20k, 5 L7 40 o o e
FR B V) 3 e AT 250, VDACK I iR AR T
RV 2 8Tl R, 2 7 5T 2R AR 41 i 22 18] 22 37 1)
FEALIE, P A A At T FERE R L
VDACH# T8 K HB 4> B (8] 7/E—20 mV~+20 mV (K HL
TNERATFF R, S ANE (0 Cly K Na')ig A g £
PE, XA s, 3 HBA SIS @ e,
T H e 0 320 mV IR IE L #5 Ek 67 B E R, VDAC
2 MNP HCIR S F #o8 AIRES, SRR BHE 7 B A
e, V595 I B4, ATPAIADP I JG 38 5,

VDACK ALK, fE41 LI T2 VDACIK
TR TR T 388 001000 D A C 3 3 4% o) 4 i S5 N 28
e 2 AR P2 P ) 3k, s BRI IR 2h . SE R R
£h TR R 2 MINADHSE A 1), 72T ORI,
VDACHREWS @i AL 3 ATP 2 7%, [k, VDACK]
GERE . RIB KT BOR S o078 # 23 fl O X e AR i
Y8

AL BERR AL P A I ATPAS BEW B IS 1N, 2 i
Ik bR AR R SRR AR AF . VDACTE RN Z
Fh B8R A S 2R, B R 5 BCl-2 5 R AR B B OB
W (hexokinase, HK)AH T/ FH =2 ¥ bl B2 i, 3k 1m0 B
IEZH M E T2, AT 2 5 90 M AR A7 SO T E B, O
590 A0 2 TR) 25 YA 9% . VDAC T I 2 Pt i Fi 28
A2 AR U e By 5 S0 ) A B B IR AR VR T
8
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VDAC L& fiifi i 25 B850 . AH b T 155 41 i
#, W2 NEIME 4 22 VDACTI R IA K 4L
T 1o, E iR 4 i o HK R R34 KPR, HKA
VURHASE AR T TIAITV), H A HK-DRTHK-TTA]
kiR s B VDACTH — 454 1%, VDACI
FATHK 2 8] 1) 42 A8 BAF AR T 20 f 7= AR Re 5 O
B b 4m A AE T, R EAT TR R B2 SE M VDAC LR TT
T RE M R ZE 5 M. A W FTIUE B, CBD R i 7 22 i 44
HhEE EVDACTHHK-IRARIER, MM 3Bk D i
AU AS 518 B8 1) 2R ZU AR, 33T 5] s He i v
41 e 2 L ) A T2,

3 fEEEIEREILE
L 1745 45 B T~ 1 (voltage-gated calcium

channels, VGCCs) 1) T g% 0 & CaVal W2 (calcium
voltage-gated channel subunit alphal). TEWFL3IY)
A 10 [F 2R R 2 5l s CaVal W2, CaVal
P35 A A& Cacnal A~IRT 1S 3X 10> ol YE 4 5 4
WAL S &, AR RIE IS . 0 A SRS 5E
ZMIRe P RIEER 1, VGCCs2 4 i Ca®* N
M FEE SR, 540088 U, TSR
SO AR UV, MR I A RIVR MR 4 =,
s =X FEEH CaVal A : 55—411S. 1F.
1C. 1DZwiS CaVI(LA); 56 —4 1A, 1B. 1E%
i CaV2(N. P/Q. RA); =4 1G. 1H. 114ikD
CaV3(THY )11, CBD A #1 il jr 7 CaV3(T Y )H5
B IE P, AN TGRS Ca VIR CaV 2RI K ik
BCOR, T4 3 T8 & I L O (low-voltage-
activated, LVA)E5IHIE , H A BB B0E 122 18 2 0%
(0] A B 2R A0 E%‘?Qé/%?ﬁqj’\?ﬁf{z[llol

X 101 B8 - 18 V. J25 75 o 7 2 2R 41 g 2
R A A ORE B AE WD . TALES @ TE H, Cacnal GTE
IR A 2R RN IR Y2 98 B AT 4 4 B o o S 1 v 0
Cacnal HYE KM el A A4%. BIERTX . Mg
HHE B E KA, Cacnal I E 5045 T K B il Al

S N,

T Ca Vil i [ ke U 40 i e . 8 1 B SR Bk
AT REHF I, MWASIF CaVid i H#E N\ 145 22 B0 A [
B A5 5l g, A M Ca Vil 8 3 H -5 40 il 5 2 1)
BEFH L. HCacnal G. Cacnal HRM Cacnall3%: R 45
(K1CaV3(T A I 2 VF 2 M 28 TO LA K ZE A1,

THES & FlEEME RE P REKPE S,

(7] Bsf A 22 P g e 22 Sl SR . RGO g
A0SR B AN e . T PR A R A R0 (depmap
portal——https://depmap.org/portal/). H A A M 2|
CBD5 CaV3 (T )il & £ 8 4 i B AE (B 5T
H CBDH i) 40 2 41 i o B A5 TRY 4 55 1@ aE , Rk
M, CBD A1 AT A FH T g v 1 T 284 415 55 1 1
HARNLUSA R 1 — 2P

IL,\—I:I %%tﬁ
FERER T AR A —E PR, R T

A REIER, fER)7 IR o2 34 15 % 4H .
HKER 2 R TR B, CBDEARIER /N AERA
AE R RO IE IR R, Rt v i AT R
25, TRPEFILEER LN T HUIIRE BT 25 HT A B
m EAENE R ATARH T2, AR I Ba T4
AT REXS IEH U AL R E A . CBDIIEIE AR
/0N, e 1A TRPZC R BAT 38 X — i A, 2R
il AR
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