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Advances in Research on the Mechanisms of GABAergic Signaling in
Tumors and Its Targeted Intervention Strategies
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[Abstract] y-Aminobutyric acid (GABA) is an important inhibitory neurotransmitter in the nervous system. It not only participates in
regulating normal physiological functions but is also associated with the pathogenesis of various diseases, and plays a significant role in
multiple tumors, including colorectal cancer, lung cancer, breast cancer, and melanoma. Disorders of GABA metabolism in tumor cells
or other cells of the body can lead to alterations in GABA concentration, thereby directly affecting tumor cells, or indirectly regulating
tumor progression by affecting the tumor microenvironment and immune cell activity. Studies have shown that by activating GABA type
A receptors (GABA,R) or type B receptors (GABAZR), GABA influences key signaling pathways such as calcium pathway,
phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT) pathway, cAMP response element-binding protein (CREB) pathway, mitogen-
activated protein kinase (MAPK)/extracellular signal-regulated kinase (ERK)/CREB pathway, nuclear factor kB (NF-kB) pathway, and
Wnt/B-catenin pathway, ultimately exerting pro-tumorigenic or anti-tumorigenic effects. Intervention in GABAergic signaling pathway
has emerged as a promising new direction in the field of cancer therapy. This review summarizes the advances in research on the
mechanisms of GABAergic signaling in tumors and its targeted intervention strategies, aiming to provide insights and references for the
development of novel anti-tumor drugs.

[Key words] y-aminobutyric acid; tumor microenvironment; signal transduction; targeted therapy; immunomodulation

KL, BN BT RG0EENE A MERERTEWZR, METRIK ErE R

EZHHEA: 2025-04-25

SEUH: BEaAMAFELSE EARA (No.32270656); #irh 8 KA EAREAAR (No. LY21H160027)

FEEIES: Rk, #i ISR MEREY, RFREFEALERE E-mail: Imd@zju.edu.cn
FEEEE . kT, el MARHR: xrmrEks E-mail: dandanz@zju.edu.cn



EER, %, GABA RS SRR (/AN R LI H F RSB E |

247

GEXtIE R JEAESR, X —IAHZ Y e 2
JeE JR, ALHE R T A BE B LA A 2 i,
6 240 1 5 e 25 AR K A 2 3 I () ) A A FHARL T 6
TR, WREY, 2R TR SR
FE R ER N, JF Tt 2R S R i s R
ZRERZR T3 A e A iR P 58 1 42 g 1 7
Rt O bz A A AR b R 5 2 AR
FHT, Hir, 45 TH2 (y-aminobutyric acid, GABA)
FIABRIEHN V2 2 5 ZFh g i kRS R
TETFL BRI, GABA Bk & P & —Fh A
5 A 22 2R GE AN Ao 4 T Bl ) B A 25 R
TEBT R ity BT i 4 ARt A RED Y 45 22 Fh
M S5k BT, GABA SR, i 55wt 72
T SR 1 S A AR A SR A, A B
TR B BRAIL I I I R ARG TT R ms . Bl i
TN, AL GABA K A2 1K) 12 404 T
KR RGEDSMOZ P T, MR W O
MAEDREN . e i ™, 8 iz sh!' A A B
HREPEHEREEN. Wb, GABA fEf5 T =6l
Z A S MR A th B A 38, H GABA 7E45 H.
des . Nl . FLARIES . THRAR S8R R R R B R
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GABA: y-ZBF T ; ABAT: 4-BAHTRAKEBE; GADI2: HAMBAE 12; TCA: =HREBMEHN; o-KG: oL K;
SSADH: BEIIFR LRSI 2B ; AKT: #A#H B; CREB: cAMPZRNCHLAE I ; MAPK: 2% ibE (s ; ERK.: 414k
G5 UG ; PKC: BIIMAIC; NF-«xB: I F«B; GSK-3B: W& MUEHMAG-38; B-catenin: B-EMHE[T; GABA,R: y-ZJET
B2 ATZIR; GABAR: y-ZIETMBAIZIK; CCC: MR F-SEILHHEH; VDCC: MR TI45iMiE; GAT: GABA #isfH M

GABA ZARARIEINRE R 70 G £ H IR Z 4R F
Fe AR T4 S FmIE RIS, GABA 1Y B Iz ik
(GABAGR) K G H MBI AZ A, FLAEWOE J5 vl iE

i G HEAVHY IR PRI BT . AR T A R T
WAE . BT AU Tl I8 055 GABA 19 A Rl
Zk (GABA,R) F1 C % Z{k (GABAR) M,
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B 24 B WEIEFN 1 ANETT LA B HES I i
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iR 2 2451 GABA REMZITTRINEN 7 =X
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JB S RS IS0, kA, GABA 125
AETOREPERR D7 I Bl PR S 22 T i 455200 1 % A
K AFZFEE ] WAL F] GAD1/2 5{ ABAT 1)
Tk B AW BUR GABA A5 4 A GG
MR ACE 28R A B2 GABA 7ERREDIRAS T
VER TR SR 2 — . Sy AR scts s, FEn
XL FPE IR, GABA Al it 544k Ry BE R I 04
P A =R BRIEPA  (tricarboxylic acid cycle, TCA
cycle), HEIMTS 5 40Ha 09 R =R, seak, wF
TRV, GABA I NBEIIRR Ik 17
T, ZHEEMR-GABA-BEIARRI RS, hihiE
20 3 Y A

2 GABA REfSSREFEL HMAPEAMIETE
mRFEER

TEZFMRAEF ST, 45 T 4 sl S 08 S AN
[F] 1) 4 1) GABA b BRI fR R i 35 1Y AR W2 3K
I, BRTITIX BE RGN AEAN [R g S B i A e 25 5. A
WTPE R S, GABA AT 7R 57 P il
7% (gemcitabine) AL FEAMHIAEH o AE S —
TG R BRIEE 5T T, GABA 38 2 I 45 PR I
F (cyclic adenosine monophosphate, cAMP) /cAMP
SNG4 G (cAMP response element-binding
protein, CREB) . %1k 4 (18§ B (phosphory-
lated protein kinase B, p-AKT). p-Src. BifR{LANAE
AME S JH T4 (phosphorylated extracellular signal-
regulated kinase, p-ERK) Z¥{5507, L4
J& % 1 i (matrix metalloproteinase, MMP) 2 Fil
MMP9 1K i5, FFA2HE Caspase-3 BY VIR Y A= A%,
T 306 2 3 240 o 25 P At (9 it 240 7 Sk 300
R AR D, GABA A3 ik a0 % e 75 S 1Y) 41
PRTRIAN A SR BRI AR X SRR ST
LW, GABA TeIhE h HA HZ R A W) #5800

TEIEWAMRE T, GABA EA—F] KN

STIME R /INGT KBS EACR Y, O B o DR
TE e ol S U 8, DAERRMLIRRRS . FEis &
AR AR, H TR IN B R T2 B GABA
550 My, Xrlae S Mgt UG, B, 1
1 BUBh R LR g iR g b, A e SBR[
B GABA W EREIR™ . FEPIRMA RG2S, 1
[FIREAFAE GABA ¥R BRI . 10, BhREanii
A3E i GABA #5 I8 (0K GABA 43 b 241, 4k
W A AU Ss A W T AR T H B B4R A A
B 1 e 240 1 B A G 2R A B8 T 2 30 GABA
KESEH A, GABA 38 1] GBI UR T 18 i Ak e
S E M LTI A S . AN, TR R
4t GABA R AL T RERIZE i iR e .
T/ B AOM/DSS #ERE Hp - [ HR R 25 R 51 iR P
GABA &N, HEMifEEss H A e,

2 MIEIET, GABA R =L FZE AN F
GAD1/2 B ABAT I MAL o 75k SR BIEIR 20 i
&, GADI ik B nl fieit GABA 4 hLitt i it
TEHIT GABAGR LAEAEIAEACY, e/ N g
T, GADI Y IR LA LAY 7 B Al s 2 AU,
WFFEIESS, GADI b 8 AT 38 Aok 4100 oA Jert 5 S 0
(glycogen synthase kinase, GSK) -3p [k, #
% Wnt/B-catenin {5558 H, A SAEmfE ">,
MAEFLIRE T, ABAT BB BEE GABA FRIRIF
FRELns 2 1A, e 208 0 95 40 R 1 348 i A AR
7E GABA Qi fe b, BR T EILAEILAE GAD1/2
FABAT 4b, oAt i m i Y 23542 AL R A AT fig
SO VR EE . TEFLIE T, A R N B R i A T 2
(glutamic-pyruvic transaminase 2, GPT2) ik [Mif,
PEAL N 2R I o TR 18 PR B A Ay TR R TR N 4 2 R
TSI GABA 6 AL, e AR BEFLIR IR R
TEREN S 1 51 A3 (aldehyde dehydrogenase
1 family member A3, ALDHIA3) #ik AR
FErh, GABA fRIHE H R 200 S w il i, ek
TR R

BZ, GABA Ref5 5501 KA B TE g
YRR AL, 7R T GABA TERPE K& A Ak Jgrh
M2, WA R HA R S TEIR PR A AT e e

3 GABA g SHEMERMESHIMGRE

HEARFME T, GABA % B2 (R A FIXAFAE R
FHES, XRY] GABA FHEIH 2L WG AN A 1558
B, TEAZEMIE Th A SR R AR RN . R T
FEEEEEE R, GABA B3 1 A 45 20 ffd PR 1 ik
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Ve (LR D). e Ba KA 253
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G XL YA S Y AR 20 B R R 0 PR R A
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TESGE MM ZEA ML & o Mt by 1 5 4 v M ) i
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MAC S . 5 IR A b AL AT AR L, BE R Sk
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WMEFTETY A B IIRE, 0] RESZ ER B iR 4i i ok
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MR Z —, nlEd PR EE M. —J2
Wi HEA TCA PRI Thl7 srfk; — it @
Wy R iTreg 0™ (EAHERE S, EER
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MUAR S E R, Horb B A AIE It B2 . )
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4.1 Z{&EmtER GABA SS{ERHLE
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WFFEUESE, Ca® VBN A5 7255 GABA F



250 \

¥t A pp

S 202643 H 50% HE3MW

(5 5t Gl 2020301 R 28 L) GABA 21k 24
FH2ERFSY, GABA,R WECIR 45508 TliE,
IS U I 7 1) At B A2 PR e -l L s s e
(cation-chloride co-transporter, CCC) 4. 14k,
GABA R 58115 38 18 5l L e )95 85 125 i i e
PLFRRAE, LR eI A AR, JFR2m i
BEES T BE . Ca’ RE R CaMK Fl PI3K 453
#, TP E A 4 R % AKT/CREB. MAPK/ERK/
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IZRIRRAASEE NEANN, SR A dE 0 e . A,
TENFANMLE T, AT RISE 2 G SCl 9 2 I
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ALDHO9A1) £ ¥ GABA T3 it 7 B 4 iR Z 1 6
51 12 (solute carrier family 6 member 12, SLC6A12)
HEAAN, JFE 545G B-catenin, FHINTH iR IL 5
Rfdt, MMAFLEELTS Wnt/B-catenin 15538 i, gk
A A R RS e R RN, JEZ M GABA
FTALOE 2 kA B, T AN R BRI A e
KESHERE, LR T GABA REfF 5 1M
E=RS

GABA il it HZ RN S G555, Dk
PR AN N A S TR S A, SR £
JER . IR PEERE . S R L AT, i
FEBIRIRZ 0I5, W K5 S A B AT 3
FEOMIGIE; ITAESK GABA 3R SZ AR A% N L 1%
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AR5 LA R URL , 298 K BURL RE WS 5 57
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AW R S EL T IR P GABA ZARK Kk
FRIE; BRI, 76 GABA WA R, . 5zl sz
R-BRSE G5 2 A, AIMEEA DR T L
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GABA 1 Jy e AR AR 4 ZR G v e B o 22
P22 3of 0, AR G 24540 BB % e ) 4 v T A e 22
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Wr GABA 45 BOR $ 5 22 fil 0] Bt GABA Ve . {H
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FRFEAR ;s i TiZiR86 GABA FIHHANR, WFo8 &
I e 7 K A% GABA I AT REAE 1| BUOBE PR AG1A
7 BAT R .

AR, W O T AR 2 R G e 1Y
GABA G IR 254 B Ak 1 R R a5 B B Ak &
Y, Wonth GABA BEZ5W1E BT BT 254 1 v
F1, ARG RIA T B T R R . I R 5
FERH TN G RT I H R AR K 2R R I K
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i T A R s R R RSN, PSS
AL G PIREE M GABA ZARMIARFZE A5, M
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T oo-y A IR ARG A X
P g G0 a5, DAKORE U | ol 28 285 ] IO R R e
R HA BRI S AOLS . FERETh, %
TG MR ALY GABA A2 K OB S T HEHL e 4 e
SR . 5 P A K4t PD-L1 J7 s (o i 24 p 0224
AN, KIEIFFEERIT T GABA T35 g Sk e 150
ZIAIASCEE, HERTEAY GABA 24 PE Al fEE AT
BT EAEEE L Flan, PR A LSRR
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ARG ™ G RATAFSE R, GABA,R
HILE SN AM-101 B8 50 50T XoF il i A A 5 7% 114
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WAEREREIRY T R HE EEAE N . 4 GABAR 1924
P22 T R SE A B, (A E & B 2 R R
GABA Z5A 0 RS EhR)  5 S P HE B0 A AR 44
TR, MESEISRYEIEY . B R, RN
O NS SR S e b e e DS e S 1
B W0 R S P UE 4 GABAGR I P T 5% i 5 s E
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9k & BLRBIOS A0 P () GABA 2214

R ERR, T GABA fEfs SR AEIRYT
HEAW S, R E T P2 R G )
GABA H [n) 25 ) 76 MR ¥ 97 rhon] g B i A & .
JCie Tl GABA fE{5 5 1 244 HL 45 #4 ol St U an T
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6 LiIESRE
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[1]  Amit M, Takahashi H, Dragomir M P, ez al. Loss of p53 drives

KI8T, KT E I AR R 42 R
GEAEH AR T8 KA B & AR K R TP VR 5L
. BEERFIEA KR GABA RE1S S5 M DG P 78 I
DA . Z5IHANNE . AN A A Tz
Fik, HAFAEMZ RGP, JUIHE IR v 4R
L H #5532 367

VB —Fp 32 43 A ELATVE T 2 Rt 4 i 1 15
ST, GABA TERRAE AT AR L AS 2012
5. BAUEER, GABA 7R 4% . LI
i A Sk SRR AN A S AE h LA R
YR, HAREHALEI Y & AKT/CREB., MAPK/
ERK/CREB, NF-«xB. Wnt/f-catenin %5 {5 5 i #% ,
FEB AR T S R R AR 2N 2. SR,
GABA eI E I BARZON 5 5 F LIPS A7 AE 4
W, ARFERERANER.

WF 5% e B, 45 W e 0 R AR 97 vl S /N g
GABA,R £k [, 1fi#{k GABRAL RETEAFEAIK
i e o A7 R (AT T, PR I3 A G 7
HALYT B PS3 ARHE R T, EK S A A7 i
]2, X478 GABA RITEHI A £tk . GABA fE
FARLHIR 2%, A AR, s 5 A B Ay Ih
(P — S M EIVE T . GABA SZAAZH 1 19 2 REIE 75 0k
HEHIRE A & AR, FRAlJE GABA, R ALAT
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