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Abstract

Background and Aims: Gamma-aminobutyric acid type A receptor delta subunit (GABRD) has been
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implicated in the progression of several malignancies, whereas its biological role and therapeutic
relevance in hepatocellular carcinoma (HCC) remain largely unknown. This study aimed to investigate
the expression pattern, oncogenic function, and potential molecular mechanisms of GABRD in HCC and
to identify candidate small-molecule inhibitors targeting GABRD.

Methods: Public datasets from HCCDB and TCGA, together with clinical specimens, were used to
evaluate GABRD expression and prognostic significance. Gain- and loss-of-function models were
established using lentiviral overexpression and CRISPR/Cas9-mediated knockout approaches. Cell
proliferation, migration, and invasion were assessed by CCK-8, EdU incorporation, colony formation,
wound-healing, and Transwell assays. The in vivo effects were evaluated using subcutaneous xenograft,
spontaneous HCC, and pulmonary metastasis models. RNA sequencing combined with GO, KEGG, and
GSEA analyses was performed to explore downstream mechanisms. Structure-based virtual screening,
molecular docking, and molecular dynamics simulations were applied to identify potential GABRD-
targeting compounds, followed by in vitro and in vivo validation.

Results: GABRD was significantly upregulated in HCC tissues and cell lines, and its elevated
expression was associated with unfavorable overall survival, disease-specific survival, and progression-
free survival. GABRD knockout markedly inhibited HCC cell proliferation, migration, and invasion,
whereas GABRD overexpression exerted opposite effects. In vivo studies further demonstrated that
GABRD deficiency suppressed tumor growth and pulmonary metastasis. Transcriptomic analyses
suggested that GABRD might promote HCC progression through cytokine-cytokine receptor interaction,
JAK-STAT signaling, and epithelial-mesenchymal transition-related pathways. Structure-based virtual
screening identified memantine as a potential GABRD-binding compound with high binding affinity.
Memantine reduced GABRD expression and significantly reversed the pro-tumorigenic effects mediated
by GABRD both in vitro and in vivo.

Conclusion: GABRD acts as an oncogenic regulator in HCC and may serve as a prognostic biomarker
and therapeutic target. Memantine suppresses HCC growth and metastasis by targeting GABRD,
providing experimental evidence for drug repurposing and novel targeted therapeutic strategies in HCC.
Carcinoma, Hepatocellular; Receptors, GABA-A; Memantine
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fik % 3k 19 SNU-449 H T & 3R 35 o fff 148 ) AU
GABRD i [H ) 4% 5 P sgRNA, #J % & CRISPR/Cas9
P AR, 3N 5 B HCCLM3 21, #BR
(knockout, KO) 4fl ifs P9 GABRD % & (HCCLM3-
GABRD-KO) ; i il &% A FE 4 1] sgRNA  (non-
targeting control sgRNA , NTC) B CRISPR/Cas9 %8 &
B & Yt HCCLM3 41 jL , 1E S KO 41 (% [ ¥ xF B
(HCCLM3-NTC) . ¥ GABRD #t [H 4> K CDS J¢ 51 14
fE TR U (overexpression, OE) PN B AR, U
MG B 5 R Yt SNU-449 40 i (SNU-449-GABRD-
OE) ; i JH 4% 47 25 254K 19 12 5 35 Sk ¢ SNU-449 4
Mo, V54 OE 4%t i (SNU-449-control) o JE&H% 24 h
JE W, 48 hJE N2 we/ml IS H K ik 7~14 d,
PAEREME, & qRT-PCR 1 Western blot % fIF
1.8.3 A TFaAEANMAE 12 H BALB/c #t R KEHL
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K B B2 45 A 353 2k oK Bl 0 R Dk O A 3
filt ki (pT3-AKT 10 pg. pT3-Mye 10 pg. pCAG-
SB100 1.25 wg), FForldshn: xf 4l (pT3-EFla-
NC 10 wg) . GABRD-OE #i ( pT3-EFla-GABRD
10 wg) AP X B 4H (pT3-Ub-sgNC-EF1a-Cas9
10 wg) . GABRD-KO 4 (pT3-U6-sgGabrd-EFla-Cas9
10 wg) o Sleeping Beauty % Ji il /- 5 i ki 2 & 2 )
ML, SCBRR A Ak o A bR o

1.3.5 MmMmEHERHE BREREIKIICE
1 7N B Hepal-6 40 i ( Hepal-6-control/OE/NTC/KO )
P E 1 x 1074~ /mL. B 6~8 J&# CSTBL/6 /N 20 H
B AL 35 2 S X BE 40 . GABRD-OE 41 . NTC 41 .
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1.83.8 Western blot 2N i s 41 21 B85, BCA
E R, HUSE R 4 SDS-PAGE HLUK 73 B, %%
P 2 PVDF B (300 mA, 90 min) o 5% JBi B W5 k3
FEW 1 h, IMA—$T (WH GABRD, 1:1000)
4 CHF A LB, TBST ¥k BEJ5 in HRP 45 i — $t
(1:5000) FEiRMEH 1 h, ECLILEE R, L
GAPDH J N2,

1.3.9 CCK-8 %% IGAifuiFh T 96 LAk (FFLLY
2x10° A4 i), R ORI R S (0. 24, 48,
72h) J5, BILMA 10 wL CCK-8 ik Hl, 37 CHEE
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4 e B A

1.3.10 EdU &l K 40 i #2 Fh F 85 55 e s Fr
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37 CHFHE 2 he FEREFREL, PBSIHUE, 4% 2 B HEE
[ % 15 min, 0.5% Triton X-100 i 3% 20 min, fil A
Click R (FHEYkt . CuSO,. PLIRMMARE) ,
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Mg, B EAU BH 40 i H 6
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R R R R R R 3R 10~14 Ao FRAIR ]
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1.8.13 Transwell 5% % R H fL &2 H 8 um W
Transwell /N2 JGIA B 75 BRI Matrigel . #S5 x 100
O B 4 Fh T 200 pL G IR R E Y, BT LE;
T 2 W B FE 600 pL 7 10% i 25 I35 1Y 58 45 1 35 Jik
YERHaEH . WH 48 h)m, FHMERT LRI L
T AR AR B UM F 2R T Y 42 28 4H i 28 T
L GRS, TE BT BEHLIE B S A4S

PEAT I8
1.3.14 SRt HMMICH RBERCR L.
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Ve, 4% % % W [ Z 15 min, 0.5% Triton X-100 18
% 15 min, 5% BSA % i 3[4 30 min, A —#14 C
IEE R, PBS YRS N2 e bR ic bt = I ik i
A 1h, DAPLY ¥, H R G THOL WM T WL,
1.3.15 Symnfe U0 v Wims oK, Ak iR £k 22 v
W BT R AE 2, 3% H,0, B B N I M A Ak W
fiti , 5% BSA £ 30 min, M —404 CHFF LK,
HRP bRic P E WM F 1 h, DABR M, HAKE
Jo, B R WA bR A THPEE S .
1.3.16 HE# & UL 4% ZRHFBERFE . A1
WAV R (4 pm), BB EIK, JRARKEY A 5~
10 min, #HR LBE1, PP 2~3 min, MK
EWEE R, G T WEMEE (EE6) K
Fa/E g (ke .
1.8.17 #F MmN 5 AWEEFod 4y
(RNA-seq) J¢ i i SC PR 5 iy 38 o 00 4R 15 2
PGk m B0HE . fE b SR Al B, AR KR
(Gene Ontology , GO) & 443 Hr F F 8 JL A K5 56 4%
2 S IR R Y 2 R L AR AL R4y T T
it = 2K PEAT I REVE B s KEGG 3 4 20 b7 W [ 4 3 T
S, R A A A EUE S B
GSEA ¥ it 47 3k PR 422 55 e U 1) G R B HE )Y, 1TAS 191
WHE AR 7 HE T 9 32 b i AR B AR a3
1.3.18 D oF 4 it L GABRD (1) AlphaFold fii
2545 M #0528 Schrddinger /4 TAL B . SiteMap
BB s WG PR S S, X FDA HEHE R /N T AL A
Wy V2 AT 28 2 1R 07 3k B Glide w538 2 20 7 045, K
I X $2 VE 43 I AH AR FH R AE 0 2 4 3k 4> 15 BEEL
X HER A4 T 5 GABRD &t & & W, R M
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GROMACS # 14 . CHARMM36 7] 3 #t 47 100 ns 43 T
AR, ZReEE/ M. NVT X NPT V4 /5
ST E AW AR R AR Y O O 2% L SR
AT E R AR SO0 LSS R S AR e 1 o
1.4 SitEE

fifi Jil GraphPad Prism 9.0 & SPSS 25.0 437 5 45 .
THEFER DR £ trifE2E (x+s) R, WAL
B R (Mhorsiliexd), A B AR EE T
Z5r T P<0.05 HZE S A G5 L.

2 & R

2.1 GABRDZEHCCALAHFFRIL, FESHCCESE

ARMEHEX

1 56 Al FH HCCDB %41 7 8 20 40 i 7K SF- 43 #r
GABRD 7€ 40 Jfd iy SR 818 Ol o /v Fr o, Bk
HCC 41 g " GABRD 2 35 7K - I 3 & T 4B 3T 19 IR 98
4 g K E # F4R I (K1 1A-B) . 5T TCGA-LIHC %%
P E M AE L T X R BB S, 5IE R 418
A1, GABRD mRNA 7£ HCC 44 3% EiH (P<
0.05) (E1C); fTEE X S 2 AL i,
GABRD 7t J8 2 24U W] A 22 B 18 i R 35 (P<0.05)
(D) o #E— LM 3 W 3 A &R 3, T1~T4 &
HCC 4121+ GABRD ik ¥ 3 /& T IE W 4141 (P<
0.05) (& 1E) . HHs3Rk ¥E¥ 8H 9 b m %
K4, Kaplan-Meier 4= 7253 Hr R, i Rk B4
A (EIF) © B FE AR AfA I (B 16) &k
dERALE (EIH) ¥ B E4%M. 45 L, GABRD
FE HCC s ik, AR i B0 A8 3 1 R T ) A v
FESr FhRE Y . HCCALUN R gl 8 k% g
SR, EIEW AL RAES A 2%, GABRD
BEUARRIASORFRKIL, i fE HCC 440 rb ] UL Y &
B FHME Gt (P<0.05) (& 11) . J5 %L Western blot 45
W BN, 40 GABRD & K F i T H
XF 9 57 4140 (P<0.05) ([ 1)) o [Fl i HCC 41 i
% " GABRD 19 %5 115 mRNA £ 5K F 348 T 1E %
JIF &k 4 40 f WRL68 (¥ P<0.05) (& 1K-L) . {tf%
TR, BA @5 %I 680 HCCLM3 1
MHCCO7H 41 Jiid H GABRD f4 & 35 7K - d5e i, 1M1 AR X
11 %% # V85 BE (19 HuH7 1 SNU-449 28 g ' GABRD 19 %
K K AR X A
2.2 EfF& GABRD 4l HCC fHpEILIE B 5%

YE % 4 U PE GABRD AH % 5 28 3k i HCCLM3 4

Jitl i 47 CRISPR/Cas9 41 3 1Y) GABRD i B 55 55 (P<
0.05) (¥ 2A-B). CCK-8 fill &7~ , GABRD-KO £{
() HCCLM3 £ Jf 1 7E o 28 A0 55 F Xof 2 I 25 B {IX
(P<0.05) (& 2C). EdU ¥e{ [F #4278, GABRD-
KO W] W 4 HCC 4 M3 5% M (P<0.05) (1%12D) .
1 P A e B T S 56 & B R B HCC 41 i 7 GABRD
J& TE B 1) 20 M v B A i (B 3 /D F NTC 4l (P<0.05)
([E12E) o HCC 21 ffs 1) 3iF 7% 1= 28 Be ) J2 g & 2k
iE A GRS R O HE AL IR . JE 22 KR LR R R
GABRD-KO ZH 4t jfg i 40 R i &5 K T NTC 4 (P<
0.05) (& 2F), $27~fFr GABRD il T 40 i i iF
%12 8l . Transwell 3206 45 B B 75, B GABRD Jii
WY Wl T OHCC 40 B MY 1R 28 0 e (P<0.05)
(F2G),
2.3 ¥ FiXGABRD @i HCC HipaitsE . 2 & S

T

Bl 55 2 # 7F GABRD H X Ik % 15 A9 SNU-449 4
M w3 % ik GABRD (P<0.05) (%] 3A-B) . CCK-8
R 25 R BoR, 558X AL MH L, GABRD it
Fih41 (GABRD-OE 41) (1) SNU-449 4l Jifg 3% 5 fig
WERETREA (P<0.05) (F3C), EdU 25645 5
PE— FH T X451 GABRD-OE 41+ EdU FH{E
Y0 EL ) T R4 (P<0.05, [E13D) . FAR
s R B R T RIFER S5 SR (P<0.05) (I#13E).
X JK 5 Transwell 52 55 W & 7R 1 ¢ ik GABRD J& %f
HCC 4 M iE % 5 2Z /e S e i 1EH (P<0.05)
(E3F-G) . DA EZ55ES: GABRD 7E/& 4k 8 2 i
i HCC 41 f 38 58 . BB FI{R280E ) .
2.4 EK GABRD #] il /NER < ) HCC By B & <

5iz b

Sh A P 2 T HR 98 GABRD X HCC 3 Ji 1) i 42
B . 2% R R GABRD-KO 5 A 1 %F & 41 i 44 4t
BB T B A SRR AL A e, GABRD i
Wik 21 P e A TR B R A %, P 35 e AR AR A
W NT XS B4l (P<0.05) (8] 4A-C) . i
H AU Ki-67 S b Ye (25 - W78, GABRD-KO 41
i 6 £H 21 rp Ki-67 BH P X3 0 S 25 % BE (A T B
PxF R4 (P<0.05) ([514D), B GABRD il b #10
il 7 b I 240 M R P T 1 B TR . TR EE R Mye
Akt FORL R T /NER B R PRI AR . SOk A S
408, BRI IER B i . 5 B T BR A
G, T4 GABRD i Bk J5RL 9 /)N U I %) Ji 96 45
RS TE S RN N ER N E KRR N
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(P<0.05) (EI4E-F). % FRSMEEGIESE T GABRD
AERE GG HCC A MM IT R SR80 11, EA MM
HATRE A /N BUKR N HCC I ¥ R i B . /N
Jiti % A% 55 0 28 R $E R m R GABRD Ji5 BE 8 B I 417 1)
HCC 4 M il 5% # 5E 51 (P<0.05) ([&14G) o /N BU

535 3
WE HE 44 (045 5 571, GABRD 4 20 14 i 56 7% 45
Bom i &/ FHMEX A (P<0.05) (F4H), bk
gE LR, UUER /N BRAR N GABRD fE A H1 #il HCC it
MR

P<0.001

I
Iy
(=}

B I B
. B33 2215
3 4z B
=P K10
g 5 2E
b Q-
% | =31 = 205
' = ‘V <=
= .
0 0 —‘~ . < 0.0
s panl
B IERHN HCC c D
S 1.0 1.0
B P<0.001 :LE
24 0.9 P=0. 0;-;12 =
N =0. 0.8
H =+ R
g £, 307 %
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£21 06 R 04
3 05
0 T T T T T T T T T T T T T T T T T T 0'2 T T T T T T T
IEHAHL T1 T2 T3 & T4 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
E A ] () = AfE CH ) @ Ff ] () H
N1 T1 N2 T2 N3 T3 N4 T4 N5 TS N6 T6
GABRD 03 GABRD[ — Sl — =[65kD
- R VU S— GAPDH [P e s e e 136 kD
$ 0.2 ; g 2.0 Py
= i A 1.5 I Hee
B ﬁf : gz P=0.0342
20.1 =10 = I ==
2 =) T B s
3 2os{
by . - Zool=" = . : : Ha
g e HCC | case | case 2 case 3 case 4 case 5 case6
1.5 1.5
% %
& o POOOL oo o iy
2 g5 o= w10 - g L0 e
S 5o 5 3 % fied I’ I3 P<0.01
e T 8 2 E _% <001 -i% Pots -
= S '<().03
F £ = 5 = S - - 205 3
(;ABRD‘._._-.., ‘65kD § = §
I -t > -—u
0.0 0.0

CAPDH‘ ——— —— -(36 kD

E1 GABRDZFHCCHERIEHEEERARIMGHEX

U “CC,LW N\“Qc‘)’l' o8

0 gl (o et g )

A: T HCCDB %t 7 S 40 RNA I R4 - SNE &5 B [Al%k

PEE T GABRD HIXS #E /K- t-SNE B OK—ifi: filk—1); C-D: TCGA H¥i)ZE ./~ GABRD ¥E HCC 4141 5 1F # 4140
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Figure 1 GABRD is highly expressed in HCC and is associated with poor prognosis in patients

A: t-SNE plot based on single-

cell RNA sequencing data from the HCCDB database; B: t-SNE plot showing relative expression levels of GABRD in the
same dataset (gray—blue: low—high); C-D: Expression of GABRD in HCC tissues and normal tissues based on TCGA
database; E: Comparison of GABRD mRNA expression levels between HCC tissues of different stages and normal tissues;
F-H: Kaplan-Meier survival curves based on TCGA data; I: Immunohistochemical staining of HCC tissue microarray (n=5;
scale bar: left 100 pum, right S0 um); J: Western blot analysis of GABRD protein expression in 6 paired HCC tumor and
adjacent non-tumor tissues; K—L: Western blot and qRT-PCR analysis of GABRD protein and mRNA expression levels in
normal hepatocyte cell line WRL68 and different HCC cell lines (n=3)

http://www.zpwz.net



55 5 1) O, F : GABRD {7 3 AT 40 o i & M o8 B R W8 1) T FUME R B R 951
15 ’i‘ 15 1.0 - HCCLMS
5 P<0.01 3 P<0.01 i" f\ ;RD ‘o }
— : g SABRD-
0 \ ;’gﬂ 1.0 I ﬁ 1.0 x E
=
ETURIIRT T z 506 B 4=
D s+ = - [=) 5 ]O
05 £ 05 =04 —Fs
GABRD| wee 65kD = g _—
= 1= 1 = 02
- & W 00 = 00 i
GAPDH 36 kD - Z o T 0.0+—————
\ 2 \ 2
ﬁcﬁw.&(\ B“D'“O S ‘“C}\B“DXO B‘,\D.KO 0 3 4 5
HCCLM3 FTE] (d) C
Mool HCCLM3 500
= 60 e 200 P<0.05
= .. i
[} — o o%e
£z ol 40 I =4 %300_ :2:
£ = y E
= s{<\:\ :_1: gézoo—
o= = 20 o2 - | b
Z | = [ - = Z 100
= =
2|z 0 . . £ 0 . .
T e B NIC  GABRD-KO S NTC  GABRD-KO
= D
o P00l 600~ : P<0.01
GABRD-OE e, g
S P<0.01 I . ﬁ400
= + ¥ % i
o
= ) - H .-:
gl = z = 200- =+
z| 2 E ¢
Z 0
=) T T T T
= 24h 48h NTC ~ GABRD-KO

&2 niF?GABRD?W%UHCCQH]H@imﬁﬁ BESE®
R (n=3);
Hrate )1 (n=5; ﬁR-

F: QRAG L

JEAniErfR

5);

Figure 2

A-B: Western blot 5 qRT-PCR ¥&iilE HCCLM3 4ilJfd o' GABRD HY i [5
C: CCK-8 L5l GABRD b /5 HCCLM3 4i A i3 4 s D: EdU SZ50 I GABRD il J 2 i 1
76200 pm, H1100 pm, £750 um); E: wwREIE LSRRI GABRD mibR)S AR A GERE J) (0=
SN GABRD RS A EFEBE )] (n=5; #5/: 500 um); G: Transwell S GABRD bR
ZheJ1 (n=5; bR 200 pm)

GABRD knockout suppresses proliferation, migration, and invasion of hepatocellular carcinoma cells A-B:
Validation of GABRD knockout efficiency in HCCLM3 cells using Western blot and qRT-PCR (n=3); C: CCK-8 assay
showing proliferation of HCCLM3 cells after GABRD knockout; D: EdU assay showing proliferative activity after
GABRD knockout (n=5; scale bars: left 200 pm, middle 100 pm, right 50 um); E: Colony formation assay showing
proliferative capacity after GABRD knockout (n=5); F: Wound-healing assay showing migratory ability after GABRD
knockout (n=5; scale bar: 500 um); G: Transwell invasion assay showing invasive ability after GABRD knockout (n=5;

scale bar: 200 um)
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Figure 3 GABRD overexpression promotes proliferation, migration, and invasion of hepatocellular carcinoma cells

GABRD overexpression (n=5; scale bars: left 200 um, middle 100 pum, right 50 um); E: Colony formation assay showing
proliferative capacity after GABRD overexpression (n=5); F: Wound-healing assay showing migratory ability after
GABRD overexpression (n=5; scale bar: 500 pm); G: Transwell invasion assay showing invasive ability after GABRD

overexpression (n=5; scale bar: 200 pm)
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A-B:
Western blot and qRT-PCR validation of GABRD overexpression efficiency in SNU-449 cells (n=3); C: CCK-8 assay
showing proliferation of SNU-449 cells after GABRD overexpression; D: EdU assay showing proliferative activity after
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Figure 5
signaling, and EMT-related pathways

RNA-seq analyses suggest that GABRD knockout suppresses cytokine-cytokine receptor interaction, JAK-STAT
A: Heatmap of differentially expressed genes between the GABRD-KO and

control groups; B-D: GO enrichment analysis showing significantly suppressed BP, CC, and MF terms after GABRD

knockout; E: KEGG pathway enrichment analysis of differentially expressed genes; F: GSEA showing a positive

association between GABRD expression and EMT-related gene signatures; G: Immunofluorescence staining showing
inhibition of EMT-related markers after GABRD knockout (n=5; scale bars: left 200 um, middle 100 pm, right 50 um)
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Figure 6 Stable protein-small molecule complex formation between memantine and GABRD

of the GABRD protein; B: Molecular docking model of the GABRD-memantine complex; C-D: Radius of gyration

A: Secondary structure analysis

analysis during the binding process between GABRD and memantine, indicating favorable structural stability of the
complex system; E: Hydrogen-bond interactions formed between GABRD and memantine, demonstrating high overall
stability of the complex; F: RMSD analysis of the GABRD-memantine complex, showing excellent binding-site
adaptability of memantine to GABRD; G: RMSF analysis of the GABRD-memantine complex, indicating a stable
conformation of the active regions within the complex; H-I: Free-energy analysis of the GABRD-memantine complex,

demonstrating a high binding affinity between memantine and the GABRD protein

http://www.zpwz.net



956 B E SR AR &R 5535 %
1.5 . <005 . Ll mnm)rm:fﬁi J
GABRD-OE+32 4K 20
ﬂg E O X AL * R
1.0 20.6 -3 }g
24 (mmol/L) E 3 2 04 ! §=
0 2 4 6 Sos 0ad © 8
CABRD| - — |65 = =+ O'O
) Y T T T T T T
0.0 : T . = 0 1 2 3 4
GAPDH| — — — ‘| 36 kD APIELL 2 mmol/L. 4 mmol/L 6 mmol/L 5 A (d) B
SNU-449 XHEAL  GABRD-OE  GABRD-OE+EZ:K
¥
...... E X
Z
= 80 P<0.01 250 by £SO
= -
g g 60 I $200
= - SRR e 3 -t 2 150 o
3 40 -
- g\l\ -3~ 1 g 100
R = 20 & n I
== = 50
2% 0 : T T 0 T T T
2 XfHEZH GABRD-OE 4 GABRD-OE XFHEZH GABRD-OE 41 GABRD-OE
S +RERIH o +RNIZH D
. ﬁaa@ E41G ABRD- ()F+§E4>HJ
1‘ =N
5 3 3
Raz H je=}
= ¢ Z:
=< | ol
= 80 o 300 P<0.01
S . GABRD-OEAL P<0.01
.’;"4 ~ GABRD-OE+X4:RIZH r-—* ﬂZOO
= = P<0.01 }':. D -
2 i, = F e & i
i 100 =
B H g0 . 1 S
e
2& 0 : , 0 ' : .
S 24h 48h XFHR4] GABRD-OE 41 GABRD-OE
S E +RENE F
P<0.01
250 . T
72 200 I’ CAMDOR B } <=
& & 2
_ GABRD-OE =150 e . o 3
XTHBZL  GABRD-OEZH +354: M4l £ 100 iz : §
E ]
= 50
= = !
0 Y o % —TT
1’&“‘* “9.09 330—0 3 4 5
. GAB G %%w\% i) (&) H
GABRD-OE gy
papjiEcl GABRD-OE 4 +E N4 60 ,r
3
....... i) 40
I . ﬂ
------ Tezll F1 P
= = 4 B 20
o A s
BS3is “0—0‘:‘ B“D
GA® %%v\\lﬁ
&7 ;%mﬁﬂﬁﬁ%GMmDﬁEMWxﬁ HR  A: KA NI H GABRD & [ /KF (n=4); B-D: CCK-8,

EdU Kl 5 v B8 il S 56 12 7 55 4 W A #3367 GABRD A4 (R HE HCC AUu3E s EM (n=5); E: XPRMALEHER
26 4 NI T Ak B 336 7% GABRD & 45 942 U HCC IR B 5 RAEH (n=5) ;
GABRD LMLt HCC AR B S EMMERH (n=6); G: H &R AR 35 4 NI TS BRI H] GABRD S8 L it
BN (n=6); H-1. /Neh¥pih A 1% 5 HE Y (045 R 55 S RIFUAL F0HH GABRD 175519 HCC 4 #3000 (n=5)

Figure 7 Memantine pretreatment reverses the GABRD-mediated tumor-promoting effects in HCC

F: Transwell 556 $1 7 € 43 W 191 Ak B 3o 4

A: Memantine

pretreatment suppresses GABRD protein expression levels (n=4); B-D: CCK-8, EdU, and colony formation assays showing
that memantine pretreatment reverses the GABRD-mediated promotion of HCC cell proliferation (n=5); E: Wound-healing

assay showing that memantine pretreatment reverses the GABRD-mediated enhancement of HCC cell migration and

invasion (n=5); F: Transwell assay showing that memantine pretreatment reverses the GABRD-mediated enhancement of

HCC cell migration and invasion (n=6); G: Spontaneous HCC mouse model showing that memantine pretreatment
suppresses the GABRD-induced tumor-promoting effect (n=6); H-I: In vivo bioluminescence imaging and HE staining

demonstrating that memantine pretreatment inhibits GABRD-induced pulmonary metastasis of HCC (n=5)
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