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SLC38A1 drives malignant progression of hepatocellular carcinoma by activating

PI3K/AKT signaling via enhanced glutamine uptake
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Hygeia Hospital, Chongqing; 2Department of Hepatobiliary, First Affiliated Hospital, Army Medical University (Third
Military Medical University ), Chongging, China

[Abstract] Objective To investigate the mechanism by which SLC38A1 promotes hepatocellular
carcinoma (HCC) progression through glutamine transport-mediated activation of the PI3K/AKT signaling
pathway. Methods Bioinformatics analysis was employed to assess the correlation between SLC38A1
expression and clinicopathological features/prognosis in HCC patients, with functional enrichment analysis of
SLC38A1 conducted. SLC38AT1 was silenced or over expressed via transfection in Huh-7 cells, with glutamine
inhibited using DRP-104 and the PI3K/AKT pathway suppressed using LY294002. Cell viability,
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proliferation, migration, invasion, and glutamine concentration were evaluated using CCK-8, EdU staining,
scratch wound healing assay, Transwell chamber assay, and glutamine assay kits, respectively. PI3K/AKT
pathway activity was assessed by Western blotting. Results SLC38A1 mRNA and protein levels were
significantly higher in HCC tumor tissues than in adjacent normal tissues (P<0.05). HCC patients with high
SLC38A1 expression exhibited significantly lower overall survival than those with low expression (P<0. 05).
SLC38A1 expression correlated significantly with pathologic T-stage (pT), N-stage (pN), M-stage (pM), survival
status, and immune infiltration in HCC patients (P<0. 05). SLC38A1 silencing markedly reduced glutamine
uptake in HCC cells (P<0. 001), suppressing cell viability, proliferation, migration, invasion, and PI3K/AKT
pathway activity (P<0. 001). Conversely, SLC38A1 overexpression promoted proliferation, migration, invasion,
and PI3K/AKT activation (P<0.001). DRP-104-mediated glutamine inhibition suppressed HCC cell
malignancy and PI3K/AKT signaling while abolishing the oncogenic effects of SLC38A1 overexpression (P<
0.001). PI3K/AKT pathway inhibition blocked the pro-tumorigenic effects of SLC38A1 overexpression (P<
0.001). Conclusion SLC38A1 promotes proliferation, migration, and invasion in HCC by activating the
PI3K/AKT pathway through enhanced glutamine transport.
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AL, R 200 WL AS WA 9 W Sk 3 o 17 8 7 R0l
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37 °C.5%CO, M RE FRFE P ke 5% . 24 h e, TR
B0 A MDIRS
1.9 Transwell 52 &

15 FH Matrigel 3 J57 52 H B 5 A0 8% Transwell ZN% IS
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H,37 CHEF2 0.5 h, I 4 A fin A 400 nmol/L ¥R
(1) 3H-7F Z WE R , S8 )5 FEF 8 20 min. 8 H 96 FLARIK
RS A T FE AL RN DR 4K |, TR AL P S 252 TN
SR (S PerkinElmer 2R W N o fiefi , i
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Expression of SLC38Al in LIHC Protein expression of SLC38Al in

based on Sample types Hepatocellular carcinoma
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a:P<0. 05, compared with Normal
A': Comparison of SLC38A1 mRNA expression levels in HCC and normal tissues in the TCGA database; B and C: Analysis of
SLC38A1 protein expression in HCC and normal tissues in the HPA database. HCC: hepatocellular carcinoma; TCGA: The

Cancer Genome Atlas Program; HPA : human protein atlas
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Figure 1 Expression characteristics of SLC38A1 in HCC
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A and B: Correlation between SLC38A1 high/low expression and clinicopathological features; C: Immune interaction network
between SLC38A1 and immune cells in HCC
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Figure 2 The relationship between SLC38A1 expression level and clinicopathological features of HCC patients, and the
construction of immune interaction networks
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A': Gene-gene interaction network of SLC38A1 with other genes generated using GeneMANIA ; B~ D: GO analysis of SLC38A1

co-expressed genes; E: KEGG analysis of SLC38A1 co-expressed genes. GO: Gene Ontology; KEGG: Kyoto Encyclopedia of

Genes and Genomes
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Figure 3 Construction of SLC38A1 interaction network and functional enrichment analysis of SLC38A1-related genes
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TEHCC Al it %k,
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BB R0 a
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B 5A~C) . si-SLC38A 1 ZH 4 41 g 3 5 1% 1 LA Az
ZBfie 1 B E KT si-NC 44 (P<0. 001, & 5D~G) . VLER
SLC38A1 [ A% T PI3K F1 AKT f4 # /2 1k 7k F (P<
0.001, K 5H 1), Jf H si-SLC38A 1 £ZH 41 ifd ;N 45 A Bt i
e BE e S B FE T si-NC 4 (P<0. 001, &1 5) . 487
DUER SLC38A 1 #llHfil HCC 4y 71 H4 58 7% (= 2%1E
J7 AR A AR B K F RIS PI3K R AKT £
FBEIR K-
2.5 Pl B & BE e LT SLC38AL X HCC %8 fie &

PI3K/AKT i ¥4 & 42 33 4F F)

i a5 Y Fe 1k SLC38A 1 Al FH 48 & B e 475 Bt
7 DRP-104 # ] HCC 41 e N 48 2Bt e K-, 98 ) i i
CCK-8.EdU %t {0, 4] I f1 & 55 55 | Transwell 55 55 Fl
Western blot 43 Il K6 il i ¢ 15 SLC38A1 DL A 41l ifill 75 &
Pl i XF HC.C 40 ffL 3% ) Y4 5E 2 1R 28 L) K PI3K FlI
AKT 8 AR ALK RS2 . 45 R WoR S geid ik
SLC38A1 {2 fiE #F HCC 41 g b SLC38A1 ) mRNA £
KIKSEFEE 7K SE (P<0. 001, 8] 6A~C) . SLC38A14H
1) £ JHL 284 5 i 7 25 75 T NC 41, NC+DRP-104 25 f) 4
Bl BE 1% T NC 41, SLC38A 1+DRP-104 4H 114 3 5 Gk /1

a HL-7702

Huh-7 SMMC-7721 Bel-7402

i K T SLC38A1 4H (P<0.001, K 6D . E) ., i3k
SLC38A L i T 4% 24 W Al vk &2, ffi I DRP-104 AN H [
T A B HR BE R BT T 3 363K SLC38A 1 X 44 fifd
PR A Ik e v JBE AR A2 2 (P<0. 001, K1 6F) . If H. .5 NC
2 be#, SLC38AT 41 Y it B R 22 6k )1 7 &, NC+
DRP-104 41iE R 122518 JI A%, SLC38A1+DRP-104 41
3T 2 R4 22 fE S T SLC38A1 41 (P<0. 001, & 6G |
H). SLC38A1ZH ) PI3K I AKT Wi R b /K B 2 7 T
NC 4H , NC+DRP-104 2H PI3K F1 AKT # 2 1k 7K F- i 2
T NC 4, I H SLC38A1+DRP-104 £H 114 PI3K 1 AKT
Wl R Ak /K SR T SLC38A1 4H (P<0. 001, & 61.)) .
il 45 52 Tk e BELUBT SLC38A 1 % HCC 2 i &2 PI3K/AKT i
B B AR HEVE T, 3278 SLC38AT {2 #F HCC LA M2 PI3K/
AKT 38 B AE AL 5 A 2 e % A8 ] 43
2.6 9 ) PI3K/AKT i@ 3% [i 7 i & ik SLC38A1 %t
HCC %m e 4 P 3 1E

T Ak 7 Yl ok ik SLC38A T I3 35 LY 294002 4171
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Figure 4 Expression characteristics of SLC38A1 in HCC cells
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