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Malignant Transformation of Liver Progenitor Cells into Liver Cancer Stem

Cells: Mechanistic Insights and Research Advances
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Abstract Primary hepatocellular carcinoma is a globally prevalent malignant tumor of the digestive sys-
tem, whose high heterogeneity, recurrence rate, and therapy resistance severely limit clinical efficacy. In recent
years, LCSCs (liver cancer stem cells), as key drivers of tumorigenesis and progression, have attracted significant
attention, with the malignant transformation of LPCs (liver progenitor cells) being recognized as a crucial mecha-

nism for LCSC origin. This review systematically deciphers the molecular regulatory network underlying LPCs-
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to-LCSCs transformation: aberrant activation of Wnt/p-catenin, Notch, and other signaling pathways promotes
malignant transformation by modulating target gene expression; epigenetics and non-coding RNA remodels the
malignant phenotype of LPCs through silencing tumor suppressor genes or activating oncogenes; the tumor mi-
croenvironment, including TWEAK secretion by macrophages, hypoxia-induced PI3K/Akt signaling, and immune
suppression mediated by hepatic stellate cells, collaboratively fosters a pro-tumor niche; abnormal expression/acti-
vation of stemness-related transcription factors (Oct3/4, Sox2, Nanog) further drives malignancy. Elucidating these
mechanisms not only provides novel strategies for targeted therapy but also highlights therapeutic potentials in
LPCs transplantation, gene editing, and drug delivery. In summary, this review delineates the mechanisms of LPCs

malignant transformation into LCSCs, aiming to offer fresh perspectives and strategies for early diagnosis and treat-

ment of hepatocellular carcinoma.
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Diagnostic potential
Therapeutic potential
Prognostic potential

LCSCsHIZR AL YI(EpCAM. CD133. CD90. CD44H1CD24)il it #i% Wnt. B-catenin. PI3K/Akt. mTORFINotch2515 53 1% 54 i it 120 L o
TRNIT S IH-240 e o 3 T B 0 T 00 O PO P TLAR, 7 I R A2 T s iR B TR VAl 0 T A i

The surface markers (EpCAM, CD133, CD90, CD44 and CD24) of LCSCs (liver cancer stem cells) affect LCSC through activated signaling pathways
(Wnt, B-catenin, PI3K/Akt, mTOR, and Notch). In-depth study of the influence of surface markers of hepatocellular carcinoma on it has great potential

for the diagnosis, treatment and prognosis of hepatocellular carcinoma.

Bl LCSCsHyRm ARSI E &M
Fig.1 Impact of surface markers on LCSCs
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Non-coding RNA

LncRNA HOTAIR
LncRNA NEAT1
MiR-21 PTEN
mMiRNA miR-1246
miR-148a

F- (Wl e-Mye) 8 5 H 8 [ Feoe M e skid 1, miR-21
b5 3K el O 1 e 5 R - 3L [R] #E 3 LPCs [ LCSCs
F AR 191, miR-124630E Wntili i, 5 59 s 1)
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W58 TGF-pil g, 5 HARAH K 7 FEH , {2k
LPCs /R4 b R —a) i Ak, b — 25 438 i 20 i 11 586 1
FEPE 71721, IncRNA NEAT 138 18 3 5% Notch (s 5
5 H A R 7 3L [ #ELPCs A LCSCs L 1(1812) .
4.4 MEBRIMERISZ G

TERFHEAS P JORE I FE T, LPCs[) LCSCsf%%
RS R 1 R ARG R 2R 2 —
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TESNPIRE R b, 52 22 28 40 i [RF~(4n: IL-6+ TNF-a
SV FH I B (R LPC s B /K T 2 2 T U4, A,
R E 40 i #E LPCs ] LCSCs# 4k (i fE vh th R 155
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Signal pathway

Wnt/B-catenin

Notch

PI3K/Akt

Wnt

TGF-B

HOTAIR 5 Wnt/B- 30 55 1S 5l B A BLAE A, 1 K85 JE M ASRNA NEAT 134 38 Notch(S 5, SEMALCSCs - i 447 A IR & A . T/ RNAGE

Z #77 A ITLCSCs: miR-2 Ll i 4 0B (R PTEN ) 15 WUl PIBK/AKE 5 il %, SHSRLCSCsH T HERFE . miR-12463075 Wnt(E 5@ ¥4, fin
HELPCsAILCSCs{#44k . miR-148a3 58 TGF-Bf5 5 MK, (RIELPCs L 1]k, HsRan i AR AL . miRNA G KA MITRNA Z ]
AR ELAE I, KBEAR MRS RNATT F 958 5 Pk A JRRNASK I FYmiRNA

HOTAIR interacts with the Wnt/B-catenin signaling pathway, and IncRNA NEAT1 enhances Notch signaling, affecting the maintenance of LCSCs
stemness and tumorigenesis. MiRNA regulates LCSCs through a variety of ways: miR-21 activates the PI3K/Akt signaling pathway by inhibiting the
expression of its target gene PTEN, and enhances the stemness characteristics of liver cancer stem cells. After miR-1246 activates the Wnt signaling
pathway, it accelerates the transformation of liver progenitor cells into liver cancer stem cells. After miR-148a enhances the TGF-P signaling pathway,
it promotes the epithelial-mesenchymal transition of HPC and enhances the malignancy of cells. There is also interaction between miRNA and IncRNA,
and IncRNA acts as ceRNA to regulate miRNA.

E2 LPCsEEIIZH, IncRNAFImiRNARIT 2 #i8 B FHELCSCs
Fig.2 IncRNAs and miRNAs regulate LCSCs through multiple pathways during the malignant transformation of LPCs
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