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Abstract

Objective: To investigate the expression and molecular mechanisms of the Apolipoprotein L4 (APOL4)
gene in Hepatocellular Carcinoma (HCC). Methods: The difference in APOL4 protein expression be-
tween HCC tissues and normal liver tissues was analyzed using The Human Protein Atlas (THPA)
database. The GEPIA platform was employed to integrate TCGA and GTEx data to compare APOL4
mRNA expression levels between HCC and normal tissues, and Kaplan-Meier survival curves were
used to assess the association between APOL4 expression and overall survival of patients. Pan-can-
cer analysis was further performed to evaluate the correlation between APOL4 expression and Tu-
mor Mutational Burden (TMB) as well as Microsatellite Instability (MSI). A Protein-Protein Interac-
tion (PPI) network was constructed using the STRING database to identify key interacting proteins.
GO function and KEGG pathway enrichment analyses were conducted using the DAVID database,
and the CIBERSORT algorithm was applied to evaluate the relationship between APOL4 expression
and tumor immune cell infiltration. Results: APOL4 protein showed moderate positive expression
in HCC tissues, while no expression was detected in normal liver tissues (P < 0.05). APOL4 mRNA
expression levels in HCC tissues were significantly higher than those in the normal control group,
and patients in the high-expression group had significantly lower overall survival rates (HR = 1.4, P <
0.05). Pan-cancer analysis revealed that APOL4 expression was upregulated in multiple cancer
types, and its high expression was significantly associated with poor prognosis in liver cancer, pan-
creatic cancer, and others. Mutation profile analysis indicated that TP53 was the most frequently
mutated gene, and APOL4 expression levels were significantly correlated with TMB and MSI scores
in certain cancer types. PPI network analysis identified 10 proteins, including PRODH, CHRM4,
B4GALNT2, and FANCM, that closely interact with APOL4. GO/KEGG enrichment analysis showed
that APOL4-related genes were significantly enriched in leukocyte-mediated immunity, chemotaxis,
extracellular matrix organization, immune receptor activity, cytokine-cytokine receptor interac-
tion, and the PI3K-Akt signaling pathway. Immune infiltration analysis revealed increased propor-
tions of activated memory CD4+* T cells and gamma delta T cells in the APOL4 high-expression group.
Conclusion: APOL4 expression is significantly upregulated in HCC tissues, and its high expression is
closely associated with poor patient prognosis. APOL4 may participate in the development and pro-
gression of HCC by regulating immune cell infiltration, extracellular matrix remodeling, and signal-
ing pathways such as PI3K-Akt, making it a potential prognostic biomarker and therapeutic target
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2. MRlA*E
2.1. APOL4 £ HCC REBRIES
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S ARE Tt R Gty B e e RS Gt L BHPE N B 20 LEVP 238 0 22 4 45, 20 Sl X i <5% 5%~25%
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AWt F T GEPIA 42 0 H1°F & (http:/gepia.cancer), ¥4 TCGA 5 GTEx ¥4 FE 1 HCC 443 i
SR AR AL BTG, 5 APOL4 ZE K ) mRNA Fik/K AT 24 . tb4h, &85 “ Survival Plots”
INREAEL, J3HT APOL4 Fik/K T 5 HCC B BAKEA R Z A REE, PLIES HAE A TG Wb EY 1
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2.3. APOL4 fE;Z P HFRIAER B R E XOTE

NAETH TR APOL4 762 Pl fiE P il /i €, M UCSC Xena %04 ] 7 (https:/xenabrowser.net) F# T 48
FRHEAL R TCGA Z 8 4R, $EStrh APOL4 JERIFEPTA FEA T K RIEAE, FEXIEEAT loga(x + DR
HEAL S . TERIBRAEAEUD T 3 BB MG, RGHT  APOL4 1E &3 P i i 0k 7 it S H 5 i3 Tils
AR ME . HeAh, WHFTILERT | APOL4 ik 5 g SR AZ 4 faf (Tumor Mutation Burden, TMB) & il L&A
FaE P (Microsatellite Instability, MSI){EVZ Ji 3 Bl N AR G, DU 7 ] R ) JidRg L DR 20 %75 5t o

2.4. HCC HfEZ Y APOL4 mRNA 3RiA

RTEAH AR 2 RN APOL4 ERIARE, AN 70 A HL 58 Y58 410 il 5 1 AL 42 f5(Cancer Cell Line
Encyclopedia, CCLE)H K% 3380 7 HCC 4 R 1) mRNA FikiEEdE[12]. B)E, &M R Gitu(R
A 4.03) L H2E T HA ggplot2 (A 3.3.3)0 FRIAFHRE AT B 57T AL, AERUKFRIEE, DERE
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2.5. APOL4 ERAZ=TH%

NIRZE APOL4 FILIRA 5 MR L AR 5K R, I TCGA-LIHC Wi H th2 i 7 BA 2481
M7 FAZHHE ) HCC FEA SRR APOL4 FKikf5 5. k¥ APOL4 RIEHIHALE, WEFEARI S AE
FILHGICEIEH . FH R A1 maftools THAL, Xf P AL IA] (4440 B R AR RGBT XF B o #r, JFadad
2211l 52 5 A7 B (OncoPrint) B 7R P 4HL7E SR BE R 3 . SR S A S5 75 THI 1 57 [ o iy 9848 471 £if (Tumor
Mutational Burden, TMB)/2 fi it J87 4H i 7 i A= 1 2k R AR K i () R o 3X S8 58 W] DL BN AZ IR 1) 24
A FER B REE NS . R AN E P (Microsatellite Instability, MST) & —#h i1 DNA 518 2 R4 ThfE
SRS G, X PG 520 DNA SRS AR b= A AR O A BE M A BUE B, M 7E G T2 X382 4
NI TRAR . A SR A S AE 2T 6 X% APOL4 7E12 3% 7 ) TMB A1 MST #4704 [13].

2.6. EBR - ERAREEDH

NERFE APOL4 £ I 7E HCC 4 A PV AE DI REM 45, AWt 5T il AL ME B 7 iEx AR EAE B e
HAT THN S 8. B, I STRING #¥E E(HA 12.0, https://string-db.org) 7EZE*F- &, Ll “APOL4”
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HAF FH I & (Protein-Protein Interaction, PPI). Ffi 5, 3R HUH) BAF O R &5 F N\ Cytoscape A (FRA 3.9.1)
REAT M 2% T RRAL S AR A JE 1 A A

2.7. £F APOL4 RiZFENEREEE ST

NFE7R APOLA I AT RERIR ALY 2l I, X 3R13 1) APOL4 JL3IA [ K8 i DAVID %4k
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fit(Molecular Function, MF) 14 g 2 % (Cellular Component, CC) 3 4~/ i
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2.9. APOL4 £ HCC P RIIGEKTA G E ST
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B35 2 (P <0.05). SR AGUL AR5, JeBi T AW APOL4 8 F FHVE(S 5 fir T 4iff i . fi R4
LR WAz A RIL, 1 HCC A4 2 i BE R R IA (K 1),

A C

¥E: APOL4 HATE HCC R EFHEERIE: (A) (B) EFAFFAL; (C)(D)HCC A4,

Figure 1. Immunohistochemical staining map of APOL4 protein in normal liver tissue and hepatocel-
lular carcinoma (HCC) tissue
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Figure 2. Expression of APOL4 in HCC and survival analysis
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Figure 3. Expression of APOL4 in HCC cell lines
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Figure 4. Pan-cancer analysis map of APOL4
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Figure 5. Mutation landscape of APOL4 in HCC and its correlation with TMB and MSI in pan-cancer analysis
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Figure 6. APOL4 protein interaction network diagram
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Figure 7. Enrichment pathway map of APOL4 in HCC
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Figure 8. Expression level of APOL4 and its association with immune cells
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Figure 9. Forest plot of independent prognostic factors based on Cox proportional hazards regression
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