
 

 
 

Supplementary Figures 

Figure S1. The distributions of differentially expressed HERVs in the four HCC 

subgroups. 

 

  



 

 
 

Figure S2. Association between HCC subgroups and mutations. 

 



 

 
 

Figure S3. Association between HCC subgroups and copy number changes. 

 



 

 
 

Figure S4. Association between HCC subgroups and structural variants. 

 



 

 
 

Figure S5. Classification of TCGA-LIHC using 180 HERVs transcriptome. (A) 

Unsupervised clustering analysis of 180 HERVs for TCGA-LIHC and nearby 

non-cancerous tissues. Two distinct subgroups (A and B) in the heatmap at 

cluster. (B) Overall survival of two subgroups.  

 



 

 
 

Figure S6. Venn diagrams representing the interrelationships of survival-related 

differentially expressed HERVs (A) and nearby genes (B) between our cohort and 

TCGA-LIHC. 

 
  



 

 
 

Figure S7. The higher expressed genes in the HCC subgroups for the gene panels of 

HERV activation restriction (A), HERV sequence binding proteins (KZFPs) (B), RNA 

transport (C), stemness (D), metabolism (E), antiviral immunity (F), human leukocyte 

antigen (HLA)/antigen presentation (G), immune checkpoint (H), inflammasome and 

inflammatory response (I), stimulated 3 prime antisense retroviral coding sequences 

(SPARCS) (J) and nearby genes (K).
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Gene panel HERV-H1vs HERV-H2 HERV-H1vs HERV-H3 HERV-H1vs HERV-L HERV-H2 vs HERV-H3 HERV-H2 vs HERV-L HERV-H3 vs HERV-L
HERV activation restriction (96) IGF2BP (H1) H3-3A (H1) H3-3A (H1) DNMT3B (H3) GNAS (L) KDM1A (H3)

H3-3A (H1) AGO1 (H3) PIWIL4 (L) AGO1 (H3)

FOXM1 (H3) APOBEC3D (L) SMUG1 (H3)

IGF2BP3 (H3) IGF2BP3 (H3)

TET1 (H3) RESF1 (L)

IGF2BP1 (H3)

RESF1 (H2)

Gene panel HERV-H1vs HERV-H2 HERV-H1vs HERV-H3 HERV-H1vs HERV-L HERV-H2 vs HERV-H3 HERV-H2 vs HERV-L HERV-H3 vs HERV-L
KZFPs (101) ZNF215 (H3) ZNF215 (H3) ZNF222 (H3) ZNF426 (H3)

ZNF534 (H3) ZNF382 (H3) ZFP1 (H2) ZNF215 (H3)

ZNF90 (H3) ZNF496 (H3) ZNF222 (H3)

ZNF578 (H3) ZNF283 (H3) ZNF496 (H3)

ZNF354C (H3) ZNF283 (H3)

ZNF320 (H3) ZNF320 (H3)

ZNF93 (H3) ZNF93 (H3)

ZNF793 (H3) ZNF793 (H3)

ZNF724 (H3) ZNF724 (H3)

ZNF695 (H3) ZNF695 (H3)

ZNF534 (H3) ZNF534 (H3)

ZNF611 (H3) ZNF611 (H3)

ZNF90 (H3) ZNF90 (H3)

ZNF736 (H3) ZNF812P (H3)

ZNF578 (H3) ZNF739 (H3)

ZNF578 (H3)
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Gene panel HERV-H1vs HERV-H2 HERV-H1vs HERV-H3 HERV-H1vs HERV-L HERV-H2 vs HERV-H3 HERV-H2 vs HERV-L HERV-H3 vs HERV-L
RNA transport (70) THOC3 (H1) THOC3 (H1) THOC3 (H3) THOC3 (H3)

NDC1 (H3) NDC1 (H3)

THOC5 (H3) NUP93 (H3)

NUP93 (H3) NUP107 (H3)

NUP107 (H3) NUP35 (H3)

SRSF12 (H3)

NUP35 (H3)

Gene panel HERV-H1vs HERV-H2 HERV-H1vs HERV-H3 HERV-H1vs HERV-L HERV-H2 vs HERV-H3 HERV-H2 vs HERV-L HERV-H3 vs HERV-L
Stemness (126) BCKDHB (H2) BCKDHB (H3) ERCC2 (H1) SEMA3A (H3) EPCAM (L) SEMA3 (H3)

BMPR1A (H1) DTD (H1) DTD1 (L) ORC1 (H3) LIN28B (H2) ORC1 (H3)
GBE1 (H2) RRAS2 (H3) RRAS2 (L) DNMT3B (H3) ERCC2 (H2)

EPCAM (H1) INHBE (H3) INHBE (L) CENPI (H3) KIF20A (H3)
DTD1 (H1) LIN28B (H3) ANPEP (L) KIF20A (H3) CPSF3 (H3)

RRAS2 (H2) ROR1 (H1) DLGAP5 (H3) DLGAP5 (H3)
INHBE (H2) NREP (H3) ARMC9 (H3)
HMGA2 (H1) ARMC9 (H3) DIAPH3 (H3)
IGF2BP1 (H1) TET1 (H3) CENPH (H3)

GPX8 (H1) DIAPH3 (H3) FANCB (H3)
PFAS (H1) CENPH (H3) LIN28B (H3)
ROR1 (H1) IGF2BP1 (H3)

PFAS (H3)
FANCB (H3)
LIN28B (H3)
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Gene panel HERV-H1vs HERV-H2 HERV-H1vs HERV-H3 HERV-H1vs HERV-L HERV-H2 vs HERV-H3 HERV-H2 vs HERV-L HERV-H3 vs HERV-L
Metabolism (51) ACSM2B (H2) SLCO1B3 (H1) KMO (L) OTC (H2) TYR03 (L) ENO1 (H3)

TYRO3 (H1) ACADL (H3) RHBG (H1) PKM (H3) PDE9A (L) MTHFD1 (L)
PCK2 (H2) KMO (H3) CYP2C8 (L) SLC27A5 (H2) SLCO1B3 (L)
SULT22A1 (H2) RHBG (H1) CYP11A1 (L) TYRO3 (H3) SRM (H3)
ACADL (H2) PGD (H3) TDO2 (L) MTHFD1 (H2) CDO1 (L)
KMO (H2) XDH (H3) XDH (L) PCK2 (H2) CYP2C8 (L)
RHBG (H1) AQP9 (H2) PGD (H3)
CYP2C8 (H2) SULT2A1 (H2) G6PD (H3)
DPYS (H2) IMPDH1 (H3) CYP3A4 (L)
TDO2 (H2) SLC6A12 (H2)
XDH (H2) SLCO1B3 (H2)
CYP4A22 (H2) ALDH6A1 (H2)

CDO1 (H2)
CYP2C9 (H2)
CYP2C8 (H2)
AOX1 (H2)
SORD (H2)
PGD (H3)
MAT1A (H2)
G6PD (H3)
CYP3A4 (H2)
NAGS (H2)
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J 

 

Gene panel HERV-H1vs HERV-H2 HERV-H1vs HERV-H3 HERV-H1vs HERV-L HERV-H2 vs HERV-H3 HERV-H2 vs HERV-L HERV-H3 vs HERV-L
Antivival immunity (263) RPLP0 (H1) PHLDA1 (H1) GADD45B (L) CD276 (H3) LGALS3BP (L) SNRNP200 (H3)

GCH1 (H2) TRIM5 (H3) CDKN1A (L) DHX58 (H2) IL15RA (H2) IFIT5 (L)
APP (H2) APP (H3) GCH1 (L) SNRNP200 (H3) HERC5 (H2) IL12A (L)

ACSL1 (H2) ACSL1 (H3) APP (L) PTGES (H3) ACSL1 (H2)
OLR1 (H1) ZNF503 (H1) ACSL1 (L) RNASE2 (H3) MAPK13 (L)

MARCKSL1 (H1) ETS2 (L) IKBKE (H3) LY6E (L)
UBA52 (H1) MARCKSL1 (H1) IFITM10 (L)

Gene panel HERV-H1vs HERV-H2 HERV-H1vs HERV-H3 HERV-H1vs HERV-L HERV-H2 vs HERV-H3 HERV-H2 vs HERV-L HERV-H3 vs HERV-L

HLA&antigen presentation (45) HLA-E (H1) HLA-E (L)

Gene panel HERV-H1vs HERV-H2 HERV-H1vs HERV-H3 HERV-H1vs HERV-L HERV-H2 vs HERV-H3 HERV-H2 vs HERV-L HERV-H3 vs HERV-L

Immune checkpoint (22) TNFRSF9 (H1) TNFRSF9 (H1) CD276 (H3)

Gene panel HERV-H1vs HERV-H2 HERV-H1vs HERV-H3 HERV-H1vs HERV-L HERV-H2 vs HERV-H3 HERV-H2 vs HERV-L HERV-H3 vs HERV-L
Inflammasome and Inflammatory IL32 (H2) IL32 (L) C4BPA (H2) IL15RA (L)

IL4R (H2) IL4R (L) SIGIRR (L)

Gene panel HERV-H1vs HERV-H2 HERV-H1vs HERV-H3 HERV-H1vs HERV-L HERV-H2 vs HERV-H3 HERV-H2 vs HERV-L HERV-H3 vs HERV-L
SPARCS (15) IL32 (H2) IL32 (L)

TNFRSF9 (H1) TNFRSF9 (H1)
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Gene panel HERV-H1vs HERV-H2 HERV-H1vs HERV-H3 HERV-H1vs HERV-L HERV-H2 vs HERV-H3 HERV-H2 vs HERV-L HERV-H3 vs HERV-L
Nearby genes (262) KAV3 (H2) AKR1B15 (H3) NAV3 (L) ZNF678 (H3) AC004083.1 (H2) GABRA2 (H3)

LINC02819 (H2) MIR4500HG (H3) MIR4500HG (H1) LINC02163 (H3) GABRA2 (H2) ZNF221 (H3)
AKR1B15 (H2) PORPL (H3) LINC02163 (H1) LINC02055 (H3) LINC02819 (H2) MIR4500HG (H3)

PORPL (H2) AC093916.1 (H3) AL390334.1 (H1) AL390334.1 (H3) MIR4500HG (H2) LUCAT1 (H3)
AC093916.1 (H2) LINC02055 (H3) RNPS1P1 (H1) LINC00534 (H3) POPRL (H2) LINC01060 (H3)

DACH2 (H1) AL390334.1 (H3) AC006525.1 (H1) DTL (H3) LINC02163 (H2) PURPL (H3)
AL157778.1 (H2) KCNH8 (H3) DTX4 (L) KCNH8 (H3) AC093916.1 (H2) LINC02163 (H3)
AC026414.1 (H2) MEI4 (H3) AL157778.1 RNPS1P1 (H3) LINC02055 (H2) AC093916.1 (H3)

LRFN5 (H3) MEI4 (H3) AL390334.1 (H2) LINC02055 (H3)
UGT8 (H3) LRFN5 (H3) LINC00534 (H2) AC390334.1 (H3)
DTX4 (H3) DACH2 (H3) KCNH8 (H2) LINC00534 (H3)

POTEG (H3) UGT8 (H3) LRFN5 (H2) KCNH8 (H3)
AL157778.1 (H3) AC006525.1 (H3) UGT8 (H2) RNPS1P1 (H3)
AL445072.1 (H3) POTEG (H3) AC006525.1 (H2) MEI4 (H3)
AP002001.2 (H3) AL157778.1 (H3) AC026414.12 (H2) LRFN5 (H3)
AL357139.2 (H3) CENPI (H3) DACH2 (H3)
KRT19P6 (H3) AP002001.2 (H3) UGT8 (H3)
PMPCAP1 (H3) KRT19P6 (H3) AC006525.1 (H3)

HMGB1P38 (H3) PMPCAP1 (H3) POTEG (H3)
AC026414.1 (H3) HMGB1P38 AC157778.1 (H3)

AC026414.1 (H3) AL445072.1 (H3)
AP002001.2 (H3)

KRT19P6 (H3)
PMPCAP1 (H3)

HMGB1P38
AC026414.1 (H3)



 

 
 

Figure S8. The higher amount immune and stromal cells in the HCC subgroups.  

 

HERV-H1vs HERV-H2 HERV-H1vs HERV-H3 HERV-H1vs HERV-L HERV-H2 vs HERV-H3 HERV-H2 vs HERV-L HERV-H3 vs HERV-L

X-cell hepatocytes (H2) CD8+ Tcm (H1) hepatocytes (L) hepatocytes (H2) ly endothelial cells (L)

adipocytes (H2) adipocytes (L) HSC (H2) megakaryocytes (L)

plasma cells (H2) plasma cells (H2) ly endothelial cells (H2) basophil (H3)

mast cells (H1) mast cells (H1) endothelial cells (H2) Th2 cells (H3)

mesangial cells (H1) pDC (H2)

megakaryocytes (H2)



 

 
 

Figure S9. The up- and down-expression genes in the BS008 treatment for the gene panels. 



 

 
   


