


Fig. S8. A-C) NuSeF assay comparing the DNA fibers from primary nuclei (PN) and micronuclei
(MN) of HEK293T and AMLI12 cells. CldU and IdU were pulse-labelled for 30 minutes each. The
CldU tract length, IdU tract length, or IdU/CIdU ratio was compared between PN and MN.
Student's t-test: **** p<0.0001. D) Tract length (CldU + IdU) measurement from DNA fibers
obtained from PN and MN from HEK293T cells treated with reversine with/without CPT. One-
way ANOVA: #*** p<(0.0001. E) Quantitative PCR analysis of /fnbl expression in BMDMs § or
16 hours after the treatment with conditioned medium from reversine-treated AML12 cells. n=3.
F) Quantitative PCR analysis of /fnbI expression in BMDMSs 12 hours after the treatment of linear
gDNA or eccDNA by adding DNA directly into the culture medium. NT samples were treated
with PBS. n=3. G) Scheme of separation of the MN-enriched fraction. Created in BioRender.



Chan, L. (2025) https://BioRender.com/0Oomqdyj. H) Flow cytometry analysis of the MN-enriched
fraction after additional washing steps.



https://biorender.com/0omqdyj
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Fig. S9. Heatmap showing the expression of genes across normal liver, CLD, and HCC tissue.
Gene lists show genes found in the eccDNA of A) normal liver, B) CLD, and C) HCC tissue. The
samples with the list of genes present in eccDNA are highlighted by green rectangles.
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Fig. S10. A) Comparison of CD68" and CD11b" cells between eccDNA-high and eccDNA-low
groups. Mann-Whitney test. n=6. B) Correlation of the percentage of Ki67" cells with the number
of detected eccDNA in CLD and HCC tissue samples. n=12. C) GSEA analysis showing
enrichment gene signatures related to DDR and DNA repair pathways.
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Fig. S11. A) Western blot for analyzing splenocytes obtained from WT and Stingl”" mice.
Splenocytes were treated with or without DMXAA for 3 hours. B) Heatmap of ISGs from RNAseq
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data. C) Depleted GSEA signatures in MclI*"P Stingl”~ mice. D) Heatmap showing M0-, M1-,
and M2-associated genes extracted from RNAseq data of WT, Mc/I1*"?, and MclI*'*? Stingl-
mice. E) Boxplot comparing the log> centered TPM of the averaged M0-, M1-, and M2-associated
genes. One-way ANOVA followed by post-hoc pairwise two-sided Student’s t-test: * p<0.05; **
p<0.01. F) Heatmap showing genes associated with the M2a subset of macrophages.

Supplementary Tables
Total hepatocytes | Number of micronuclei® % of micronucleated
examined hepatocytes hepatocytes
Mcl14P #1 1000 53 5.3
Mcll1A™ #2 1001 39 3.9
Mcl120 #3 1003 18 1.8
Mcl1Ah #4 1021 62 6.1
WT#1 1059 1 0.1
WT#2 1071 0 0
WTH3 1002 3 0.3
WT#4 1047 4 0.4

Table S1. Quantification of the percentage of micronucleated hepatocytes in 2-month-old WT and

Mcl1%P<P mice.



sample id | chr circle | start circle | end circle | chr gene | start gene | end gene gene_symbol
WT1 chrl 88139927 88198043 | chrl 88154708 88190011 | Mroh2a
WT1 chrl0 38696225 38697993 | chrl0 38696537 38697775 | Rfpl4b
WT1 chrl?7 13093453 13097236 | chrl? 13094921 13096864 | Mrgprh
WT1 chrl?7 13433078 13458279 | chrl? 13440075 13446545 | Smok2a
WT1 chrl?7 13433078 13458279 | chrl? 13449144 13456071 | Smok2b
WT2 chrl 88138955 88184803 | chrl 88139681 88146719 | Ugtlal
WT2 chr4 136332370 | 136356223 | chr4 136337748 | 136340537 | Tex46
WT2 chr5 24639608 24655928 | chr5 24643438 24650285 | Fastk
WT2 chr5 24639608 24655928 | chr5 24650456 24652852 | Tmubl
WT2 chr5 25427846 25428588 | chr5 25427846 25428151 | E130116L18Rik
WT2 chr8 19297542 19301227 | chr8 19297596 19300844 | Defb5
WT2 chr8 115144223 | 115154275 | chr8 115144826 | 115152586 | Clec3a
WT2 chr9 108736926 | 108752150 | chr9 108743687 | 108744631 | Tmem89
WT2 chrl?7 13436747 13458908 | chrl? 13440075 13446545 | Smok2a
WT2 chrl?7 13436747 13458908 | chrl? 13449144 13456071 | Smok2b
WT2 chrl9 5777890 5780417 | chrl9 5778115 5779681 | Fam89b
WT2 chrl9 47139224 | 47155304 | chrl9 47140048 47146203 | Calhm3
WT3 chrl 88139117 88173315 | chrl 88139681 88146719 | Ugtlal
WT3 chr8 93624612 93631124 | chr8 93628035 93629039 | Capns2
WT3 chrl9 47137404 | 47150438 | chrl9 47140048 47146203 | Calhm3
MCL1 chr2 24859577 24866010 | chr2 24864129 24865110 | Mrpl41
MCL1 chr2 27326957 27348407 | chr2 27332336 27334233 | Brd3os
MCL1 chr4 132028593 | 132031030 | chr4 132029508 | 132030696 | Rab42
MCL1 chr6 38085357 38093346 | chr6 38086190 38092744 | Tmem213
MCL1 chr? 126969975 | 126975384 | chr? 126971709 | 126975222 | Zfp747
MCL1 chr8 111782961 | 111785535 | chr8 111782971 | 111784296 | Exosc6
MCL1 chrl0 75605971 75609940 | chrl0 75607064 75609248 | Ddt
MCL1 chrl3 23940875 23945433 | chrl3 23940996 23941392 | H4c2
MCL1 chrl3 23940875 23945433 | chrl3 23944675 23945213 | H4cl
MCL1 chrl?7 27781671 27800171 | chrl? 27782547 27784730 | Smim29
MCL1 chrX 94600343 94602643 | chrX 94601710 94602409 | PfnS
MCL2 chr2 152403217 | 152412052 | chr2 152404897 | 152411458 | Gml17416
MCL2 chrl0 128042950 | 128048431 | chrl0 128045777 | 128047676 | Spryd4
MCL2 chrl?7 13442937 13458005 | chrl? 13449144 13456071 | Smok2b
MCL2 chr2 25388004 25392108 | chr2 25388663 25391731 | C8g
MCL2 chr4 128998668 | 129007664 | chr4 128999341 | 129005419 | Tmem54
MCL2 chr5 115435039 | 115441508 | chr5 115435169 | 115439058 | Dynill
MCL2 chr6 131662729 | 131666334 | chr6 131663495 | 131664458 | Tas2rl05
MCL2 chr? 126612862 | 126616695 | chr? 126614205 | 126616524 | Pagrla
MCL2 chr8 71915559 71919182 | chr8 71917603 71918391 | Mrpl34
MCL2 chr9 108215480 | 108218880 | chr9 108216102 | 108217542 | Gpxl
MCL2 chrl0 82700868 82704799 | chrl0 82702460 82703764 | Eid3




MCL2 chrll 72101167 | 72112390 | chrll 72102550 | 72106418 | Med31
MCL2 chrll 72101167 | 72112390 | chrll 72105964 | 72109270 | 4930563E22Rik
MCL2 chrll 120652816 | 120655283 | chrll 120653620 | 120655245 | Hmgalb
MCL3 chrl 88138901 88184406 | chrl 88139681 88146719 | Ugtlal
MCL3 chrl 173100266 | 173106057 | chrl 173101949 | 173105344 | Mptx2
MCL3 chr2 18000951 18002248 | chr2 18001228 18001769 | H2al2a
MCL3 chr2 152577438 | 152580878 | chr2 152578171 | 152579330 | IdI
MCL3 chr4 3870655 3874326 | chr4 3870657 3872105 | Mos
MCL3 chr4 88439944 88445775 | chr4 88440262 88441011 | Ifnbl
MCL3 chr4 118772679 | 118777852 | chr4 118773721 | 118774662 | Orl0ak8
MCL3 chr4 138694111 | 138700136 | chr4 138694423 | 138695676 | Rnfl186
MCL3 chr6 40470035 | 40475290 | chr6 40470463 40471475 | Tas2r108
MCL3 chr6 96141391 96143923 | chr6 96141478 96143224 | Nup50l
MCL3 chr6 132818659 | 132825642 | chr6 132824105 | 132825106 | Tas2ri23
MCL3 chr7 104382129 | 104386668 | chr7 104382592 | 104383557 | Or52nl
MCL3 chr7 141710131 | 141711865 | chr7 141710191 | 141710850 | Gm29735
MCL3 chr8 19243910 19247174 | chr8 19244373 19245228 | Defbi4
MCL3 chrll 99515502 | 99519621 | chrll 99518050 | 99519064 | Krtap4-1
MCL3 chrl3 110487329 | 110493929 | chrl3 110489150 | 110493733 | Gapt
MCL3 chrl3 120776702 | 120780412 | chrl3 120778414 | 120779714 | Tcstv3
MCL3 chrl5 98377329 | 98383171 | chrl5 98378281 98380602 | Lalba
MCL3 chrl7 14168478 14172304 | chrl? 14168635 14170940 | Gm7168
MCL3 chrl8 36856558 36859977 | chrl8 36858120 | 36859851 | Cdi4
MCL3 chrX 72271872 | 72274647 | chrX 72271897 | 72274401 | F8a

Table S2. List of full genes present in eccDNA.




HCC

tumor
Patient Age | Sex Liver disease background grade Therapeutic action
None; liver wedge resection
(Seg. 1) for neuroendocrine
Normall 55 f tumour of ileum (NET G1) na no chemotherapy before liver surgery
None; right hemihepatectomy
for manifestation of a solitary
Normal2 36 m fibrous tumour (SFT) na no chemotherapy before liver surgery
None; right hemihepatectomy
for manifestation of a
Normal3 60 m colorectal adenocarcinoma na no chemotherapy before liver surgery
None; liver wedge resection
(Seg. VI/VII) for manifestation
Normal4 79 f of a colorectal adenocarcinoma na no chemotherapy before liver surgery
None; liver wedge resection
(Seg. IV) for manifestation of
Normal5 57 f a colorectal adenocarcinoma na no chemotherapy before liver surgery
None; liver biopsy in the
Normal6 30 f context of live liver donation na no chemotherapy before liver biopsy
liver wedge resection (Seg. VI)
for intrahepatic cholangio-
cellular adenocarcinoma
Normal7 74 m (1iCCA) na no chemotherapy before liver surgery
HCC1 & Steatosis (anamnestically: no
CLDI 73 m alcohol overconsumption) G3 Surgery only: extended right hemihepatectomy
left hemihepatectomy (Seg. II & III); 2x
HCC2 & TACE HCC Seg. VI; TACE HCC Seg. [Va;
CLD2 64 m Chronic HBV infection G2 liver TPL; Therapy of chronic HBV infection
atypical resection Seg. VII; right
hemihepatectomy; resection of metastasis
HCC3 & thoracic wall & post-op radiotherapy of
CLD3 63 m Steatosis (BMI 29,6) G2 thoracic wall
Right hemihepatectomy & wedge resection
HCC4 & Seg. I1I; start Sorafenib ( because of diffuse
CLD4 73 m Steatosis (BMI 29,7) G3 liver involvement of HCC)
no cirrhosis on histology: only
minimal small droplet
steatosis;
HCCs & anamnestically: no alcohol
CLD5 86 f overconsumption (BMI 25.5) G3 Right hemihepatectomy
Steatosis: MASH, but very
HCC6 & mild fibrosis (no cirrhosis)
CLD6 52 f (BMI 38,4) G3 left hemihepatectomy (Seg. I, III & IV)
left hemihepatectomy & resection of lymph
node metastasis retroperitoneal;
Radiotherapy of lymph node metas
mediastinum & retroperitoneal; start
HCC7 & no cirrhosis; HCC Sorafenib; included in Resource study (Bern):
CLD8 39 m fibrolamellar G2 Regorafenib/Placebo

Table S3. Information on the patients from whom tissue was used in this study.




Antibody Company Cat. # Dilution
Rabbit anti-MCL1 abcam ab32087 1:1000
Mouse anti--Catenin BD 610153 1:400
Mouse anti-yH2AX BioLegend 613410 1:100
Rat anti-CldU abcam ab6326 1:400
Mouse anti-1dU BD 347580 1:80
Mouse anti-ssDNA DSHB 10805144 1:100
Rabbit anti-Ki67 abcam ab16667 1:100
Rabbit anti-Cl. Caspase 3 Cell Signaling 9664S 1:100
Rat anti-F4/80 Biomedicals AG T-2006 1:50
Rabbit anti-yH2AX Novus NB100-384 1:200
Rat anti-B220 Pharmingen 553084 1:4000
Rat anti-Ly6G Pharmingen 551459 1:600
Rabbit anti-CD3 Thermo Fischer MAT1-90582 1:300
Rabbit anti-cGAS Cell Signaling 316598 1:100
Rabbit anti-STING proteintech 19851-1-AP 1:1000

Table S4. List of antibodies used for IHC and IF




Antibody Company Cat. # Dilution
Rabbit anti- MCLI1 Rockland 600-401-394 1:1000
Rabbit anti-cGAS Cell Signaling 31659S 1:1000
Rabbit anti-STING proteintech 19851-1-AP 1:1000
Rabbit anti-GAPDH Cell Signaling 5174S 1:1000
Rabbit anti-p-p65 Cell Signaling 3033L 1:1000
Rabbit anti-p65 Cell Signaling 3034S 1:1000
Rabbit anti-CD45 Cell Signaling 727878 1:1000
Rabbit anti-H3 Cell Signaling 44998 1:1000
Rabbit anti-Albumin Cell Signaling 4929S 1:1000
Rabbit anti-p-IRF3 Cell Signaling 4947S 1:1000
Rabbit anti-TBK1 Cell Signaling 5483T 1:1000
Rabbit anti-TBK1 Invitrogen PAS5-105919 1:1000
Table S5. List of antibodies used for Western blotting

Antibody Company Cat. # Dilution
CDI11b-FITC BioLegend 101205 1:100
CD11c-V450 BioLegend 117329 1:100
F4/80-PerCP BioLegend 123125 1:100

Table S6. List of antibodies used for flow cytometry




Name Sequence Supplier
Cgas-F CAGGCGTCTTCTTCAGTCATAC | Integrated DNA
Technologies
Cgas-R CTGGTCTACAGAGGGAGTTACA | Integrated DNA
Technologies
Sting1-F ACATTCCCTGCTCTCTGTTG Integrated DNA
Technologies
Sting-R TCCCTCTCGCCATCTACTT Integrated DNA
Technologies

Table S7. List of oligonucleotide primers used for qPCR
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