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Supplementary Fig. 1. Response of mouse and naked mole-rat (NMR) skin to 3-methylcholanthrene (3MC) treatment.
a, Gross appearance of the mouse limbs at 17 weeks and NMR limbs at 114 weeks after intramuscular injection of 1 mg 3MC. The contralateral legs that 
were not injected with 3MC served as the control (Ctrl). Scale bar: 1 cm. b, Kaplan–Meier curves of tumour-free NMRs treated with 41.7 µg per g body 
weight (bw) of 3MC. n = 9 animals. c, Kaplan–Meier curves of tumour-free NMRs after subcutaneous (s.c.) injection of 1 mg 3MC. n = 5 animals. d and e, 
Gross appearance (d) and haematoxylin and eosin (HE) staining (e) of mouse back skin at 10 weeks and NMR back skin at 97 weeks after s.c. injection of 
1 mg 3MC. Red arrowhead indicates injection site. Scale bars: 1 cm (gross) and 100 µm (HE). n = 5 animals per species. f, HE staining and 
immunohistochemical staining for phospho-Histone H2A.X (pH2AX)-, 8-hydroxy-2′-deoxyguanosine (8-OHdG)-, and TUNEL staining of the skin of 
mice and NMRs at 1 week after 3MC s.c. injection. Scale bars: 100 µm (HE and 8-OHdG), 50 µm (pH2AX and TUNEL). White arrowheads indicate 
positive cells. g, Immunohistochemical staining and quantification of Ki67-positive cells in the skin of NMRs at 97 weeks after s.c. injection of 1 mg 3MC. 
Red arrowheads indicate positive cells. For quantification, data are presented as the mean ± SD of n = 3 (for control) or n = 5 (for 3MC) animals. 
Unpaired t-test versus untreated control (Ctrl).
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Supplementary Fig. 2. Responses of mouse and naked mole-rat (NMR) skin to 7,12-dimethylbenz[a]anthracene (DMBA)/12-O-
tetradecanoylphorbol-13-acetate (TPA) treatment.
a, Haematoxylin and eosin (HE) staining and immunohistochemical staining of phospho-Histone H2A.X (pH2AX)-staining in the skin of mice and NMRs 
at 24 h after DMBA treatment. Scale bars: 100 µm (HE) and 50 µm (pH2AX). Red arrowheads indicate positive cells. b, Immunohistochemical staining 
and quantification of Ki67-positive cells in NMR skin at 55 weeks after starting DMBA/TPA treatment. For quantification, data are presented as the mean 
± SD of n = 3 (for control) or n = 5 (for DMBA/TPA) animals. Scale bar: 50 µm. Unpaired t-test versus untreated control (Ctrl). 
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Supplementary Fig. 3. Validation of cell markers by immunohistochemical staining in the mouse and naked mole-rat (NMR) spleen.
Immunohistochemical staining for CD45, IBA1, myeloperoxidase (MPO), and CD3 in mouse and NMR spleens. Scale bar: 50 µm.
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Supplementary Fig. 4. Responses of mouse and naked mole-rat (NMR) skin to 3-methylcholanthrene (3MC) treatment at 1 week.
a, Immunohistochemical detection of IBA1-, MPO-, and CD3-positive cells in the skin of mice and NMRs at 1 week after 3MC subcutaneous (s.c.) 
injection. Scale bar: 50 µm. Red arrowheads show positive cells. b, Quantification of IBA1-, MPO-, and CD3-positive cells per area and total cells in skin 
sections at 1 week after s.c. injection of 3MC. It is of note that the number of only MPO-positive cells at 1 week after 3MC treatment was higher in NMR 
skin than in mice. c, Relative changes in the number of CD45-, IBA1-, and MPO-positive cells in skin sections at 1 week after s.c. injection of 3MC. The 
values of Fig. 3c and Supplementary Fig. 3b were recalculated. The values shown are the average fold change relative to that of the untreated control (Ctrl). 
Relative changes of CD3-positive cells were not calculated because the number of CD3-positive cells in the NMR control was 0. For quantification in b
and c, data are presented as the mean ± SD of n = 3 animals per species. Unpaired t-test versus untreated control. 
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Supplementary Fig. 5. Responses of mouse and naked mole-rat (NMR) skin to 3-methylcholanthrene (3MC) treatment at 3 and 97 weeks.
a, Haematoxylin and eosin (HE) staining and immunohistochemical detection of CD45-, IBA1-, MPO-, and CD3-positive cells in the skin of mice and 
NMRs at 3 weeks after 3MC subcutaneous (s.c.) injection. Scale bars: 100 µm (HE) and 50 µm (others). Red arrowheads show positive cells. b,
Quantification of IBA1-, MPO-, and CD3-positive cells per area in skin sections at 3 weeks after s.c. injection of 3MC. For quantification, data are 
presented as the mean ± SD of n = 3 (for NMR), n = 4 (for control mouse), or n = 5 (for 3MC mouse) animals. Unpaired t-test versus untreated control 
(Ctrl). c, Immunohistochemical detection of CD45-positive cells in NMR skin at 97 weeks after 3MC s.c. injection. Scale bar: 50 µm. Red arrowheads 
show positive cells.
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Supplementary Fig. 6. Responses of mouse and naked mole-rat (NMR) skin to 7,12-dimethylbenz[a]anthracene (DMBA)/12-O-
tetradecanoylphorbol-13-acetate (TPA) treatment at 2 weeks.
a, Haematoxylin and eosin (HE) staining and immunohistochemical detection of IBA1-, MPO-, and CD3-positive cells in the skin of mice and NMRs at 2 
weeks after exposure to DMBA/TPA. Scale bars: 100 µm (HE) and 50 µm (others). Red arrowheads show positive cells. b, Quantification of IBA1-, 
MPO-, and CD3-positive cells per area in skin sections at 2 weeks after exposure to DMBA/TPA. For quantification, data are presented as the mean ± SD 
of n = 3 (for NMR) or n = 4 (for mouse) animals. Unpaired t-test versus untreated control (Ctrl). c, Immunohistochemical detection of CD45-positive cells 
in mouse skin sections at the end point and in NMRs at 55 weeks after exposure to DMBA/TPA. Scale bar: 50 µm. Red arrowheads show positive cells.
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Supplementary Fig. 7. Responses of mouse and naked mole-rat (NMR) skin to UV irradiation.
a, Schematic diagram for investigating responses to UVB irradiation. b, Haematoxylin and eosin (HE) staining and immunohistochemical staining for 
phospho-Histone H2A.X (pH2AX), TUNEL, and cleaved caspase-3 in the skin of mice and NMRs after UVB irradiation. Scale bars: 100 µm (HE) and 50 
µm (others). Double-headed arrows show epidermal thickness and white arrowheads show positive cells. c, Quantification of epidermal thickness from HE 
staining images and pH2AX-, TUNEL- and cleaved caspase-3-positive cells per total cells after UVB irradiation. Data are presented as the mean ± SD of 
n = 3 animals. Unpaired t-test versus untreated control (Ctrl).
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Supplementary Fig. 8. Immune cell infiltration in mouse and naked mole-rat (NMR) skin after UV irradiation.
a, Immunohistochemical staining for CD45, IBA1, MPO, and CD3 in the skin after UVB irradiation. Scale bar: 50 µm. Red arrowheads show positive 
cells. b, Quantification of CD45-, IBA1-, MPO-, and CD3-positive cells per area (and per total cells for CD45) after UVB irradiation. c, Relative changes 
in the number of CD45-, IBA1-, and MPO-positive cells in skin sections after UVB irradiation. The values of Supplementary Fig. 8b were recalculated. 
The values shown are the average fold change relative to that of the untreated control. Relative change for CD3-positive cells was not calculated because 
the number of CD3-positive cells in the NMR control was 0. For b and c, data are presented as the mean ± SD of n = 3 animals. Unpaired t-test versus 
untreated control (Ctrl).
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Supplementary Fig. 9. Responses of mouse and naked mole-rat (NMR) skin to lipopolysaccharide (LPS) treatment.
a, Schematic diagram for investigating responses to LPS subcutaneous (s.c.) injection. b, Relative interleukin-6 (IL6) mRNA levels in the skin of mice and 
NMRs after LPS injection quantified by RT-qPCR and normalised to actin beta (ACTB) mRNA. The values shown are the average fold change relative to 
that of the untreated control. Primers are listed in Supplementary Table 5. c, Haematoxylin and eosin (HE) staining and immunohistochemical staining for 
CD45, IBA1, MPO, and CD3 in the skin after s.c. injection of LPS. Scale bars: 100 µm (HE) and 50 µm (others). Red arrowheads show positive cells. d, 
Quantification of CD45-, IBA1-, MPO-, and CD3-positive cells per area (and per total cells for CD45) at 24 h after LPS injection. For b and d, data are 
presented as the mean ± SD of n = 3 animals. Unpaired t-test versus untreated control (Ctrl).
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Supplementary Fig. 10. Response of livers to lipopolysaccharide (LPS) and phagocytotic activity of bone marrow-derived macrophages in mice 
and naked mole-rats (NMRs).
a, Haematoxylin and eosin (HE) staining, immunohistochemical staining, and quantification of IBA1-positive cells in the livers of mice and NMRs at 24 h 
after intraperitoneal LPS injection. Scale bar: 100 µm. Data are presented as the mean ± SD of n = 3 animals. Unpaired t-test versus untreated control 
(Ctrl). b, Phagocytotic activity analysis of mouse and NMR bone marrow-derived macrophages. Scale bar: 20 µm. Only phagocytosed pHrodo-labelled 
dead cells show red fluorescence.
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Supplementary Fig. 11. Immunohistochemical analysis of tissue-resident immune cells in several rodent species.
a, Immunohistochemical staining for IBA1 and CD3 in rat and guinea pig (GP) spleens. Scale bar: 100 µm. b–d, Immunohistochemical staining and 
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Supplementary Fig. 12. RNA-seq analyses of mouse and naked mole-rat (NMR) skin after exposure to lipopolysaccharide (LPS), 3-
methylcholanthrene (3MC), or UV.
a and b, Volcano plots of expression differences in all genes (a) and 467 selected ligands (b, Supplementary Data 1) between mouse skin (blue) and NMR 
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values are shown. d, Western blot detection of CD45 and GAPDH in the skin of mice and NMRs after LPS, 3MC (1 week), or UV treatment. e, 
Quantification of CD45 expression relative to GAPDH expression. For c, data are expressed as the mean of n = 3 animals. For e, data represent the mean 
± SD of n = 3 animals. One-way ANOVA with Dunnett’s multiple comparisons test versus untreated control (Ctrl).
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Supplementary Fig. 13. Gene expression analysis of receptor-interacting protein kinase 3 (RIPK3) and mixed lineage kinase domain-like (MLKL). 
a, RNA-seq analysis. Venn diagram showing the number of commonly upregulated genes in mouse and naked mole-rat (NMR) skin upon 
lipopolysaccharide (LPS) treatment (orange circle), and upregulated genes in mouse (blue circle) or NMR (purple circle) skin upon both 3-
methylcholanthrene (3MC) (1week) and UV treatment; enriched gene ontology (GO) terms and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathways of 3MC-UV NMR-DEGs are shown (purple-filled area, 20 genes). b, Visualisation of RNA-seq data at the RIPK3 gene locus in the control 
(Ctrl) or 3MC-treated skin, using the Integrative Genomics Viewer (IGV). A red arrowhead indicates a frame-shift mutation in NMR RIPK3. c, RIPK3 
expression level (transcripts per million, TPM) in Ctrl-, LPS-, 3MC-, or UV-treated skin (n = 3 animals in each treatment). d, RT-qPCR analysis of NMR 
fibroblasts incubated with actinomycin D (ActD) and/or cycloheximide (CHX). The values shown are the average fold change relative to that of untreated 
cells (Ctrl). Data are presented as the mean ± SD of n = 3 biological replicates. The mRNA expression was normalised to GAPDH expression. Actin beta 
(ACTB) was used as an example of nonsense-mediated mRNA decay non-target mRNA. Two-way ANOVA followed by Dunnett’s post hoc test versus 
untreated control. e, Visualisation of RNA-seq data at the MLKL gene locus in Ctrl or 3MC-treated skin using IGV. A red arrowhead indicates a frame-
shift mutation in NMR MLKL. f, MLKL expression levels (TPM) in Ctrl-, LPS-, 3MC-, or UV-treated skin (n = 3 animals per treatment). g, Semi-
quantitative RT-PCR analysis of the expression of MLKL and ACTB in skin after each treatment. gDNA: tail-tip genomic DNA used as a PCR positive 
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Supplementary Fig. 15. Immunofluorescence staining for high mobility group box-1 protein (HMGB1) in the skin after exposure to 
lipopolysaccharide (LPS), 3-methylcholanthrene (3MC), 7,12-dimethylbenz[a]anthracene (DMBA), or UV.
a, Immunofluorescence staining for HMGB1 in the skin after exposure to 3MC (1 week) and LPS. Scale bar: 20 µm. b, Immunofluorescence staining and 
quantification of cytoplasmic HMGB1 in the skin at 3 weeks after 3MC treatment. Scale bar: 20 µm. c, Immunofluorescence staining and quantification of 
cytoplasmic HMGB1 in the skin at 24 h after DMBA treatment. Scale bar: 20 µm. d, Immunofluorescence staining and quantification of cytoplasmic 
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Supplementary Fig. 16. Knockout of mouse receptor-interacting protein kinase 3 (Ripk3).
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Supplementary Table 2: Summary of enriched GO terms and pathways determined by Metascape. 
Fig.4a 3MC-UV Mouse-DEGs
GroupID Category Term Description -LogP Symbols

1_Summary GO Biological Processes GO:0031341 regulation of cell killing 6.066852715 IL12B, IL12RB1, PGLYRP1, RIPK3, CLEC7A, SLAMF6, ITGAL, VCAM1, TNFSF9, TREML2, CCDC88B, SLAMF8,

ALOX15, MMP12, FCRLB, SOX15, CD177, GPR55, CTSS, GPR171, IL18BP, BRCA1, IL2RG, NRG1

2_Summary KEGG Pathway hsa04060 Cytokine-cytokine receptor interaction 5.624808977 CCR3, IL2RG, IL12B, IL12RB1, TNFRSF9, CCL22, TNFSF9, TNFRSF10B, ALOX15, GPR35, MMP12, VCAM1,

IL18BP, BRCA1

3_Summary GO Biological Processes GO:0050900 leukocyte migration 5.36324153 BDKRB1, F7, ITGAL, CCL22, VCAM1, TNFRSF10B, RIPK3, SLC7A11, SLAMF8, CD177

4_Summary Canonical Pathways M5885 NABA MATRISOME ASSOCIATED 5.354099137 CTSS, F7, F10, NRG1, IL12B, MMP12, PLOD2, CCL22, TNFSF9, INSL6, CLEC7A, P4HA3

5_Summary Reactome Gene Sets R-HSA-5213460 RIPK1-mediated regulated necrosis 4.466772045 TNFRSF10B, RIPK3, MLKL, NRG1, IL12B, CEMIP, PSRC1, IL2RG

6_Summary Reactome Gene Sets R-HSA-1474244 Extracellular matrix organization 4.304360619 CTSS, ITGAL, MATN1, MMP12, PLOD2, VCAM1, P4HA3, F7, F10

7_Summary GO Biological Processes GO:0046579 positive regulation of Ras protein signal transduction 4.280391268 GPR35, NRG1, GPR65, GPR55, BDKRB1, CCR3, CEMIP, TMC8, SLAMF8

8_Summary Canonical Pathways M169 PID INTEGRIN2 PATHWAY 3.969876849 F10, ITGAL, VCAM1, IGSF9B, CD177, ROBO3, CDHR1, TREML2, SLAMF6

9_Summary Reactome Gene Sets R-HSA-140877 Formation of Fibrin Clot (Clotting Cascade) 3.581700021 F7, F10, CD177, ALOX15, NRG1, MMP12, SOX15, SLC7A11, ITGAL, TNFRSF10B, BDKRB1, KIFC1

10_Summary GO Biological Processes GO:0009268 response to pH 3.548836403 CTSS, INSRR, GPR65

Supplementary Fig.13a 3MC-UV NMR-DEGs
GroupID Category Term Description -LogP Symbols
1_Summary KEGG Pathway hsa04115 p53 signaling pathway 4.554952749 DDB2, MDM2, SESN2, SGK1, CPT1A

2_Summary GO Biological Processes GO:0043255 regulation of carbohydrate biosynthetic process 4.112356404 MST1, CD244, SESN2, CPT1A, PGGHG



Supplementary Table 3: Naked mole-rats used in this study.
ID Sex Treatment Birth Day of experiments Use

Chemical carcinogenesis by 3MC muscular injection L40 M 3MC 16.9.18 17.10.31 Pathological study

L41 M 3MC 16.9.18 17.10.31

L43 M 3MC 16.9.18 17.10.31

2B4 M 3MC 17.1.13 18.01.10 Pathological study

2B7 M 3MC 17.1.13 18.01.10

2B9 M 3MC 17.1.13 18.01.10

2E11 M 3MC 17.06.16 18.04.29

2E14 M 3MC 17.06.16 18.04.29

2E21 M 3MC 17.06.16 18.04.29
Chemical carcinogenesis by 3MC (41.7 µg/g of body weight) 
muscular injection L77 F 3MC 19.3.11 21.1.12

L78 F 3MC 19.3.11 21.1.12

GH3 M 3MC 19.1.10 21.1.12

GH4 M 3MC 19.1.10 21.1.12

2E25 M 3MC 18.11.2 21.1.12

2E26 M 3MC 18.11.2 21.1.12

GH24 M 3MC 19.12.11 21.1.13

MG23 M 3MC 19.10.11 21.1.13

L100 M 3MC 19.8.23 21.1.13

Chemical carcinogenesis by 3MC subcutaneous injection 2E8 F 3MC 17.06.16 19.03.13 Pathological study

2E9 F 3MC 17.06.16 19.03.13 Pathological study

2E12 F 3MC 17.06.16 19.03.13 Pathological study

C51 M 3MC 18.07.08 19.03.13 Pathological study

C52 M 3MC 18.07.09 19.03.13 Pathological study

Chemical carcinogensis by DMBA/TPA 2D15 M DMBA/TPA 18.9.14 19.06.28 Pathological study

2D17 M DMBA/TPA 18.9.14 19.06.28 Pathological study

L66 M DMBA/TPA 18.9.24 19.06.28 Pathological study

L67 M DMBA/TPA 18.9.24 19.06.28 Pathological study

C54 M DMBA/TPA 18.7.8 19.06.28 Pathological study

C58 M DMBA/TPA 18.7.8 19.06.28

3MC injection 1 week Y29 F 3MC 1 wk 17.12.25 18.11.27 Pathologcal study and RNA sequencing

C53 M 3MC 1 wk 18.7.8 19.04.05 RNA sequencing

C32 F 3MC 1 wk 16.6.27 18.11.27 Pathologcal study

2B13 F 3MC 1 wk 17.4.25 18.11.27 Pathologcal study and RNA sequencing

3MC injection 3 weeks GH28 M 3MC 3 wks 19.12.11 21.1.12 Pathologcal study 

MG21 F 3MC 3 wks 19.10.11 21.1.12 Pathologcal study 

L102 M 3MC 3 wks 19.8.23 21.1.12 Pathologcal study 

DMBA treatment 24 hr MG17 M DMBA 24 h 19.7.21 21.5.25 Pathologcal study 

BC11 M DMBA 24 h 20.4.8 21.5.25 Pathologcal study 

2E31 F DMBA 24 h 18.11.2 21.5.25 Pathologcal study 

DMBA/TPA treatment 2 weeks GH29 M DMBA/TPA 2 wks 19.12.11 21.1.12 Pathologcal study 

MG24 M DMBA/TPA 2 wks 19.10.11 21.1.12 Pathologcal study 

L101 F DMBA/TPA 2 wks 19.8.23 21.1.12 Pathologcal study 

LPS subcutaneous injection C30 M LPS 16.6.27 19.02.07 Pathologcal study and RNA sequencing

Y31 N.D. LPS 17.12.25 19.02.07 Pathologcal study and RNA sequencing

2B8 F LPS 17.1.13 19.02.07 Pathologcal study and RNA sequencing

LPS injection (intraperitoneal) D30 M LPS 16.8.16 18.09.20 Pathologcal study 

2E16 M LPS 17.06.16 18.07.30 Pathologcal study 

2B23 F LPS 17.4.25 18.09.20 Pathologcal study 

UV irradiation Y30 F UV 17.12.25 19.02.21 Pathologcal study and RNA sequencing

C46 M UV 17.1.5 19.01.08 Pathologcal study and RNA sequencing

2B18 F UV 17.4.25 19.01.08 Pathologcal study and RNA sequencing

Healthy sample 2B15 F Control 17.4.25 19.04.12 Pathological study

C33 F Control 16.6.27 17.08.04 Pathological study

C34 M Control 16.6.27 17.08.10 Pathological study

C31 F Control 16.6.27 19.02.08 Pathological study and RNA sequencing

2B10 F Control 17.1.23 19.02.08 Pathological study and RNA sequencing

Y32 M Control 19.12.25 19.02.08 Pathological study and RNA sequencing



Supplementary Table 4: Primers used in this study.

Gene/primer name Primer Sequcence (5'-3')

Ripk3  (Mouse) Forward GAAATGGATTGCCCGAGGGA

Reverse GTGCTTGCCTCTCAGGACAT

RIPK3  (NMR_CDS) Forward CTCATCCCGAGCACCACTTC 

Reverse CCGCTTCTTCCCAGGTGACAA

RIPK3  (NMR_3'UTR) Forward GCGGCCTGTAGGTGTTGAA 

Reverse GTCAGTTGGGGCATAGCAGG

Mlkl  (Mouse) Forward AGGAGGCTAACCAGCAGATAGA

Reverse GAGCATTGCTTCAGGGTTTTGT

MLKL (NMR) Forward ACCTGGGGACTAACTCTGCT

Reverse CCACATTCATGCAAACAGCCC
Il6  (Mouse) Forward TCTATACCACTTCACAAGTCGGA

Reverse GAATTGCCATTGCACAACTCTTT

IL6  (NMR) Forward GCTAGTCCTCCACGATGTCC

Reverse TTGCCTTTTCCTCCTCTAGGC

ACTB/Actb Forward AGACCTTCAACACCCCAGCCATGT

Reverse GGCCAGCCAGGTCCAGACGCAG

ACTB/Actb Forward TCCACACAGAGTACTTGCGCTC

(for Fig. S14a) Reverse TTCAACACCCCAGCCATGTACG

GAPDH/Gapdh Forward CTCCTGCGACTTCAACAGCAA

Reverse TACCAGGAAATGAGCTTGACA

Ripk3  KO Forward AGCGACACCTTGTGATCTCC

Reverse CTGGCCCAAGACAACCCTTA

Ripk3  Wild Forward GGAAAAGTCAGCCAATCCCG

Reverse GCAAGACTAGAGCACACCCTC




