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            Abstract
Immunosuppression increases the risk of cancers that are associated with viral infection1. In particular, the risk of squamous cell carcinoma of the skinâ€”which has been associated with beta human papillomavirus (Î²-HPV) infectionâ€”is increased by more than 100-fold in immunosuppressed patients2,3,4. Previous studies have not established a causative role for HPVs in driving the development of skin cancer. Here we show that T cell immunity against commensal papillomaviruses suppresses skin cancer in immunocompetent hosts, and the loss of this immunityâ€”rather than the oncogenic effect of HPVsâ€”causes the markedly increased risk of skin cancer in immunosuppressed patients. To investigate the effects of papillomavirus on carcinogen-driven skin cancer, we colonized several strains of immunocompetent mice with mouse papillomavirus type 1 (MmuPV1)5. Mice with natural immunity against MmuPV1 after colonization and acquired immunity through the transfer of T cells from immune mice or by MmuPV1 vaccination were protected against skin carcinogenesis induced by chemicals or by ultraviolet radiation in a manner dependent on CD8+ T cells. RNA and DNA in situ hybridization probes for 25 commensal Î²-HPVs revealed a significant reduction in viral activity and load in human skin cancer compared with the adjacent healthy skin, suggesting a strong immune selection against virus-positive malignant cells. Consistently, E7 peptides from Î²-HPVs activated CD8+ T cells from unaffected human skin. Our findings reveal a beneficial role for commensal viruses and establish a foundation for immune-based approaches that could block the development of skin cancer by boosting immunity against the commensal HPVs present in all of our skin.
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                    Fig. 1: Colonization of the skin with MmuPV1 protects mice against chemically induced skin carcinogenesis.[image: ]


Fig. 2: Colonization of the skin with MmuPV1 protects immunocompetent SKH-1 mice against UV-induced carcinogenesis.[image: ]


Fig. 3: Reduced Î²-HPV transcripts in skin cancer cells and presence of Î²-HPV-specific CD8+ T cells in healthy human skin indicates a selective pressure by antiviral immunity against malignant cells with active HPV.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Infection of back skin with MmuPV1 in wild-type and T cell-deficient mice and the effect of MmuPV1 colonization on the outcomes of chemical carcinogenesis in wild-type C57BL/6J mice.
a, Wart burden in Cd4âˆ’/âˆ’Cd8âˆ’/âˆ’ mice (right) compared with the absence of warts in wild-type mice (left) after infection of back skin with MmuPV1, at 10 weeks after infection. Note the confluent pattern of wart development in the T cell-deficient mouse. b, MmuPV1-induced wart in a Cd4âˆ’/âˆ’Cd8âˆ’/âˆ’ mouse, stained with H&E (left), MmuPV1 L2 RNA ISH probe (middle) and negative-control RNA ISH probe (right). c, Left, representative images of the back skin of wild-type C57BL/6J mice on the day of MmuPV1 infection and 21 days after infection. Middle, MmuPV1 L1 PCR on 20 segments of the back skin. MmuPV1 L1 PCR bands are marked by arrows; PCR amplicon size, 339Â bp. PCR primers, forward: GAGCTCTTTGTTACTGTTGTC; reverse: ATCCTCTCTTTCCTTGGGC. M, molecular-weight size marker; N, negative control; P1â€“P3, positive controls. Right, a typical wild-type C57BL/6J mouse five weeks after infection, highlighting the absence of warts, which was the case for 100% of the mice. d, Representative macroscopic images of wild-type C57BL/6J mice that were either infected with MmuPV1 on their back skin or sham-infected, and treated with DMBAâ€“TPA. Papillomas and invasive skin cancers are highlighted with yellow and red circles, respectively. e, Left, Representative images of the back skin of wild-type FVB mice on the day of MmuPV1 infection and 31 days after infection, and MmuPV1 L1 PCR on 20 segments of the back skin. Mice were shaved for visualization of the skin and skin tumours. Scale bars, mouse, 1Â cm (a, câ€“e); tissue, 1Â mm (b).


Extended Data Fig. 2 T cells transferred from wild-type MmuPV1-colonized immune mice to T cell-deficient mice reduce the burden of warts in mice infected with MmuPV1, but have no effect on the growth of uninfected SCC cells.
a, Schematic of the T cell-transfer experiment. The inset shows the gating strategy for flow cytometry that was used to select memory T cells. T cell-donor mice received CD45â€“APC intravenously (IV) three minutes before the collection of lymph nodes to label and exclude the circulating immune cells. Note that the control experiment in which mice were vaccinated with parvovirus was done in parallel with the MmuPV1 challenge, and the SCC primary tumour growth experiment was done in parallel with the infection of back skin with MmuPV1. b, Right, representative images of the warts on the back skin of mice three weeks after infection with MmuPV1. Scale bar, 1Â cm. Left, flow cytometry demonstrates the presence of CD4+ and CD8+ T cells in the peripheral blood of the recipient mice, indicating successful adoptive transfer of T cells (nÂ =Â 4 per group). Wt, wild type. c, Growth of subcutaneously injected DMBAâ€“TPA-induced primary SCC tumour cells in wild-type mice (nÂ =Â 9), Cd4âˆ’/âˆ’Cd8âˆ’/âˆ’ mice (nÂ =Â 5) and Cd4âˆ’/âˆ’Cd8âˆ’/âˆ’ mice that received T cells from MmuPV1-immune donors (Cd4âˆ’/âˆ’Cd8âˆ’/âˆ’Â +Â test T cells) (nÂ =Â 4). Two-tailed Mannâ€“Whitney UÂ test; *PÂ <Â 0.05 compared with the wild-type group. Data are meanÂ +Â s.d.

                          Source data
                        


Extended Data Fig. 3 Evidence of MmuPV1 colonization and T cells homing to the epidermis of MmuPV1-infected mice at the completion of the chemical carcinogenesis protocol.
a, b, MmuPV1 L1 PCR on DNA isolated from the skin of wild-type C57BL/6J (B6) (a) and the skin and tumour of wild-type FVB (b) mice more than 6 months after MmuPV1Â infection. MmuPV1 L1 PCR bands are highlighted by arrows; PCR amplicon size: 339Â bp. Plus sign indicates positive control; minus sign, negative control. c, d, Anti-MmuPV1 seroconversion in DMBAâ€“TPA-treated cohorts of C57BL/6J mice (c; nÂ =Â 5 per group) and FVB mice (d; nÂ =Â 4 per group). Two-tailed Mannâ€“Whitney UÂ test; *PÂ <Â 0.05, **PÂ <Â 0.01, NS, not significant. e, Representative images of CD3/CD45-stained skin from MmuPV1/DMBAâ€“TPA FVB mice compared with sham/DMBAâ€“TPA controls at the completion of the chemical carcinogenesis protocol. Arrows indicate T cells in the epidermis; dashed lines highlight the epidermal basement membrane. f, CD45+ leukocytes quantified in skin sections of MmuPV1/DMBAâ€“TPA and sham/DMBAâ€“TPA FVB mice across ten randomly selected HPF images of normal skin per mouse and averaged across the mice in each group (two-tailed unpaired t-test; nÂ =Â 8 per group). Each dot represents the leukocyte count in one high-power image. g, h, Homing of T cells to the epidermis in MmuPV1/DMBAâ€“TPA skin compared with sham/DMBAâ€“TPA control skin of wild-type FVB mice. g, Representative images of CD8/CD3- and CD4/CD3-stained skin sections. Arrows indicate epidermal CD8+ TRM cells; dashed lines highlight the epidermal basement membrane. h, The ratio of epidermal CD8+ TRM and CD4+ TRM cells to total CD3+ T cells in the skin per HPF image (two-tailed unpaired t-test). T cells in up to ten randomly selected HPF images of normal skin per mouse were counted. Each dot represents one high-power image. nÂ =Â 10 (MmuPV1/DMBAâ€“TPA); nÂ =Â 9 (sham/DMBAâ€“TPA). i, Representative skin tumours from MmuPV1/DMBAâ€“TPA and sham/DMBAâ€“TPA wild-type FVB mice stained with keratin 6 (K6; a marker for epidermal hyperplasia) and Ki67 (a proliferation marker). Dashed lines highlight the epidermal basement membrane in the skin. j, PCR amplification of the wild-type (A) and mutant (T) region of the Hras gene in DNA of MmuPV1/DMBAâ€“TPA and sham/DMBAâ€“TPA tumours and skin, and untreated skin from a wild-type FVB mouse (band size, 110Â bp). The A-to-T mutation in Hras codon 61 highlights DMBAâ€“TPA-induced skin tumours in MmuPV1/DMBAâ€“TPA and sham/DMBAâ€“TPA wild-type FVB cohorts. k, Matched H&E and MmuPV1 L2 RNA ISH images of a wart from an MmuPV1-infected Cd4âˆ’/âˆ’Cd8âˆ’/âˆ’ mouse, and a skin tumour and normal skin from an MmuPV1/DMBAâ€“TPA wild-type mouse. Note the dense and confluent RNA ISH signals in the wart from the T cell-deficient mouse. After the completion of DMBAâ€“TPA treatment, positive MmuPV1 RNA ISH signals are detectable in the normal skin of the wild-type mouse. The skin tumour from the same mouse lacks a MmuPV1 RNA ISH signal. Stained cells were counted blindly. Data are meanÂ Â±Â s.d. (c, d) or meanÂ +Â s.d. (f, h). Scale bars, 100Â Î¼m (e, g, i, k).

                          Source data
                        


Extended Data Fig. 4 Immunization of MmuPV1-infected SKH-1 mice with MmuPV1 vaccine protects against UV-driven carcinogenesis.
a, Top, representative images of SKH-1 mice with no evidence of disease following infection (immune) and with visible warts after back-skin infection with MmuPV1 (non-immune). Bottom, MmuPV1 L2 RNA ISH of skin from an immune and a non-immune mouse, collected three weeks after infection with MmuPV1, to detect viral activity in the normal skin and the MmuPV1-driven wart. Insets highlight the active virus in the normal skin of the immune mouse and the wart of the non-immune mouse. b, Macroscopic images of the SKH-1 mice three months after MmuPV1 back-skin infection. SKH-1 mice with spontaneous immunity to the virus (no wart) were treated once with an immunosuppressive dose of UVB (300Â mJÂ cmâˆ’2); images of the mice three weeks after UV treatment are shown. Arrows point to the newly developed warts on the UV-treated skin. c, Histological images of a wart (yellow circle), stained with H&E and MmuPV1 RNA ISH. The magnified inset highlights MmuPV1-induced cytopathic changes in the H&E image and confluent positive MmuPV1 RNA ISH signals in the wart. d, Macroscopic images of MmuPV1-infected SKH-1 mice that continued to have warts (yellow arrows) before MmuPV1 vaccination, four weeks after vaccination and at the completion of the UV carcinogenesis protocol. The nine wart-bearing mice were treated with MmuPV1 liveÂ virus particles intraperitoneally three times over two weeks. Four weeks later, the mice underwent the UV carcinogenesis protocol. Mice with acquired antiviral immunity (nÂ =Â 5) are compared with non-immune mice that have persistent warts (nÂ =Â 4). e, Skin tumour burden in vaccinated immune (nÂ =Â 5) and non-immune (nÂ =Â 4) mice treated with the UV carcinogenesis protocol. In mice with a confluent pattern of skin tumours, counts represent the individual lesions before their coalescence. Two-tailed Mannâ€“Whitney UÂ test; data are meanÂ Â±Â s.d. f, Representative images of CD3/CD45-stained skin from MmuPV1/DMBAâ€“UV SKH-1 mice compared with sham/DMBAâ€“UV controls at the completion of the UV carcinogenesis protocol. Arrows indicate T cells in the epidermis; dashed lines highlight the epidermal basement membrane. gâ€“i, Skin-infiltrating total CD45+ leukocytes (g), CD3+CD45+ T cells (h) and CD3âˆ’CD45+ leukocytes (i) quantified in CD3/CD45-stained skin sections of MmuPV1/DMBAâ€“UV (nÂ =Â 10) and sham/DMBAâ€“UV (nÂ =Â 9) SKH-1 mice across ten randomly selected HPF images of each skin sample and averaged across the mice in each group. Each dot represents one high-power image. Note the trend towards an increase in T cells and a decrease in CD3âˆ’ inflammatory cells in MmuPV1/DMBAâ€“UV skin compared with sham/DMBAâ€“UV control. j, Representative images of CD3/CD45-stained cells in the skin tumours of MmuPV1/DMBAâ€“UV SKH-1 mice compared with sham/DMBAâ€“UV controls at the completion of the UV carcinogenesis protocol. Magnified insets highlight the immune cells in the tumour parenchyma. kâ€“m, Tumour-infiltrating total CD45+ leukocytes (k), CD3+CD45+ T cells (l) and CD3âˆ’CD45+ leukocytes (m) quantified in CD3/CD45-stained sections of MmuPV1/DMBAâ€“UV and sham/DMBAâ€“UV SKH-1 skin tumours across HPF images of each tumour and averaged across the mice in each group (nÂ =Â 12 early skin tumours per group). Each dot represents one high-power image. Stained cells were counted blindly. Two-tailed unpaired t-test; data are meanÂ +Â s.d. (gâ€“i, kâ€“m). Scale bars, mouse, 1Â cm (a, b, d); tissue, 100Â Î¼m (a, c, f, j).

                          Source data
                        


Extended Data Fig. 5 CD8+ T cell immunity is required to protect MmuPV1-colonized mice from UV carcinogenesis and MmuPV1 colonization protects Xpcâˆ’/âˆ’ mice from UV carcinogenesis.
a, Representative images of CD8+ T cells in the skin tumours of MmuPV1/DMBAâ€“UV SKH-1 mice compared with sham/DMBAâ€“UV controls at the completion of the UV carcinogenesis protocol. Magnified insets highlight T cells in the tumour parenchyma. bâ€“d, Tumour-infiltrating CD3+ (b), CD8+ (c) and CD4+ (d) T cells quantified in CD8/CD3- and CD4/CD3-stained tumour sections of MmuPV1/DMBAâ€“UV and sham/DMBAâ€“UV SKH-1 mice across HPF images of each tumour and averaged across the mice in each group (nÂ =Â 12 early skin tumours per group). Each dot represents one high-power image. e, f, CD4+ T cell infiltrates in MmuPV1/DMBAâ€“UV and sham/DMBAâ€“UV SKH-1 skin. e, Representative images of the CD4/CD3-stained skin sections. Arrows indicate epidermal CD4+ TRM cells; dashed lines highlight the epidermal basement membrane, f, Quantification of CD4+ T cells per high-power image of the skin. Ten randomly selected HPF images of skin per mouse in each group are included. Each dot represents one high-power image. nÂ =Â 10 (MmuPV1/DMBAâ€“UV); nÂ =Â 9 (sham/DMBAâ€“UV). Two-tailed unpaired t-test; data are meanÂ +Â s.d. (bâ€“d, f). g, Schematic diagram of anti-CD8 or IgG antibody treatment combined with the UV carcinogenesis protocol. Four weeks after MmuPV1 or sham(VLP) infection, mice began treatment with anti-CD8 or IgG isotype control antibodies (red arrows). A day after the first treatment with antibodies, the back skin of SKH-1 mice was treated with 50Â Î¼g DMBA once (green triangle). Seven days later, mice began UVB treatment (100Â mJÂ cmâˆ’2) three times a week (yellow triangles). h, Flow cytometry analysis of spleen and skin of MmuPV1/DMBAâ€“UV mice treated with anti-CD8 or IgG antibodies to evaluate the efficiency of CD8+ T cell depletion at six weeks after treatment with DMBA. The percentage of CD8+ T cells is shown on each plot. i, Skin tumour burden in MmuPV1-colonized mice treated with IgG control (MmuPV1Â +Â IgG; nÂ =Â 10) or anti-CD8 antibody (MmuPV1Â +Â anti-CD8; nÂ =Â 10), and sham(VLP)-infected mice treated with IgG control (sham(VLP)Â +Â IgG; nÂ =Â 7) or anti-CD8 antibody (sham(VLP)Â +Â anti-CD8; nÂ =Â 7) after DMBAâ€“UV treatment. Two-tailed Mannâ€“Whitney UÂ test; *PÂ <Â 0.05, NS, not significant. Data are meanÂ Â±Â s.d. j, Representative images of mice in the four treatment groups. Owing to the large skin tumours in MmuPV1-colonized CD8+ T cell-depleted mice, the UV carcinogenesis study was terminated at 18 weeks after DMBA treatment. k, l, Xpcâˆ’/âˆ’ (XPCKO) mice were infected with MmuPV1 on their back skin (nÂ =Â 15) or sham-infected (nÂ =Â 13) and subjected to the UV carcinogenesis protocol. Skin tumour outcomes are shown as the time to development of the first skin tumour (k) and time to development of the first invasive skin cancer (l) (log-rank test). Note that all Xpcâˆ’/âˆ’ mice in the study were immune to MmuPV1 (that is, exhibited no wart development). m, Representative images of Xpcâˆ’/âˆ’ mice at the completion of the 30-week UV carcinogenesis protocol. Premalignant tumours (papillomas) and invasive skin cancers are highlighted with yellow and red circles, respectively. Mice were shaved for UV treatments and the visualization of the skin tumours. n, Representative H&E-stained histological images of a papilloma in MmuPV1/DMBAâ€“UV and invasive skin cancer in sham/DMBAâ€“UV Xpcâˆ’/âˆ’ mice. The inset shows the cellular atypia in the sham/DMBAâ€“UV skin cancer (scale bar, 50Â Î¼m). Stained cells were counted blindly. Scale bars, mouse, 1Â cm (j, m); tissue: 100Â Î¼m (a, e, n).
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Extended Data Fig. 6 Validation of Î²-HPV RNA ISH using a wart as a positive control and qPCR on RNA ISH-positive and -negative human samples.
a, Binding site of Î²-HPV RNA ISH and DNA ISH probes, shown on the HPV9 genome. The RNA ISH and DNA ISH probe against each type of Î²-HPV comprised a pool of 20 double-Z probes that target a region of 1,000 bases (Advanced Cell Diagnostics). b, H&E and RNA ISH staining of a wart from a 63-year-old immunosuppressed female. Note the abundance of positive signals (red dots) throughout the wart. c, Top, Î²-HPV RNA ISH of a skin cancer from an 87-year-old immunosuppressed female, including the stains for the positive- and negative-control probes. The detection of Î²-HPV by RNA ISH correlates with qPCR positivity for transcripts of HPV5 and HPV9 E6 proteins in the same skin cancer. Bottom, Î²-HPV RNA ISH of a sample of normal skin from an 18-year-old immunocompetent African American female. The lack of RNA ISH signal (red) in this sample correlates with undetectable transcripts of HPV5, HPV9 or HPV15 E6 proteins in qPCR of the same sample. qPCR products were visualized using gel electrophoresis. PCR band sizes: HPV5 E6, 100Â bp; HPV9 E6, 66Â bp, HPV15 E6, 78Â bp; keratinÂ 14, 109Â bp. Scale bars, 100Â Î¼m (b, c).


Extended Data Fig. 7 Immunosuppressed patients have greater Î²-HPV viral activity in their skin lesions compared to immunocompetent patients.
a, Î²-HPV RNA ISH signal counts in skin cancer cells from immunosuppressed (nÂ =Â 38) and immunocompetent (nÂ =Â 32) patients. b, Clinical image of a skin cancer surgical site showing the skin cancer (red arrow), its adjacent normal skin (green arrow) and the normal skin away from the cancer site (blue arrow). c, Quantification of Î²-HPV RNA ISH signals in high-power images across the immunosuppressed lesions, immunocompetent lesions and normal facial skin away from a cancer site. Skin lesions include Î²-HPV RNA ISH signal counts from skin cancer (red dots) and the adjacent normal skin (green dots). Thirty samples of normal facial skin (blue dots) from immunocompetent patients are included (18 males and 12 females; average age 71; age range 39â€“94). d, Representative low- and high-magnification images of Î²-HPV RNA ISH-stained normal skin samples from immunosuppressed and immunocompetent patients. Note the density and size of the apparent RNA ISH signals in basal-layer keratinocytes of an immunosuppressed patient. e, Density of Î²-HPV RNA ISH signals in basal-layer keratinocytes, quantified across 38 immunosuppressed and 31 immunocompetent skin samples. f, Right, Î²-HPV DNA ISH to detect Î²-HPV viral load in the skin. Compared to Î²-HPV RNA ISH, which marks viral transcripts, Î²-HPV DNA ISH detects viral load at a subcellular resolution in skin keratinocytes. Note the higher level of viral DNA ISH signals compared with RNA ISH (left), and the localization of the signals in the nucleus and cytoplasm of the keratinocytes. Two-tailed unpaired t-test; data are meanÂ +Â s.d. (a, c, e). Scale bars, 50Â Î¼m (d, f).
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Extended Data Fig. 8 Î²-HPV viral load is markedly reduced in skin cancer cells compared to their adjacent normal skin in immunocompetent patients.
a, Representative DNA ISH of a wart, hypertrophic actinic keratosis arising in association with a wart (HAK in verruca), SCC in immunosuppressed patients and an SCC in an immunocompetent patient. Scale bars, 100Â Î¼m. b, c, Quantification of Î²-HPV DNA ISH signals in paired samples of skin cancer and the adjacent normal skin from immunosuppressed patients (b; nÂ =Â 10) and immunocompetent patients (c; nÂ =Â 10) (two-tailed Wilcoxon matched-pairs signed-rank test).

                          Source data
                        


Extended Data Fig. 9 Significantly fewer T and TRM cells infiltrate skin cancer and the adjacent normal skin in immunosuppressed compared to immunocompetent patients.
a, Representative images of CD3/CD103-stained SCC from immunosuppressed and immunocompetent patients (the same cancers are shown for Î²-HPV RNA ISH and DNA ISH stains in Fig. 3a and Extended Data Fig. 8a). Magnified insets highlight CD103+ TRM cells in the cancer and adjacent normal skin. Scale bars, 100Â Î¼m. b, c, CD3/CD8/CD103-stained sections of skin cancer were used to quantify tumour-infiltrating CD3+ T, CD103+CD3+ TRM, CD8+ T and CD103+CD8+ TRM cells infiltrating the skin cancer parenchyma (b), and CD3+ T, CD103+CD3+ TRM, CD8+ T and CD103+CD8+ TRM cells in the adjacent normal skin of immunosuppressed (S) versus immunocompetent (C) patients. Note that most T cells in the normal skin reside in the dermis. Stained cells were counted blindly in ten randomly selected HPF images of skin cancer and adjacent normal skin from each tissue specimen and averaged across the samples in each group; 37 immunosuppressed and 32 immunocompetent samples of skin cancer are included (skin cancer characteristics are listed in Supplementary Table 2). Each dot represents the average of the T cell counts in the high-power images from each sample. Two-tailed unpaired t-test; data are meanÂ +Â s.d. d, Cytotoxic degranulation of CD8+ T lymphocytes after exposure to Î²-HPV peptides. T cells isolated from the normal facial skin of adults were exposed to Î²-HPV E7 peptides (far left), HPV16 E7 peptides (middle left), PMA/ionomycin (positive control; middle right) and medium (negative control; far right). Representative flow cytometry plots are shown. The percentage of CD107a+CD8+ T cells is shown on each plot. Data represent two independent sets of experiments with similar results.

                          Source data
                        


Extended Data Fig. 10 DAMP molecules are upregulated during the development of warts and skin cancer.
a, Principle component analysis (PCA) of gene-expression profiles obtained from MmuPV1-induced warts (nÂ =Â 4; blue triangles), MmuPV1-infected skin (nÂ =Â 4; pink squares) or sham-infected skin (nÂ =Â 4; grey circles), and MmuPV1-infected tumours (nÂ =Â 4; red squares) or sham-infected tumours (nÂ =Â 4; black circles) of SKH-1 mice. Note that DMBAâ€“UV-induced skin tumours from MmuPV1-infected mice are indistinguishable from skin tumours from sham-infected mice, whereas both have very distinct transcriptional profiles compared with MmuPV1-driven warts. b, c, Volcano plots of differentially expressed genes in MmuPV1- versus sham-infected skin (b; nÂ =Â 4 per group), and skin tumours and warts (nÂ =Â 12) versus MmuPV1- and sham-infected skin (c; nÂ =Â 8). Gm5416 is also known as Csta3. PÂ values were calculated using the DESeq2 R package (v.2 1.6.3), and the resulting PÂ values were adjusted using the Benjaminiâ€“Hochberg method for controlling the false discovery rate. The 20 genes that were upregulated in skin tumours and warts compared with MmuPV1- and sham-infected skin are shown in the table on the left. dâ€“f, Analysis of the expression of immune genes in human skin lesions on the basis of the mouse RNA-seq data. d, Representative macroscopic and H&E-stained histological images of SCC, wart, seborrheic keratosis (SK) and unaffected human skin. Scale bar, 500Â Î¼m. e, Relative gene expression in SCCs (nÂ =Â 7) and warts (nÂ =Â 5) compared with normal skin (nÂ =Â 8). f, Normalized relative gene expression in SCCs (nÂ =Â 7), warts (nÂ =Â 5) and seborrheic keratosis (nÂ =Â 5) compared for several DAMP genes. Average relative gene expression in the normal skin was used for normalization. GAPDH is used as the reference gene. Two-tailed Mannâ€“Whitney UÂ test; *PÂ <Â 0.05, **PÂ <Â 0.01, NS, not significant; data are meanÂ +Â s.d. (e, f).

                          Source data
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