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ABSTRACT        

Natural killer cells and tissue-resident ILC are innate effectors found in the skin. To investigate 

their temporal dynamics and specific functions throughout the development of cutaneous 

squamous cell carcinoma (cSCC), we combined transcriptomic and immunophenotyping 

analyses in mouse and human cSCC. We identified an infiltration of NK cells, and ILC1 as well 

as the presence of a few ILC3s. Adoptive transfer of NK cells in NK cell- and ILC-deficient 

Nfil3-/- mice revealed a role for NK cells in early control of cSCC. During tumor progression, 

we identified a population skewing with the infiltration of atypical ILC1 secreting inflammatory 

cytokines but reduced levels of IFN-γ at the papilloma stage. NK cells and ILC1 were 

functionally impaired, with reduced cytotoxicity and IFN-γ secretion associated with the 

downregulation of activating receptors. They also showed a high degree of heterogeneity in 

mouse and human cSCC with the expression of several markers of exhaustion, including TIGIT 

on NK cells, and PD-1 and TIM-3 on ILC1. Our data show an enrichment in inflammatory 

ILC1 at precancerous stage together with impaired antitumor functions in NK cells and ILC1 

that could contribute to the development of cSCC and thus suggest that future immunotherapies 

should take both ILC populations into account. 
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INTRODUCTION  

Cutaneous squamous cell carcinomas (cSCC) are the 2nd most deadly skin cancer. They are 

treated by surgery but can reach a stage of advanced disease associated with rapid local relapse 

(Karia et al., 2013). Blockade of the PD-1 - PD-L1 inhibitory axis has provided promising 

results in patients with cSCC (Migden et al., 2020), leading to the approval of Cemiplimab for 

the treatment of patients with locally advanced or metastatic cSCC. The complete response rate 

is only 10%, highlighting that further understanding of the immunosuppressive tumor 

microenvironment (TME) may help to better predict response and to propose novel 

immunotherapies. 

In addition to CD8+ cytotoxic T effectors, the tumor infiltration by Natural Killer (NK) cells is 

associated with favorable outcomes in solid cancers (Gentles et al., 2015). Nevertheless, NK 

cells can display functional alterations as cancer progresses (Myers and Miller, 2020). 

Therapeutic approaches targeting NK cell inhibitory receptors and NK cell functions have 

shown promising results in hematopoietic and solid cancers (Devillier et al., 2020, Myers and 

Miller, 2020). Immunotherapeutic strategies targeting NK cell engagers like NKG2A or 

immune checkpoint inhibitors including PD-1, TIM-3, LAG-3 and TIGIT are under clinical 

investigation.  

NK cells belong to a large family of Innate Lymphoid Cells (ILC) contributing to immunity 

and tissue homeostasis (Meininger et al., 2020). On the basis of cell surface markers, 

transcription factor requirement and cytokine secretion, ILC have been classified into NK cells, 

ILC1, ILC2, ILC3 and Lymphoid Tissue-Inducer cells (Vivier et al., 2018). Contrary to ILC 

that are mostly localized in epithelial tissues, NK cells can be recruited from the circulation and 

harbor potent perforin- and granzyme-dependent cytotoxicity after recognition of various stress 

signals from pathogenic cells. Group 1 ILC, which include NK cells and ILC1, share expression 

of the activating receptor NKp46 and secretion of IFN-γ but they display phenotypic and 
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functional heterogeneity (Riggan et al., 2019). Besides, NKp46 marker is used to define a subset 

of epithelial ILC3 (Luci et al., 2009, Sanos et al., 2009, Satoh-Takayama et al., 2008). This 

extended family of ILCs has brought questions about their contribution in shaping immune 

responses during pathological processes. The role of ILC subsets in cancer immune surveillance 

alongside NK cells still needs to be thoroughly evaluated (Chiossone et al., 2018).  

In this context, we investigated the nature and role of NKp46+ cells in mouse and human cSCC, 

taking advantage of two mouse models of skin carcinogenesis and human cSCC biopsies. Our 

data reveal distinct in vivo dynamics and immune dysfunctions for NK cells and ILC1 

infiltrating cSCC that can regulate tumor development.  

 

RESULTS  

Early control of cutaneous squamous cell carcinoma by NK cells  

To assess the contribution of NKp46+ cells to cSCC progression, we used the well-established 

mouse model of chemically induced cutaneous carcinogenesis (Abel et al., 2009, Owens et al., 

1999) (Supplementary Figure S1a). DMBA/PMA treatment promotes papillomas, which can 

develop into invasive cSCC (Supplementary Figure S1b and c). We also grafted mice 

intradermally with the mSCC38 murine cell line (Gastaldi et al., 2014) and monitored tumor 

development (Supplementary Figure S1d and (Khou et al., 2020). In these two cSCC models, 

tumors are infiltrated with NKp46+ cells (Figure 1a and b).  Reduced proportions and absolute 

numbers of NKp46+ cells were observed at papilloma stage compared to the other conditions 

(Figure 1a and b).        

To investigate their role, we monitored cSCC outgrowth in Nfil3-/- mice. These mice display 

immune dysfunctions including a lack of NK cells and other ILC subsets (Daussy et al., 2014, 

Geiger et al., 2014), although tissue-resident NK cells have been found in Nfil3-/- C57BL/6 mice 

(Sojka et al., 2014). On FVB/N background, NKp46+ cells were found absent in skin, 
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papillomas, tumors and lymph nodes of DMBA/PMA-treated Nfil3-/- FVB/N mice 

(Supplementary Figure S1e), When compared to WT littermates, Nfil3-/- mice developed 

significantly more papillomas (Figure 1c), indicating that the immune dysfunction of Nfil3-/- 

mice increased their susceptibility to skin carcinogenesis. The growth of mSCC38 tumors was 

also increased in Nfil3-/- mice compared with that in wild-type littermates (Figure 1d). Tumor 

growth was significantly increased at early time points in both models (Figure 1c and d, grey 

boxes). We then addressed the direct contribution of NK cells by transferring cell-sorted NK 

cells in mSCC38 tumor-bearing Nfil3-/- mice (Supplementary Figure S1f), which reduced tumor 

burden to a level comparable to with that in wild-type littermates (Figure 1d). Thus, NKp46+ 

NK cells contribute to the early control of cSCC. 

 

Distinct temporal infiltration of NK cells and ILC1 during cSCC  

To deeply characterize the nature of infiltrated NKp46+ cells over the course of cSCC 

progression, we performed a transcriptomic analysis of cell-sorted NKp46+ cells from 

papillomas, tumors, perilesional skins of DMBA and PMA-treated mice and from skin of 

control PMA-treated mice. Exploratory Principal Component Analysis (PCA) was generated 

on the 10% most variable probesets. PC1 axis explaining the largest percentage of variability 

(65.4%) separated papillomas from skins and tumors. PC2 axis (17.9%) highlighted the 

singularity of tumor-associated NKp46+ cells (Figure 2a). Hierarchical clustering underlined 

the unique gene expression profiles of papilloma and tumor samples (Figure 2b). The highest 

numbers of differentially expressed genes (DEGs) were found in the contrasts including 

papilloma-associated NKp46+ cells, stressing that at this stage the cells harbored the most 

divergent gene signature (Figure 2c).  

Because NKp46 is expressed by NK cells, ILC1 and ILC3, we examined the heterogeneity of 

NKp46+ cells. Taking advantage of published gene signatures (Robinette et al., 2015), we 



6 
 

selected two restricted cores of genes that were able to discriminate NK cells from other ILC 

(Figure 3a and Supplementary Table S1). The comparison of these gene signatures with our 

transcriptomic data showed that papilloma-associated NKp46+ cells were enriched in genes 

from the ILC core, such as Il7r or Cxcr6 and were poor in genes from the NK core such as 

Eomes, Zeb2 or Irf8. We then used the CIBERSORT computational method (Newman et al., 

2015) and a NK and ILC public dataset (Robinette et al., 2015) to build specific gene signatures 

that discriminate NK cells, ILC1 and ILC3 (Supplementary Table S2). We confronted these 

signatures with our dataset to quantify the proportion of each NKp46+ subset. This highlighted 

an enrichment in ILC1 within papilloma-associated NKp46+ cells compared with those in the 

other samples which were enriched in NK cells (Figure 3b). We also detected a small proportion 

of ILC3 (3.5% and 4.8% of the NKp46+ cells in papillomas and PMA skin, respectively). 

The transcription factor EOMES is critical for NK cell development and the IL-7 receptor α 

chain (CD127) is mostly associated with ILC1 and ILC3 phenotypes (Daussy et al., 2014, 

Gordon et al., 2012, Robinette et al., 2015, Serafini et al., 2015). We confirmed by flow 

cytometry that the proportion of EOMES+NKp46+ cells in papillomas was lower than in the 

tumors and skin samples (Figure 3c and d). Conversely, the fraction of CD127+NKp46+ cells 

was higher in papillomas than in other samples (Figure 3d).  

These data highlight the heterogeneity of NKp46+ cells during skin carcinogenesis and show 

that papilloma-associated NKp46+ cells are enriched in ILC1, whereas NK cells are prominent 

in tumors and skin surrounding lesions. 

 

Functional dysregulations of NK cells and ILC1 characterize papilloma and tumor 

stages  

We next assessed the functional properties of papilloma and tumor-associated NKp46+ cells. 

We found that a lower proportion of NKp46+ cells expressed IFN-γ at papilloma and tumor 
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stages in response to in vitro stimulation with IL-12 and IL-18 cytokines (Figure 4a). The 

reduced expression of IFN-γ by NKp46+ cells was also detected on stimulation with PMA and 

ionomycin at the papilloma stage and was associated with a reduced degranulation (Figure 4b, 

left and right panels). Thus, NKp46+ cells are dysfunctional at papilloma and tumor stages 

compared with their skin counterparts. 

To further understand functional differences between papilloma- and tumor-associated NKp46+ 

cells, we analyzed the genes associated with cytotoxicity. The hierarchical clustering of these 

genes underlined the unique functional features of NKp46+ cells at papilloma and tumor stages 

(Figure 4c). Tnfsf10 encoding TRAIL was significantly enriched at the papilloma stage contrary 

to granzyme B (Gzmb) and perforin (Prf) (Figure 4c and Supplementary Figure 2a). In addition, 

several granzymes including granzyme D, E, F and G genes that is, Gzmd, Gzme, Gzmf, Gzmg 

genes, respectively, were only expressed at the tumor stage (Figure 4c and Supplementary Table 

S3). These results are consistent with the distinct temporal infiltration of NK cells and ILC1 

seen in the CIBERSORT analysis. We confirmed this result at the protein level using flow 

cytometry by showing that TRAIL-expressing ILC1 were increased in papillomas, as described 

for tissue-resident ILC1 (Figure 4d and (Daussy et al., 2014, Luci et al., 2015). These ILC1 did 

not express much of granzymes A and B, whereas a majority of NK cells expressed granzyme 

B but displayed reduced levels of granzyme A (Figure 4d). Thus, the reduced cytotoxicity in 

NKp46+ cells at the papilloma stage is consistent with an increased proportion of poorly 

cytolytic ILC1. 

We then analyzed the cytokines that exhibited detectable levels of transcripts at least in one 

tissue sample (Figure 4e and Supplementary Table S3). The hierarchical clustering revealed the 

cytokines mostly expressed at the papilloma stage, namely Csf2 encoding GM-CSF, Cxcl1 and 

Cxcl2 encoding mouse homologues of IL-8, Tnf and several interleukins (Il1b, IL17a, Il17f, Il4, 

IL13, Il6). At the tumor stage, Il2 and Ifng genes were decreased compared with those in the 
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other conditions. At the protein level, as detected by flow cytometry, NK cells and ILC1 

secreted IFN-γ upon PMA and ionomycin stimulation but a lower proportion of ILC1 secreted 

IFN-γ at the papilloma stage (Figure 4f). TNF-α was produced predominantly by ILC1 in all 

the samples (Figure 4f). Interestingly, we detected a significant increased expression of IL-6 by 

ILC1 at the papilloma stage, indicating that they display an inflammatory phenotype.  

These data show that ILC1 are enriched at the papilloma stage, are poorly cytolytic and switch 

from an IFN-γ to an IL-6 inflammatory profile. Tumor-associated NK cells have impaired 

cytolytic function and IFN-γ production that can be partially restored on in vitro stimulation.   

 

NK cells and ILC1 infiltrating mouse cSCC display markers of exhaustion  

To investigate the mechanisms associated with impaired functions of NK cells and ILC1, we 

analyzed the genes associated with NK and/or ILC activation. Consistent with impaired 

functions, we detected that several genes encoding activating receptors were downregulated in 

NKp46+ cells from papillomas and/or tumors, including Klrc2 (NKG2C), Cd226 (DNAM-1), 

CD28, Klrb1c (NKR-P1C) and Klrk1 (NKG2D) whereas the co-inhibitory receptors associated 

with exhaustion such as CD96, Pdcd1 (PD-1), Havcr2 (Tim-3), Ctla4, Tigit and Lag3 were 

upregulated at the tumor stage (Figure 5a, Supplementary Figure 2c and b and Supplementary 

Table S3).  

 To identify a potential heterogeneity at the protein level, we first evaluated the differential 

expression of CD49b, CD49a, PD-1, TIM-3, LAG-3 and CTLA-4 markers in live CD3-NKp46+ 

cells from mSCC38 tumors by flow cytometry using t-distributed stochastic neighbor 

embedding (tSNE) analysis (Figure 5b). NK cells and ILC1 were discriminated by the 

expression of CD49b and CD49a respectively, and the expression of either one or two 

exhaustion markers pinpointed their heterogeneity (Figure 5b). In addition, two additional flow 

cytometry stainings showed that most exhaustion markers (CD96, PD-1, TIM-3, and LAG-3) 
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and activating receptors (NKG2D and DNAM-1) were expressed by a significantly higher 

proportion of ILC1 than NK cells (Figure 5c and d). The combination of markers also identified 

TIM-3+PD-1+ ILC1 and CD96+CD28+ ILC1 (Figure 5b and c).  Conversely, 50% of NK cells 

expressed NKG2D but they did not express DNAM-1 known to promote the killing of cells 

expressing the CD112 and CD155 ligands (Stanietsky et al., 2009), consistent with their TGF-

β imprinting (Cortez et al., 2017). Tumor-associated NK cells expressed the highest proportion 

of the coinhibitory molecule TIGIT as well as the coinhibitory receptor CD96 also interacting 

with CD112 and/or CD155 (Figure 5d).  

Our data identified heterogeneous subsets of mouse NK cells and ILC1 displaying different 

combinations of exhaustion markers and NK cells exhibiting an unbalanced expression of 

DNAM-1, TIGIT and CD96 receptors that may explain their dysfunctions in the TME.  

 

Human cSCC are infiltrated with heterogeneous subsets of NK cells and NKp46+ ILC 

To extend our findings to human cSCC, we assessed the proportions of NK cells and ILC 

subsets in fresh biopsies by flow cytometry (Supplementary Table S4). Using CD56, CD127, 

CD117 and CD294 markers to differentiate between NK cells, ILC1, ILC2 and ILC3 (Vely et 

al., 2016), we found that human cSCC were mainly infiltrated with NK cells, ILC1 and a small 

subset of ILC3 but no ILC2 (Figure 6a and Supplementary Figure S3a). Using an antibody 

panel targeting NKp46, CD56 and CD127 markers together with the lineage markers CD3, 

CD14, CD15 and CD19, we identified NKp46+ NK cells expressing variable levels of CD56 as 

the most prominent cell population and subsets of NKp46+/-CD127+ ILC consistent with ILC1 

and ILC3 phenotypes (Figure 6b and Supplementary Figure S3b). These results are in 

agreement with the NKp46+ subsets identified in mouse cSCC (Figure 3b, c and d). 

We next evaluated the co-expression of a selected set of NK and/or ILC cell surface receptors 

(CD56, NKp46, CD127) with co-inhibitory receptors (CD161, TIGIT, TIM-3, PD-1) on live 
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CD3-CD19-CD15-CD14-  cells from healthy distant skin, perilesional skin and cSCC biopsies 

by flow cytometry and computational analysis (Figure 6c). The t-SNE analysis revealed that 

the NKp46+ and CD56+ NK cell populations were the most abundant in tumors while CD127+ 

ILC were the most prominent in distant and perilesional skins, consistent with their tissue 

residency (Figure 6c and d).  

To identify the specific phenotypes of NK cells and ILC infiltrating the tumors, we separated 

NK cells and ILC subsets into 40 meta-clusters (MC) using the FlowSOM clustering tool. The 

complete linkage hierarchical clustering of samples and mean-centered MC cell proportions 

revealed four MC groups significantly enriched in tumor samples and corresponding to NK cell 

subsets (Figure 6e, red, purple, blue and green arrows). The first MC group identified 

CD56+NKp46+ cells as the most enriched subset in tumor samples (Figure 6f, red cells from 

MC8, MC9 and MC17). These cells did not express CD127 (Figure 6c). The second MC group 

gathered CD56+NKp46low/- cells that may correspond to NK cells that have downregulated the 

NKp46 activating receptor (Figure 6f, purple cells from MC5, MC10 and MC11). Some of 

these cells expressed low levels of TIGIT, TIM-3 or PD-1 markers. The third MC group 

identified CD56lowNKp46+TIGIT+ cells significantly enriched in tumors compared with those 

in distant skin (Figure 6f, blue cells from MC14, MC15, MC20 and MC21), consistent with the 

functionally compromised NK cells identified in mouse cSCC (Figure 5e). The fourth MC 

group corresponding to CD56+NKp46-TIGIT+PD-1+TIM-3+ cells was restricted to tumor 

samples and accounted for around 3% of total NK and/or ILC (Figure 6f, green cells from 

MC25).  

Thus, human cSCC are infiltrated with NK cells, ILC1 and few ILC3. NK cells are the most 

abundant innate lymphoid cells of human cSCCs and express several specific exhaustion 

markers, particularly TIGIT, suggesting a TIGIT-induced inhibitory axis. 
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DISCUSSION  

NK cells and skin-resident ILC subsets are innate effectors found in the skin. In this study, we 

analyze the composition of NKp46+ type-1 ILC infiltrating mouse and human cSCCs, which 

reveals heterogeneous subsets of NK cells, ILC1s and very few ILC3s over the course of cSCC. 

ILC1 are prominent at the papilloma stage and harbor an atypical cytokine secretion pattern 

with reduced IFN-γ production and secretion of IL-2, IL-6 and TNF-α. NK cells and ILC1s 

from lesions are dysfunctional with reduced cytotoxicity and IFN-γ secretion, associated with 

the downregulation of activating receptors and the expression of co-inhibitory molecules. Thus, 

our study shows that the enrichment of inflammatory ILC1 at precancerous stage together with 

impaired antitumor functions of NK cells and ILC1 could contribute to cSCC development.  

NK cells are innate effectors eliminating cancer cells and their infiltration in solid tumors has 

been associated with favorable clinical outcomes (Gentles et al., 2015). They act as the first line 

of defense and can enhance adaptive immune responses (Bihl et al., 2010, Smyth et al., 2001). 

In two mouse models of cSCCs, the antitumor activity observed at early time points was 

attributed to NK cells. The detection of significant proportions of ILC1 and a few ILC3 raise 

the question about their role in cancer. Indeed, they share with NK cells, phenotypes and 

functions that vary across tissues and states of activation, making them difficult to differentiate 

(Riggan et al., 2019). Our study reveals distinct in vivo dynamics for NK cells and ILC1 

throughout cSCC development. We postulate that the enrichment of ILC1 at the papilloma stage 

which participates in the impaired cytotoxicity and IFN-γ secretion of NKp46+ cells, is one 

mechanism that favors the conversion of papillomas into tumors. This may be linked with 

differential recruitment of NK and ILC1 or local redistribution of tissue-resident ILC1. Recent 

studies showed that on TGF-β exposure, NK cells convert into ILC1-like cells (Cortez et al., 

2017, Cuff et al., 2019). In cSCC, TGF-β was identified as a main upstream regulator using 

Ingenuity Pathway Analysis of the NKp46+ transcriptomic dataset (not shown). The enrichment 
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in ILC1 over NK cells at the papilloma stage may therefore be explained by the local repression 

of EOMES by TGF-β. 

Specialized functional features characterize NK cells and ILC1. ILC1s express TRAIL and  are 

poorly cytotoxic at the papilloma stage, consistent with the properties of tissue-resident ILC1 

(Serafini et al., 2015) and thus differ from cytotoxic type-1-like ILC recently reported in a breast 

cancer model (Dadi et al., 2016). Papilloma-associated ILC1 have also an atypical pro-

inflammatory cytokine phenotype with the secretion of IL-2, IL-6, IL-17 and TNF-α, cytokines 

previously reported as protumor factors of the TME. IL-6 signaling decreases MHCII 

expression and IL-12 production by dendritic cells, thus reducing IFN-γ production by CD4+ T 

cells (Narita et al., 2013, Ohno et al., 2016). IL-17 was shown to induce Stat3 activation and 

neutrophil infiltration, associated with bad prognosis in DMBA/PMA skin carcinogenesis 

(Khou et al., 2020). IL-17-secreting cells resemble ILC3 previously shown to promote 

inflammation at mucosal surfaces (Chan et al., 2014, Kirchberger et al., 2013). TNF-α has 

known angiogenic and protumor properties (Balkwill, 2009). Papilloma-associated ILC1s have 

the highest ratio of TNF-α+ to IFN-γ+ cells, suggesting that these ILC1s contribute to tumor 

progression, similarly to ILC1s reported in a chemo-induced fibrosarcoma model (Gao et al., 

2017). NK cells also show impaired functions at the tumor stage but, in vitro stimulation with 

PMA and ionomycin restores IFN-γ production and significant cytotoxicity in NK cells whereas 

IL12- and IL18-driven production of IFN-γ remains altered. This can be explained by a defect 

in the IL-18 receptor pathway in NK cells in the TME, as previously described in the hypoxic 

TME of mouse lymphoma model (Ni et al., 2020). This indicates that the TME acts on different 

receptors to promote NK and ILC1 immune dysfunctions.  

Such role of the TME can be exemplified by the downregulation of activating receptors and the 

expression of coinhibitory receptors in mouse and human cSCCs. Markers of exhaustion have 

been reported on NK cells and ILC subsets and immunotherapy has therefore enhanced 
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antitumor activity of NK/ILC cells (Crinier et al., 2019, Devillier et al., 2020, Myers and Miller, 

2020, Sivori et al., 2019). Exhaustion markers include PD-1, TIM-3, LAG-3 and TIGIT (Cortez 

et al., 2017, Gao et al., 2017). More specifically, PD-1/PD-L1 and TIGIT blockade led to 

sustained tumor-specific T cell immunity in an NK cell-dependent manner (Hsu et al., 2018, 

Zhang et al., 2018). TIGIT is a dominant marker of tumor-associated NK cells in mouse and 

human cSCCs, suggesting it plays a role in NK cell dysfunction. Besides, the consequences of 

the expression of immune checkpoint markers mainly PD-1 and TIM-3 on NK cells and ILC1 

remain to be clarified. Further works based on in situ integrative analyses, including 

multiplexed imaging and spatial transcriptomics of human SCC in line with recent data (Ji et 

al., 2020) and including markers to discriminate subsets of NK cells and other ILCs will be 

therefore important to unravel the specific contribution of ILC1s and NK cells subsets within 

the cSCC TME.  

Altogether, our results show functional alterations combined with phenotypic modulations 

leading to the infiltration of cSCCs by heterogeneous subsets of ILC1 and NK cells in a 

temporal manner which might participate to cSCC progression. This study is valuable for future 

immunotherapies targeting cSCCs and particularly for patients at high risk of relapse.  

 

MATERIALS AND METHODS   

Mice and mouse tumor models 

The DMBA and PMA model of chemically-induced cutaneous carcinogenesis and the mSCC38 

tumor model, described in Supplementary Material and Methods, were developed in FVB/N 

mice (Charles River Laboratories, St Germain Nuelles, France), Nfil3-/- deficient and littermate 

control mice on FVB/N background. 

 

Patient biopsies 

cSCC biopsies and control skins were obtained at the Centre Antoine Lacassagne (CAL, Nice, 
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France).  

 

Cell preparations 

Cell suspensions from mouse skins, mouse papilloma and tumor tissues, and human samples 

were prepared enzymatically as described in Supplementary Materials and Methods.  

 

Flow cytometry and computational analysis  

Flow cytometry stainings were performed with the antibodies listed in Supplementary Tables 

S5 and S6 on mouse and human cells, respectively. NK cells and ILC were analyzed using 

computational tools as described in Supplementary Materials and Methods.  

 

Functional assays 

Cytokine production and degranulation were measured after in vitro stimulation on mouse cell 

suspensions as described in Supplementary Materials and Methods.  

 

RNA extraction and microarrays 

RNA was extracted from sorted NKp46+ cells and cRNA were hybridized to SurePrint G3 

Mouse GE 8x60K microarrays (Agilent Technologies, Massy, France). The microarray data 

were normalized and differential analysis performed as provided in Supplementary Materials 

and Methods. 

 

Transcriptomic data analysis  

The transcriptomes were compared using PCA and exploratory hierarchical clustering tools. 

The cell populations in NKp46+ samples were quantified using the CIBERSORT method 
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(Newman et al., 2015) and specific signatures for ILC1, ILC3 and NK cells (Robinette et al., 

2015) as described in Supplementary Materials and Methods. 

 

Statistics  

Statistical analyses were carried out with Prism software version 6.0 (GraphPad Prism, San 

Diego, California, USA).  

 

Data Availability statement 

The data have been deposited in the Gene Expression Omnibus database 

(https://www.ncbi.nlm.nih.gov/geo) [accession nos. GSE84027]). 
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FIGURE LEGENDS 

Figure 1. Reconstitution of Nfil3-/- mice with NK cells restores cSCC immune 

surveillance.  

(a-b) Frequencies and absolute numbers of CD3-NKp46+ cells (a) in DMBA and PMA-treated 

mice, (n=7-11, mean values ±SEM from three independent experiments; *p<0.05, **p<0.01, 

***p<0,001, Mann-Whitney U test) and (b) in mSCC38-bearing mice, (n= 3-4 mice per group, 

mean values ±SD, no statistical difference). Skin-surrounding papilloma indicates papilloma 

skin, skin-surrounding tumor indicates tumor skin, papilloma indicates DMBA and PMA-

induced precancerous lesions and tumor indicates DMBA and PMA-induced carcinoma. (c) 

Kinetics of development of papillomas in Nfil3-/- mice (n=19) and Nfil3+/+ littermate controls 

(n=16), (mean numbers of papillomas ± SEM of two independent experiments, *p<0.05, Holm-

Sidak test). (d) schematic representation of mSCC38 tumor model and mSCC-38 tumor growth 

in Nfil3+/+ littermates (n=23) and in Nfil3-/- mice transferred (n=8) or not transferred (n=16) with 

cell-sorted spleen NK cells on day 3 after the mSCC38 intradermal grafting, (mean ± SEM of 

three independent experiments; *p<0.05, Mann-Whitney U test). (c-d) Gray boxes show the 

time points with statistical differences.  

 

Figure 2. Gene expression profiles of NKp46+ cells reveal stage-specific signatures. 

(a-c)Transcriptomic analyses were performed on cell-sorted CD3-NKp46+ cells purified from 

the pools of skin of PMA-treated-mice (n=19 mice, two experiments) and the pools of the skin 

surrounding papillomas (n=15 mice, three experiments), the skin surrounding tumors (n=17 

mice, three experiments), papillomas (118 papillomas from n=5 mice, two experiments) and 

tumors (23 tumors from n=13 mice, three experiments) from DMBA and PMA-treated mice. 

(a) Two-dimensional PCA, (b) hierarchical clustering of the 10% most variable probesets with 

a minimum log2 average expression of 6 and (c) DEG in pairwise comparisons (minimum log2 
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average expression of 6, an absolute log fold change of at least 1, and an adjusted P value of p 

≤ 0.05). Numbers of genes up and down are indicated.  

 

Figure 3. Enriched proportion of ILC1 within papilloma-associated NKp46+ cells. 

(a) Heatmap representation showing median-centered expression values of selected NK and 

ILC core genes (Robinette et al., 2015) in NKp46+ cells purified from papillomas, tumors and 

control skin. (b) Relative proportions of NK cells, ILC1 and ILC3 determined by CIBERSORT 

analysis. (c-d) Proportions of Eomes+ cells and CD127+ cells among CD3- NKp46+ cells. 

Histogram bars represent the results from three independent experiments, expressed as mean 

values ± SEM, n= 20 mice per group. *p<0.05, **p<0.01, Mann-Whitney U test.  

 

Figure 4. NKp46+ cells display decreased cytotoxicity and IFN-γ production together with 

the increased secretion of inflammatory cytokines by ILC1 at papilloma stage. 

(a-b) Frequencies of NKp46+ cells secreting IFN-γ on in vitro stimulation with (a) IL-12+ and 

IL-18 cytokines, (b, left panel) with PMA and ionomycin. (b, right panel) Frequencies of 

NKp46+ cells degranulating upon PMA/ionomycin stimulation.  (a-b) Mean values ± SEM of 

four independent experiments (each individual value=pool of 5 mice, n=20/group), *p<0.05, 

Mann-Whitney U test; n.s, not significant. (c) Hierarchical clustering of the genes associated 

with cytotoxicity. (d) Frequencies of TRAIL, granzymes A and B expressing cells in 

EOMES+NKp46+ cells (NK cells) and EOMES-NKp46+ cells (ILC1). Mean values ± SEM, 

*p<0.05, **p<0.01, ***p<0.001, ***p<0.0001, Two-way ANOVA, Tukey test. (e) 

Hierarchical clustering of cytokine genes. (f) Frequencies of cytokine-secreting NK cells and 

ILC1 upon PMA and ionomycin stimulation. Mean values ± SEM, *p<0.05, Two-way 

ANOVA, with Tukey posthoc test.  
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Figure 5. Differential expression of activating/inhibitory receptors expressed by NK cells 

and ILC1 infiltrating mouse cSCC. 

(a) Hierarchical clustering of activating and inhibitory receptor genes with a minimum log2 

average expression of 6. (b) Heterogeneity of CD3-NKp46+ cells in mSCC38 carcinoma 

assessed by t-SNE dimensional reduction using CD49b, CD49a, PD-1, TIM-3,  LAG-3, CTLA-

4 markers and the proportions of manually gated NK cells and ILC1populations. (c-d) 

Proportions of gated NK cells and ILC1 expressing CD28, CD96 and/or DNAM-1 (c) or 

NKG2D or TIGIT (d) in mSCC38 carcinoma, *p<0.05, **p<0.01, ***p<0.001, One-way 

ANOVA, Kruskal-Wallis test. 

 

Figure 6. Infiltration of human cSCCs with heterogeneous subsets of NK cells and ILCs. 

(a-b) The frequencies of indicated NK cells and ILC populations in human cSCC biopsies, 

mean values ± SEM, (a) n=9, (b) n=14. (c) NK and ILC heterogeneity assessed by t-SNE 

dimensional reduction using CD56, NKp46, CD127, CD161, TIGIT, TIM-3 and PD-1 markers 

(n=7). (d) Cell density for the merged file of healthy distant skin (green), perilesional skin 

(purple) and tumor (red) samples shown on a black to yellow heat scale. (e) Hierarchical 

clustering of NK and ILC FlowSOM meta-clusters (MC) depicted in a heatmap of MC cell 

proportions.  (f) Tumor-specific MC groups (red, purple, blue and green arrows) shown in (e) 

and corresponding groups back-viewed on a t-SNE-1/t-SNE-2 map in (f) with their frequencies 

for each sample, *p<0.05, **p<0.01, one-way ANOVA, Kruskal-Wallis test. 



Figure 1

c d 

a b 

%
 N

K
p

4
6

+
c
e

lls

a
m

o
n

g
 l
e

u
k
o

c
y
te

s
 6

4

2

0

mSCC38 tumor model

Nfil3 -/-

Nfil3 +/+

Nfil3 -/- with transferred NK

0

100

200

300

T
u
m

o
r 

s
iz

e
 (

m
m

3
)

17 23 31
Days after tumor grafting

*

Tumor size assessmenti.v. 

NK cells

D3 D17D0i.d. 

mSCC38
D23 D31

0

10

20

Weeks after first DMBA hit

30

P
a
p
ill

o
m

a
s
 p

e
r 

 m
o
u
s
e

0 5 10 15 20

Nfil3 -/-

Nfil3 +/+

* *

*

* *
* *

*

%
 N

K
p

4
6

+
c
e

lls

a
m

o
n

g
 l
e

u
k
o

c
y
te

s
 6

4

2

0

DMBA/PMA tumor model

**

**

A
b

s
o

lu
te

 n
u

m
b

e
r

N
K

p
4

6
+

c
e

lls
 (

x
1

0
4
) 

0

10

20

30
***

0

5

10

15

20

25

A
b

s
o

lu
te

 n
u

m
b

e
r

N
K

p
4

6
+

c
e

lls
/m

o
u

s
e

 (
x
1

0
4
) 

*** *

DMBA/PMA tumor model



Figure 2

PMA 

skin

Tumor 

skin

Papilloma 

skin
Tumor

Papil-

loma

b

c

Papilloma

versus

Papilloma

skin

Papilloma 

skin 

versus

PMA-skin

Tumor 

skin 

versus 

PMA-skin

Tumor 

versus 

Tumor 

skin

Tumor 

versus 

Papilloma

N
u
m

b
e
r 

o
f 
D

E
G

s

5000

4000

3000

2000

200

0

1000

down

up

120

76
43
90

2766

2050

228

250

2330

1826

a

-20 0 20 40 60 80

30

20

10

0

-10

PC1=65.49%

P
C

2
=

1
7
.9

2
%

Tumor

Papilloma

Tumor skin

Papilloma skin

PMA skin

0 4-4

Z-Score



Figure 3

a

b

%
 s

u
b
s
e

ts

60

40

20

0

80

100

ILC1

NK cells

ILC3

PMA 

skin

Tumor 

skin

Papilloma 

skin

Papil-

loma
Tumor

Klra10

Klra9

Klrg1

Irf8

Car5b

Zeb2

Eomes

Khdc1

Cmklr1

Cym

A430084P05Rik

Itgam

Serpinb9b

Klra1

Socs2

St6galnac3

Atp8a2

Podnl1

Tmem154

Ckb

Cdon

Grp114

Slc27a6

Tmem176b

Tmem176a

Il2ra

Gpr97

Tcrg-V1

IL7r

Cxcr6

N
K

 c
o

re
IL

C
 c

o
re

c

Eomes

65%

68%

66%

50%

60%

PMA 

skin

Papilloma 

skin

Tumor 

skin

Papilloma

Tumor

10%

15%

16%

55 %

34 %

CD127

d

75

%
 s

u
b
s
e

ts

*
C D 1 2 7 +  IL C

E o m e s +  c N K

CD127+ cells

Eomes+ cells

25

0

100

50

*
*

*

Z-Score
0 2,7-2,6



Figure 4

a b PMA+Ionomycin 

%
 C

D
1
0
7
a

+
N

K
p
4
6

+
c
e
lls

0

20

40

60

**

*

%
IF

N
g+

N
K

p
4
6

+
c
e
lls

20

40

60

80

100

0

* *

IL12+IL18

0

10

20

30

40
*

%
IF

N
g+

N
K

p
4
6

+
c
e
lls

*
*
*

f

%
 s

e
c
re

ti
n

g
 c

e
lls

0

20

40

60
IFN-g

%
 s

e
c
re

ti
n

g
 c

e
lls

0

20

40

60

80

IL-2

Gzmd
Gzmg

c Cytotoxicity

Fas

Gzmc

Fasl

Prf1

Prf1

Tnfsf10

Gzmb
Gzma

Gzmm

PMA 

skin

Tumor 

skin

Papilloma 

skin

Papil-

lomas
Tumors

Gzmf
Gzme

Il2

Cxcl2
Il1b

Il13
Il17a
Csf2
Cxcl1
Il17f
Tnf

Il4
Il6
Csf1
Il7
Ifng
Ifna5

Il28b
Il34
Il22
Il18
Ifnk
Ifna13
Txlna
Ifnab
Ifna2
Il16
Il17d

Ifna1
Il27

Txlng
Il11
Il15
Ifna14
Il3

e Cytokines

PMA 

skin

Tumor 

skin

Papilloma 

skin

Papil-

lomas
Tumors

d

Z-Score
0 2,5-2,5

Z-Score
0 3-3

TRAIL30

%
 e

x
p
re

s
s
in

g
  

c
e
lls

20

10

0

*

%
 s

e
c
re

ti
n

g
 c

e
lls

0

20

40

60

80
TNF-a ILC1

NK cells

0

5

10

15

20

%
 s

e
c
re

ti
n

g
 c

e
lls

IL-6

*
*

**

*
*

80

%
 e

x
p
re

s
s
in

g
  

c
e
lls

60

40

20

0

GrzB
** **

*

**
****

** *

**
*** *

ILC1

NK cells

100

GrzA
%

 e
x
p
re

s
s
in

g
  

c
e
lls

80

60

40

20

0

**
*

**
**

*
*****

**

**
***

****
*

***

***
***

*



Figure 5

a
Activating/inhibitory

receptors

Cd226

Cd96

Ctla4
Havrc2

Klrb1c
Klrb1c
Klrc2

Cd28

Cd244
Cd274
Pdcd1

PMA 

skin

Tumor 

skin

Papilloma 

skin

Papil-

lomas
Tumors

Klrg1

Klrk1

Tigit
Lag3

Z-Score
0 2,6-2,6

b 

c 
d 

t-SNE-1

t-
S

N
E

-2

CD49a

PD1
CD49b

E
x

p
re

s
s
io

n
 i
n

te
n

s
it

y

TIM3

Gated on CD3-NKp46+ live NK ILC 

CTLA4

ILC1

NK

ILC1

NK

ILC1

NK

ILC1

NK

ILC1

NK

LAG3

ILC1

NK

%
 P

D
1

+
 c

e
ll
s

15

ILC1NK

10

5

0

**

%
 T

IM
3

+
 c

e
ll
s

15

ILC1NK

10

5

0

**

%
 L

A
G

3
+

 c
e
ll
s

1.5

ILC1NK

1.0

0.5

0

**

%
 C

T
L

A
4

+
 c

e
ll
s 1.5

ILC1NK

1.0

0.5

0 %
 T

IM
3

+
P

D
1

+
 c

e
ll
s

3

ILC1NK

2

1

0

**4

%
 a

ll
C

D
9
6

+
 c

e
ll
s

60

ILC1NK

40

20

0

**100

80

%
 a

ll
C

D
2
8

+
 c

e
ll
s

60

ILC1NK

40

20

0

**100

80

%
 a

ll
D

N
A

M
1

+
 c

e
ll
s

30

ILC1NK

20

10

0

**40

%
 C

D
9
6

+
C

D
2
8

+

D
N

A
M

1
+

 c
e
ll
s

30

ILC1NK

20

10

0

**40

%
 N

K
G

2
D

+
 c

e
ll
s

60

ILC1NK

40

20

0

**80

%
 T

IG
IT

+
 c

e
ll
s

30

ILC1NK

20

10

0

**40



Figure 6

ba

t-SNE-1

t-
S

N
E

-2

CD56

TIGIT

CD127NKp46

E
x

p
re

s
s
io

n
 i
n

te
n

s
it

y

CD161

Gated on CD3-CD19-CD15-CD14- live NK ILC 

PD1TIM3

CD56+NKp46-TIGIT+PD1+TIM3+

CD56lowNKp46+TIGIT+

CD56+NKp46low/-

CD56+NKp46+ cells

8
9

17

5 11
10

C
e
ll

 d
e

n
s

it
y

Distant skin TumorPerilesional skin

t-SNE-1

t-
S

N
E

-2

d

15

21
20

14

25

e

c

CD56+

cNK
ILC1 ILC2 ILC3

0

2

4

8

%
 c

e
ll
s
/l
iv

e
 l

e
u

k
o

c
y
te

s
6

6

NKp46+

cNK

NKp46-

ILC

2

0

1

4

%
 c

e
ll
s
/l
iv

e
 l

e
u

k
o

c
y
te

s

NKp46+

ILC

8

3

f
30

%
 c

e
ll
s

*

20

10

0

**

30

%
 c

e
ll
s

*

20

10

0

20

%
 c

e
ll
s 15

10

5

0

*

8

%
 c

e
ll
s

*

6

4

8
2

0



1 
 

Cutaneous Squamous Cell Carcinoma Development is Associated with a Temporal 

Infiltration of ILC1 and NK Cells with Immune Dysfunctions  

 

Luci C1,a, *, §, Bihl F1,*, Bourdely P1,b,, Khou S1c, Popa A1,d, Meghraoui-Kheddar A1, Vermeulen 

O1, Elaldi R1,2, Poissonnet G2,, Sudaka A3, Bozec A2, Bekri S1,e, Cazareth J1, Ponzio G1, Barbry 

P1, Rezzonico R1, Mari B1, Braud VM1 and Anjuère F1, §.  

  

SUPPLEMENTARY MATERIALS AND METHODS 

Supplementary materials and methods 

Mice and Mouse tumor models 

Six week-old FVB/N female mice were purchased from Charles River Laboratories (St 

Germain Nuelles, France). Nfil3-/- deficient mice on FVB/N background and WT littermate 

controls were produced in house. Briefly, Nfil3-/- knock-out mice were originally on a C57BL/6J 

background (Gascoyne et al., 2009). They were backcrossed over 21 generations and finally 

intercrossed in house to produce FVB/N Nfil3-/- mice and wild-type littermate controls. All the 

experiments have been approved by the regional committee for animal experimentation 

(NCE/2013-86 and MESR 2018081018546379, Ciepal, Nice Côte d’Azur).  

For the two-hit DMBA mouse skin carcinogenesis model, mice were shaved on their back with 

electric clippers, anesthetized and topically treated twice, week 1 (day 1) and week 7 (day 50) 

either with the carcinogen 7,12-dimethylbenz[a]anthracene (DMBA, 200 nmol, Sigma-Aldrich, 

St Quentin Fallavier, France) diluted in acetone or with acetone. In addition, mice received 

topical administration twice a week, from week 2 to week 20 of the tumor promoter phorbol 

12-myristate 13-acetate (PMA, 5 nmol, Sigma-Aldrich). For the orthotopic model, mSCC38 

tumor cell line, established from DMBA/PMA induced cSCC (Gastaldi et al., 2014), was 

maintained in DMEM (Gibco-ThermoFisher Scientific, Courtaboeuf, France) supplemented 

with 10% heat-inactivated fetal bovine serum (FBS) (GE Healthcare, Chicago, Illinois, USA), 
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penicillin (100 U/ml) and streptomycin (100 µg/mL) (Gibco-ThermoFisher Scientific). 5 x 105 

mSCC38 were intra-dermally injected in anesthetized mice after dorsal skin shaving. Tumor 

volume was calculated according to the ellipsoid formula Volume=Length (mm) × Width (mm) 

× Height (mm) × (π/6).  

 

NK cell transfer experiments  

Splenic NK cells were enriched from six week-old FVB/N female mice by immunomagnetic 

cell-sorting after staining with the NK Cell Isolation Kit according to the manufacturer's 

instructions (Miltenyi, Bergisch Gladbach, Germany). NK cell purity was checked by flow 

cytometry after staining with anti-NKp46 and anti-CD49b antibodies (Supplementary Figure 

1f). 500 000 isolated splenic NK cells were injected intraveinously into mSSC38 tumor-bearing 

Nfil3-/- mice on day 3 post-grafting.  

 

Patient biopsies 

cSCC biopsies, perilesional and distant skins were obtained from patients who underwent 

surgical excision at the Centre Antoine Lacassagne (CAL, Nice, France) and who signed an 

informed consent according to the Declaration of Helsinki under CAL institutional review 

board approval.   

 

Tissue histology 

Skin, papilloma and carcinoma samples from DMBA/PMA treated mice were fixed in 10% 

neutral buffered formalin and embedded in paraffin using standard protocol. FFPE blocks were 

sectioned at 5 μm, and stained with H&E.  

 

Cell preparations 
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Dorsal mouse skins were prepared by mechanical dilaceration in small pieces followed by two 

successive enzymatic treatments with collagenase IV (0.6 mg/mL) (Sigma-Aldrich) at 37°C for 

20 minutes under constant shaking. Papilloma and tumor tissues were cut in small pieces and 

then treated with collagenase IV (1 mg/mL) (Sigma-Aldrich), dispase II (2.5 mg/mL) and 

DNase (0.2 mg/mL) (Roche Diagnostics, Meylan, France) at 37°C for 20 minutes under 

constant shaking. Skin, papilloma or tumor cell samples were then enriched in immune cells by 

Percoll gradient centrifugation (GE Healthcare). Mouse CD3-NKp46+ immune cells were 

sorted on a Becton Dickinson FACS Aria III. After mechanical dilaceration, human tumor 

biopsies were digested with collagenase IV from Clostridium histolyticum (1,25mg/mL) and 

DNAse II-S from bovine pancreas (0,13mg/mL) (Sigma-Aldrich) at 37°C for 40 minutes under 

constant shaking. Cell suspensions were filtered through a 70µm cell strainer to eliminate 

aggregates.  

 

Flow cytometry and computational analysis  

Flow cytometry stainings with the antibodies listed in Supplementary Table S5 were performed 

on mouse cells preincubated with purified anti-FcγRII/III mAb (clone 2.4G2) (BD Biosciences, 

Le Pont de Claix, France) at 4°C for 10 minutes to block Fc receptors. Intracellular satinings 

were performed using Foxp3 fixation/permeabilization kit (eBiosciences). Flow cytometry 

surface stainings were performed on human cells from biopsies preincubated with mouse serum 

(1/10) (Biowest, Nuaille, France) and IgG from human serum (100µg/mL) (Sigma-Aldrich) 30 

minutes at 4°C to prevent unspecific binding. The antibodies used for human cell stainings are 

listed in Supplementary Table S6. Isotype-matched control monoclonal antibodies were used 

to insure the specificity of the stainings. Data were acquired on a BD LSRII Fortessa and 

analyzed with FlowJo V10 software (BD Biosciences) and cytobank platform (Beckman 

Coulter). The t-Distributed Stochastic Neighbor Embedding (t-SNE) was used to automatically 
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arrange NK cells and ILC subsets, from mouse and human samples, according to their 

expression profile of the measured proteins, in a 2-D map defined by t-SNE1 and t-SNE-2 axes. 

For the human samples, after dimensionality reduction with t-SNE, NK cells and ILC subsets 

were separated into 40 meta-clusters (MC) using FlowSOM automatic clustering. Samples and 

mean-centered Log2-transformed MC cell proportions were depicted in a heatmap and arranged 

according to complete linkage hierarchical clustering.  

 

Functional assays 

Cells were plated in U-bottomed 96-well plates (BD Biosciences) and were incubated at 37°C 

for 4 hours in the presence of either PMA (100 ng/mL) and ionomycin (1 µg/mL) (Sigma-

Aldrich) or mouse IL-12 (20 ng/mL; Bio-Techne, Lille, France) and mouse IL-18 (5ng/mL; 

Clinisciences). Degranulation activity was assessed by addition of Fluorescein isothiocyanate–

conjugated anti–mouse CD107a (1D4B) and GolgiStop (BD Biosciences) at the beginning of 

cell stimulation. Cytokine secretion was evaluated by intracellular staining after PMA and 

ionomycin stimulation for 4 hours in presence of GolgiStop and GolgiPlug (BD Biosciences).     

 

RNA extraction and microarrays 

RNA was extracted from 104 to 5×105 cells for each sorted immune cell subset using the micro 

RNAeasy kit (Qiagen, Courtaboeuf, France), yielding to 50 to 700 ng of total RNA for each 

sample. Quality and absence of genomic DNA contamination were assessed on a Bioanalyser 

(Agilent Technologies, Massy, France). RNA from each sample was used to synthesize probes 

with the LowInput QuickAmp Labeling Kit (Agilent Technologies). cRNA with appropriate 

quality control were hybridized to SurePrint G3 Mouse GE 8x60K microarrays (Agilent 

Technologies). 
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Microarray data normalization and differential analysis 

The microarray experimental data and associated microarray designs are deposited in the NCBI 

Gene Expression Omnibus (GEO) (http://www.ncbi.nlm.nih.gov/geo/) under the serial record 

number GSE84027. The raw data were quantile normalized using the Bioconductor package 

limma (Diboun et al., 2006). Batch effect induced by the microarray chips was removed using 

the ComBat method (Johnson et al., 2007). Means of ratios from all comparisons were 

calculated and the moderated t-statistic of the limma package provided the per gene p-values. 

The Benjamini-Hochberg procedure was used to control the experiment-wise false discovery 

rate (FDR) from multiple testing procedures. Differentially expressed probesets were selected 

based on the following criteria: average log2 expression level across all conditions ≥ 6, absolute 

log2-fold change ≥ 1, and adjusted p-value ≤ 0.05. 

 

Transcriptomic data analysis  

The analysis of the thirteen transcriptomes corresponding to NKp46+ cells in the five tissues of 

origin was performed using a principal component analysis approach (PCA) on the 10% most 

variable probesets across all samples with a minimum average intensity of 6. The probesets 

were selected with the Population Distances program from 

http://cbdm.hms.harvard.edu/LabMembersPges/SD.html. The PCA was performed in R. 

For an exploratory hierarchical clustering on the different transcriptomes of NKp46+ cells, the 

probesets with a minimum average intensity of 6 and part of the 10% most variable probesets 

across NKp46+ cell samples (http://cbdm.hms.harvard.edu/LabMembersPges/SD.html) were 

analyzed. Probesets were median-centered across samples and the chosen clustering method 

was a pairwise average-linkage (GenePattern) (Reich et al., 2006). 

To assess the different cell populations in our samples, wedownloaded the public dataset 

GSE37448 containing the transcriptomes of NK cells and ILC populations from different 
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tissues (Robinette et al., 2015). Data were normalized using quantile normalization 

(Bioconductor package affy) (Gautier et al., 2004). We focused on NKp46+ cell populations on 

which we defined a specific signature for ILC1, ILC3, and NK cells (Supplementary Table S2). 

We developed the specific gene signatures based on a difference in expression, between the 

averages of any two cell types, superior to 1.5 (in log2) and completed with published gene 

signatures (Robinette et al., 2015). We compared the expression of these signature genes in 

each one of our NKp46+ cells transcriptomes using the CIBERSORT method (Newman et al., 

2015).  

  



7 
 

Supplementary Figures 

 

Supplementary Figure 1. DMBA/PMA and mSCC38 mouse models of skin 
carcinogenesis.  
(a) Schematic representation of the two-hit DMBA mouse skin carcinogenesis protocol. (b) 
Representative hematoxylin/eosin counterstained tissue sections of control skin, hyperplastic 
skin, papilloma and carcinoma from DMBA/PMA-treated mice. (c) Kinetics of development 
of papillomas and tumors in FVB/N WT mice upon DMBA/PMA treatment. The numbers of 
papillomas and tumors per mouse are expressed as mean ± SEM. Three independent 
experiments were performed (total n=100 mice). (d) Growth kinetic of mSCC38 grafted 
intradermally in FVB/N mice (n = 23 mice). (e) Representative flow cytometry dot plots of 
NKp46+ CD3- among CD45+ cells. (f) NK cell enrichment from total splenocytes by 
immunomagnetic cell-sorting before adoptive transfer experiments. 
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Supplementary Figure 2. Distinct transcriptional signatures of NKp46+ cells isolated from 
cSCC lesions and surrounding skin of DMBA/PMA-treated mice.  
Average intensity expression levels and adjusted p values of (a) Tnfs10 (TRAIL), Gzmb 
(granzyme B), Prf1 (perforin) and Gzma (granzyme a), (b) Tnf, Il6, Il2 and Ifng, (c) Pdcd1, 
Havrc2, Tigit and Lag3 transcripts are shown, * p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, 
limma differential expression analysis. 
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Supplementary Figure 3. Flow cytometry gating strategies for the immune phenotyping 
of human cSCC biopsies.  
Representative flow cytometry dot plots showing the gating strategy to identify (a) CD56+CD3- 
NK cells, CD127+CD3-CD117-CD294- ILC1, CD127+CD3-CD117-CD294+ ILC2, 
CD127+CD3-CD117+CD294- ILC3 among live CD45+ cells and (b) NKp46+CD56+/dimCD3- 
NK cells, NKp46-CD127+CD3- ILC, NKp46+CD127+CD3- ILC among live CD45+ cells from 
human cSCC biopsies. 
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Supplementary Tables 

Supplementary Table 1: Core NK/ILC probesets 

See excel file Supplementary Table S1 

 

Supplementary Table S2: Core ILC1, ILC3 and NK cells probesets 

See excel file Supplementary Table S2 

 

Supplementary Table S3: Expression profiles of genes associated with cytotoxicity, 
cytokines and activating and inhibitory receptors 

See excel file Supplementary Table S3 
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Supplementary Table 4: Patients’ characteristics 

 

*Brigham and Women’s Hospital tumor classification system: classification system based on 
risk factors specific for cSCC (Jambusaria-Pahlajani et al., 2013). Risks factors include tumor 
diameter of 2 cm or larger, poorly differentiated histology, perineural invasion and tumor 
invasion beyond the subcutaneous fat (excluding bones which automatically upgrades to T3). 
  

Characteristics Number
Gender

Male 14 (87,5%)
Female 2 (12,5%)

Age
mean (years ± sem) 81,1±1,4
range 71-91

History
no anti-inflammatory medication 16
no immunocompromised 13
no cancer treatment 13

Tumor location
temple 3
scalp 3
cheek 2
external ear 3
neck 1
forehead 2
lip 1
mastoid 1

Histology
undifferentiated cSCC 2
moderately differentiated cSCC 4
well differentiated cSCC 10

BWH classification*
T0 1
T1 2
T2a 7
T2b 4
T3 2
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Supplementary Table S5: Mouse antibodies  

 
 

Supplementary Table S6: Human antibodies  

 

Markers Clone Provider
Fc receptors blocking

FcgRII/III 2.4G2 BD Biosciences
Surface staining

CD45 30-F11 BD Biosciences
CD127 A7R34 eBiosciences
CD226 10-E5 Biolegend
CD28 37.51 BD Biosciences
CD3e 145-2C11 or 500A2 BD Biosciences
CD49a Ha31/8 BD Biosciences
CD49b DX5 BD Biosciences
CD96 3.3 Biolegend
CTLA-4 UC10-4F10-11 BD Biosciences
LAG-3 C9B7W BD Biosciences
NKp46 29A1.4 BD Biosciences
PD-1 J43 BD Biosciences
TIGIT 1G9 BD Biosciences
TIM-3 5D12 BD Biosciences
TRAIL N2B2 eBiosciences

Intracellular staining
Eomes Dan11mag eBiosciences
Granzyme A 3G8.5 Clinisciences
Granzyme B NGZB eBiosciences
IFN-g XMG1.2 BD Biosciences
IL-2 JES6-5H4 BD Biosciences
IL-6 MP5-20F3 BD Biosciences
TNF-a MPX-XT22 BD Biosciences

Markers Clone Provider
Surface staining

CD127 HIL 7R M21 BD Biosciences
CD14 M5E2 BD Biosciences
CD15 HI98 BD Biosciences
CD161 191B8 Myltenyi Biotec 
CD19 HIB19 eBiosciences
CD3 SK7 BD Biosciences
CD45 HI30 BD Biosciences
CD56 B159 BD Biosciences
LAG3 TA47-530 BD Biosciences
NKp46 Beckman Coulter
PD-1 EH12.2H7 Biolegend
TIGIT A15153G Biolegend
TIM3 F38-2E2 Biolegend



Raw data Table
GeneName Description PMA_skin_1 PMA_skin_2 Papilloma_skin_1 Papilloma_skin_2 Papilloma_skin_3 Tumor_skin_1 Tumor_skin_2 Tumor_skin_3 Papilloma_1 Papilloma_2 Tumor_1 Tumor_2 Tumor_3

Klra10 NK 9.10 9.04 9.29 8.76 9.18 8.67 8.83 8.43 6.56 6.53 8.59 8.49 8.47
Klra9 NK 13.01 13.20 12.76 12.44 12.98 12.30 12.22 11.89 10.47 10.64 11.88 11.48 11.56
Klrg1 NK 13.55 13.57 13.61 13.26 13.51 13.28 13.21 13.26 11.36 11.44 12.82 12.23 12.38
Irf8 NK 15.14 15.63 15.45 15.61 15.27 15.33 15.00 15.13 14.33 14.46 15.34 14.89 15.37
Car5b NK 8.65 8.51 8.58 7.90 8.52 8.26 8.16 8.06 7.88 7.06 8.02 8.41 8.12
Zeb2 NK 7.71 7.77 7.41 7.79 7.77 7.40 7.35 6.95 6.90 6.61 6.87 6.86 7.08
Eomes NK 12.80 12.83 12.91 12.42 12.46 12.44 12.17 12.48 11.91 12.01 12.60 12.55 12.50
Khdc1a NK 6.13 6.55 6.28 6.02 5.74 6.13 5.93 6.32 5.86 5.38 6.25 6.31 6.46
Cmklr1 NK 6.89 6.70 6.63 6.56 6.39 6.17 6.43 6.29 5.99 5.85 6.06 6.04 6.40
Cym NK 9.68 9.72 9.17 9.20 9.40 9.37 9.51 8.87 8.71 8.77 8.39 8.46 8.73
A430084P05Rik NK 12.21 12.48 12.33 12.25 12.66 12.03 12.26 11.80 12.06 12.03 12.09 11.75 11.77
Itgam NK 11.36 11.36 11.34 11.21 10.99 11.09 10.99 10.74 11.14 10.98 10.73 10.61 11.26
Serpinb9b NK 5.61 5.29 5.34 5.40 5.30 5.50 5.13 5.22 5.59 5.20 5.22 5.35 5.47
Klra1 NK 12.17 12.05 12.25 11.63 11.88 11.52 11.48 11.28 11.48 11.87 11.20 10.96 11.06
Socs2 ILC 9.42 8.96 9.63 9.60 9.61 9.89 9.97 10.14 8.06 7.64 8.10 9.21 8.29
St6galnac3 ILC 6.65 6.50 6.22 6.59 6.29 6.89 6.80 6.85 6.86 6.49 6.61 7.01 6.94
Atp8a2 ILC 5.65 6.10 5.78 6.02 5.88 6.15 6.06 6.19 5.85 6.33 5.77 5.70 5.67
Podnl1 ILC 9.80 9.28 10.19 10.21 10.05 10.89 10.89 11.18 11.03 10.91 11.12 11.66 11.36
Tmem154 ILC 7.39 7.08 7.11 7.14 7.37 7.48 7.48 7.22 7.90 7.39 6.95 6.99 6.99
Ckb ILC 7.46 7.34 7.61 7.69 7.36 7.56 7.61 7.68 8.37 8.28 7.62 8.12 8.29
Cdon ILC 8.50 8.35 8.31 8.21 8.34 8.59 8.57 8.59 9.15 8.86 7.49 8.00 7.59
Gpr114 ILC 12.51 12.21 12.56 12.14 12.24 12.85 13.03 12.85 13.82 13.67 12.11 12.58 12.34
Slc27a6 ILC 9.37 9.57 9.58 9.88 10.05 9.98 10.10 10.25 11.35 11.03 9.77 10.41 9.54
Tmem176b ILC 11.47 11.36 11.39 11.93 11.72 12.35 12.53 12.42 13.35 13.07 10.54 11.65 11.05
Tmem176a ILC 10.03 10.00 9.88 10.39 10.23 10.75 11.09 10.80 12.02 11.58 9.00 10.14 9.67
Il2ra ILC 10.11 9.89 10.78 9.58 10.27 10.84 10.75 10.68 12.42 11.91 10.54 11.28 10.74
Gpr97 ILC 10.48 9.81 10.60 10.43 10.12 10.94 11.11 11.17 12.65 12.57 10.98 11.31 11.38
Tcrg-V1 ILC 8.80 8.52 8.61 8.09 8.25 9.17 9.26 9.01 10.88 10.48 8.71 8.55 8.88
Il7r ILC 12.27 12.14 11.59 11.19 11.86 12.26 12.33 11.68 14.10 13.47 10.22 11.95 10.94
Cxcr6 ILC 11.94 11.70 11.82 11.94 11.78 12.51 12.56 12.70 14.85 14.50 11.39 12.35 11.78

Tumor

Supplementary Table 1

PMA skin Papilloma skin Tumor skin Papilloma



GeneName Description PMA_skin_1 PMA_skin_2 Papilloma_skin_ Papilloma_skin_2Papilloma_skin_3Tumor_skin_1 Tumor_skin_2 Tumor_skin_3 Papilloma_1 Papilloma_2 Tumor_1 Tumor_2 Tumor_3

Klra10 NK 0.48 0.41 0.69 0.10 0.57 0.00 0.18 -0.27 -2.37 -2.39 -0.10 -0.20 -0.23
Klra9 NK 0.91 1.14 0.63 0.25 0.87 0.09 0.00 -0.39 -2.03 -1.83 -0.40 -0.87 -0.77
Klrg1 NK 0.37 0.39 0.44 0.01 0.31 0.03 -0.07 0.00 -2.40 -2.31 -0.55 -1.12
Irf8 NK -0.33 0.90 0.44 0.84 0.00 0.15 -0.69 -0.37 -2.38 -2.04 0.17 -0.96 0.23
Car5b NK 1.16 0.82 1.00 -0.63 0.85 0.23 0.00 -0.23 -0.67 -2.62 -0.33 0.60 -0.09
Zeb2 NK 0.86 1.02 0.15 1.07 1.02 0.12 0.00 -0.96 -1.08 -1.79 -1.16 -1.19 -0.66
Eomes NK 1.06 1.16 1.45 -0.22 -0.07 -0.15 -1.03 0.00 -1.91 -1.57 0.39 0.25 0.07
Khdc1a NK 0.00 1.31 0.48 -0.35 -1.21 0.00 -0.62 0.61 -0.85 -2.35 0.37 0.57 1.03
Cmklr1 NK 1.63 1.03 0.80 0.57 0.00 -0.70 0.15 -0.32 -1.27 -1.74 -1.05 -1.11 0.05
Cym NK 1.13 1.21 0.00 0.07 0.51 0.43 0.74 -0.67 -1.03 -0.90 -1.75 -1.60 -0.98
A430084P05Rik NK 0.46 1.45 0.87 0.60 2.09 -0.22 0.63 -1.07 -0.08 -0.21 0.00 -1.25 -1.16
Itgam NK 1.06 1.05 0.99 0.45 -0.40 0.00 -0.42 -1.42 0.17 -0.46 -1.43 -1.93 0.67
Serpinb9b NK 1.75 -0.37 0.00 0.39 -0.29 1.06 -1.39 -0.79 1.66 -0.96 -0.80 0.04 0.82
Klra1 NK 1.56 1.26 1.74 0.26 0.85 0.00 -0.09 -0.58 -0.09 0.85 -0.77 -1.34 -1.10
Socs2 ILC 0.00 -0.56 0.24 0.21 0.22 0.56 0.65 0.86 -1.65 -2.16 -1.60 -0.26 -1.36
St6galnac3 ILC 0.00 -0.59 -1.74 -0.26 -1.45 0.96 0.60 0.81 0.85 -0.65 -0.18 1.43 1.17
Atp8a2 ILC -1.00 1.03 -0.45 0.66 0.00 1.25 0.84 1.41 -0.12 2.06 -0.46 -0.79 -0.95
Podnl1 ILC -1.59 -2.34 -1.03 -0.99 -1.23 0.00 0.00 0.42 0.20 0.01 0.33 1.10 0.68
Tmem154 ILC 0.63 -0.53 -0.41 -0.31 0.56 0.95 0.98 0.00 2.52 0.64 -1.02 -0.86 -0.86
Ckb ILC -0.43 -0.78 -0.02 0.21 -0.70 -0.15 -0.01 0.18 2.07 1.81 0.00 1.38 1.84
Cdon ILC 0.32 0.00 -0.08 -0.31 -0.02 0.52 0.48 0.53 1.73 1.11 -1.87 -0.75 -1.64
Gpr114 ILC -0.10 -0.64 0.00 -0.76 -0.59 0.53 0.84 0.51 2.27 2.00 -0.83 0.02 -0.40
Slc27a6 ILC -1.04 -0.69 -0.69 -0.17 0.11 0.00 0.20 0.46 2.35 1.79 -0.36 0.73 -0.76
Tmem176b ILC -0.32 -0.46 -0.41 0.26 0.00 0.78 1.01 0.87 2.03 1.67 -1.47 -0.09 -0.84
Tmem176a ILC -0.24 -0.28 -0.42 0.21 0.00 0.65 1.06 0.71 2.21 1.67 -1.51 -0.11 -0.68
Il2ra ILC -0.81 -1.09 0.05 -1.49 -0.60 0.13 0.02 -0.08 2.17 1.51 -0.26 0.70 0.00
Gpr97 ILC -0.59 -1.40 -0.45 -0.65 -1.03 -0.04 0.16 0.23 2.00 1.90 0.00 0.40 0.48
Tcrg-V1 ILC 0.00 -0.35 -0.24 -0.88 -0.68 0.46 0.57 0.26 2.56 2.06 -0.11 -0.31 0.10
Il7r ILC 0.32 0.19 -0.36 -0.76 -0.09 0.31 0.38 -0.27 2.14 1.52 -1.72 0.00 -1.00
Cxcr6 ILC 0.00 -0.22 -0.12 0.00 -0.15 0.54 0.58 0.72 2.74 2.41 -0.52 0.38 -0.16

Tumor
Z-score Table

PMA skin Papilloma skin Tumor skin Papilloma



Category GeneName ILC1.CD127..Sp ILC1.CD127..Sp.1 ILC1.CD127..Sp.2 ILC1.CD49b..Lv ILC1.CD49b..Lv.1 ILC1.CD49b..Lv.2 ILC1.LPL.NKp46..SI ILC1.LPL.NKp46..SI. ILC3.LPL.NKp46..RoILC3.LPL.NKp46..RoILC3.LPL.NKp46..RoILC3.LTI.CD4..SI ILC3.LTI.CD4..SI.3 ILC3.LTI.CD4..SI.1 ILC3.LTI.CD4..SI.2 ILC3.LTi.CD4..SI NK.CD127..Sp NK.CD127..Sp.1 NK.CD127..Sp.2 NK.CD49b..Lv NK.CD49b..Lv.1 NK.CD49b..Lv.2 NK.LPL.NKp46..SI NK.LPL.NKp46..SI.1

ILC1 Xcl1 12.28 12.33 12.52 12.84 12.64 12.83 12.64 12.80 6.16 6.45 11.64 11.75 11.75 7.20 7.11 7.84 7.91 6.81 11.44 11.05 11.21 11.91 11.75 11.63

ILC1 Il7r 12.63 12.49 12.61 10.10 10.46 10.32 12.33 12.47 11.82 11.77 12.76 12.68 12.61 12.88 12.84 12.79 12.78 12.99 7.02 6.79 7.39 7.32 8.63 8.00

ILC1 Tmem176b 10.67 11.01 10.97 10.72 10.97 11.17 12.33 12.14 11.64 11.97 12.72 13.02 12.78 12.93 12.86 12.81 12.72 12.61 7.04 6.63 7.07 7.07 7.55 7.67

ILC1 Gp49a 10.01 10.07 10.66 11.51 11.04 11.49 12.26 12.84 11.96 11.72 11.49 11.51 11.45 9.83 9.55 8.64 9.76 9.63 7.81 7.56 7.93 8.85 9.12 9.08

ILC1 Cxcr3 10.77 11.14 11.26 11.29 10.97 11.18 10.34 9.77 7.15 7.42 10.66 10.94 10.17 8.89 9.54 9.36 9.38 8.18 9.66 9.56 10.22 8.75 9.71 9.84

ILC1 Cd3g 10.18 10.68 10.52 12.26 11.86 12.55 9.29 9.38 9.67 9.36 7.74 7.96 7.59 6.17 7.76 7.10 7.11 6.80 7.10 7.17 7.86 6.55 7.54 8.19

ILC1 Gpr114 10.73 10.42 10.47 10.55 10.43 10.79 11.00 11.19 8.20 7.85 10.28 11.16 11.30 11.11 11.42 10.99 10.76 11.44 8.13 8.16 8.15 7.72 8.19 8.35

ILC1 Cd160 10.71 10.73 10.79 10.73 10.59 10.92 10.45 10.05 8.00 8.25 9.46 10.03 9.74 9.82 9.77 9.86 10.14 9.74 8.97 9.33 9.54 8.24 9.14 9.14

ILC1 Lpar6 10.23 10.32 10.60 11.05 10.85 11.09 10.52 9.97 10.28 10.56 10.17 10.48 10.09 10.77 10.95 10.89 11.05 10.20 8.58 9.21 8.78 8.38 9.40 9.09

ILC1 Socs2 9.30 9.69 10.05 10.57 10.20 10.55 11.98 12.14 11.79 11.37 11.27 11.27 11.43 8.88 9.00 9.11 8.69 8.25 6.71 7.53 7.78 7.02 8.07 8.38

ILC1 Lilrb4 9.66 9.37 9.84 10.72 10.49 10.79 11.44 12.11 11.22 10.99 10.54 10.48 10.67 9.34 9.12 8.16 9.31 9.39 7.19 7.51 7.48 8.43 8.76 8.65

ILC1 Cxcr6 8.87 9.06 9.20 11.08 11.29 11.21 11.69 11.75 11.40 11.24 11.49 11.84 12.17 11.31 11.29 11.36 11.49 10.97 5.65 5.77 5.40 5.88 6.56 6.06

ILC1 Cd226 10.62 10.32 10.61 10.81 10.63 10.97 10.09 10.08 7.85 8.15 10.21 10.38 9.82 9.43 9.76 9.51 9.56 9.64 8.73 8.83 8.74 8.71 9.23 9.15

ILC1 Lpxn 10.03 9.96 10.09 10.00 9.95 10.17 10.67 10.89 10.24 10.13 10.01 10.25 10.54 10.47 10.53 10.00 10.37 10.68 8.65 8.39 8.69 8.45 8.70 8.70

ILC1 Dtx1 10.88 10.91 11.09 9.68 9.42 9.80 10.20 9.71 10.14 9.71 9.35 9.92 9.90 9.82 10.19 9.67 9.79 9.87 7.76 8.83 9.05 8.02 8.60 8.34

ILC1 Jak2 9.73 9.40 10.08 9.95 9.67 10.00 10.81 11.26 10.93 10.07 10.03 9.79 10.50 9.28 9.40 9.08 8.97 9.04 8.32 9.24 8.58 8.14 9.08 8.62

ILC1 Tnfsf10 9.68 9.27 9.82 10.94 10.89 11.02 9.65 9.45 8.87 8.78 8.77 9.44 9.26 7.91 7.82 8.04 8.12 7.53 6.98 7.49 7.02 6.99 7.57 7.03

ILC1 Ckb 9.41 9.45 9.63 10.29 10.08 10.26 11.05 10.23 8.85 8.99 11.23 11.80 11.41 11.72 11.70 11.89 11.56 11.49 7.77 7.75 8.16 8.51 8.28 8.32

ILC1 Asb2 9.07 8.85 9.27 10.41 10.10 10.54 10.89 10.60 9.90 10.30 10.25 11.44 10.85 11.51 11.46 11.62 11.41 11.06 7.20 7.01 7.52 7.37 7.26 7.59

ILC1 Il2ra 9.33 9.39 9.19 8.82 9.01 9.49 11.32 11.65 12.37 12.19 12.38 12.19 12.06 12.33 12.49 12.19 12.17 12.25 6.10 6.21 5.95 7.21 8.18 8.20

ILC1 Itga1 8.29 7.95 8.72 10.88 10.74 10.75 9.85 10.00 5.55 5.91 8.73 8.91 9.35 5.53 6.03 6.35 6.06 6.05 6.10 6.33 5.90 6.14 6.29 6.17

ILC1 Ahr 9.21 8.95 9.48 9.43 9.04 9.43 10.82 10.77 10.62 10.47 11.00 10.91 10.81 9.96 10.03 9.88 9.91 10.20 6.75 7.26 6.67 7.10 7.93 7.69

ILC1 Cd200r2 8.17 8.23 8.38 11.15 10.92 11.39 9.18 9.66 6.59 6.87 8.60 8.43 8.46 7.26 6.84 7.17 7.48 6.71 7.82 7.64 7.67 7.60 7.92 7.96

ILC1 Ltb 9.74 9.65 10.16 9.42 9.42 9.14 9.44 9.18 9.21 9.17 8.58 8.84 9.35 10.92 10.99 10.91 10.96 10.61 7.65 8.08 8.64 7.85 8.55 8.93

ILC1 Acpp 9.35 8.82 9.26 9.33 9.11 9.75 10.19 10.16 6.42 6.87 9.93 10.28 10.71 9.73 9.40 9.70 9.67 9.47 6.55 6.87 6.65 6.37 6.70 6.72

ILC1 Ipcef1 9.76 9.35 9.76 9.56 9.57 9.40 9.13 9.18 5.19 5.67 8.95 8.95 9.12 9.05 9.06 8.85 8.80 9.28 8.30 8.84 8.42 7.83 8.55 8.30

ILC1 Inpp4b 9.27 8.63 9.32 10.18 10.01 10.11 8.80 8.86 10.82 10.55 7.52 7.58 7.85 7.39 7.18 7.38 7.23 6.51 6.50 6.07 5.97 6.63 6.64 6.18

ILC1 Aim2 9.29 8.78 9.21 9.44 9.05 10.13 9.35 9.69 8.45 8.39 10.19 9.89 9.38 9.10 9.46 8.91 9.06 9.12 8.29 7.96 7.54 7.83 8.25 7.81

ILC1 Rbpj 8.81 8.49 8.91 9.74 9.55 9.71 9.69 10.03 9.93 9.66 9.77 9.87 10.46 9.31 8.98 9.28 9.08 8.96 7.50 7.98 7.32 7.17 7.89 7.93

ILC1 Lmo4 8.79 8.73 9.05 8.72 8.38 8.99 10.88 10.81 12.25 11.86 11.30 11.15 11.23 11.80 12.01 11.84 11.98 11.60 8.38 8.98 9.03 8.56 9.15 9.37

ILC1 Tmem176a 8.82 9.21 9.19 8.43 8.67 9.03 10.54 10.14 10.46 10.40 11.17 11.55 11.27 11.73 11.70 11.61 11.51 11.59 5.68 5.47 5.93 5.92 5.93 6.59

ILC1 Gpr52 9.41 8.84 9.07 8.97 9.11 9.28 9.08 9.72 7.70 7.88 9.84 9.08 8.76 8.74 9.14 8.21 8.70 8.38 7.66 8.11 7.37 7.74 7.89 7.89

ILC1 Podnl1 8.56 8.38 8.58 9.36 9.24 9.12 10.19 9.96 8.66 8.65 9.20 10.26 10.43 10.38 10.37 10.39 10.02 10.70 6.80 6.83 6.94 6.64 6.96 6.92

ILC1 Cd3e 10.82 11.20 10.00 7.93 7.78 8.26 8.92 8.42 7.99 8.19 6.84 7.32 7.07 7.05 8.50 7.35 7.41 7.78 7.09 7.07 7.30 7.18 7.55 7.36

ILC1 Sidt1 11.18 10.79 11.19 7.66 7.69 7.75 8.20 8.43 6.94 7.20 8.17 8.28 8.27 7.71 8.01 7.74 7.42 7.07 8.76 9.80 9.47 8.42 9.27 9.25

ILC1 Phxr4 9.53 8.97 9.04 8.62 8.48 9.16 8.50 9.54 8.27 7.41 8.80 8.07 7.52 8.00 8.85 7.53 7.39 7.92 7.82 8.37 7.51 6.81 7.73 7.02

ILC1 Cpne7 8.43 8.18 8.67 8.92 8.47 8.81 9.74 9.55 7.39 7.56 7.46 8.48 8.72 6.65 6.40 6.70 6.31 6.87 7.50 8.19 8.18 7.13 8.06 8.16

ILC1 Tnf 8.82 8.94 9.15 8.80 8.16 8.59 9.01 8.84 7.54 8.15 9.72 10.49 9.87 10.53 10.50 10.89 10.64 9.39 6.60 6.94 7.33 6.93 7.23 7.45

ILC1 Klk8 8.13 8.57 8.35 9.12 8.52 9.74 9.13 8.71 9.65 9.45 8.78 8.73 8.56 7.01 7.36 6.83 7.56 7.94 6.94 6.84 7.22 7.01 7.00 6.86

ILC1 Tmem64 8.04 8.09 8.67 7.82 7.92 8.14 10.75 10.71 10.60 10.22 11.09 11.19 11.47 10.31 10.71 10.45 10.26 10.35 7.22 8.11 7.64 7.37 8.11 7.90

ILC1 Mmp9 6.63 6.60 6.74 9.84 10.31 10.42 9.98 9.37 6.59 6.57 6.78 8.27 8.09 5.96 6.30 6.21 6.37 6.00 6.18 6.13 6.23 6.50 6.16 6.36

ILC1 Gpr97 8.06 8.00 8.11 8.82 8.84 9.48 9.40 9.02 6.51 6.69 9.50 10.14 10.23 10.55 10.61 10.49 10.03 10.05 5.65 6.81 6.49 7.15 6.61 6.76

ILC1 Entpd1 6.20 6.21 6.49 10.21 10.04 10.33 10.03 9.76 5.96 5.67 7.81 8.12 8.06 5.39 5.08 5.54 5.87 6.04 8.58 9.37 8.79 9.14 9.73 9.35

ILC1 2900026A02Rik 8.30 8.08 8.13 9.26 9.07 9.45 8.59 8.33 7.11 6.79 7.88 8.47 8.39 8.74 8.75 8.75 8.23 8.92 6.84 7.18 7.14 6.70 7.09 7.32

ILC1 Tspan31 7.99 8.20 8.42 8.75 8.82 9.44 8.97 8.23 10.14 10.05 9.64 9.70 9.33 10.34 10.32 10.04 10.26 10.49 6.40 6.65 7.16 6.93 7.00 7.05

ILC1 Tmem154 8.14 8.13 8.58 8.27 8.00 9.07 9.48 9.06 8.27 8.71 10.05 9.78 9.41 8.83 8.93 8.81 9.20 8.33 6.66 6.41 7.05 6.43 6.75 7.33

ILC1 Gdpd5 8.28 8.24 8.37 8.72 8.45 8.45 8.45 8.45 8.45 8.45 8.45 8.45 8.45 10.10 10.46 9.98 9.85 10.09 7.03 7.11 7.16 6.90 7.24 7.28

ILC1 Treml2 9.36 9.49 9.45 8.12 8.21 8.41 7.73 7.60 7.33 7.51 6.77 7.41 7.05 6.97 6.62 6.79 6.82 6.62 8.11 8.33 8.08 7.90 8.49 8.70

ILC1 St6galnac3 8.35 7.82 8.24 8.58 8.10 8.46 9.17 9.48 9.27 8.67 9.57 9.41 9.43 9.48 9.41 8.98 9.07 9.08 6.29 5.98 6.18 6.19 6.17 6.73

ILC1 Atp8a2 7.49 7.14 7.80 9.87 9.63 9.56 8.21 8.20 10.02 9.38 6.78 6.90 6.78 6.38 6.26 6.34 6.09 6.04 6.42 6.16 6.14 6.66 6.26 6.25

ILC1 Bmp7 8.62 9.14 8.88 8.25 8.08 8.78 7.95 7.76 10.03 9.76 7.03 6.79 6.65 6.24 6.40 6.74 6.51 7.23 6.67 6.49 7.05 6.58 6.89 6.72

ILC1 Socs2 7.54 7.88 7.99 8.43 8.03 8.43 9.15 9.27 9.10 8.81 7.95 8.45 8.78 6.94 6.95 7.05 7.16 6.99 6.92 6.79 7.24 6.73 6.87 6.75

ILC1 Sema6d 7.59 7.29 7.75 8.74 8.49 8.61 8.65 8.91 7.15 7.13 7.00 7.15 7.34 6.59 6.77 7.12 7.01 6.60 6.15 5.63 6.05 6.04 5.95 6.15

ILC1 Cdon 8.21 7.94 8.29 7.74 7.88 7.79 8.80 8.71 8.74 8.42 8.89 9.27 9.48 9.39 9.28 9.13 8.99 8.96 6.58 6.79 6.59 6.86 6.70 6.72

ILC1 Gpr55 7.90 7.44 7.80 7.12 6.97 7.14 10.18 10.16 6.59 6.44 8.32 8.32 9.31 5.56 5.80 5.98 5.77 5.99 6.59 6.36 6.33 6.66 6.27 5.96

ILC1 Parp12 7.45 7.93 7.90 8.18 7.82 8.43 8.39 8.30 8.09 7.73 8.78 8.74 8.68 8.30 8.64 8.25 8.79 8.16 6.49 6.48 7.13 6.64 6.90 7.06

ILC1 Pip5k1b 7.41 7.50 7.83 8.10 7.95 8.40 8.71 8.45 8.66 8.42 9.07 9.11 9.01 8.65 8.80 8.80 8.32 8.73 5.68 6.52 6.37 5.44 6.17 6.40

ILC1 Slc27a6 7.48 7.46 8.03 7.61 6.79 7.75 9.04 8.36 6.76 7.31 8.81 8.71 8.22 7.42 7.78 7.48 7.88 7.23 6.32 6.78 6.49 6.19 6.57 6.28

ILC1 Chst15 7.87 7.79 8.03 7.35 7.68 7.53 7.58 7.56 8.51 8.40 8.53 8.81 8.73 8.30 8.67 8.31 7.88 7.91 6.56 6.34 6.59 6.56 6.17 6.50

ILC1 Aqp9 7.48 7.65 8.40 7.94 7.83 8.19 7.18 6.56 5.76 5.96 6.66 7.35 6.70 6.69 6.73 6.69 6.79 6.08 6.04 5.52 5.58 6.32 5.82 5.80

ILC1 Camk4 7.35 6.85 7.77 7.28 7.21 7.52 7.92 8.03 7.89 7.86 7.80 7.72 8.15 8.55 8.13 8.44 8.42 8.00 5.58 5.27 5.44 5.34 5.67 5.75

ILC1 A130014H13Rik 7.80 7.34 7.52 7.88 7.76 8.28 6.71 6.61 7.90 7.18 6.68 6.54 6.03 6.22 6.38 6.20 6.31 6.12 6.51 6.41 6.06 6.57 6.20 6.07

ILC1 Tnfsf8 7.57 7.29 7.75 7.97 7.78 7.75 5.93 5.79 4.83 5.33 6.20 6.40 6.90 7.08 7.00 6.31 6.69 7.72 6.10 5.99 5.33 6.01 5.35 5.72

ILC1 Cd3d 7.75 8.23 7.99 6.65 6.39 6.58 6.65 6.59 5.91 6.28 6.10 6.13 5.88 6.21 6.39 6.01 6.51 6.07 6.44 6.13 6.74 6.01 6.36 7.23

ILC1 H2-Ob 7.95 7.67 8.04 6.56 6.82 6.32 6.65 6.74 6.36 6.44 6.00 6.15 5.90 6.32 5.89 5.79 5.67 6.74 6.82 6.80 6.72 6.92 6.61 6.44

ILC1 Cd22 8.09 7.73 8.26 6.27 6.31 6.27 6.19 6.25 6.12 6.29 6.05 6.11 5.93 6.06 5.86 6.08 5.87 6.23 6.58 6.94 6.92 6.53 6.34 6.47

ILC1 Trat1 7.12 6.74 7.49 6.16 5.72 6.02 7.27 7.99 4.59 4.43 5.07 5.09 5.52 4.90 6.17 5.12 5.19 5.12 5.03 4.63 4.43 4.38 4.66 4.95

ILC1 Npas2 6.30 6.59 6.16 5.92 6.34 6.02 8.12 8.15 8.90 8.85 9.98 10.46 10.07 9.73 9.90 9.78 9.53 8.90 5.81 5.60 5.42 6.02 5.58 5.62

ILC1 Gpr15 7.35 7.74 7.70 5.91 5.96 6.13 6.00 5.67 6.02 5.74 5.80 6.13 5.97 6.69 6.49 6.43 6.14 5.98 5.79 5.51 5.36 6.18 5.59 5.50

ILC1 Tmem154 6.35 5.96 6.49 6.99 6.79 6.45 6.14 6.08 6.25 6.28 6.38 6.15 5.81 6.11 6.35 6.36 6.42 6.02 5.93 5.77 5.50 6.02 5.75 5.28

ILC1 Dapl1 7.34 8.06 7.22 5.68 5.64 5.13 4.99 4.92 5.59 4.94 5.41 5.09 4.95 5.01 5.07 5.14 5.59 5.10 5.79 4.78 5.40 5.82 5.21 5.25

ILC1 Bmp7 6.08 6.03 5.68 6.03 5.66 5.92 5.96 6.02 6.12 6.18 6.00 5.69 5.83 5.73 5.36 5.69 5.57 6.04 5.53 5.84 5.73 5.71 5.93 5.92

ILC1 Itgae 5.91 5.52 5.48 5.79 5.83 5.77 6.09 5.91 6.04 5.81 5.79 5.59 5.72 5.46 5.53 5.69 5.69 6.29 6.42 5.86 6.10 5.93 5.58 5.65

ILC1 Rbpj 5.67 5.21 5.45 5.76 5.88 5.56 5.43 5.61 6.00 5.57 5.91 5.45 5.24 5.13 5.33 5.56 5.64 6.23 6.36 5.58 5.28 6.30 5.57 5.55

Supplementary Table S2
ILC1 ILC3 NK



ILC3 Rorc 6.81 6.97 6.50 6.55 6.90 6.66 10.17 10.22 7.43 7.95 11.33 12.04 11.99 12.73 12.85 12.76 12.44 12.73 7.07 6.69 6.32 7.28 6.66 6.52

ILC3 Serinc2 7.10 7.20 6.82 7.38 7.01 7.06 8.58 8.19 7.97 8.31 10.43 11.46 10.55 11.90 11.98 11.84 11.75 11.60 7.18 7.02 7.10 7.41 6.94 7.15

ILC3 Chad 6.81 7.48 6.86 7.59 7.34 8.37 10.07 9.62 6.71 7.54 12.14 12.11 11.37 11.26 11.53 11.31 10.88 11.79 6.59 6.22 6.71 6.84 6.34 6.70

ILC3 Large 7.48 7.44 7.45 7.63 7.92 8.01 9.80 9.56 8.65 8.15 10.85 10.78 10.74 10.84 11.08 10.67 10.59 10.11 6.73 7.10 6.63 6.19 7.01 6.56

ILC3 Gjb2 6.88 7.44 7.79 6.93 6.50 6.81 9.82 9.82 9.49 9.04 10.99 10.91 10.95 9.53 9.72 9.40 9.37 8.53 6.43 6.39 6.84 6.55 6.38 6.98

ILC3 St3gal3 7.99 8.07 8.22 8.14 8.25 8.23 8.63 8.57 8.72 8.26 9.72 10.46 10.63 10.52 10.80 10.58 10.45 10.20 7.48 7.69 7.46 7.11 7.63 7.70

ILC3 Kcnk1 6.55 6.36 6.36 6.88 6.56 6.56 8.97 8.69 7.52 7.39 10.29 10.50 10.39 10.95 11.07 10.90 10.97 10.44 6.96 6.46 6.55 6.60 6.55 6.30

ILC3 Cd93 6.82 6.44 6.96 7.14 6.91 7.35 7.13 7.34 8.20 7.53 9.89 9.54 10.21 10.02 10.17 10.13 9.65 9.35 6.24 5.80 5.63 6.70 5.81 5.63

ILC3 Lingo4 7.60 7.69 7.18 7.47 7.84 7.55 7.86 7.75 7.67 7.78 8.67 9.21 9.47 10.94 10.92 10.99 10.96 10.47 7.43 7.26 7.38 7.74 7.36 7.54

ILC3 Pram1 6.62 6.52 6.14 6.24 6.77 6.88 7.52 7.53 6.70 7.01 9.84 10.73 10.32 10.26 9.81 10.41 10.12 10.69 6.62 6.35 6.39 6.55 6.22 6.31

ILC3 Tnfrsf21 7.79 7.75 8.07 7.27 7.45 7.74 8.35 8.08 7.58 7.74 8.96 9.79 9.76 10.04 10.28 10.18 9.91 9.79 6.52 6.63 6.74 6.25 6.80 6.98

ILC3 Ly86 6.37 6.74 6.49 6.24 6.34 6.82 6.76 6.63 6.41 6.13 10.32 10.00 8.92 10.70 10.39 9.97 10.67 9.69 6.19 5.78 6.53 5.86 5.74 5.60

ILC3 Gjb2 7.35 7.52 7.14 7.40 7.42 7.13 8.80 8.76 8.83 8.62 9.55 9.98 9.82 8.62 8.71 8.65 8.34 8.05 7.21 6.75 7.02 7.11 6.81 6.83

ILC3 Upp1 6.14 6.21 6.07 6.27 6.56 5.97 9.07 8.71 6.14 6.27 10.94 10.23 10.75 9.63 9.27 8.79 9.47 9.60 6.09 5.97 6.14 6.26 6.07 5.97

ILC3 Prelid2 4.68 5.42 5.34 5.51 5.67 5.46 7.59 7.87 7.11 7.18 9.65 9.33 9.64 9.72 9.61 9.35 10.11 8.88 5.69 4.93 5.51 5.19 5.30 5.08

ILC3 Lipo1 5.68 5.97 6.23 5.62 5.78 7.02 7.23 7.71 7.41 7.48 9.64 9.26 9.30 9.29 9.40 9.22 9.49 8.80 6.34 6.10 6.00 6.02 5.57 6.24

ILC3 Fah 6.94 7.30 7.04 6.99 6.54 7.85 8.17 7.74 6.84 7.43 9.84 10.44 9.55 8.65 8.95 8.91 8.77 8.93 6.64 6.75 7.01 6.47 6.73 6.86

ILC3 Tns3 6.64 6.69 6.78 7.02 6.92 6.72 7.36 7.24 7.08 7.12 8.86 9.02 9.30 9.72 9.84 9.68 9.35 10.24 7.54 6.54 6.62 7.32 6.88 6.57

ILC3 Cntn1 5.76 5.58 5.50 5.52 5.89 5.43 6.17 6.11 7.70 7.71 7.91 7.94 8.09 10.60 10.30 10.13 10.15 10.68 5.46 5.25 5.29 5.68 5.42 5.19

ILC3 Smyd2 6.91 6.86 7.06 7.10 7.08 7.54 7.53 7.39 7.72 7.40 9.17 9.13 9.09 9.33 9.11 9.10 9.20 8.79 6.78 6.68 6.79 6.36 6.66 6.68

ILC3 Capg 7.37 7.58 7.42 6.30 6.47 6.87 8.67 8.12 7.06 7.10 9.55 10.19 10.15 8.41 8.31 8.67 8.40 8.61 7.02 6.87 7.52 6.94 7.64 7.79

ILC3 Dusp4 6.07 6.20 6.13 5.89 6.11 5.99 8.71 8.39 7.24 6.90 9.08 9.85 9.97 8.41 8.49 8.80 8.37 7.90 5.86 5.71 6.05 5.88 5.84 5.91

ILC3 Scpep1 7.34 7.44 7.64 6.03 5.37 6.11 8.31 7.72 6.78 6.79 8.89 9.43 9.52 9.12 9.14 8.97 8.93 8.43 6.40 7.20 7.28 6.34 7.09 7.48

ILC3 Mapk10 5.78 5.75 5.63 5.51 5.71 5.74 6.61 6.49 5.78 5.60 8.60 8.95 8.93 10.44 10.37 9.28 9.80 11.11 5.89 5.14 5.67 5.84 5.41 5.50

ILC3 Ptges 6.25 6.34 6.10 6.49 6.64 6.09 6.41 6.32 6.64 6.40 7.05 7.75 7.68 10.80 10.89 10.59 10.19 10.71 6.57 6.29 6.14 6.30 6.29 6.08

ILC3 Igfbp4 6.81 6.90 6.64 6.81 7.05 6.83 6.75 6.63 6.98 7.30 7.82 8.09 7.52 9.81 9.94 10.06 9.66 8.81 6.85 6.72 6.78 7.05 6.63 6.98

ILC3 Stom 6.25 6.17 6.06 5.58 5.60 5.68 5.82 5.72 5.91 6.08 7.84 8.13 8.18 10.51 10.33 10.19 10.23 10.64 6.53 6.21 6.44 6.00 6.37 6.31

ILC3 A830080D01Rik 7.58 7.45 8.15 7.73 7.23 7.51 7.95 9.09 6.51 6.17 9.88 9.49 9.83 8.29 8.71 8.20 8.14 8.29 7.36 8.25 7.59 7.53 7.94 7.84

ILC3 Ncoa7 7.32 7.20 7.44 7.12 7.15 7.14 7.34 7.39 6.46 6.91 8.73 8.69 8.37 8.95 9.25 8.81 8.84 8.70 6.97 7.51 7.31 6.88 7.21 7.47

ILC3 P2ry1 6.68 6.57 6.45 6.73 6.95 6.57 6.71 6.70 6.95 7.27 7.19 7.64 7.45 9.95 9.80 9.80 10.05 9.11 6.75 6.34 6.58 6.72 6.43 6.62

ILC3 Zfp57 6.60 6.54 6.40 6.40 6.84 6.33 7.03 7.14 6.26 6.57 8.73 8.58 8.35 8.86 9.47 8.98 8.88 9.52 6.51 6.06 6.24 6.68 6.06 6.12

ILC3 Gpr157 6.71 6.78 6.72 6.61 6.71 6.48 7.63 7.35 6.68 6.84 8.42 8.99 9.37 8.25 8.81 8.38 8.44 8.25 6.76 6.36 6.62 6.73 6.37 6.51

ILC3 Cxcr5 4.88 5.10 4.94 5.09 4.74 5.24 5.20 4.91 4.96 4.86 7.55 8.22 8.26 10.50 10.50 10.70 10.62 8.99 4.84 4.70 4.56 5.10 4.95 4.65

ILC3 Dlg5 6.40 6.72 6.46 6.68 6.90 6.66 7.36 7.21 7.13 7.36 7.96 8.49 8.70 8.91 8.45 8.50 8.30 8.53 6.89 6.40 6.48 6.78 6.40 6.49

ILC3 Lrrc49 6.22 6.19 6.05 6.22 6.52 6.31 6.43 6.51 6.47 6.50 8.19 8.23 8.26 8.99 8.75 8.56 8.62 8.65 6.51 6.00 6.17 6.66 6.13 5.78

ILC3 Tacstd2 5.13 5.74 5.71 5.16 5.86 5.27 7.14 7.22 5.60 5.64 8.65 8.80 8.78 8.78 8.79 8.60 8.45 7.98 5.65 5.40 5.59 5.96 5.32 5.46

ILC3 Ryk 5.76 6.02 5.65 6.26 6.53 6.08 7.29 7.27 7.17 6.96 8.63 8.52 9.05 7.01 7.87 7.71 7.72 7.01 5.69 5.59 5.75 5.89 5.82 5.86

ILC3 Nrp1 6.36 6.17 6.59 6.17 5.76 5.79 5.98 5.77 6.42 6.32 6.62 6.55 6.99 10.22 9.97 9.81 9.61 10.27 5.99 6.07 6.07 5.97 6.12 6.17

ILC3 Ablim3 5.70 5.48 5.36 5.68 5.74 5.44 5.80 5.99 5.38 5.57 7.69 8.10 8.11 8.85 9.18 8.43 8.44 9.26 6.05 5.23 5.41 5.47 5.19 5.51

ILC3 Rhobtb1 6.25 6.18 5.97 6.14 6.63 6.26 7.12 6.96 5.97 6.30 7.63 8.18 8.27 8.29 8.55 7.79 8.30 7.76 6.17 6.02 6.02 6.24 5.91 6.02

ILC3 Cd4 5.83 6.20 5.69 5.98 6.12 6.21 7.64 6.93 6.20 6.21 7.22 8.14 9.03 11.49 5.95 6.14 6.49 11.34 5.77 5.69 5.83 6.43 5.87 5.83

ILC3 Olfr1342 6.01 6.26 5.84 6.29 6.70 6.31 6.36 6.19 6.38 5.79 7.04 7.46 6.90 9.08 8.80 8.49 8.45 9.81 6.21 5.72 5.59 6.59 5.87 5.60

ILC3 Gucy1a3 6.36 6.23 6.01 6.21 6.32 6.28 5.99 5.82 6.03 6.36 6.54 6.63 6.28 9.03 9.69 9.16 8.68 8.63 6.56 5.93 6.11 6.51 5.94 5.99

ILC3 Ccr6 5.64 5.85 5.33 5.71 5.43 5.66 5.68 5.55 5.70 5.87 6.28 6.53 6.91 9.85 9.06 9.48 9.00 9.38 5.91 5.40 5.46 5.70 5.50 5.39

ILC3 Cacna1g 6.17 6.27 6.04 6.40 6.56 6.33 6.23 6.24 6.40 6.60 6.51 6.34 6.30 8.89 9.40 8.16 8.05 9.75 6.42 6.07 6.24 6.66 6.14 6.15

ILC3 Tifa 5.24 5.59 5.26 5.40 5.41 5.38 5.63 5.58 5.48 5.31 6.97 6.97 7.05 8.88 8.40 8.78 8.83 8.33 5.25 4.99 5.01 5.37 5.11 5.46

ILC3 Xkrx 5.48 5.78 5.41 5.55 5.15 5.66 5.96 5.97 5.39 4.79 7.92 7.64 7.43 8.05 8.65 7.96 7.80 8.02 5.85 5.21 5.11 5.66 5.11 5.14

ILC3 Ucp3 6.08 5.99 5.70 5.87 6.35 5.89 6.22 6.16 5.83 6.06 7.08 8.03 7.80 7.51 7.88 7.59 7.52 6.86 5.97 5.79 5.71 6.60 5.82 5.86

ILC3 Slc6a7 6.45 6.55 6.26 6.26 6.59 6.28 6.53 6.44 6.44 6.51 6.49 6.61 6.36 8.63 8.93 7.79 7.38 9.18 6.64 6.15 6.55 6.74 6.26 6.37

ILC3 B3galt2 6.01 5.99 5.96 5.90 5.73 6.19 6.69 7.06 7.04 6.65 8.22 7.84 7.69 6.77 6.71 6.34 7.24 5.98 5.83 5.94 5.38 5.23 5.73 5.23

ILC3 Hs6st2 4.71 4.32 4.34 4.54 4.83 4.66 5.28 5.09 5.60 5.70 6.27 6.78 7.23 8.57 8.16 7.90 7.88 8.13 4.83 4.59 4.40 4.28 4.26 4.79

ILC3 Parvb 6.07 6.29 6.14 6.34 5.86 6.04 6.14 5.97 6.29 6.47 6.63 6.27 6.09 8.63 7.96 7.21 7.48 8.54 6.78 5.94 6.05 6.54 6.25 6.17

ILC3 Fnbp1l 5.13 5.14 5.21 5.46 5.52 5.05 5.85 6.16 5.25 5.41 7.38 7.56 8.00 7.00 7.55 7.07 6.99 6.89 5.62 5.08 5.01 5.94 5.20 4.81

ILC3 Serpine2 5.87 6.06 5.97 6.14 6.04 5.95 6.07 5.92 5.94 6.00 6.60 6.53 6.65 8.22 7.50 6.49 7.93 9.60 6.23 6.02 5.98 6.45 6.23 6.13

ILC3 Sdc2 4.66 4.66 4.46 4.98 4.84 5.00 5.61 5.42 5.08 5.40 6.53 5.99 6.14 7.97 8.70 7.72 7.57 8.62 4.87 4.90 4.56 5.14 4.55 4.51

ILC3 Gda 5.13 5.33 4.91 5.15 5.34 4.86 5.78 5.90 5.57 5.72 7.73 7.84 8.20 5.89 5.86 6.41 6.25 6.55 5.43 4.77 5.09 5.58 5.09 5.02

ILC3 Tmtc2 5.57 5.32 5.64 5.52 5.16 5.23 5.72 6.01 6.42 5.79 7.44 7.34 7.57 5.38 5.83 6.00 5.59 6.16 5.62 5.32 5.25 5.32 5.04 5.08

ILC3 Fermt2 5.89 5.81 5.58 6.10 5.93 5.98 5.83 5.93 5.84 5.88 6.09 5.79 5.81 7.52 7.64 6.72 7.42 8.73 6.27 5.60 5.88 6.21 5.76 5.83

ILC3 Dpep2 5.52 5.79 5.31 5.77 5.88 5.89 6.35 5.91 5.78 5.81 7.59 6.96 6.90 6.09 5.73 6.22 6.12 5.77 5.75 5.50 5.87 6.13 5.53 5.68

ILC3 Dsg2 5.51 5.57 5.41 5.62 5.78 5.76 5.50 5.73 5.76 5.44 5.71 5.90 5.80 8.06 7.16 7.21 7.13 8.50 5.74 5.41 5.34 5.75 5.47 5.59

ILC3 Ccr1 4.25 4.58 4.32 4.43 4.10 4.23 4.75 4.82 4.63 4.40 7.76 6.69 7.32 7.08 6.55 6.51 6.64 5.85 4.40 4.40 4.32 4.51 4.39 4.24

ILC3 Nmbr 5.08 5.40 5.20 5.20 5.45 5.17 5.61 5.65 5.44 5.39 7.66 7.79 7.11 4.86 4.98 5.28 5.31 5.13 5.32 4.96 4.97 5.73 5.08 4.67

ILC3 Gria3 5.38 5.60 5.48 4.81 5.34 4.96 4.83 4.98 5.01 4.73 5.22 5.38 5.10 7.49 7.57 7.73 7.23 7.63 5.31 4.51 4.71 5.18 4.68 4.88

ILC3 Gm626 5.09 5.10 5.12 5.32 5.36 5.18 5.22 5.09 5.60 5.41 5.84 5.37 5.42 6.63 6.16 6.09 6.24 6.74 6.13 5.05 5.19 5.03 5.37 5.04

ILC3 Hmgn3 3.67 4.22 3.80 4.08 4.26 4.10 4.20 4.05 4.16 4.40 4.60 4.39 4.26 8.47 8.03 7.21 8.10 7.74 4.06 3.82 4.03 4.13 3.71 3.71

ILC3 Nmbr 5.45 5.60 5.55 5.60 5.49 5.59 5.43 5.48 5.69 5.86 5.98 5.93 5.78 5.09 5.21 5.12 5.38 5.61 5.59 5.12 5.39 5.86 5.22 5.40

ILC3 Mapk10 4.20 4.49 4.23 4.24 4.76 4.51 4.44 4.43 4.46 4.40 4.67 4.45 4.45 4.82 4.53 4.48 4.57 4.78 4.61 4.08 4.21 4.84 4.22 4.29

NK Gzma 9.73 9.59 10.83 12.47 12.04 12.16 10.76 11.13 8.08 7.42 7.23 6.50 7.39 5.57 5.37 5.53 6.02 6.24 12.51 12.81 12.56 12.85 12.66 12.74

NK Sell 12.40 12.56 12.21 6.04 6.38 6.37 7.42 8.07 6.12 6.34 6.11 5.28 5.57 5.96 6.16 6.31 6.08 6.48 12.70 12.83 12.77 12.22 12.71 12.59

NK Klra3 10.04 10.59 10.94 10.97 10.42 11.15 8.71 8.34 6.79 6.51 6.86 5.98 5.82 6.02 5.70 5.98 6.18 7.34 12.34 12.51 12.41 12.38 12.38 12.47

NK Gzmb 8.19 8.65 9.12 12.80 12.61 12.92 12.15 12.25 5.80 5.79 9.72 9.96 10.43 5.77 7.66 6.30 7.40 4.99 11.53 11.62 11.50 12.24 12.28 12.06

NK Irf8 9.20 9.48 9.76 9.49 9.22 9.79 10.75 10.76 7.47 7.65 10.60 10.48 10.27 8.66 9.00 8.74 8.68 8.23 10.56 10.88 11.05 10.84 11.66 11.63

NK Prf1 9.88 10.10 10.30 10.24 9.97 10.58 10.76 10.46 8.19 7.55 8.57 9.15 8.96 6.39 6.43 6.76 6.62 6.45 11.37 11.76 11.53 11.50 11.97 11.65

NK Eomes 10.56 10.62 10.58 6.64 6.73 7.24 7.20 7.67 5.55 6.25 6.13 6.04 5.48 5.83 5.72 5.88 6.19 5.86 11.55 12.00 11.64 11.12 11.64 11.45

NK Klra4 10.25 10.20 10.35 7.90 7.05 8.25 7.51 7.39 5.46 5.01 4.62 4.33 4.54 4.76 4.76 4.08 4.73 4.21 12.36 12.13 12.03 12.06 12.04 11.84

NK S1pr5 8.68 8.94 8.76 7.03 7.03 7.33 6.89 6.55 6.83 7.11 6.78 6.89 6.76 6.56 6.53 6.43 6.55 7.25 9.68 11.44 11.33 10.19 11.13 10.88

NK Klrg1 6.99 6.84 7.68 6.67 6.79 7.27 7.15 6.65 12.02 11.84 6.47 6.06 6.50 5.93 5.60 6.58 6.38 6.25 10.48 10.76 10.83 10.84 11.06 10.94



NK Snora16a 7.83 7.72 8.65 7.89 8.77 7.29 8.73 8.89 9.58 11.10 7.80 8.18 9.07 9.77 9.08 9.21 9.07 8.08 8.90 10.39 9.95 11.25 9.40 10.36

NK Hist1h4c 8.68 9.02 8.53 8.74 8.78 8.61 9.26 9.00 9.39 9.82 8.50 8.85 9.14 9.84 9.43 9.73 9.84 8.20 9.73 9.43 10.38 9.82 9.44 10.43

NK Klra19 10.38 10.68 10.22 10.89 10.16 11.29 8.44 8.29 3.80 3.71 5.37 4.91 4.66 4.30 4.22 4.12 4.50 5.04 11.41 11.12 11.13 11.16 11.13 11.11

NK Cym 8.33 8.74 8.20 6.87 7.17 7.23 6.95 6.94 6.91 6.94 7.29 6.95 6.82 6.64 6.73 6.63 7.04 7.14 10.40 10.19 10.82 9.42 10.64 10.56

NK Hist1h2bb 8.25 9.15 7.92 7.96 8.46 8.46 7.08 6.86 7.44 7.81 6.73 6.09 6.63 8.41 7.66 7.98 8.03 7.03 10.41 9.07 10.17 10.04 8.82 10.37

NK 2010012O05Rik 7.24 7.63 7.41 6.29 5.84 6.83 7.24 7.08 6.66 6.75 8.05 7.88 7.51 7.98 7.82 8.01 8.48 7.58 9.57 9.49 10.00 8.90 9.65 9.74

NK Itgam 7.60 8.27 8.27 6.61 6.75 6.99 6.78 6.71 5.50 6.12 5.98 5.45 6.03 5.74 5.52 5.84 5.50 5.35 9.96 10.78 10.36 9.84 10.61 10.40

NK Serpinb9b 6.49 6.73 6.68 5.91 6.27 6.06 6.59 6.73 6.20 6.09 6.30 6.31 6.20 5.76 5.74 5.77 6.05 5.74 9.45 9.77 10.20 9.97 10.25 10.34

NK Mcam 7.42 7.53 7.21 7.48 7.66 7.21 7.89 7.63 7.56 7.23 7.46 7.54 7.18 7.41 7.17 7.26 7.26 7.46 9.53 9.80 9.55 8.88 9.41 9.53

NK As3mt 7.12 7.11 7.76 5.58 5.64 5.14 6.62 5.96 6.54 6.31 6.96 6.42 6.82 7.62 7.59 6.91 6.94 6.51 9.03 9.84 9.41 8.85 9.67 9.70

NK Cmklr1 6.85 7.12 7.28 6.29 6.48 6.23 6.09 6.45 6.38 6.57 6.64 6.58 6.39 6.27 6.13 6.18 6.34 6.63 8.95 10.06 9.65 8.47 9.95 9.71

NK Myc 9.16 9.29 9.63 8.87 8.21 9.15 10.79 10.47 10.53 9.89 8.52 9.31 8.60 7.15 7.29 7.57 6.81 6.87 8.49 8.96 9.31 8.75 9.70 9.67

NK Sord 7.50 7.83 7.58 7.36 7.19 7.40 7.46 7.40 7.57 7.69 7.27 7.32 7.37 7.65 7.55 7.81 7.33 7.15 8.42 9.03 9.20 8.51 9.14 9.17

NK Fcgr2b 7.68 8.58 8.15 6.27 6.46 6.07 6.30 6.34 5.72 5.71 6.17 6.35 6.36 6.07 6.11 6.35 6.41 6.05 8.92 9.60 9.36 8.39 9.50 9.50

NK Zeb2 7.51 7.31 7.47 5.66 5.81 5.64 6.11 6.12 6.50 6.51 5.87 5.60 5.77 5.84 5.90 5.37 6.05 5.57 9.25 10.02 9.03 8.53 9.52 9.14

NK Car5b 6.89 7.17 7.77 5.17 5.64 5.58 5.60 5.42 5.55 5.38 5.13 5.19 5.45 5.01 5.20 5.43 4.99 5.24 8.75 9.84 9.48 8.59 9.95 9.74

NK Nrarp 7.48 7.45 7.28 6.24 6.37 6.53 6.94 6.94 6.47 6.14 6.51 6.11 6.36 6.21 6.35 6.48 6.22 6.68 8.37 9.32 9.50 8.43 8.88 9.13

NK Vegfa 7.15 7.20 7.20 7.04 6.95 7.25 8.99 9.32 8.02 7.71 10.25 9.85 10.28 9.87 10.08 9.48 9.02 8.95 7.44 7.69 7.79 7.84 7.91 7.74

NK Hist1h2bg 7.00 7.34 7.01 6.91 6.75 6.89 7.20 7.06 7.21 7.67 6.41 6.52 6.64 7.77 7.65 7.75 7.59 6.48 8.18 8.78 8.55 7.49 8.50 8.57

NK Rac3 6.56 6.95 6.77 7.13 7.15 7.21 6.83 6.79 6.68 6.82 6.73 7.06 6.59 6.48 6.40 6.44 6.14 6.81 8.10 8.36 9.07 7.76 8.62 8.55

NK Gpx8 5.83 5.91 5.51 6.15 6.06 7.11 5.88 5.80 6.21 5.93 6.02 5.81 5.69 5.85 5.68 6.02 6.00 6.25 8.30 8.12 7.58 8.43 8.70 8.82

NK Klra22 7.16 7.26 7.64 4.03 3.96 3.88 4.16 3.98 3.74 4.01 3.94 3.50 3.13 3.34 2.83 3.57 3.04 3.96 9.28 9.11 9.42 8.70 9.04 8.89

NK Cma1 5.53 5.70 5.62 5.39 5.51 5.28 5.24 5.24 5.66 5.59 5.59 5.61 5.46 5.20 4.93 5.15 5.17 5.43 7.74 8.39 8.47 8.31 8.32 8.83

NK Cyp17a1 5.40 5.51 5.59 5.90 6.09 5.55 5.51 5.38 6.12 5.31 5.79 5.52 5.62 5.68 5.50 5.28 5.74 6.00 7.92 8.32 8.41 7.12 7.96 8.21

NK Prr5l 6.87 6.86 7.02 5.16 5.39 5.49 5.34 5.37 5.08 4.57 4.80 4.74 4.74 4.59 4.99 5.01 4.85 4.64 7.60 8.61 8.50 7.77 8.41 8.38

NK Cd55 7.27 7.02 7.36 4.96 5.00 4.97 5.47 5.54 4.92 5.05 5.21 4.86 4.84 5.80 5.06 5.60 5.23 5.34 8.39 8.46 8.22 7.34 7.98 7.79

NK Lair1 6.50 6.30 6.62 6.22 6.36 6.40 6.14 6.00 6.11 5.90 6.45 6.07 6.17 5.50 5.35 5.47 5.99 5.70 7.90 7.90 7.48 7.33 7.77 7.59

NK St5 5.60 5.87 5.59 5.45 5.65 5.39 5.48 5.47 6.21 6.28 5.74 5.62 5.47 5.21 5.26 5.43 5.33 5.83 7.10 8.25 7.58 7.09 8.05 7.87

NK Khdc1a 4.19 4.22 5.44 4.29 3.81 4.15 4.27 4.20 4.83 4.73 3.58 3.42 4.07 3.76 3.57 3.41 3.88 3.78 8.27 8.35 8.26 7.83 8.01 7.98

NK Gzmm 6.78 7.30 7.19 6.61 6.86 6.30 6.29 6.34 6.50 6.33 6.53 6.14 6.35 6.06 5.98 6.05 6.22 5.88 7.02 7.29 7.57 7.02 7.37 7.64

NK Tfam 6.74 6.56 7.48 6.19 5.91 6.22 6.97 6.99 5.16 6.18 5.63 5.84 6.38 7.28 7.17 6.96 7.36 6.63 5.97 7.16 7.18 6.44 7.15 7.30

NK Klhl30 5.94 6.05 5.63 5.97 5.84 5.93 5.68 5.53 5.75 5.86 6.17 5.56 5.71 5.56 5.40 5.44 5.56 6.26 7.01 7.44 7.59 6.63 7.15 7.18

NK Gzmk 5.73 5.74 5.44 5.74 5.99 6.12 5.80 5.71 5.63 5.46 5.70 5.50 5.53 5.07 5.23 5.23 5.18 5.51 7.51 6.50 7.67 6.54 6.77 7.36

NK Klra5 7.73 8.01 8.06 11.04 9.95 11.38 8.24 8.31 3.00 3.59 5.48 4.63 4.63 3.55 3.07 3.00 3.03 3.29 7.63 7.51 7.43 6.26 7.84 7.91

NK Ccbl2 5.69 5.56 5.51 5.84 5.73 5.72 5.76 6.02 6.29 6.16 5.93 6.13 5.80 5.77 5.55 5.60 5.57 5.61 5.89 5.36 5.55 5.56 5.70 5.61

NK Gzmc 5.34 5.50 6.33 9.91 9.79 10.14 10.43 10.70 4.78 5.41 9.21 9.81 10.23 5.49 6.15 6.28 6.13 5.53 5.17 5.03 5.53 5.35 5.85 6.13

NK Klra17 4.64 4.50 4.36 4.47 4.61 5.04 4.20 4.01 4.13 4.11 4.22 3.90 3.95 3.81 3.81 4.21 3.91 4.37 5.04 4.33 5.03 4.78 4.68 4.74

NK Gzmg 4.48 4.49 4.52 4.88 5.31 4.72 5.15 4.58 4.39 4.66 5.32 4.89 4.89 4.58 4.66 4.41 4.53 4.25 4.92 4.37 4.33 4.57 4.61 4.68

NK Klra2 4.24 4.70 4.38 4.38 4.58 4.53 4.28 4.15 4.09 4.49 4.76 4.21 4.33 4.31 4.29 4.10 4.65 4.38 4.13 4.31 4.39 4.69 4.52 4.50

NK Gzmn 4.01 4.24 3.85 4.07 3.85 4.46 4.31 4.02 4.50 4.46 4.39 4.23 4.20 4.11 4.18 4.23 4.39 4.62 4.76 3.84 4.26 4.51 3.93 4.17

NK Gzmd 3.87 3.90 3.66 4.32 4.40 4.30 4.42 5.09 4.01 4.20 5.21 4.56 4.99 3.88 3.49 3.82 5.17 4.72 3.90 3.72 3.79 4.79 4.28 3.67
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Supplementary Table S3: cytotoxicity genes
Raw data 

table
GeneName PMA_skin_1 PMA_skin_2 Papilloma_skin_ Papilloma_skin_ Papilloma_skin_ Tumor_skin_1 Tumor_skin_2 Tumor_skin_3 Papilloma_1 Papilloma_2 Tumor_1 Tumor_2 Tumor_3
Tnfsf10 11.59 11.22 11.24 10.99 11.44 11.61 11.75 11.56 12.79 12.54 10.82 11.27 10.76
Gzma 18.04 18.07 18.06 18.19 18.02 18.04 18.08 18.23 17.10 17.05 17.88 17.81 17.72
Gzmb 15.46 15.59 15.69 15.36 15.37 15.48 15.23 15.61 14.01 14.32 15.59 15.27 15.28
Prf1 15.08 15.26 15.13 15.13 15.06 14.82 15.05 15.04 14.10 14.09 15.17 14.91 15.12
Gzmm 10.74 10.27 10.56 10.62 11.26 10.78 10.94 10.47 9.36 9.48 10.82 10.97 10.62
Fasl 13.94 13.93 14.22 14.04 14.17 13.92 13.70 14.10 13.08 13.19 13.51 13.39 13.08
Gzmc 14.89 15.71 15.11 15.40 16.36 15.51 15.88 15.53 16.39 16.58 16.40 16.96 15.58
Fas 9.14 8.99 9.04 8.60 9.11 9.44 9.39 8.95 8.97 8.03 9.10 9.67 9.38
Gzme 5.83 5.67 6.07 6.32 6.94 9.10 7.83 8.68 5.53 5.60 14.26 14.46 13.10
Gzmf 5.17 4.83 5.57 5.22 6.47 7.06 6.98 6.88 4.70 5.14 11.73 12.10 10.69
Gzmd 4.94 5.24 5.06 5.48 6.65 6.68 5.88 6.47 5.29 6.17 11.22 11.85 9.84
Gzmg 6.02 5.60 5.43 5.49 5.89 6.26 5.70 5.95 5.74 5.72 10.63 11.07 10.23

Z-Score table
GeneName PMA_skin_1 PMA_skin_2 Papilloma_skin_ Papilloma_skin_ Papilloma_skin_ Tumor_skin_1 Tumor_skin_2 Tumor_skin_3 Papilloma_1 Papilloma_2 Tumor_1 Tumor_2 Tumor_3
Tnfsf10 0.25 -0.36 -0.33 -0.75 0.00 0.29 0.52 0.20 2.26 1.84 -1.03 -0.28 -1.12
Gzma 0.00 0.10 0.07 0.41 -0.04 0.00 0.12 0.51 -2.47 -2.60 -0.43 -0.59 -0.83
Gzmb 0.19 0.45 0.63 -0.02 0.00 0.23 -0.27 0.47 -2.68 -2.07 0.43 -0.19 -0.17
Prf1 0.05 0.53 0.19 0.18 0.00 -0.62 -0.01 -0.04 -2.50 -2.53 0.30 -0.38 0.17
Gzmm 0.22 -0.64 -0.11 0.00 1.16 0.28 0.59 -0.28 -2.29 -2.07 0.36 0.63 0.00
Fasl 0.03 0.01 0.72 0.29 0.58 0.00 -0.54 0.43 -2.02 -1.75 -0.99 -1.29 -2.02
Gzmc -1.32 0.00 -0.96 -0.49 1.06 -0.31 0.29 -0.29 1.11 1.42 1.12 2.03 -0.20
Fas 0.09 -0.27 -0.15 -1.21 0.04 0.84 0.71 -0.36 -0.32 -2.59 0.00 1.39 0.67
Gzme -0.33 -0.38 -0.26 -0.18 0.00 0.64 0.26 0.52 -0.42 -0.40 2.17 2.23 1.83
Gzmf -0.49 -0.62 -0.34 -0.47 0.00 0.23 0.20 0.16 -0.67 -0.50 1.99 2.13 1.60
Gzmd -0.52 -0.39 -0.47 -0.29 0.20 0.21 -0.12 0.13 -0.37 0.00 2.12 2.38 1.54
Gzmg 0.06 -0.13 -0.21 -0.18 0.00 0.18 -0.09 0.03 -0.07 -0.08 2.21 2.41 2.02

PMA skin Papilloma skin Tumor skin Papilloma Tumor

PMA skin Papilloma skin Tumor skin Papilloma Tumor



Raw data 
table

GeneName PMA_skin_1 PMA_skin_2 Papilloma_skin_ Papilloma_skin_ Papilloma_skin_ Tumor_skin_1 Tumor_skin_2 Tumor_skin_3 Papilloma_1 Papilloma_2 Tumor_1 Tumor_2 Tumor_3
Csf1 6.39 6.33 5.50 6.10 5.20 6.37 6.06 5.93 6.82 5.86 6.72 7.20 8.36
Ifna13 6.00 6.21 6.16 6.03 5.95 6.16 6.11 6.12 5.93 6.09 6.25 6.10 6.26
Txlna 9.81 9.83 9.71 9.71 9.50 9.72 9.68 9.80 9.66 9.97 9.86 9.64 10.00
Csf2 10.34 10.62 11.35 10.56 11.54 11.50 10.73 10.99 13.10 12.95 11.62 12.51 11.46
Cxcl1 6.44 7.13 6.27 7.26 7.41 7.88 6.35 6.96 8.71 8.13 6.84 9.17 7.43
Cxcl2 7.80 8.50 6.61 6.57 6.24 9.74 7.56 7.47 12.71 11.37 8.80 11.38 11.33
Il1b 10.15 10.44 5.49 5.95 6.29 11.48 7.26 8.10 15.18 13.50 9.76 12.55 11.95
Il13 6.05 6.16 5.31 5.60 4.73 6.65 5.90 5.19 9.22 8.33 6.54 6.53 8.52
Il17a 5.73 6.68 6.03 5.82 5.76 5.87 5.85 5.00 10.01 9.26 6.57 6.80 7.87
Il17f 5.64 6.01 6.06 5.98 5.65 6.20 6.20 5.94 8.04 7.42 6.22 6.16 6.94
Tnf 12.11 12.04 12.10 12.44 12.04 12.31 12.36 11.80 13.64 13.58 12.15 12.46 13.02
Il22 6.35 5.95 6.18 6.04 6.16 6.24 6.34 5.97 6.63 6.77 6.50 6.38 6.64
Il4 5.61 6.23 5.85 6.02 5.81 5.99 6.46 5.95 7.97 7.69 5.65 5.52 5.97
Il6 5.71 7.48 6.91 5.84 6.99 6.64 6.99 7.09 10.14 9.46 6.09 7.83 5.97
Ifnab 6.14 6.29 6.22 6.40 6.14 6.23 6.32 6.37 6.42 6.78 6.49 6.27 6.43
Ifna5 7.08 6.78 6.87 6.85 6.94 6.71 6.95 6.61 7.44 8.31 7.33 6.94 7.11
Il28b 6.62 6.55 6.79 6.77 6.85 6.57 6.78 6.55 7.09 7.76 7.00 6.61 6.91
Il34 6.70 7.09 6.61 7.19 6.78 6.59 6.44 6.72 7.08 7.53 6.95 7.28 7.07
Il18 7.70 7.32 7.91 7.69 8.09 7.78 8.04 8.03 8.33 8.42 8.48 8.36 7.99
Ifnk 6.42 6.31 6.96 6.60 6.35 7.14 6.90 7.53 6.97 6.52 6.96 6.98 6.82
Ifna2 6.00 6.03 6.23 6.15 6.00 6.08 6.30 6.15 5.96 5.94 6.13 5.95 6.23
Il16 11.82 11.87 11.86 11.86 11.73 12.03 12.30 12.21 11.81 11.94 11.83 11.80 11.91
Ifna14 7.29 7.21 7.49 7.10 7.10 7.24 7.13 7.14 7.28 6.88 7.28 7.18 7.43
Il11 6.39 6.44 6.68 6.27 6.12 6.21 6.45 6.31 6.32 5.48 6.34 6.66 6.68
Il15 6.77 6.86 6.26 6.39 6.56 6.51 6.56 6.31 6.61 5.79 6.56 6.68 6.61
Il7 5.81 5.78 6.30 7.67 6.97 6.21 5.73 6.03 5.66 5.35 5.98 5.87 5.84
Txlng 7.30 7.44 7.41 7.38 7.45 7.35 7.39 7.29 6.54 6.66 7.30 7.38 7.29
Ifng 16.34 16.50 16.65 16.66 16.65 16.27 16.23 16.37 16.30 16.38 15.57 15.69 15.42
Il2 10.94 10.94 10.38 9.52 10.68 10.71 10.76 10.33 11.21 10.51 7.31 8.94 7.68
Ifna1 7.17 6.94 7.22 6.88 7.25 6.90 6.95 6.69 7.24 7.03 6.92 6.95 6.92
Il17d 7.58 7.80 7.69 7.51 8.06 7.48 7.31 7.09 7.61 7.53 7.33 7.27 7.29
Il27 8.48 8.41 8.71 8.45 8.69 8.30 8.45 8.14 8.37 8.22 8.38 8.27 8.49
Il3 6.56 6.45 6.73 6.32 6.44 6.52 6.37 6.27 6.62 6.15 6.17 6.30 6.36

Tumor

Supplementary Table S3: cytokine genes

PMA skin Papilloma skin Tumor skin Papilloma



Z-Score table

GeneName PMA_skin_1 PMA_skin_2 Papilloma_skin_ Papilloma_skin_ Papilloma_skin_ Tumor_skin_1 Tumor_skin_2 Tumor_skin_3 Papilloma_1 Papilloma_2 Tumor_1 Tumor_2 Tumor_3
Csf1 0.08 0.00 -1.03 -0.29 -1.40 0.05 -0.34 -0.50 0.61 -0.59 0.49 1.09 2.53
Ifna13 -1.07 0.99 0.45 -0.76 -1.50 0.45 0.00 0.06 -1.72 -0.23 1.32 -0.13 1.38
Txlna 0.60 0.76 -0.09 -0.10 -1.64 0.00 -0.33 0.58 -0.49 1.78 1.00 -0.63 2.01
Csf2 -1.26 -0.95 -0.12 -1.01 0.09 0.04 -0.82 -0.53 1.83 1.66 0.18 1.18 0.00
Cxcl1 -0.92 -0.15 -1.12 0.00 0.17 0.69 -1.03 -0.34 1.62 0.98 -0.47 2.14 0.19
Cxcl2 -0.33 0.00 -0.87 -0.89 -1.04 0.57 -0.44 -0.48 1.94 1.32 0.13 1.33 1.30
Il1b 0.00 0.09 -1.52 -1.37 -1.26 0.43 -0.94 -0.67 1.64 1.09 -0.13 0.78 0.58
Il13 -0.08 0.00 -0.62 -0.41 -1.05 0.36 -0.19 -0.71 2.22 1.58 0.27 0.27 1.72
Il17a -0.20 0.44 0.00 -0.14 -0.18 -0.11 -0.12 -0.70 2.69 2.18 0.36 0.52 1.25
Il17f -0.75 -0.21 -0.14 -0.27 -0.73 0.05 0.05 -0.32 2.67 1.79 0.08 0.00 1.10
Tnf -0.35 -0.45 -0.36 0.22 -0.47 0.00 0.09 -0.87 2.27 2.17 -0.27 0.26 1.21
Il22 0.04 -1.47 -0.60 -1.14 -0.68 -0.37 0.00 -1.42 1.10 1.64 0.62 0.15 1.14
Il4 -0.47 0.33 -0.16 0.06 -0.21 0.03 0.64 -0.03 2.62 2.25 -0.43 -0.59 0.00
Il6 -0.95 0.37 -0.05 -0.85 0.00 -0.26 0.01 0.08 2.35 1.85 -0.67 0.63 -0.76
Ifnab -1.01 -0.15 -0.54 0.48 -1.06 -0.49 0.00 0.34 0.63 2.73 0.99 -0.30 0.66
Ifna5 0.32 -0.37 -0.15 -0.21 -0.01 -0.54 0.01 -0.75 1.14 3.12 0.87 0.00 0.38
Il28b -0.47 -0.68 0.05 -0.03 0.22 -0.62 0.00 -0.69 0.97 3.00 0.69 -0.51 0.39
Il34 -0.79 0.45 -1.07 0.77 -0.54 -1.13 -1.62 -0.72 0.42 1.82 0.00 1.05 0.39
Il18 -0.99 -2.10 -0.34 -1.00 0.18 -0.73 0.03 0.00 0.89 1.16 1.35 1.00 -0.12
Ifnk -1.36 -1.68 0.19 -0.85 -1.57 0.69 0.00 1.80 0.22 -1.06 0.19 0.25 -0.23
Ifna2 -0.63 -0.41 1.26 0.64 -0.65 0.00 1.87 0.64 -0.98 -1.14 0.41 -1.06 1.30
Il16 -0.26 0.05 0.00 -0.01 -0.83 0.98 2.65 2.06 -0.33 0.45 -0.18 -0.39 0.26
Ifna14 0.48 0.00 1.79 -0.73 -0.74 0.14 -0.51 -0.45 0.45 -2.15 0.45 -0.19 1.39
Il11 0.18 0.32 1.09 -0.21 -0.70 -0.41 0.37 -0.07 -0.05 -2.75 0.00 1.03 1.10
Il15 0.76 1.11 -1.11 -0.63 -0.03 -0.18 0.00 -0.92 0.18 -2.85 0.01 0.44 0.19
Il7 -0.11 -0.16 0.70 2.93 1.79 0.54 -0.23 0.25 -0.36 -0.86 0.18 0.00 -0.05
Txlng -0.17 0.34 0.21 0.13 0.36 0.00 0.16 -0.18 -2.75 -2.34 -0.15 0.13 -0.20
Ifng 0.00 0.38 0.75 0.78 0.76 -0.16 -0.26 0.06 -0.09 0.09 -1.87 -1.57 -2.22
Il2 0.34 0.34 -0.11 -0.78 0.13 0.16 0.19 -0.15 0.55 0.00 -2.53 -1.24 -2.24
Ifna1 1.34 -0.02 1.64 -0.39 1.80 -0.30 0.03 -1.52 1.74 0.47 -0.14 0.00 -0.16
Il17d 0.28 1.15 0.71 0.00 2.15 -0.09 -0.75 -1.64 0.42 0.07 -0.67 -0.92 -0.85
Il27 0.48 0.00 1.83 0.28 1.73 -0.66 0.27 -1.61 -0.19 -1.11 -0.17 -0.85 0.53
Il3 1.09 0.46 2.13 -0.28 0.39 0.86 0.00 -0.59 1.46 -1.28 -1.17 -0.39 -0.05

PMA skin Papilloma skin Tumor skin Papilloma Tumor



Raw data 
table

GeneName PMA_skin_1 PMA_skin_2 Papilloma_skin_ Papilloma_skin_ Papilloma_skin_ Tumor_skin_1 Tumor_skin_2 Tumor_skin_3 Papilloma_1 Papilloma_2 Tumor_1 Tumor_2 Tumor_3
Cd28 13.39 13.25 13.45 13.39 13.42 13.62 13.16 13.52 13.27 13.29 12.13 12.44 12.14
Cd96 12.28 12.45 12.43 12.48 12.63 12.53 12.74 12.77 12.98 13.10 12.82 12.88 12.57
Cd226 10.71 10.33 10.48 10.60 10.74 10.79 10.38 10.31 10.48 10.12 8.92 9.74 9.29
Klrk1 10.76 10.95 10.60 10.59 10.70 10.69 10.72 10.81 10.43 10.41 10.22 10.14 9.98
Klrb1c 8.49 8.16 8.50 7.98 8.46 8.14 8.30 7.96 6.98 6.40 7.57 7.85 7.34
Klrb1c 15.07 14.84 15.23 14.95 15.19 15.04 15.36 15.29 14.22 14.07 14.51 14.68 14.43
Klrc2 8.38 8.10 7.98 8.28 7.91 8.40 7.78 7.59 7.42 6.64 7.13 6.85 7.66
Cd244 12.25 12.21 12.50 12.26 12.22 12.43 12.17 12.19 13.13 13.14 12.21 12.31 12.30
Klrg1 13.55 13.57 13.61 13.26 13.51 13.28 13.21 13.26 11.36 11.44 12.82 12.23 12.38
Ctla4 6.21 6.34 7.08 7.34 7.43 7.58 7.53 8.36 7.00 8.79 8.56 8.23 7.64
Pdcd1 6.78 6.76 6.49 6.49 7.10 7.64 7.40 7.72 9.10 9.40 8.94 10.07 8.95
Cd274 11.59 11.54 12.12 11.45 11.68 11.90 11.53 11.82 11.90 11.58 11.99 12.12 11.95
Tigit 9.38 9.50 10.68 10.11 10.19 10.27 10.40 10.82 9.04 9.19 11.42 11.36 11.18
Havrc2 6.22 5.94 5.82 5.33 5.92 6.58 5.73 6.17 7.77 7.11 8.62 8.19 7.77
lag3 7.79 7.90 8.87 8.19 8.59 8.96 9.04 9.20 8.98 8.76 10.03 9.77 9.73

Z-Score table

GeneName PMA_skin_1 PMA_skin_2 Papilloma_skin_ Papilloma_skin_ Papilloma_skin_ Tumor_skin_1 Tumor_skin_2 Tumor_skin_3 Papilloma_1 Papilloma_2 Tumor_1 Tumor_2 Tumor_3
Cd28 0.19 -0.09 0.31 0.18 0.23 0.62 -0.25 0.44 -0.04 0.00 -2.24 -1.65 -2.23
Cd96 -1.47 -0.76 -0.85 -0.64 0.00 -0.41 0.47 0.58 1.46 1.94 0.81 1.04 -0.24
Cd226 0.57 -0.10 0.16 0.37 0.63 0.70 0.00 -0.12 0.17 -0.46 -2.56 -1.12 -1.90
Klrk1 0.56 1.20 0.00 -0.04 0.35 0.32 0.40 0.72 -0.60 -0.68 -1.35 -1.62 -2.16
Klrb1c 0.80 0.30 0.83 0.00 0.77 0.25 0.51 -0.02 -1.57 -2.49 -0.64 -0.20 -1.01
Klrb1c 0.28 -0.26 0.65 0.00 0.56 0.22 0.96 0.81 -1.75 -2.09 -1.05 -0.64 -1.23
Klrc2 1.07 0.56 0.36 0.88 0.23 1.09 0.00 -0.34 -0.63 -2.02 -1.15 -1.64 -0.22
Cd244 -0.03 -0.17 0.69 0.00 -0.15 0.49 -0.29 -0.23 2.58 2.60 -0.17 0.15 0.09
Klrg1 0.37 0.39 0.44 0.01 0.31 0.03 -0.07 0.00 -2.40 -2.31 -0.55 -1.31 -1.12
Ctla4 -1.67 -1.50 -0.58 -0.25 -0.13 0.06 0.00 1.04 -0.67 1.59 1.30 0.88 0.14
Pdcd1 -0.71 -0.72 -0.94 -0.94 -0.44 0.00 -0.20 0.06 1.18 1.43 1.05 1.98 1.07
Cd274 -0.98 -1.18 1.31 -1.58 -0.60 0.36 -1.24 0.00 0.36 -1.03 0.73 1.30 0.54
Tigit -1.08 -0.94 0.51 -0.19 -0.09 0.00 0.17 0.69 -1.50 -1.33 1.43 1.35 1.12
Havrc2 0.00 -0.26 -0.37 -0.83 -0.28 0.34 -0.46 -0.04 1.45 0.84 2.25 1.85 1.45
lag3 -1.69 -1.53 -0.12 -1.11 -0.54 0.00 0.13 0.35 0.04 -0.29 1.56 1.18 1.13

PMA skin Papilloma skin Tumor skin Papilloma Tumor

Tumor

Supplementary Table S3: inh/act receptors

PMA skin Papilloma skin Tumor skin Papilloma
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