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BACKGROUND
Identifying a pleiotropic signature
•	 Using a genome-wide association study (GWAS) across multiple phenotypes to assess 

23andMe’s unique genetic database, pleiotropic causal variants with consistent opposing 
direction of effect in cancer and immune diseases were identified as having an  
“Immuno-oncology (IO) signature” 

•	 A coding variant of the immune checkpoint cytotoxic T-lymphocyte–associated protein 4 (CTLA4)  
serves as a proof of concept (Figure 1)

•	 We hypothesized that genes with such a pleiotropic signature play a critical role in the 
antitumor immune response

Figure 1. IO signature observed for CTLA4 in the 23andMe database.*
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*Consenting customers fill out medical surveys that capture their personal and family history of cancer- and immune-related diseases. We look for 
genetic variants that associate with these immune-related phenotypes to create a GWAS-PheWAS database. 

CTLA4, cytotoxic T-lymphocyte–associated protein 4; GWAS, genome-wide association; IO, immuno-oncology; T1D, type 1 diabetes; T2D, type 2 diabetes.

•	 To identify novel potential targets for cancer therapies with human genetic support, we 
conducted further analyses to identify genetic variants with a similar IO signature (Figure 2)

Figure 2. Workflow of pleiotropy analysis.
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GWAS, genome-wide association study; IO, immuno-oncology; LD, linkage disequilibrium; SNP, single nucleotide polymorphism;  
xQTL, any quantitative trait loci.

METHODS AND RESULTS
CD200R1 was identified as a potential IO target, as 3 components of the 
pathway were observed to have an IO signature in the 23andMe database
•	 An IO signature was observed for 3 genes known to be involved in the same immune pathway: 

CD200R1 (inhibitory cell surface receptor), CD200 (CD200R1 ligand), and DOK2 (involved in 
CD200/CD200R1 signaling pathway; Figure 3A and 3B)

Figure 3A. CD200R1, CD200, and DOK2 IO signature.*
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Figure 3B. CD200-CD200R1 signaling cascade.
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The binding of CD200 to CD200R1 initiates an intracellular signaling cascade mediated by the recruitment of adapter protein DOK2. This cascade 
has been shown to downregulate the production of proinflammatory cytokines by activated myeloid and/or T cells, potentially contributing to an 
immunosuppressive tumor microenvironment.1-5

eQTL, expression quantitative trait loci; GWAS, genome-wide association study; IO, immuno-oncology.

CD200R1 is co-expressed on tumor-infiltrating lymphocytes (TILs) from  
The Cancer Genome Atlas (TCGA)
•	 To confirm the presence of CD200R1 in TILs, the correlation between CD200R1 expression 

and that of several immune cell marker genes (CD45, CD8, CD4, CD11b) was calculated using 
RNAseq data from TCGA6

•	 A positive correlation (ranging from 0.51-0.88) between CD45 and CD200R1 expression in 
30 out of 32 cancer types examined in TCGA was observed, suggesting that CD200R1 is 
expressed on TILs in most cancers (clear cell renal carcinoma is shown in Figure 4 and was 
chosen because it had high immune infiltration in the TCGA dataset)

Figure 4. CD200R1 expression in immune cells from clear cell renal carcinoma.
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Measurements of CD200R1 and TILs were taken from samples of KIRC. 

KIRC, kidney renal clear cell carcinoma; TIL, tumor-infiltrating lymphocyte.

CD200R1 is expressed in immune cell subsets from patients whose cancer did 
not respond to immune checkpoint inhibitors7

•	 Previously published single-cell RNA-seq data from 48 tumor samples of melanoma patients 
treated with checkpoint inhibitors anti–programmed death–1 (PD-1) and anti-CTLA4 were 
reanalyzed to further understand CD200R1 expression on immune cell subsets7  

•	 As illustrated in the t-distributed stochastic neighbor embedding plot, CD200R1 is expressed 
on a variety of immune cells, particularly exhausted T and NK cells, indicating that the 
CD200R1 pathway contributes to an immunosuppressive tumor microenvironment (Figure 5)

Figure 5. Immune cells from melanoma patients treated with anti–PD-1 and anti-CTLA4 
express CD200R1.7
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CD200R1 is most highly represented in exhausted CD8+ T cells (G6: 21.8%; G9: 23.4%) and other exhausted lymphocytes (G11: 22.9%). 

CTLA4, cytotoxic T-lymphocyte–associated protein 4; PD-1, programmed death–1; tSNE, t-distributed stochastic neighbor embedding.

CD200R1 expression was confirmed on T cells in immune checkpoint 
inhibitor (ICI) non-responders 
•	 The frequency and level of CD200R1 expression was examined on TIL subsets from 32 ICI 

non-responders

•	 Exhausted CD8+ T cells are the most abundant CD200R1-expressing tumor-infiltrating cell 
type in non-responders (Figure 6)7

•	 These observations were similar to a published RNAseq expression analysis,8 suggesting that 
CD200R1 is an immune checkpoint that may contribute to ICI resistance9-11

Figure 6. CD200R1 expression in ICI non-responders.*,7
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*Elevated proportion of CD8+ T cells enriched for genes linked to cell exhaustion is observed in non-responders compared to responders. 
ICI, immune checkpoint inhibitor; TPM, transcripts per million.

CONCLUSIONS
•	 There are multiple instances in the 23andMe database where genetic 

associations driven by a common causal variant are observed to consistently 
show opposing direction of effect in cancer and immune diseases—a pleiotropic 
IO signature

•	 CD200R1 was identified as a critical immune checkpoint 
	– CD200R1 and its pathway genes CD200 and DOK2 all show pleiotropic  
IO signatures

•	 CD200R1 is expressed on TILs in the TCGA dataset, suggesting that this 
pathway contributes to an immunosuppressive tumor microenvironment  
(also see Poster #602)

•	 CD200R1 is expressed in ICI non-responders, indicating that inhibition of the 
CD200R1 immune checkpoint has the potential to address resistance to  
anti–PD-1 and anti–CTLA4 therapies7

•	 23andMe has developed a high-affinity, first-in-class, anti-CD200R1 monoclonal 
antibody (23ME-00610) to block CD200R1 signaling and enhance T-cell function 
(Poster #602)

•	 The safety, pharmacokinetics, and anti-cancer activity of 23ME-00610 is 
currently being evaluated in patients with advanced solid tumors in a phase 1 
clinical trial (ClinicalTrials.gov Identifier: NCT05199272)
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