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Supplementary BOX 1. The annotation of CD4+/CD8+T cell sub-populations based on scRNASeq-

data analyses. 

Abbreviations: Overall expression representation of; HI, high-

level; MED, medium-level; LO, low-level; +, minimal-level; MIN, 

minimal-to-negligible level; and NULL, negligible-to-zero level. 

SKCM-CD8+T cells 

Cluster 0 Pre-TEM-like (Pre effector-memory like) IFNGMED, GZMAHI, PRF1HI, KLRG1+, EOMES+, 

TBX21+, CCR7NULL, SELLMIN, CD44MED 

Cluster 1 TEFF-like (Effector-like) TBX21+, TNFNULL, IFNGMED, PRF1HI, GZMAHI, GZMBHI, GZMKMED, 

CCL5HI, CCL3LO, CCL4MED, BTLA+, CTLA4MED, PDCD1MED, ICOSLO, LAG3MED 

Cluster 2 TRM (Resting-memory) IFNG+, GZMBMIN, GZMAMIN, PRF1HI, KLRG1LO, TOXMED, EOMESLO, 

TBX21MIN, TNFNULL, CCR7MIN, SELLMIN, CD44MED  

Cluster 3 Pre-TEM (Pre effector-memory) IFNGMED, GZMAHI, PRF1HI, KLRG1LO, EOMESMED, 

TBX21NULL, TNFNULL, CCR7NULL, SELLMIN, CD44MED 

Cluster 4 TCM (Central-memory) CCR7MED, SELLHI, IL7RHI, CD27HI, TBX21NULL, EOMESLO, PRF1LO, 

GZMA/BMIN 

Cluster 5 TEMRA (Effector memory re-expressing CD45RA) CCR7NULL, CD27LO, GZMA/BHI, 

GZMKMED, PRF1MED, IFNG+, TNF+, TOXLO, PDCD1MIN, CTLA4MIN 

Cluster 6 TEFF (Effector) TBX21+, TNF+, IFNGHI, PRF1HI, GZMAHI, GZMBHI, GZMKHI, CCL5HI, CCL3HI, 

CCL4HI, BTLA+, CTLA4HI, PDCD1HI, ICOSMED, LAG3MED 

Cluster 7 TSEFF (Suppressed-effector) TBX21NULL, TNFNULL, IFNG+, STAT1LO, PRF1HI, GZMAHI, 

GZMBMIN, GZMKHI, CCL5HI, CCL3MED, CCL4HI, BTLANULL, CTLA4LO, PDCD1HI, ICOSLO, LAG3MED 

Cluster 8 TDPE-like (Double-positive effector-like) KLRG1MED, IL7RLO, STAT1HI, TBX21NULL, 

TIGITMED, PRF1MED, PDCD1LO, GZMALO, GZMBNULL, GZMKHI 

Cluster 9 MAIT-like (Mucosal associated invariant T cells) CD8AMIN, CD8BNULL, CD44HI, 

CCR7NULL, SELLMIN 

Cluster 10 TEM (Effector-memory) IFNGHI, GZMBHI, GZMAMED, PRF1HI, KLRG1LO, EOMES+, TBX21+, 

TNF+, CCR7NULL, SELLNULL, CD44MED 

Cluster 11 Pre-TEFF (Pre-effector) TBX21NULL, TNFNULL, IFNGMED, PRF1MED, GZMAHI, GZMBNULL, 

GZMKHI, CCL5HI, CCL3MIN, CCL4HI, BTLA+, CTLA4MIN, PDCD1LO, ICOSLO, LAG3LO 

Cluster 12 Early-TEFF (Early-effector) TBX21NULL, TNFNULL, IFNGMED, PRF1HI, GZMALO, GZMBMIN, 

GZMKMIN, CCL5HI, CCL3LO, CCL4HI, BTLA+, CTLA4LO, PDCD1MED, ICOSLO, LAG3MED 

Cluster 13 TN (Naive) CCR7MED, IL7RHI, SELLMED, CTLA4NULL, TOXNULL, EOMESNULL, GZMA/B/KNULL, 

PRF1LO, ICOSMIN, IFNGNULL, TNFNULL 

Cluster 14 TTIPM (Tumour-infiltrating peripheral-memory) SELLLO, PRF1LO, GZMAMED, 

GZMBNULL, GZMKHI, IFNGMIN, TNFNULL, CCR7MED, CD27MED, TBX21NULL  

Cluster 15 TRDM (Resident-memory) ITGAEHI, KLRG1MIN, CCR7NULL, SELLMIN, KLF2NULL, EOMESNULL, 

TBX21NULL 
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SKCM-CD4+T cells 

Cluster 0 KLRB1HICD4+T 

Cluster 1 TREG (Regulatory) FOXP3HI, TIGITHI, IKZF2MED, CTLA4HI, IL2RAMED, TNFRSF18HI, 

TNFRSF9MED, ENTPD1MED, IL10MED 

Cluster 2 TRN (Resting-Naive) CXCR4HI, CTLA4NULL, CXCR3NULL, CXCR5NULL, CCR5NULL, FOXP3NULL, 

GATA3MIN, ICOSNULL, IKZF2NULL, PDCD1NULL, STAT1LO 

Cluster 3 TFH (Follicular-helper) BATFHI, BCL6MED, MAFHI, PDCD1HI, STAT3MED, ICOSHI, CXCR5LO;  

Cluster 4 TIFNS (Interferon-stimulated) STAT1HI, STAT3MED, STAT4LO, STAT6LO, PDCD1NULL, 

CTLA4MIN, RELMED 

Cluster 5 TH2 (type-II polarised) GATA3MED, FOXP3NULL, CXCR3NULL 

Cluster 6 TIGITHICD4+T 

Cluster 7 TH1 (Type-I polarised) CXCR3HI, CCR5LO, CXCR6+, ICOSLO, TNF+, CTLA4LO, CD28MED, 

TOXMIN, STAT1MED, PDCD1LO 

Cluster 8 TN (Naive) CXCR4LO, CD28LO, CCR5NULL, CXCR3NULL, FOXP3NULL, GATA3MIN, ICOSMIN, 

PDCD1NULL, STAT1LO, TIGITMIN, TNFNULL 

Cluster 9 ICOSHICD4+T 

Cluster 10 TH22-like (Type-22 polarised-like) CCR4HI AHRMED STAT1LO, CTLA4MIN, PDCD1NULL, 

ICOSMED 

Cluster 11 TDFP (Dysfunctional-precursor) PDCD1MED, CCR6MED, STAT1NULL, IL21RLO, TNFNULL, 

ICOSNULL,  

Cluster 12 TIN (Inflammed-naive) CXCR4MED, CD28LO, CCR5LO, CXCR3MIN, FOXP3NULL, GATA3LO, 

ICOSMED, PDCD1MIN, STAT1MED, TIGITMED, TOXMED, TNFNULL 

 

GBM-CD8+T cells 

Cluster 0 TDFP (Dysfunctional-precursor) CD8AMED, CD8BLO, IL7RMED, KLRG1LO, IFNGNEG, 

GZMBNULL, GZMANULL, PRF1LO, TNFLO, CD44MED 

Cluster 1 CD27HICD8+TDF (Dysfunctional) IL7RLO, CD27HI, TOX+, TIGIT+, PDCD1LO, GZMAHI, 

GZMBNEG, GZMKHI, PRF1LO, ICOSLO, IFNGNULL, TNFLO 

Cluster 2 Pre-TEFF (Pre-effector) TNFNEG, CD27NULL, ICOSNEG, IFNGLO, STAT1LO, PRF1MED, 

GZMAMED, GZMBHI, CCL4MED, TOXNULL, PDCD1LO 

Cluster 3 TOXHICD8+TINV (Invariant) CD8ALO, CD8BLO, TOXHI, CCL4HI, CD27LO, CD44HI, IFNG+, 

GZMBNEG, GZMAHI, PRF1MED, KLRG1MED, IL7RNULL 

Cluster 4 TRDF (Resident-dysfunctional) IL7RHI, ITGAEMED, KLRG1NULL, CD27MED, GZMAMED, 

PRF1MED, ICOSLO, IFNGNEG, STAT1NULL, TNFNULL, TOXNEG, PDCD1LO, TIGITLO   
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GBM-CD4+T cells 

Cluster 0 TN (Naive) IL7RHI, SELLHI, CD28LO, CTLA4NEG, GZMANULL, PRF1LO, ICOSLO, PDCD1LO, 

TIGITLO, TNFNULL 

Cluster 1 TIF (Inflammatory) CCL4HI, TNFHI, CD28LO, CTLA4NEG, GZMALO, PRF1HI, ICOSNULL, 

PDCD1LO, TIGITLO, TOXMED 

Cluster 2 ICOSMEDCD4+TDF (Dysfunctional) ICOSMED, CTLA4NEG, TOXLO, CD28LO, PDCD1LO, 

GZMAHI, PRF1NEG 

Cluster 3 TDF (Dysfunctional) CTLA4NEG, TOXNEG, CD28LO, ICOSNULL, PDCD1LO, GZMANULL, 

PRF1NULL 

Cluster 4 ICOSHITREG-like (Regulatory-like) ICOSHI, CTLA4HI, IL2RBHI, TIGITLO, SELLMED, TNFNEG, 

PRF1LO, GZMANULL, PDCD1NEG  

Cluster 5 TPC (Precursor) IL7RHI, IL2RBMED, CTLA4NULL, TOXLO, CD28MED, ICOSNEG, PDCD1LO, 

GZMAHI, PRF1NULL 

 

 

 


