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Keynote 001: Kaplan - Meier Estimate of PFS 

Analysis cut-off date: April 18, 2014.

Population Median, mo 95% CI Rate, 6 mo

IPI-N 5.5 3.4-9.0 48%

IPI-T 5.1 3.2-5.6 42%

Overall 5.4 3.8-5.6 45%
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IPI treated
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Better PFS Worse PFS

Liver Metastasis 

Male Sex

ECOG 0

LDH

Age >65

Lung Metastasis

Brain Metastasis

BRAF V600E
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Months

Lung+/Liver- ( 23.01 Mo)

Lung-/Liver- ( 16.21 Mo)

Lung+/Liver+ ( 5.73 Mo)

Lung-/Liver+ (2.96 Mo)

Overall Cohort (13.4 Mo)



Activity of Pembrolizumab in Cancer



Daud et al, JCO, Oct 2016
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Checkpoint blockade for cancer immunotherapy

Courtesy of AbulK Abbas, MD



<1% PD-L1 NIVO+IPI NIVO IPI

Median OS, mo 
(95% CI)

NR
(26.5ςNR)

23.5
(13.0ςNR)

18.6
(13.7ς23.2)

HR (95% CI) 
vs NIVO

0.74 
(0.52ς1.06)

җм҈ t5-L1 NIVO+IPI NIVO IPI

Median OS, mo 
(95% CI)

NR NR
22.1

(17.1ς29.7)

HR (95% CI) 
vs NIVO

1.03
(0.72ς1.48)
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113 0IPI 11032434450576171798796

117 0NIVO 216505557596265737686103

123 0NIVO+IPI 4186672747479828291102113

164 0IPI 2216474778389102115126138155

171 0NIVO 13698109112117122131139148158165

155 0NIVO+IPI 3278599101102105112116127132144

67%

67%

48%

OS by Tumor PD-L1 Expression: 1% Cutoff
PD-L1 Expression Level <1% PD-L1 Expression Level Ó1%

Patients at risk: Patients at risk:

ÅORR of 65.2% for NIVO+IPIand 55.0% for NIVO ÅORR of 54.5% for NIVO+IPIand 35.0% for NIVO 

Slide from Larkin et al. AACR Annual Meeting 2017 CT075



IFNɔand Expanded Immune Signatures Correlate With 
Response to Pembrolizumab in Melanoma 

Signature

BOR by 

RECIST

N = 51

PFS by 

RECIST

N = 62

OS

N = 62

Preliminary IFNɔ P = 0.047 P = 0.016 P = 0.090

Preliminary 

expanded immune
P = 0.027 P = 0.015 P = 0.105

Preliminary IFNg
(10 gene)

Preliminary Expanded Immune 
(28 gene)

aDevelopment of the expanded immune signature was performed in an unsupervised manner by individuals blinded to response data.
Nominal one-sided Pvalue from logistic regression (for best overall response per RECIST v1.1) or Cox regression (for PFS and OS).

Correlation With Response in the
Validation Seta
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IFNgSignature validated with clinical outcome

HLA-DRA

IL2Rg
CXCR6
CD3d
CD2
ITGAL
TAGAP
CIITA

PTPRC
CXCL9
CCL5
NKG7
GZMA
PRF1
CCR5
CD3e
GZMK
IFNɹ
HLA-E
GZMB
PDCD1
SLAMF6
CXCL13
CXCL10
IDO1
LAG3
STAT1
CXCL11

19 Patients

Melanoma
Discovery Set

62 Patients 
Independent 

Data Set

Melanoma
Validation Set

Correlation Matrix of Top Significant Genes in the Discovery Set 
Evaluated in the Validation Set

CCL2
CCL3
CCL4
CCL5
CCL8
CCL18
CCL19
CXCL9
CXCL10
CXCL11
CXCL13

IFNgSignature
Tertiary Lymphoid 
structure signature



CD20

H&E

CD79a

CD20

CD21

CCL2
CCL3
CCL4
CCL5
CCL8
CCL18
CCL19
CXCL9
CXCL10
CXCL11
CXCL13

IFN-gSignature or Tertiary Lymphoid Structure Signature?



Checkmate 064 Overall Survival Analysis

13

Abbreviations: CI, confidence interval; NR, not reached; OS, overall survival.

12-mo OS rate = 76%

12-mo OS rate = 54%

Months

Events Median OS  (95% CI)

Cohort A 24/68 NA (23.7-NA)

Cohort B 40/70 16.9 (9.2-26.5)

Weber et al, Checkmate 064 

Nivo>Ipi

Ipi>nivo



Optimized Gene Classifier of Immune -Related Genes that 
Predict Response in Cohort A

13

ÅGene classifier includes IFN- -ɹrelated genes and others

ÅThere is no optimal gene signature for Cohort B

CR
PR
SD
PD

BRAF

Sex

RESW13I

BORI

ISG20*

TAP2*

STAT1

CXCL10

CXCL11*

IDO1

CXCL9

IRF1

LAG3

CD8A

TIGIT

IFNG

KLRD1

TBX21

IL2RB

ITK

ICOS

CXCL13

POU2AF1

CYLD*

TNFAIP3*

TNFSF13B

IL15

TXK*

NFATC2*



Biomarker
CƛǎƘŜǊΩǎ 9ȄŀŎǘ

P-Value

MHC Class I IHC, % 0.53

MHC Class II IHC, % 0.05

CD3 (cell/mm2) 0.05

CD4 (cell/mm2) 0.07

CD8 (cell/mm2) 0.08

PD-1+(cell/mm2) 0.02

Tumor PD-L1+, % 0.03

Tumor PD-L1+, % 
(using external reference)

0.23

Tumor PD-L1+,%
(using external reference)

0.06

Tumor PD-L2+,% 0.28

Missense mutations (N) 0.004

CƛǎƘŜǊΩǎ 9ȄŀŎǘ
P-Value

0.02

0.99

0.19

0.19

0.16

0.32

0.56

0.77

0.64

0.43

0.01*

Nivo > Ipi Ipi > Nivo

Rodig et al, ASCO 2017. Biomarker Analysis Checkmate 064



Modified from E John Wherry,  Nature Immunology 12: 492-499, 2011

CTLA4+

PD-1

LAG-3

CTLA-4

CD8+
PD-1
CTLA-4
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Rosenblum, M; Daud A

overnight 
digestion

multicolor flow 
cytometry

Core or  Punch 
Biopsy

Functional Immuno-Flow Cytometry of tumor tissue









Gene log2FoldChange Padj
Other CD8sς
avecounts

peTILsς
avecounts

PD-1 5.69 6.16E-47 127.5 5582.4

Tim -3 4.32 2.41E-18 698.2 8053.4

CTLA-4 3.38 9.19E-12 1852.5 16417.1

LAG-3 2.70 2.65E-09 2446.6 13518.6

TIGIT 2.42 5.96E-11 1207.9 6715.7

Ki67 4.09 9.89E-11 341.8 2953.1

Exhaustion markers in our sorted peTILscompared 
to other CD8s

P
D

-1

CD8+ Gate

peTIL

Other 

CD8

CTLA-4

Of Interest: 
Laylin (LAYN)
CXCR6
CXCL13
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CD84BCAT1SH3BGRLIFI27L2CADM1PYHIN1ARL6IP1SAMSN1MPSTABI3GZMKCD2MAPKAPK3MPC2PRAF2DPY30CCT7ATP5JDNAJC8TMEM50ASDHBPSMF1PCMT1CD3DSNX17CD3EARF5TMEM106CDNAJC15SSNA1PSMB2PRCCRHNO1CD27RANBP1LINC00158TOR1AHLAīDQA1VDAC1HLAīDQA2HLAīDQB2NINJ2ITM2APARK7HLAīDPB1SUB1CYBATMEM258ATP5C1HCP5MRPS34COX5ADRAP1COX8ASLC25A17GMFGMDH2EIF1AYPOLR2DEIF3ISRIECH1BRK1AGFG2WDR76MIR155HGST8SIA4CALM3PSME1FRG1HIST1H3GTSPOMZT1MYL6BNDUFA2PTTG1ATP5G3SNRPBMYL6HLAīDPA1FABP5P7SLC9A9CNIH2ANKS1BMAD2L1ALOX5APMAD2L2PARPBPSPPL2ARFC5CASP1FABP5KIF11BBS7PPM1MPREPDYNC1LI1FAM104AST6GALNAC4WASDDX49SIT1RALYHPRT1GEMIN2EPSTI1S100A4ALDH3A2MYO1EDAKPRF1FAM3CCTNNBIP1ETFAGOT1GTF3C6EID1HCSTGALNT1HINT2IFI27L1FAM3C2NRASSKA2PDIA6ACLYPRDX5CHUKDCTN3POLR2GBANF1SNRPCARHGEF19ACTBFBXO6GZMACCR5PCNAFEN1INTS7PBKHLAīDMBCECR1CCDC15STOML1MAML3TOR2AHBBHBA1UTS2HBA2CD74HLAīDRAASNA1LSP1ZWINTH2AFYHLAīDMAECI1STMN1PFN1PSMB10CDC20SNRNP25KIF18BKIF4ACDCA2BIRC5NUF2E2F8BUB1NEK2CDC45CENPUSMC2PTPN7NABP2SPC24RRM2HMGN2ITGADKIAA0101SNRNP40GINS3NRMMCM3CDC25ADTLRBCK1FOXM1TFDP1CD82MCM5CHAF1AAPOBEC3CE2F1TK1E2F2TYMSMYBL2MCM4CENPHGINS2PSAT1CAMK1FAM111BKRT86MCM2SEMA4AKIF15FASLGUHRF1POLQNCAPG2MTHFD1SHCBP1TMEM209RAD54LCDC6RAD51ALAS2IL1BAPOBEC3GIFI35CERKLMTMR2RITA1APOBEC3HHMBSUBA5TOP3ADROSHAFUT8APOBEC3DCCL4L1OGG1MFSD6RBM45PON3SARDHUCP2CCL4SRD5A1SLADCTDSNRPD1NDUFB3PPP1CAARPC4CUEDC2VNN2SUCLA2ITGB2CD3GZNHIT1CRELD2SLC4A2RER1MRPL28NDUFAF3C7orf73PTPLAD2PFDN1PSMB6COPEBSGSQRDLMRPS12SCAND1TTC1NIP7SHFM1GMNNNUTF2CCDC167DBIPPCDCHACE1IDH2DDB2CCL4L2PTPRCAPSH3BGRL3PSMB9ARPC5NCAPHCHMP2APSMC3PSMA4ERP44VAMP5PSMB3CFL1NUDT1ALYREFHN1TESCLAYNMAP4K1LMNB1ABCB10SKIV2L2SCLT1UBE3CNCAPD3FBXO2SF3B4AP3M1AAR2PSMC2VPS11HADHANXA6PARP1CD8APLEKHJ1RNASEH2BSIRPGASF1BXXYLT1īAS2RECQLSH3KBP1ZNF146ATAD2RAB11FIP1TOXIRF4CXCR6GALMGGT1USB1CD79BTP73SNX18NAMPTLCOTL1MARK2WDR83OSIDH3GIL32UBR7DEPDC1BCKS1BCEP55TPX2NKG7NUSAP1CDKN3ASB2GZMBHOPXHMGB3LAIR2IL12RB1TNS3IFITM10C3orf14STRA13CTSWGZMHHLAīDRB6CDK6GPR137BTXNRD1ASPMMTSS1CDCA7CDKN2ACCL5ACTN4PLEKHA7CDCA5KIR2DL4ZNRF1AFAP1L2IRF5PKMYT1BUB1BMKI67RASGEF1ASPAG5HLAīDRB1TTKCENPNNYNRINEVCMIR146AWARSPAG1RACGAP1E2F7POLD3ZBED2TNFRSF18LINC00467DUSP5UBE2FATP8B4VAMP1PTMSGEMLAG3ANKRD32MIPEPP3SRRTARHGAP11BSPTAN1TTNZRANB3NEBLDBHīAS1RNU6ī548PSFTPBLINC00484TERF1RBM19TMEM110SH3BGRL2PPBPTMEM2REC8FBXO10SLC1A4GRAMD4CHTF18ENTPD1DFNB31TRMUTRBV28GSG2HIPK2CDK14HMGB3P32DTHD1CCDC141RGS4PRR5LNHLRC2ADAMTS3DGKHTP53INP1RDH10LANCL3IGFLR1U2AF2PTPN22NHLRC3JARID2LINC00426DLEU2ZNF282TCEB3C1RLīAS1ARHGAP33MPHOSPH9ZNF407ZCCHC8CHST11KIAA1324POU2AF1AKAP5MTMR8KBTBD8PEX3LINC00299MMS22LANKRD35WNT16ABCA2GLDCHAVCR2RGS2MYO7ASYCE2KIF14PARNCCNA2ETV1CD72SLAMF8FAM111AACACAFANCGPLAGL1JMJD4SV2ASMC6INPP1KIAA0825ENOX1BEND4DYNLL1īAS1LRBAVDRMDGA1TMEM155PAQR4PDCD1SNAP47SERP2VAMP7ZDHHC13ASLSP140ZNF79ITGAEKCNK5EIF3BVCAM1CD38CASC5PYCRLCENPFODF3BCLSPNACOT7RYR1CD300ERECQL4LTV1STX11PLK1LMCD1TRIM26CHST12ATP9APSMD14AK2DLG3PDE7BCCNB2KIF2CRAD51AP1TOP2ACDCA8DLGAP5PLK4ZWILCHCCP110CCNFCDT1EZH2CDK1GTSE1G0S2CD58PRRG4KIF23NCAPGFIGNL1IKZF4KIF21AAHI1DOT1LZBTB46ATP2B4PRC1GPD2AURKBUBE2CSQLEORC6BAK1TNFRSF9TROAPSPATS2LTFRCHMOX1ASXL2CENPEPPP1R12AHELLSITGA4ARHGEF9HNRNPMP1INPP5FLYSTAP2A1CCDC64ARHGAP19NHSKIF18AKIF20BPON2HBDTMCC2FCRLATSHRTNFSF4FCRL3ZC3H12CFAM53BīAS1ZNF197PYCARDRAMP1NCALDABHD6ITGA2MIR181A1HGCD226TRIM59ANKRD61SMCO4CLNKGNG4TET2SLC25A46PRDM1UBE2E3BTNL8CCL3SECISBP2LSLC2A8PTPN11PI4KBTRAF5CD200R1NELFCDRAB27AFAM160B1CKAP2LJAKMIP1ARL3GDE1EXOSC9APMAPDUSP4TOX2TXNDC11PPM1GSTAMHIST1H3BGPR56SLA2NSFC16orf87EEDCDK16TBC1D4HAVCR1PPP2R5BSPAG1RNF19AGKNAB1SYNGR3RN7SL443PHUWE1SSH1SMC4BARD1GPRIN3MIS18BP1BACH1NFIL3KIFC1METRNLCDC25CMELKTNFRSF1BKATNB1C3orf38SH2D2ASWI5CST7TSPAN5TRAFD1UBXN4ARPP19KIF22PTPRJEIF4ERASGRP1KIAA0319LC21orf91MEX3CDPP8MSANTD4YY1AP1CLK4CYCSIST1ZNRF2CHCHD1OPTNHLAīCCLEC2DZMYND19PGK1RTCAGLCCI1CKS2TRAF3SETD8MBD2SRSF7ZBTB38PMPCAZNF331ALOX12P2ST8SIA1EMC8CD80AP1S1TMX3FBXO30SYNGR2CD70PMAIP1KNSTRNHJURPHIATL1DOK6SLC25A40MTPAPUBE2TCHEK1SNRPASYT11HLAīDRB5CDCA4NAPACLN5SNED1ZFP90MFSD11LDOC1LHELQZSWIM7WDR27SH3RF3PPP1R3ESHC2TMEM220NEK9SDK2ANK3DEPDC7NMNAT3BRICD5ANKHDNMBPPLXDC1CXCL16C17orf72C1orf162IFNGR1TSPAN18DLGAP4IFNGR2NCMAPTRAV3PTGER2MTM1ACPL2AOAHZNF333NGFRPRMT6LY86BTG2NME4SULT1A1C3AR1CX3CR1COL6A2NID2THBS2MEGF8PYCR1FAM229BACO1MARCKSL1NAGKOLFM2KDM8ZNF175POMGNT2SLC18B1GPR183TMEM231IRS1ZNF653ZNF225DOLKLEPREL2WASF1FOSBC19orf44SPON1EGR1COBLL1FOSPPP1R9APTX3MFAP5SLC40A1OLFML1KCTD12PLNANGPTL2FBLN2IGFBP6HTRA1SFRP2PPICEFEMP2VSIG4CSF1RFBLN1H2AFY2TNFRSF1ARARGAHNAKMAGI2īAS3CDC42BPACYGBCKAP4PFKMIER2SVILID4ZNF436RBFOX2STSALDH2ZNF547PDE6GACP2PTGS1TSNAXIP1LRP5ZBED3FAM161BZNF618NLNFAM172BPTRAM2īAS1FNDC4ZNF300AMOTL2FAR1īIT1FGRVSIG8FBLN5TNFRSF11APLTPOLFML3CD248TMEM119LRP11ABI3BPCKBTSPAN6SNX7FAM65CGPR34PTPROSH3D19PI16NHSL2TNXBCA2NEK11C5LOXL1HSD3B7ITSN1SLC25A43PTGDSFKBP9FOXJ1GAL3ST4GPA33LAMP3LAIR1LINC00612ZNF280BNAPEPLDANKRD18CPCAPN5GLI1ZHX3AQP3ZNF32īAS2SMIM14DBN1NEO1ADCY9EPHX1CDH26ANKEF1CISHKLHL29ZNF252PZMYND15C3orf52TMEM150CEXD2CCBL1ANKRD42CCDC121KLRG1ANXA1ZNF440CILP2RGL1DLG5C3orf18DPP4IFT140SHQ1HHATEML6ZFYVE9SERPINB6CCDC157SLC18A2AK5ZNF667ZCWPW2TMEM86AGCNT4CCR7CNKSR2PLEKHB1ACSM3SLC29A2DIRC2CEP72FAM85AFAM46ASLC10A1RFTN2BTBD19LEPREL4GSAPRPL4P6PCDH12PP2D1MLLT11DIRC3EPHB4GFPT2ZCCHC24NDST1MOB3BTCF7L2ABCC4GRHL1SETD7ZNF711GAB1MFAP3LCHST15FHL1EBF1LRRC32TNFRSF21PEAR1CREB5IGFBP4SMOC2RIN2CNN3ACKR3TENC1C3orf35KIAA1211LKLHDC8BMEGF6FAM50BLINC00526MRM1PTCH1PAPSS2FRMD6FBP1FAM149ACRIP2ARHGEF10GBE1TNFRSF12AKIAA1755FCHO2TGM2ABL2NEK3CDC42EP1FAHD1WNT1FKTNMYL9HSPB8CMYA5TBX3MTMR9LPOCRLTUBB2AIQCGC11orf21NDUFA6īAS1SOAT2WDR73NAGLUCD300AFAHIFT88DHDDSFAM109BALKBH3MORN2PCSK5ARHGEF40MYH10PLXNB1GPR125SOCS5ULK4AVILFLOT1KLF5GAS8LONRF1CCDC106ZNF502ISM1GTF2IRD1ZDHHC1SLC7A8MMEMCF2LPTK7CYB5D1SPRNZNF365CYB561HPGDMTAPPIAS2LINC00341SLC35G1DFNB59ARL4ARNLSNT5DC3STXBP1TBC1D16SOCS6ARHGAP39APCDD1SEMA6DSCRN1PPP1R3BERMAPRASIP1ENTHD1OSGIN1ST6GALNAC2GPR161SOWAHCSGCDEDN1FHOD3MYO1DSLC44A1KIAA1407NRG2TXNRD3PLEKHM3LMLNMC1RTXLNG2PCRTAPPERPCPQSLC25A27ANKRD50ATP6V0A1FGD4LYSMD1NRIP3TTYH2SLC16A5ELMSAN1LYSMD2TRIQKSPATA13īAS1C10orf2GALNT3IL20RBRNF19BCEP170BSERPINC1IFI44LIGHA1CYP2T2PCLEC11AHSPG2RALGPS2MIR616FERPVRL3PARD3BMFSD2AZFP41NBPF10PRKD3ZNF605EPHA4MT1MMAGI3KCNAB1KLF10ECSCRFAM213ATTC23IL12RB2ELOVL7BACE1CD9RNF217LATS2CLOCKLIFRWNT11FAM110BCOL25A1IL6CDH5CX3CL1ESAMIGFBP3MLLT4FADS3SERPINI1CXorf36RAPGEF5ZNF565DNAJC28RND1SLC3A1TGFBR1SETD9PKIGPTP4A3RAB33BFAM169ATNFSF14MS4A1RFX2ITGA5SOX8TMCC3ADAM15PTK2FNIP2SLCO3A1JAM3PMEPA1NEIL1ZNF354AS1PR5IGSF22PLXND1SLC25A4RWDD2BGDPD5GNAI1DAAM2PLXNA2SLC4A4MYBL1ZNF670QSER1EFHD1POMT2RHOJZNF385DWNT10BTYW1BCTNND1SPNS2HEY2SEMA6CGPRC5BACEAPLNRMYO1BOSMRGPRC5CERGPLCB1PLSCR4WWC2LRRC6RNF24GADD45BCPNE5CLCF1FOSL1C20orf96FNBP1LNEBDSEKIAA1462CLIC4LDB2MOCS1SEPT10FSTL3GALNT6EPHB3COL4A4CAND2ADRA2BZNF449COL18A1EFNB2SLC9A3R2HBEGFCFHFGF7LPHN1PZPADAMTS10AUTS2CAMKK1IRS2OSBPL5PIK3CBNAP1L3TDRD7PDZD4ARCDHDHIFNGīAS1F12TSPAN13FLT1TLE1IQCKC1orf213GNRH1RAVER2SNX30SCP2ADSSCAPN1NAGAFCGR3ASOCS2SLC36A1SPRYD3B3GNT9TRAM2NTN4TMEM30BROM1ACSS2RAP1GAP2CYP2U1SCARF2WFS1RPS6KA2ZNF710RLN1ANKRD31CARNS1CDK20HSF2BPRLN2ASIC1ZNF630BBS10ASTLKLHL22USP46IL16PROSER2RARAPPP1R3DP2RX6ANKRD6DECR2PGAP1ZNF165SUN1CCDC13LYPD3ALS2CLCDHR2SMAGPACVR1CF11RPHF1MARCH9BMI1TMEM167BMXI1ZNF460LINC00528RORADENND5ATPRG1UBE2E2SPG20KLF3CITED4SLC44A5GIMAP8PDE8ARAB11FIP5PRKCIDNAH10ZNF391SSBP2DCHS1ASNSADCK3TSPAN2THRAWDR19AGPAT4CAMK2GBCORL1SLC39A10USP53C20orf112DISC1TTC37ZNF829TNRC6CLINC00936TMEM106BSTK38ZCCHC14RANP4ZBTB18SLC22A17NRBP2MIR4512DOCK9PILRBPAXIP1īAS2CASTXRRA1MCCC1īAS1C16orf74ZNF66ZNF853TCTEX1D4HSD17B1NEDD4LPIM1AXIN2ATE1PRMT2CACNA1IMICU3CCDC65PLAG1NOGKLHL6USP44HEATR4SCML1SESN1GPRASP1FAM226AFAM226BRBM44CASP10DNAJB1KLF7TMIGD2SH2D3APRKCQīAS1ZNF815PPHLDB3PDCD4īAS1GPR160SSSCA1īAS1METTL12MORN3ZBTB16SORL1FXYD7SNRKFAM65BSTMN3RASGRP2ARRDC2LRRC16ATLE2SCARNA17TEPPZDHHC11BTBD11CD55MPP7USP3PLEKHA1PPARDTRAV39FOXP1MGAT4ABEX5TNFRSF25ZSCAN18GRASPAPBB1ZNF219FLT4IGSF9BSPINT2TESSNNTCEA3TMEM63ARASA3HPCAL4ATG9BMPP2EFHC2NUAK2TCF7NRCAMKCNA3TGFBR2PARD6BPTTG1IPKCNQ1ZNF467SORBS3PTGDRS1PR1TJP3ADD3SGSM2TOB1KLRAP1CCDC57LSRDHRS3C14orf132LTBKLF2RNF130KISS1RCBX3P2ZNF607AGPAT9MYCERN1LYARTLR5FTH1P20LDLRAP1VSIG1GNPDA1MID2TRAV2ACTN1MAPRE3CD69PXNPABPC1LEF1GCSAMTRBV25ī1BNIP3PITPNC1SSH2ZFP69BZNF776TSPYL1CCNJHSBP1L1C2orf40LINC01137ATP6V1G1TRBV4ī1TRAK2PWP2BEND5C9orf91KLHL36MTīND3MALC17orf107ZNF879ZNF23RRAGDPRRT1LOXL1īAS1HSPA1BDYRK2ANKMY1PDP2GSTO2B4GALNT3ZDHHC23EFCAB13H2AFZP3RASSF3ZNF239GOLGA7BKPNA5CTHRIMKLBACVR2BMPZL3ZDHHC11BPWWP2BNACADSEMA4CLRP6TBKBP1CLEC4AGABBR1CAMSAP2CHD7MST1LLSMEM1NOTCH2NLSKILNBPF9SLC15A2ZBTB10C4orf32NRG4KCNH3LINC00641EFNA1C17orf51PELI2TEX29TCAPPRSS12FOXP1īAS1RPL21P123MT1GSYNGAP1KRT73ADD2BCAS2P2KRT72KBTBD11ZNF667īAS1MIR3687MIR3648DNAJA4GOLGA8IDCAF4L1TGFAHECAMALAT1HSPD1HSPH1SBF2ARHGAP12TRBV23ī1TMOD2BHLHB9STX3ZNF827ARHGAP32PNMA2ZNF204PSYDE2NR3C2ZNF516RASGRF2BACH2ABLIM1CAMK4DLL1GNAQSLC16A10KIAA1958WHAMMP3HOOK1IGF1RPROX2LINC00663PPFIBP2ACRCCXADRZNF525FAM229AZNF248ARHGAP5MIR29AMIR29B1MIR663AANKRD30BLLINC00273ATMSTX16RFX3TLE4DUSP8DNAJB4HIP1RPURAPI4KAP2PLEKHA8SLC31A2STAT4FKBP11C14orf64MAN1C1IL7RPLAC8RNF144AZNF562SATB1SH3RF3īAS1HMGB1P31DNAH6SCML4THAP9N6AMT1CA6LMBR1AMIGO1APBA2LINC00243SH3YL1GPRASP2RPS2P32RN7SKP110MYO15BANKRD26MIR3679DSTNP1PLCL1CDS1TOMM40LTCFL5METAP1DPPP1R26P1NBEAINADLC6orf120SENP7KANK1ZNF33BSLC22A23TRMT1LENG8īAS1RFESDRN7SL809PFAM231DRCBTB2SELLTPI1GPIPFDN2ENO1TPI1P1TM2D3CD247LGALS8HIST1H1CGCHFRCD40LGSAP30ZNF567SUMO1SH2D1ADGUOKHMGN1SELPLGSTT3BNAP1L4EVLRGS1SIRPB3PPOLR1ECRTAMTUBA3DBTLAELMO1PTPN13THADABSPRYBTG3CD200ATP1B3HIST1H2BNIFI16UFD1LGSPT1FAM201BSGPP2ACOT9CTLA4EBI3SLC27A2NMBRMI2PEX14MTHFD1LNAT10YWHABMS4A6ASLAMF6WSB2HLAīDQB1PHTF2HNRNPLLFASICOSUNGCXCL13TIGITMTHFD2HMGB2GAPDHP65HECTD2LINC00152WDR5SLC50A1PSMB1GAPDHGAPDHP1CMC2B2MCOA6PGAM1COX6A1CHST2SCARNA22TIAM1AGFG1METTL8BATFTMEM64CHN1NBPF13PPHEXMIR1587C9orf16TCEB2TMEM120ARAB1BGNG5SEC11ACPA5CLECL1CARD16ZNF256PIWIL4ABCA3FAM57APACSIN1CBFA2T3TM7SF2RCAN2DNM3ANGEL1HDAC11TECACVR1BRGMBOVGP1ZC4H2TNFRSF10BZKSCAN4AGBL3SPTBN4TRBV6ī5ABHD10KIFC2CORO6IRF2BP1
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Numerous genes are differentially expressed between PD-1+CTLA-4+

peTILs and other CD8+ T cells in the tumor microenvironment in human 

melanoma 

*Data from whole RNA transcriptome sequencing of sorted human melanoma tumor 

infiltrating T cells in the UCSF Rosenblum Lab

P
D

-1

CD8+ Gate

peTIL

Other 

CD8

CTLA-4



CD8+

¢ǊŜƎΩǎ

CD4+

Single cell seqof CD45+ sorted cells-Mel K-252


