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Table S1. Antibodies used in DSP and IHC 
Targets Methods Clones Dilution Manufactures 

CD30 DSP Ber-H2 1:10 Cell Marque, Darmstadt, Germany 

CD4 DSP EPR6855 1:100 Abcam, Cambridge, UK 

CD30 IHC Ber-H2 1:100 DAKO, Glostrup, Denmark 

CD4 IHC EPR6855 1:500 Abcam, Cambridge, UK 

PAX5 IHC 1EW 1:50 Leica Biosystems, Nussloch, Germany 

MHC class I IHC EMR8-5 1:5,000 Abcam, Cambridge, UK 

MHC class II IHC CR3/34 M0775 1:500 DAKO, Glostrup, Denmark 

CD28 IHC EPR00276 1:200 Abcam, Cambridge, UK 

ICOS IHC D1K2T 1:50 Cell Signaling Technology, Danvers, MA, USA 

TIGIT IHC BLR047F 1:200 Abcam, Cambridge, UK 

PD-1 IHC NAT105 1:100 Abcam, Cambridge, UK 

LAG-3 IHC 11E3 1:200 Abcam, Cambridge, UK 

CD80 IHC EPR1157(2) 1:200 Abcam, Cambridge, UK 

CD86 IHC E2G8P 1:200 Cell Signaling Technology, Danvers, MA, USA 

DSP, digital spatial profiling; IHC, immunohistochemistry; PAX5, paired box 5; MHC, 
major histocompatibility complex; ICOS, inducible T cell stimulator; TIGIT, T cell 
immunoreceptor with immunoglobulin and ITIM domain; PD-1, programmed cell 
death-1; LAG-3 (clone 11E3, 1:200; Abcam). 
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Table S2. Significantly upregulated genes in CD4+ T cell rosettes 
AAR2 ATP2A3 CCDC184 CNOT8 ELK4 FUT11 HNRNPCL3 KLHDC4 MCTP1 NUP62CL PMS2 RIN2 SLC27A4 SYNGR4 TRAF5 WDR86 

ABHD17A ATP6V1G1 CCDC200 CNR1 ELMOD2 FXYD6 HOXA1 KLHDC8B MCU NUPR1 POFUT2 RIPOR2 SLC2A3 SYNRG TRAM2 WDTC1 

ABITRAM ATXN1 CCDC66 COA3 ELP2 FYB1 HOXB3 KLHL32 MDFIC NUTM2F POGLUT3 RIT1 SLC2A5 SYVN1 TRANK1 WIPF3 

ABLIM1 ATXN1L CCDC69 COG5 EN1 GABARAPL1 HP1BP3 KLHL5 MEIKIN NUTM2G POLD4 RNASE1 SLC30A3 TAF1 TRAPPC14 WNT8A 

ABTB1 B4GALT3 CCDC92 COIL ENGASE GAGE1 HPCA KLRC2 MESD NVL POLR1H RND3 SLC35C2 TAF12 TRAPPC2 WWP2 

ACBD6 B4GALT7 CCL19 COL3A1 ENHO GAGE10 HPN KRBOX4 MESP1 OARD1 POLR2J3 RNF125 SLC35E2B TANGO2 TRAPPC8 XYLT1 

ACSF2 BAGE3 CCL21 COL5A2 ENTPD1 GALNTL5 HPSE KRT10 METTL6 OGT POU6F1 RNF149 SLC35E4 TAPBPL TRIB2 YME1L1 

ACSM5 BCL2L11 CCL24 COL6A1 EPC1 GALR3 HSPBAP1 KRT12 MFAP4 OLFML3 PPCS RNF166 SLC44A2 TARS3 TRIM14 YPEL3 

ACTA2 BCLAF1 CCL8 COL6A3 EPSTI1 GALT ICOS KRT18 MFSD14B OR10C1 PPM1M RNF167 SLC46A1 TAS2R19 TRIM22 ZBED6 

ACYP2 BEGAIN CCNG2 COLQ ERP27 GAPT IDH2 KRTAP10-12 MGAT4A OR2T12 PPP1R12C RNF26 SLC46A3 TASOR2 TRIM4 ZBTB41 

ADAMTS3 BGN CCNQ CPLX2 ETHE1 GARRE1 IFI6 KRTAP10-3 MIA2 OR2T34 PPP1R21 RNMT SLC50A1 TAX1BP3 TRIM52 ZBTB44 

ADARB1 BHLHE41 CCR4 CPZ ETS1 GAST IFIT1 KRTAP12-3 MLH1 OR2T8 PPP1R35 RPH3AL SLC6A20 TBC1D2 TRMO ZC3HAV1 

ADCK5 BICD1 CCR5 CR1L EVC2 GATAD2B IFIT3 KRTAP12-4 MLLT6 OR4C13 PPP1R3E RPS27 SLC6A7 TBC1D2B TRMT13 ZCCHC10 

ADD3 BICD2 CD163L1 CREBRF EVI2B GBP1 IFITM2 KRTAP2-4 MLXIP OR4F4 PPP2R2D RPS6KA3 SLC7A6 TBK1 TRMT1L ZCCHC17 

ADGRB1 BICRA CD19 CRTC1 EVL GBP3 IFNA14 KRTAP4-7 MMP1 OR4Q3 PPP4R2 RRP12 SLC8B1 TBXAS1 TRPT1 ZCCHC2 

ADGRE1 BICRAL CD1E CSGALNACT1 EXOC1L GFI1 IFNA4 KRTAP5-1 MMP3 OR5L1 PRAC1 RRP8 SLC9A1 TCEA3 TSC22D4 ZDHHC7 

ADO BID CD226 CSH2 EXOC6B GIMAP2 IFNAR2 KRTAP8-1 MMP9 OR8D1 PRAP1 RSBN1 SLURP1 TCIRG1 TSEN2 ZFP3 

ADRA2A BIN2 CD27 CSTF2T EXOC8 GIMAP4 IFT52 KRTAP9-2 MORN3 ORAI3 PRF1 RSF1 SMAD3 TEAD2 TSPAN14 ZFP36L2 

AEBP1 BMERB1 CD28 CTAGE9 EXTL3 GIMAP6 IGF2BP2 KRTAP9-6 MPEG1 ORM2 PRIMA1 RSPO1 SMAP2 TENT5B TSPAN17 ZFR2 

AGAP9 BMPR2 CD38 CTBS FAM102A GIMAP7 IGF2R LAMA4 MPPE1 OS9 PRKCB RSRC2 SMC3 TEPSIN TSPAN32 ZIC3 

AHI1 BPIFA2 CD3D CTC1 FAM117B GIMAP8 IGFBP7 LAMP1 MRGPRD OSBP PRKX RTP5 SMCR8 TFEB TSPAN7 ZKSCAN3 

AIDA BRD7 CD44 CTHRC1 FAM133A GIPC1 IGHA1 LAPTM5 MRGPRX4 OSBPL9 PRMT7 SAMD3 SMG1 TGDS TSPYL4 ZMAT5 

AK3 BRINP1 CD52 CTSA FAM181B GIT2 IGHM LARGE1 MRO OSTM1 PRMT8 SAMD9L SMG6 TGIF1 TTC12 ZMYM5 

AK9 BRWD1 CD53 CTSS FAM227B GK IGSF21 LAT MROH1 P2RY6 PRPF3 SARAF SMIM11A THBS1 TTC17 ZNF121 

AKAP1 BSDC1 CD68 CTSW FAM236B GLB1L IGSF6 LCE1D MSI2 P2RY8 PRR22 SCARA3 SMIM28 THEM6 TTC19 ZNF124 

AKAP17A BTBD19 CD84 CUL9 FAM241B GLIPR1 IGSF8 LCE3B MSL2 PACS2 PRR23D2 SCN10A SMPD1 THTPA TTC3 ZNF134 

AKNA BTG1 CDC25C CYBC1 FAM25A GLIS2 IKZF1 LCK MSTO1 PADI4 PRR7 SCN3A SMURF2 TIMM21 TTC39B ZNF202 

AKR7A2 BTK CDC42SE1 CYP2D7 FAM43B GNPTAB IKZF5 LCP2 MTAP PAFAH1B1 PRRC1 SCN9A SNAP23 TLR1 TUBA3E ZNF254 

ALG13 BTN3A1 CDC73 CYP4Z1 FAM76A GOLGA1 IL17A LDLRAP1 MXD4 PALLD PRRX1 SDC3 SNORC TLR9 TUBA4A ZNF266 

ALG6 BTN3A2 CDK14 CYS1 FAM83C GOLGA6A IL17RA LENG1 MXRA7 PARN PRSS3 SEC63 SNX14 TMC8 TULP4 ZNF276 

ALOX5 C11orf21 CDK5R1 CYTH1 FASLG GOLGA6L6 IL18BP LGALS8 MYCBP2 PARP10 PRSS53 SEL1L3 SNX18 TMCC1 TUSC2 ZNF292 

ALPK1 C11orf71 CDK5RAP2 CYTH4 FBP1 GOLGA8N IL19 LHFPL2 MYO1E PARVA PSENEN SELENOP SNX22 TMEM121B TXK ZNF316 

AMH C15orf62 CDKN1B DBP FBXL20 GORAB IL1F10 LILRA6 MYO9A PARVG PSG5 SELL SNX29 TMEM143 TXNIP ZNF33B 

AMPD2 C18orf21 CDKN2D DBT FBXL3 GP2 IL27RA LILRB2 MYOCD PBXIP1 PTH2 SEMA3G SOD3 TMEM154 UBA5 ZNF383 

ANAPC2 C1D CDPF1 DDIT3 FBXO24 GPANK1 IL33 LIMD1 N4BP1 PCED1B PTK2 SEMA5A SON TMEM167B UBA7 ZNF397 

ANKRD13D C1orf112 CEBPB DDX53 FBXW10 GPBAR1 IL36RN LIN7B N4BP2L2 PDK1 PTK6 SENP7 SORL1 TMEM171 UBL3 ZNF417 

ANKRD44 C1orf116 CELF2 DDX59 FCER2 GPCPD1 IL6ST LINGO1 NAA15 PDK4 PTPN22 SEPTIN1 SP100 TMEM175 UBL7 ZNF43 

ANKRD49 C1orf122 CEMIP DEF6 FCF1 GPM6A IL7R LMF2 NAA60 PDLIM1 PTPRC SEPTIN6 SP140L TMEM181 UBLCP1 ZNF440 

ANTXR1 C1QA CEMIP2 DENND1B FCGR2B GPNMB IMMP1L LMNTD1 NAT8B PDSS2 PTPRF SEPTIN9 SP6 TMEM191B UBN1 ZNF446 

AP2A2 C1QB CEP120 DENND1C FCHO1 GPR1 INAVA LMO1 NAXD PDZK1 PTPRJ SERPINB9 SP7 TMEM203 UBTFL1 ZNF532 

APBA3 C1QL2 CEP128 DEPDC5 FCMR GPR132 ING4 LMTK3 NBPF12 PECAM1 PTPRO SERPING1 SPAG11A TMEM221 UGCG ZNF550 

APBB1 C1QTNF9B CEP57 DET1 FCRL1 GPR141 INPP5D LOXL1 NBPF14 PERM1 PVRIG SERTAD1 SPAG8 TMEM251 ULBP1 ZNF567 

APOBEC3F C1S CEP78 DGKA FCRL3 GPR155 INSL3 LPAR1 NBPF15 PF4 PXDC1 SERTAD2 SPARC TMEM255B UPF1 ZNF580 

APOC3 C22orf39 CEP83 DGKZ FDCSP GPR68 INTS6L LPAR6 NBPF19 PGGHG PXN SESN3 SPATA12 TMEM272 UPK3BL1 ZNF587 

ARHGAP15 C2orf81 CEP85 DHRS3 FEM1B GPRIN3 INTS8 LPXN NBR1 PGGT1B RAB34 SETBP1 SPATA46 TMEM37 UPK3BL2 ZNF594 

ARHGAP17 C3 CGB2 DHX34 FEV GRIP2 IPMK LRCH4 NECAB2 PGM2L1 RAD9A SETMAR SPDEF TMEM50B USP15 ZNF616 

ARHGAP25 C3orf22 CGRRF1 DIP2C-AS1 FGF17 GSTT2 IRF9 LRP4 NEMF PHAX RARRES1 SFI1 SPDYE11 TMEM63A USP17L11 ZNF619 

ARHGAP4 C4B CHD1 DISC1 FGF18 GZMK ITGA4 LRRC37A2 NEO1 PHC2 RASA2 SFMBT2 SPDYE16 TMEM71 USP17L12 ZNF625 

ARHGAP9 C4orf45 CHD2 DNAJC13 FGL2 GZMM ITGA5 LRRC70 NFATC2 PHETA1 RASA3 SFTPC SPDYE3 TMEM74B USP17L15 ZNF658 

ARHGDIB C5orf22 CHI3L1 DNAJC30 FHL1 H3-4 ITGAL LRRC75B NFATC3 PHF1 RBL2 SH3BP5 SPDYE5 TMIGD2 USP17L17 ZNF69 

ARHGEF1 C5orf63 CHI3L2 DNAJC4 FHL2 HAGHL ITM2B LRRC8C NICN1 PIAS1 RBM15 SH3GL1 SPI1 TMTC3 USP17L3 ZNF692 

ARHGEF15 C9 CHIT1 DNASE1L3 FKBP10 HARS2 ITPR3 LRSAM1 NLRC3 PIGM RBM5 SH3KBP1 SPN TMX4 USP19 ZNF736 

ARID4B C9orf78 CHKB DND1 FKBP9 HAUS1 JAK1 LTB NLRP6 PIGN RBMX2 SHISAL2A SPOCK2 TNFAIP1 UTF1 ZNF738 

ARL4C CADM1 CHMP7 DOCK8 FLCN HCAR2 JAK3 LTB4R2 NOTCH2NLA PIK3CD RCAN1 SHPRH SPON2 TNFAIP8 VAMP1 ZNF740 

ARL8A CALD1 CHST1 DOK2 FLII HCFC2 JAM3 LTN1 NPAP1L PIK3CG RCAN3 SIDT1 SPSB3 TNFRSF14 VANGL2 ZNF761 

ARMC7 CALHM3 CHST12 DOK7 FOXD4L4 HCST JARID2 LYL1 NPIPB3 PIK3IP1 RCOR1 SIN3B SPTAN1 TNFRSF21 VHL ZNF776 

ARMC8 CALHM6 CHTF8 DPPA3 FOXD4L5 HDAC7 JCHAIN LYNX1 NPIPB6 PIK3R3 RCOR3 SIPA1L3 SPTBN1 TNFSF8 VPREB3 ZNF784 

ARMCX3 CALML3 CIB1 DPT FOXE3 HDGFL1 KAT7 LYPD6 NPM2 PITPNA REG1B SIRT2 SRA1 TNIK VPS13C ZNF791 

ARRDC1 CAMK2N1 CIDEB DPYD FOXF1 HEATR5A KATNB1 LYRM2 NPPB PITX3 RELCH SIRT3 SREBF1 TNIP3 VPS13D ZNF793 

ARRDC3 CAMK2N2 CIR1 DRAXIN FOXJ3 HELQ KCNH1 MAB21L3 NR1H2 PKNOX2 REM1 SIT1 SRP68 TNNC1 VPS35L ZNF805 

ARRDC4 CAPZA2 CKAP4 DRD4 FOXN3 HERC1 KCNH4 MACROD1 NR1I2 PLAAT4 REM2 SKAP1 SSTR3 TNNI2 VPS37B ZNF831 

ASB1 CARD8 CLDND2 DTX4 FOXO1 HGSNAT KCNK6 MADD NR2C1 PLAC8 RENBP SLA SSTR4 TOB1 VPS51 ZNF836 

ASB2 CASP1 CLEC10A DUOXA1 FPR1 HLA-DOB KCTD7 MAP2K4 NR2F1 PLCG1 REPS1 SLA2 ST7L TOX2 VPS53 ZNF98 

ASH1L CASP8 CLEC18A E2F6 FRG1 HLA-DPB1 KDM7A MAP3K1 NR2F2 PLEKHA2 RESF1 SLAMF8 STK10 TP53BP1 VRK3 ZNRF3 

ASH2L CAVIN1 CLEC3B EEF2KMT FRMD8 HLA-E KIAA0930 MAP4K1 NR3C2 PLEKHF1 RGPD2 SLC16A2 STMN4 TP53I13 VSIG8 ZRSR2 

ASS1 CBLB CLEC4A EFEMP1 FSBP HLA-F KIR3DL1 MAP9 NRDC PLEKHM1 RGS10 SLC16A6 STRIP1 TP53INP1 VTA1 ZSWIM6 

ATF7IP CBR4 CLIP3 EFR3A FSTL1 HLF KLC3 MARCHF5 NT5E PLGLB1 RGS19 SLC17A9 STX11 TP53TG3B WASF2 ZW10 

ATG2B CBX2 CLUAP1 EGF FUCA1 HM13 KLF1 MBNL2 NTRK3 PLIN5 RHPN2 SLC22A18 STX1B TPM1 WASHC1 ZXDC 

ATG4D CBY1 CMTM1 EID2 FUNDC2 HMCES KLF13 MBP NUDT13 PLSCR1 RIMBP3B SLC25A20 SULT1C4 TPP1 WASHC2A  

ATM CCDC107 CMTM2 ELK3 FUOM HNMT KLF2 MCRIP2 NUMA1 PMEL RIMKLB SLC25A47 SYNE4 TRAF3IP3 WDR81  
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Figure S1. TIGIT scoring system 
In the TIGIT scoring system1, TIGIT expression on lymphocytes is classified into four 
grades (scores 0–4): no evidence of TIGIT+ lymphocytes (score 0) (Figure S1A), faint 
TIGIT+ lymphocytes near the HRS-like cells (score 1) (Figure S1B), moderate TIGIT+ 
lymphocytes around the HRS-like cells (score 2) (Figure S1C), and a circle of intense 
TIGIT+ lymphocytes surrounding the HRS-like cells (score 3) (Figure S1D). Cells with 
score 3 were defined to be positive. Microscope, Olympus BX53; original magnification, 
400× for all images; scale bar: 20 μm; camera, Olympus DP53. TIGIT, T cell 
immunoreceptor with immunoglobulin and ITIM domain; HRS, Hodgkin–Reed 
Sternberg. 
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