
Supplementary Table S6. A list of 520 differentially expressed genes that are significantly 

down- or up- regulated in 4-1BBpos PD-1high CD39+ TILs, compared to 4-1BBneg PD-1high 

CD39+ TILs 

Significantly down-regulated genes in 4-1BBpos PD-

1high CD39+ TILs 

(vs. 4-1BBneg PD-1high CD39+ TILs) 

Significantly up-regulated genes in 4-1BBpos PD-1high 

CD39+ TILs 

(vs. 4-1BBneg PD-1high CD39+ TILs) 
 4-1BBneg cells 4-1BBpos cells  4-1BBneg cells 4-1BBpos cells 

Gene 

name 

Pt 1 Pt 2 Pt 3 Pt 1 Pt 2 Pt 3 Gene 

name 

Pt 1 Pt 2 Pt 3 Pt 1 Pt 2 Pt 3 

FOSB 9.92496

5 

9.80436

9 

9.61180

4 

9.76085

4 

9.55460

3 

8.47625 SPC25 2.82975

9 

2.53201

8 

1.83699

5 

3.05751

5 

3.79646

6 

3.66172

7 

PTGER4 7.26693

3 

7.28598

5 

7.19060

1 

6.84482

4 

6.61319

8 

5.90088 GMNN 4.55416

7 

5.05351

8 

3.79176

5 

4.95671 5.63164

3 

4.93921

3 

ABI3 6.24122

1 

6.45779

3 

6.27735

5 

5.85419

6 

5.81360

6 

5.18958

2 

ING3 4.78602

3 

5.23034

6 

4.49070

5 

5.22964

8 

5.62759

7 

5.34212

1 

LITAF 9.06689
4 

9.17420
4 

8.99478
9 

8.79217
8 

8.74965
7 

8.08497
5 

KIF14 4.58732 4.59859
7 

4.62494
9 

5.12658
3 

5.70643
7 

5.26241
4 

ZNF10 4.90912

8 

4.98940

7 

4.74775

8 

4.33282

8 

4.40018

2 

3.50431

8 

CENPE 6.54529

5 

6.55450

7 

6.47696

9 

6.84945

5 

7.22848

3 

6.96595

2 

TNFAIP3 11.4201

9 

11.2484

4 

11.4068

2 

11.1877 10.9900

9 

10.5350

7 

CDCA7 3.80074

9 

4.20586

9 

3.92787

5 

4.43496 5.46931 4.40814

8 

NAPA 5.94770

1 

5.79864

8 

5.64849

8 

5.48906

2 

5.42803

1 

4.78041

1 

MMS22L 5.34681

1 

5.63601

1 

5.38552

2 

5.84030

4 

6.30403

9 

5.76094

1 

EMB 8.62816
7 

8.15243
8 

7.76648
1 

7.69842
4 

7.62737
8 

7.80079
1 

PRMT1 4.08233
6 

4.27920
3 

4.19938
6 

4.57576 5.65568
3 

4.98628
3 

VPS13C 9.62964

1 

8.95021

3 

8.57859

8 

8.82546

7 

8.29244

7 

8.60569

8 

TTK 3.68300

1 

4.14177

4 

3.79176

5 

4.13460

5 

5.12352

9 

4.64448

5 

UGP2 7.45828

7 

7.06878

8 

6.66013

1 

6.73649

1 

6.21516

1 

6.47283

5 

FANCA 5.20449

5 

5.76925

2 

5.41362 5.93048

7 

6.56957

6 

6.50782

1 

SOS1 7.29228

7 

6.85757

3 

6.61647

4 

6.56126 6.22322

7 

6.43213 ARHGAP3

1 

2.21785

6 

3.11614

9 

2.22306

7 

2.95810

3 

4.21843

6 

4.20711 

CD48 6.38484
9 

6.46828
4 

5.96563
2 

5.97778
5 

5.23941
6 

5.59298
2 

RFC5 4.01082
7 

4.71769
7 

3.97891
6 

4.65196
5 

5.40929
9 

5.05096
9 

CD53 8.95783

2 

8.74710

9 

8.47961

9 

8.46935

6 

7.89982

5 

8.14250

7 

DDX11 4.50296

4 

4.83583

5 

4.30316

7 

5.0401 5.94296

9 

5.26241

4 

PIP4K2A 8.72816

4 

8.45371

5 

8.09618

2 

8.35757

5 

7.54932

3 

7.80548

6 

DNA2 4.29794

7 

4.55988

1 

4.00377

5 

4.68343

1 

5.33680

4 

4.87634

6 

EPB41 7.95865

4 

7.72926

2 

7.43065

7 

7.57383

2 

6.92318 7.08038

7 

CRTAM 9.15660

1 

9.27363

1 

7.23851

5 

9.41608

8 

9.71621

4 

8.33727

8 

HAUS3 7.4538 6.98724
4 

6.80683
2 

6.71635 6.34896
5 

6.40268
9 

FBN1 1.59151
5 

-0.3006 -
2.76587 

2.37406
9 

2.19911
1 

1.03207
1 

ELF1 9.49581

5 

9.09856 9.06880

8 

8.83717

2 

8.48756 8.48212

6 

CHST3 -

0.27024 

-

2.55314 

-

6.64386 

0.16184

4 

1.54882

8 

0.22999

7 

TBX21 6.61125

2 

6.27566

2 

6.11571

3 

5.97778

5 

5.53558

7 

5.46589

7 

H2BC7 7.06108

7 

6.82936

5 

6.76563

9 

8.16667

7 

7.20966

1 

7.01703

7 

BRWD3 7.30479

9 

6.92767

1 

6.61445

8 

6.56126 6.26550

1 

6.11569

7 

H2BC9 6.81041

1 

6.35412

6 

6.40647

7 

7.57523

1 

7.15729

7 

6.50782

1 

UBE3B 6.11618
1 

5.94854
5 

5.60854 5.61407
1 

5.37108
9 

5.22365
4 

H2AC11 7.32459
5 

7.46950
9 

6.85714
9 

8.36325
3 

7.73566
2 

7.52492
3 

RBL2 7.64503 7.23927

5 

6.85031

2 

7.07183 6.45323

2 

6.47283

5 

RACGAP1 6.36586

8 

6.26366

6 

6.02451

6 

6.99449

4 

6.65156

1 

6.38523

4 

MGA 7.76940

6 

7.41496

4 

6.87578

5 

7.12053

8 

6.66346

6 

6.61867 H1-5 5.22570

6 

5.33723

3 

5.00947

6 

6.69849

3 

5.82778

2 

5.84725

1 

DIP2A 7.65288

1 

7.59209

2 

6.78727

8 

7.34373

6 

6.71013 6.57973

8 

H3C7 3.48612

8 

3.77004

5 

3.38182

3 

5.38445

2 

4.41903

2 

4.45670

5 

SYNE2 10.8865
6 

10.7483 10.2723
9 

10.5582
9 

10.2786
1 

9.65671
3 

H2AC14 5.56222
2 

5.69526
5 

5.48156
2 

6.84017
8 

6.31414
4 

6.02522 

PYHIN1 7.73098

3 

7.40544

1 

6.99990

2 

7.44665

4 

6.72156

4 

6.33676

3 

KATNB1 3.52086

3 

3.71824

5 

3.52608

1 

5.11124 4.41903

2 

3.89104

2 

NEK9 6.85533

3 

6.39043

6 

6.06936

4 

6.34546

5 

5.98152

2 

5.53083

9 

AURKB 4.90912

8 

4.18057

1 

4.36203

1 

5.72910

7 

5.75175

2 

4.94603

2 

ARIH1 8.57853

7 

8.19884

9 

8.13326

7 

7.86777

1 

7.96541 7.60142

2 

THOC6 2.88413

1 

1.82311

1 

1.94362

1 

3.83172

8 

4.03509

5 

2.94743

5 

WDR26 9.43849 8.88563
7 

8.65610
9 

8.65804
1 

8.48979
1 

8.10415
5 

H4C13 2.13058
7 

1.53451 1.59672 3.58749
6 

3.10744
3 

2.54205
1 

HECA 7.50023

3 

6.85757

3 

6.82960

5 

6.60573

5 

6.38775

8 

6.25675

1 

UBE2C 5.01037

9 

4.55003

7 

4.94676 6.20436

9 

6.20704

9 

5.44197

7 

BICRAL 6.77487

8 

6.37379

1 

6.29004

2 

6.03582

3 

6.00666

4 

5.83628

2 

CDC25C 2.30014

6 

1.61225

1 

1.89129

3 

3.71477

4 

3.78197

7 

2.89201

4 

SDCBP 8.58982

8 

7.87929

4 

7.57553 7.77222

8 

7.51578

5 

7.39514

9 

MTFR2 3.96110

5 

3.73571

9 

3.38182

3 

4.65196

5 

5.20181

2 

4.49440

8 

ALG13 7.17451
2 

6.49674
7 

6.15508
1 

6.27835
9 

5.95915
8 

6.03804
2 

LIG1 5.36604
3 

5.34863
5 

5.05180
9 

5.86795
6 

6.06766
6 

5.56224
5 

ELOVL5 8.61917

8 

7.55443 7.60730

5 

7.72764

6 

7.30141 7.15732

4 

POLQ 5.47634

1 

5.21796

5 

5.21504

8 

6.19348

2 

6.53974

4 

5.95258

6 
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KBTBD2 8.11602

5 

7.21456

2 

7.29625

2 

7.25925 6.92482

9 

7.00728

9 

ELP6 3.77220

1 

3.58961

4 

3.64146

2 

4.49530

5 

4.55306

6 

4.21841

9 

CNNM3 5.33709

9 

4.82771 4.75509

7 

4.25118

6 

3.95985

4 

4.21841

9 

XCL1 6.27213

3 

6.39319

1 

6.11856

1 

7.54128

5 

7.59459 6.85439

3 

MAP11 4.43173

8 

3.96043

7 

4.18858

5 

3.32026

1 

3.24056

1 

3.36878

8 

H2BC13 4.15046

9 

3.97522

4 

3.86142

4 

5.04818 5.05287

3 

4.38825

8 

SELENON 4.89595
7 

4.07469
9 

4.60071
1 

4.05664
8 

3.70726
5 

3.48571
8 

CCNA2 6.49813
5 

5.89511
4 

5.51220
5 

6.75881
8 

7.06307
1 

6.04758
4 

CD244 5.51130

9 

5.22416

9 

5.56326

9 

5.08005

4 

4.85942

8 

4.42776

7 

UHRF1 4.61972

8 

3.93039

9 

4.16673

7 

4.82182

6 

5.92659

6 

4.52205

2 

SIDT2 5.37556

3 

5.03951

5 

5.49038

4 

4.97377

8 

4.65199

1 

4.42776

7 

FANCG 4.50296

4 

4.06090

1 

3.74829

5 

4.64132

2 

5.39032 4.49440

8 

BCL11B 7.67618

1 

6.31106

3 

7.52060

7 

7.34537

6 

6.21246

2 

6.49625

3 

H3C12 4.50296

4 

5.36557

1 

3.92787

5 

6.06796

9 

5.48728

3 

4.62761

8 

TRANK1 7.67425
3 

7.11124
5 

7.57656
6 

7.49769
8 

6.66544
1 

6.64195
4 

H2BC12 7.04327
7 

7.41496
4 

7.20675 8.18052
7 

7.74035
4 

7.25253
7 

NR4A2 10.1744

2 

9.43609

9 

9.97507

2 

10.1230

8 

9.17708

2 

8.80075

9 

H2AX 5.53699 6.46304

8 

5.93040

9 

6.98189

5 

6.85905

5 

6.03484

7 

SIAH2 6.70107

4 

5.87554

2 

6.34943

4 

6.02358

1 

5.67933 5.74147

5 

TSPAN17 5.22570

6 

6.07061

8 

5.66807 6.81435

5 

6.65752

6 

5.50336

4 

CNOT6L 10.3388

8 

9.33295

8 

9.66244

7 

9.60663

2 

8.84421

8 

8.99780

1 

THOP1 3.82874

4 

5.03951

5 

4.22074

8 

5.48311

4 

5.60307

9 

4.70201

4 

TGFBR2 7.99307
8 

7.41224
9 

7.67174
1 

7.46487
6 

7.07054
2 

7.14404
2 

GNA12 3.80074
9 

4.75244
9 

3.96632
4 

4.97377
8 

5.41869
5 

4.35789
9 

SNTB2 6.75677

8 

5.88731

7 

5.80519

4 

6.20797

9 

5.39508

8 

5.37786

2 

RECQL4 3.03593

9 

4.65479 3.04115

5 

4.74437

5 

4.86631

2 

4.10112

7 

PPP2R5A 7.42658 6.41504

8 

6.51637

3 

6.61392

4 

5.95915

8 

6.35481

1 

H4C3 4.84203

7 

5.74357 4.73296

6 

6.20436

9 

6.22054

3 

5.35754

7 

RNF149 7.99153

1 

7.28450

2 

7.34448

8 

7.42043

8 

6.58008

2 

7.08038

7 

HMMR 4.08233

6 

4.67304

5 

3.88837

3 

4.99064

7 

5.16320

1 

4.58456

7 

UVRAG 6.07001
8 

5.33723
3 

5.19899
3 

5.33247 4.63596
8 

4.95281
9 

SFXN2 3.12893
8 

4.10190
4 

2.94174
5 

4.56453
8 

4.38108
3 

4.24077
5 

GRAP2 7.28219

9 

6.56432 7.06778

4 

6.73398

9 

5.93316

7 

6.72953

2 

XRCC2 2.82975

9 

3.82005 2.62670

2 

4.13460

5 

4.15238

3 

3.77328

8 

PAPOLG 6.87895

5 

6.51457

3 

6.70060

6 

6.29543

1 

5.84530

9 

6.44903 SPC24 4.46779 4.76951

7 

4.21010

6 

5.62491

6 

5.54848

4 

5.15468

7 

CCNYL1 5.97926

6 

5.55466 5.54644

8 

5.35218

4 

4.72954

4 

5.34212

1 

CCL22 -

6.64386 

-

2.55314 

-

6.64386 

1.81595

9 

1.61571

8 

0.92569

8 

NEDD9 8.58880
5 

8.24534
1 

8.78449
2 

8.19878
8 

7.70910
4 

7.90245
2 

KNTC1 7.16630
8 

7.42577 6.56937
4 

7.66728
7 

8.08826
2 

7.13511
8 

CEMIP2 10.1740

8 

9.81185

4 

10.0790

7 

9.76239 8.99237

8 

9.45636

7 

SPAG5 5.66673

1 

6.21154 5.55488

3 

6.21158

1 

6.93795

9 

5.79533

2 

CHD2 9.89548

8 

9.69276

9 

9.91142

4 

9.51012

3 

9.0392 9.46559

1 

CEP152 6.24641

9 

6.44457

1 

6.03057

7 

6.55276

6 

7.11022

9 

6.42482

6 

TNRC6B 8.27199

3 

7.91136

5 

8.30373

3 

8.26528

1 

7.05405

5 

7.79135

6 

CDCA3 4.03505

9 

4.25517 4.11062

6 

5.31917

7 

5.48728

3 

4.78802

1 

GSE1 6.78563
1 

6.49674
7 

6.49242
1 

6.55560
3 

5.67541
6 

6.15742
5 

WDR62 3.48612
8 

3.77004
5 

3.65721
7 

4.64132
2 

5.01620
3 

4.22964 

ZBTB4 7.50240

7 

6.95962

5 

7.18245

9 

7.25750

9 

6.07064

9 

6.32111

2 

KIF22 5.18296

8 

5.70416

9 

5.61662

1 

6.43753

9 

6.59051

3 

5.79533

2 

PITPNC1 6.82090

3 

6.27864

6 

6.57974

5 

6.49186

6 

5.39032 5.76094

1 

RPP25L 1.30307

2 

1.88706

4 

2.18009

2 

3.44789

4 

3.59570

9 

2.34976 

NLRP1 7.64108

8 

8.04615

2 

7.57345

6 

7.78195

1 

6.76641

4 

7.09426

6 

NCAPH 5.99170

1 

6.08772

9 

5.81576

2 

6.66473

3 

7.02666

3 

5.86534

9 

PIK3IP1 8.48598 8.41084
8 

7.78362
8 

8.34287
1 

7.12034
2 

7.10496
9 

BUB1 6.15539
7 

6.06371
6 

5.97509
1 

6.66997
8 

6.86077
9 

6.18362
6 

CELF2 9.49636 9.18099

7 

9.04055

6 

9.30373

1 

8.46619

5 

8.59705

9 

XCL2 5.99787

9 

6.01087

2 

5.74011

1 

7.11670

1 

6.96546

8 

6.02522 

SIDT1 7.17723

7 

7.00896

5 

6.73441

7 

7.02347

1 

5.89664

7 

6.25400

6 

TACC3 7.38476

2 

7.30220

3 

7.17563

8 

8.02033

8 

7.94360

7 

7.35087

4 

VPS37B 7.25408

7 

7.19732

3 

7.18517

8 

7.39373

7 

6.37574

7 

6.28660

7 

H3C2 7.40116

9 

7.73144

1 

7.30002

1 

8.86202

2 

8.55408

9 

7.79324

8 

ARHGEF3 8.23062
4 

8.17583 8.19595
5 

8.08066
6 

7.05857 7.20358
3 

INCENP 4.15046
9 

4.33759 4.08755
6 

5.49498
5 

5.46931 4.45670
5 

ARHGAP2

5 

7.70100

5 

7.50178

3 

7.36382 7.36005

5 

6.56111

5 

6.61653

4 

KIF18B 4.71280

1 

4.94502

8 

4.90777

9 

6.01123

5 

5.82425

1 

4.77276 

USP36 8.56507

8 

8.48181

8 

8.95351

7 

8.52541

7 

7.89562

5 

8.06866

5 

COL6A3 4.10540

7 

4.63630

1 

4.28299

9 

5.68832

9 

5.97834

9 

4.48507

4 

IL16 6.31234

5 

6.30814

6 

6.76017

8 

6.39382

2 

5.65965

1 

5.63156

2 

HJURP 5.19377

2 

5.47366

3 

5.48156

2 

6.56126 6.65156

1 

5.52173

8 

BCL2L11 7.41508
5 

7.84548
9 

7.94072
9 

7.52834
7 

6.64156
4 

7.28382
5 

HIPK2 7.03428
9 

5.86763
8 

7.91475 7.84244 6.82765
5 

7.62922
7 

BMF 5.99170

1 

6.11469

2 

6.34700

7 

6.12255

6 

4.94645

5 

5.44197

7 

H3C3 4.78602

3 

4.20586

9 

4.89454

7 

5.73912

4 

4.49206

3 

5.70977

2 

TCF7 5.94130

4 

6.10799

9 

5.94652

6 

5.91289

6 

4.72197

4 

5.41273

9 

ANAPC11 6.00403 5.74788

2 

6.30011

2 

6.74893

7 

6.10597

7 

6.75305

3 

CRIM1 7.00084

5 

6.82324

8 

6.84172

1 

6.75388

6 

5.71026

8 

6.29196

9 

DCUN1D2 4.77167

3 

4.55988

1 

5.17730
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7 
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3 
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1 

       E2F8 3.65199
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9 
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1 
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7 
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7 
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5 
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6 

7.82133
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       PPIF 5.05845
9 
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9 
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5 

6.56209
2 

       MTSS1 5.34681
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9 

5.93040

9 
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6 

6.85732

8 

6.40020

9 

       MTHFD1L 3.71335
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6 

5.09871

6 

4.55322

7 
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9 
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6 

       ANP32B 6.81391
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4 
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1 
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5 

8.72098

7 

7.94051 

       PDIA4 4.55416
7 

5.50457
3 

5.65635
9 

5.50088
5 

6.32917 5.83628
2 

       DUT 4.93511

5 

5.35994

8 

5.54221

2 

5.70375

6 

6.24451

9 

6.05391

1 

       WDR12 3.12893

8 

3.73571

9 
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3 
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4 
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3 

4.47918

5 

4.62494

9 
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8 
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5 
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9 
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9 
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9 
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5.38231 5.42286
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1 
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1 
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3 

       POLA1 5.18296
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9 

5.85386 6.20074

9 

6.79915

9 

6.44422

1 

       WDR34 1.71664

7 

2.97614

1 

3.04115

5 

3.05751

5 

4.45601 4.16096

5 

       PRDX3 4.57083
9 

5.26686
2 

5.39494
9 

5.45300
1 

6.04053
4 

5.92868
7 

       CENPJ 3.58792 4.77797

5 

4.96586

3 

4.68343

1 

5.78845

7 

5.55334

1 

       BRIP1 4.37591

1 

5.08112

2 

5.27243

6 

5.11893

2 

5.87633

1 
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5 

       PSMD4 4.81430

2 

5.66821

9 

6.04262

3 

5.74907

2 

6.62136 6.48224

8 

       CLSPN 4.88266
5 

5.67729
1 
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       DKC1 4.94793

5 
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7 

5.92391

2 
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2 

6.53543

1 

6.32634

8 

       MCM10 2.82975
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4.00435
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1 
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4 

5.84878

9 

4.86918

9 

       MCM3 5.55386 6.03577
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6.39946
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6.44673

6 

7.31405

3 

6.87776
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       PKM 7.42658 7.89881
6 

8.36317
6 

8.14800
2 

9.20212
5 

8.67043
5 

       FGGY 2.58911
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3.26798

6 

3.47366 4.04053

8 
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1 

4.18422

2 

       DGCR8 4.6977 5.00390
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5.05180
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5.56423
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5.41869
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5.83994
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       PARP2 4.50296
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4.88364
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       PRDX5 5.31747
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6.46304
8 

6.11571
3 
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6.33662
5 
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4.34210
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7 
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5 
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       SLCO4A1 1.71664
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2 
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       PIMREG -
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9 
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       CIT 4.23657
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2 
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6.58181 6.82379
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4 

Data is presented as numbers of log2(CPM+0.01). CPM; counts per million reads mapped. 
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