Table S1. Disease and dataset selection

Solid cancers (n = 11)

Number of dataset comparison: Number of cases

Number of controls

Dataset identifiers

Adrenal cortex carcinoma

Breast carcinoma

Colorectal carcinoma

Endometrial cancer

Esophageal carcinoma

Gastric carcinoma

Hepatocellular carcinoma

Lung cancer

Ovarian carcinoma

Pancreatic carcinoma

Prostate adenocarcinoma

6

19

19

20

13

23

15

198

2,424

1,211

786

473

1,111

1,118

2,457

112

595

818

42

739

523

102

188

698

651

1,012

28

301

147

GSE10927, GSE12368, GSE19750, GSE33371, GSE75415, GSE90713
GSE10780, GSE115144, GSE120129, GSE17907, GSE31448, GSE36295
GSE38959, GSE57297, GSE5764, GSE58135, GSE59246, GSE61304,
GSE61723, GSE65212, GSE70905, GSE70947, GSE71651, GSE83591,
TCGA-BRCA

E-MTAB-57, GSE123390, GSE18105, GSE20842, GSE21510, GSE22598
GSE28866, GSE32323, GSE41657, GSE4183, GSE44076, GSE62932
GSE68468, GSE75548, GSE76855, GSE77199, GSE89076, PDC000116
TCGA-COADREAD

GSE115810, GSE17025, GSE36389, GSE56087, GSE63678, PDC000125
TCGA-UCEC

GSE1420, GSE161533, GSE20347, GSE23400, GSE70409, GSE74553
GSE75241, TCGA-ESCA

E-MTAB-1440, GSE103236, GSE118897, GSE122401, GSE13195,
GSE13911

GSE19826, GSE27342, GSE29272, GSE29998, GSE30727, GSE33335
GSE37023, GSE37023, GSE51575, GSE56807, GSE63089, GSE79973
GSE85465, TCGA-STAD

E-MTAB-5905, GSE102079, GSE107170, GSE19665, GSE36376,
GSE45267

GSES59259, GSE60502, GSE6764, GSE67764, GSE82177, PDC000198
TCGA-LIHC

E-MEXP-231, E-MTAB-1690, E-MTAB-3950, E-MTAB-5231, GSE104854
GSE18842, GSE19188, GSE19804, GSE28866, GSE30219, GSE40791
GSE43458, GSE44077, GSE63459, GSE74706, GSE75324, GSE83227
GSE84776, PDC000153, PDC000219, PDC000234, TCGA-LUAD, TCGA-
LUSC

GSE10971, GSE124766, GSE146553, GSE27651, GSE36668

GSE136569, GSE141873, GSE143754, GSE15471, GSE16515, GSE18670
GSE22780, GSE28735, GSE55643, GSE56560, GSE60646, GSE62165
GSE62452, GSE63111, PDC000270

E-MTAB-6128, GSE111320, GSE68555, GSE6956, PXD010744, TCGA-
PRAD




TOTAL 141 11,303 4,431

GTEX healthy tissue (n = 47 Number of all samples Number of young gr Number of old group (aged 60-79)
Adipose subcutaneous 663 213 237
Adipose visceral omentum 541 175 182
Adrenal gland* 258 88 81
Artery aorta 432 143 140
Artery coronary 240 63 82
Artery tibial 663 232 215
Brain amygdala 152 22 85
Brain anterior cingulate corte 176 32 103
Brain caudate basal ganglia 246 38 135
Brain cerebellar hemisphere 215 31 119
Brain cerebellum 241 39 127
Brain cortex 255 42 136
Brain frontal cortex ba9 209 26 120
Brain hippocampus 197 31 114
Brain hypothalamus 202 25 117
Brain nucleus accumbens bas 246 36 135
Brain putamen basal ganglia 205 29 109
Brain spinal cord cervical c-1159 22 90
Brain substantia nigra 139 23 81
Breast mammary tissue® 459 165 155
Cells ebv-Transformed lympl 174 70 50
Colon sigmoid*” 373 129 135
Colon transverse 406 165 105
Esophagus gastroesophageal 375 135 103
Esophagus mucosa*” 555 208 166
Esophagus muscularis 515 206 143
Heart atrial appendage 429 95 180
Heart left ventricle 432 114 164
Liver* 226 59 84
Lung* 578 166 212
Minor salivary gland 162 60 52
Muscle skeletal 803 256 292
Nerve tibial 619 200 229
Ovary* 180 73 46

Pancreas* 328 126 84



Pituitary 283 41 155

Prostate* 245 93 80
Skin not sun exposed suprapt 604 188 226
Skin sun exposed lower leg 701 223 260
Small intestine terminal ileun 187 85 46
Spleen 241 101 54
Stomach* 359 147 84
Testis 361 119 125
Thyroid 653 208 234
Uterus* 142 69 28
Vagina 156 64 42
Whole blood 755 249 272
TOTAL 16,740 5,124 6,214

* Tissues corrsponding to the 11 studied cancers
~ Colon sigmoid and esophagus mucosa were selected as they are the prevalent primary sites for the corresponding cancers



Table S2. Age-associated expression changes in protein-coding genes and cancer-related genes in 47 GTEX tissues

GTEXx healthy tissues[1]

Protein-coding genes|2]

Tumor suppressor genes|3]

Number of genes Number of Number of Number of Number of genes Number of Numebr of Numebr of
sequenced dysregulation upregulation downregulation sequenced dysregulation upregulation downregulation

Adrenal gland* 15,690 4,406 (28.08%) 948 3,458 247 85 (34.41%) 17 68
Breast mammary tissue*® 15,939 4,321 (27.11%) 1,525 2,796 245 65 (26.53%) 34 31
Colon sigmoid*” 15,865 6,185 (38.99%) 2,453 3,732 250 112 (44.8%) 24 88
Esophagus mucosa*” 15,796 9,436 (59.74%) 2,500 6,936 246 168 (68.29%) 24 144
Liver* 15,483 1,482 (9.57%) 503 979 247 12 (4.86%) 3 9
Lung* 16,104 8,495 (52.75%) 4,009 4,486 250 143 (57.2%) 82 61
Ovary* 15,757 4,519 (28.68%) 2,163 2,356 246 82 (33.33%) 25 57
Pancreas* 15,702 1,770 (11.27%) 339 1,431 248 34 (13.71%) 5 29
Prostate*® 16,203 5,048 (31.15%) 2,713 2,335 251 74 (29.48%) 48 26
Stomach* 15,860 2,393 (15.09%) 376 2,017 250 45 (18%) 6 39
Uterus* 15,766 6,944 (44.04%) 1,777 5,167 244 116 (47.54%) 26 90
Adipose subcutaneous 15,697 8,598 (54.77%) 1,952 6,646 245 145 (59.18%) 29 116
Adipose visceral omentum 15,786 8,470 (53.66%) 3,227 5,243 245 141 (57.55%) 45 96
Artery aorta 15,547 8,177 (52.6%) 1,875 6,302 246 152 (61.79%) 27 125
Artery coronary 15,703 2,309 (14.7%) 391 1,918 247 41 (16.6%) 7 34
Artery tibial 15,345 11,245 (73.28%) 1,662 9,583 245 202 (82.45%) 25 177
Brain amygdala 15,953 5,489 (34.41%) 1,368 4,121 248 88 (35.48%) 35 53
Brain anterior cingulate cortex ba24 16,068 3,598 (22.39%) 682 2,916 248 58 (23.39%) 15 43
Brain caudate basal ganglia 16,068 3,093 (19.25%) 697 2,396 249 42 (16.87%) 7 35
Brain cerebellar hemisphere 15,896 2,652 (16.68%) 746 1,906 249 42 (16.87%) 12 30
Brain cerebellum 16,008 3,240 (20.24%) 1,026 2,214 251 51(20.32%) 16 35
Brain cortex 16,150 4,672 (28.93%) 1,501 3,171 249 68 (27.31%) 21 47
Brain frontal cortex ba9 16,070 5,742 (35.73%) 1,941 3,801 249 93 (37.35%) 33 60
Brain hippocampus 15,996 4,841 (30.26%) 1,082 3,759 248 71 (28.63%) 23 48
Brain hypothalamus 16,194 4,356 (26.9%) 822 3,534 249 76 (30.52%) 15 61
Brain nucleus accumbens basal ganglia 16,071 2,234 (13.9%) 838 1,396 249 37 (14.86%) 7 30
Brain putamen basal ganglia 15,930 1,371 (8.61%) 396 975 248 12 (4.84%) 2 10
Brain spinal cord cervical c-1 15,924 416 (2.61%) 278 138 248 9 (3.63%) 7 2
Brain substantia nigra 15,905 1040 (6.54%) 288 752 248 16 (6.45%) 4 12
Cells ebv-Transformed lymphocytes 15,037 1092 (7.26%) 967 125 244 13 (5.33%) 13 0
Colon transverse 16,099 10,040 (62.36%) 6,254 3,786 251 141 (56.18%) 77 64
Esophagus gastroesophageal junction 15,695 6,817 (43.43%) 1,377 5,440 249 127 (51%) 19 108
Esophagus muscularis 15,686 8,008 (51.05%) 1,539 6,469 249 143 (57.43%) 18 125
Heart atrial appendage 15,576 4,561 (29.28%) 1,257 3,304 247 76 (30.77%) 22 54
Heart left ventricle 15,194 6,920 (45.54%) 1,811 5,109 244 113 (46.31%) 25 88
Minor salivary gland 16,094 4,925 (30.6%) 1,198 3,727 247 77 (31.17%) 8 69
Muscle skeletal 15,090 9,728 (64.47%) 1,923 7,805 241 169 (70.12%) 31 138
Nerve tibial 15,917 8,537 (53.63%) 2,253 6,284 246 129 (52.44%) 42 87
Pituitary 16,376 1,408 (8.6%) 827 581 248 18 (7.26%) 15 3
Skin not sun exposed suprapubic 16,067 6,100 (37.97%) 3,235 2,865 247 102 (41.3%) 71 31
Skin sun exposed lower leg 16,085 6,269 (38.97%) 1,706 4,563 248 111 (44.76%) 34 77



Small intestine terminal ileum 16,179
Spleen 15,873
Testis 17,631
Thyroid 15,955
Vagina 15,955
Whole blood 14,375

1,852 (11.45%)
2,514 (15.84%)
3,075 (17.44%)
6,759 (42.36%)
5,724 (35.88%)
9,464 (65.84%)

1,226
1,226
995

1,689
1,400
3,955

626

1,288
2,080
5,070
4324
5,509

250
245
252
245
249
239

35 (14%)
40 (16.33%)
54 (21.43%)
127 (51.84%)
98 (39.36%)
161 (67.36%)

15
18
9
22
9
82

20
22
45
105
89
79

[1] Tissues corrsponding to the 11 studied cancers were marked with an asterisk. * Colon sigmoid and esophagus mucosa were selected as they are the prevalent primary sites for the corresponding cancers

[2] A total of 19,334 protein coding genes
[3] A total of 252 tumor suppressor genes



Table S3. The list of tumor suppressor genes analyzed
ABII
ACVRI1B
ACVR2A
AMERI
APC
ARHGAP26
ARHGEF10
ARHGEF10L
ARHGEF12
ARIDIA
ARIDIB
ARID2
ASXL1
ASXL2
ATM
ATP2B3
ATR

ATRX
AXINI
AXIN2
B2M

BAP1
BARDI1
BAX
BAZIA
BCL10
BCOR
BLM
BRCAL1
BRCA2



BRIP1
BTG1
BUBIB
CAMTALI
CASP3
CASPS8
CASP9
CBFA2T3
CBFB
CBLB
CCDC6
CCNBIIP1
CCNC
CD274
CDC73
CDH1
CDH10
CDHI11
CDK12
CDKNI1B
CDKN2A
CDKN2C
CDX2
CEBPA
CHD2
CHEK2
CIC
CIITA
CLTC
CLTCLI1
CNBP



CNOT3
CPEB3
CREB3LI
CREBBP
CTCF
CUL3
CYLD
DAXX
DDX10
DDX3X
DICER1
DNM2
DROSHA
EBF1
EED
EIF3E
ELF3
ELL
EP300
EPS15
ERCC2
ERCC3
ERCC4
ERCC5
ETNKI
ETV6
EXTI
EXT2
FANCA
FANCC
FANCD2



FANCE
FANCF
FANCG
FAS
FATI
FAT4
FBLN2
FBXO11
FBXW7
FENI
FH
FHIT
FLCN
FUBPI
FUS
GATAl
GATA3
GPC5
GRIN2A
HNF1A
ID3
IGF2BP2
IKZF1
KAT6B
KDMS5C
KDM6A
KEAPI
KLF6
KMT2C
KMT2D
KNLI



LARP4B
LATSI1
LATS2
LEPROTLI1
LRIG3
LRPIB
LZTR1
MAP3K1
MAX
MENI1
MGMT
MLF1
MLH1
MSH2
MSH6
MUTYH
MYH9
N4BP2
NAB2
NBN
NCOA4
NCORI1
NCOR2
NDRGI
NFl1

NF2
NFKBIE
NOTCHI1
NOTCH2
NRGI
NTHL1



PALB2
PATZ1
PAXS
PBRMI1
PER1
PHF6
PHOX2B
PIK3R1
PML
PMS2
POLDI
POLE
POLG
POT1
PPARG
PPP6C
PRDM1
PRDM2
PRFI
PTCHI1
PTEN
PTPN13
PTPN6
PTPRB
PTPRC
PTPRD
PTPRK
PTPRT
RADI17
RADSI1B
RANBP2



RBI
RBM10
RFWD3
RHOH
RMI2
RNF43
ROBO2
RPL10
RPL22
RPL5
RSPO2
RUNXI1
SBDS
SDHA
SDHAF2
SDHB
SDHC
SDHD
SETDIB
SETD2
SFPQ
SFRP4
SH2B3
SIRPA
SLC34A2
SMAD2
SMAD3
SMAD4
SMARCA4
SMARCBI
SMARCDI



SMARCE1
SMCIA
SOCSI1
SOX21
SOX9
SPEN
STAGI1
STAG2
STK11
SUFU
TET2
TGFBR2
TMEM127
TNFAIP3
TNFRSF14
TP53
TPM3
TRAF7
TRIM33
TSC1
TSC2
USP44
VHL
WIF1
WNK2
WRN
WTI
XPA
XPC
YWHAE
ZBTBI16



ZFHX3
ZMYM3
ZNF331
ZNRF3
ZRSR2



Table S4. Overlapped pathways dysregulation in aging and cancer

The percentage of dysregulated cellular processes[1]

Cellular processes
warp Adrenal gland Breast Colon sigmoid Uterus  Esophagus Stomach Liver Lung Ovary Pancreas Prostate Average

Upregulation in aging & cancer 2.5 11.5 5.1 1.7 6.6 4.1 0.4 11.3 33 0.9 54 4.8
Downregulation in aging & cancer 12.6 10.9 21.6 17.3 26.2 0.5 9.6 9.9 12 0.9 10.3 12
Upregulation in cancer & downregulation in aging 9.2 8.1 21.7 16.7 41.3 23.6 6.2 241 41.6 4.5 7 18.5
Dowregulation in cancer & upregulation in aging 33 13.7 11.9 1 6.5 0.7 1.7 30.8 4.1 0.2 21.7 8.7
TOTAL 27.6 44.2 60.3 36.7 80.6 289 179 76.1 61 6.5 444 44

[1] The percentage of dysregulated pathways in all cellular process overlapped in aging and cancer in corresponding tissues.



Table S5. Overlapped unidirectionally dysregulated pathways in aging and cancer

Pathways[1] Upstream signaling pathways Main cellular processes Umd.lrectfonal dysregulation GTEXx tissues IPAND,A seore Cancer types iPANDA score
in aging and cancer (aging) (cancer)
Cellular Senescence Cellular Senescence Cellular response to external stimuli Upregulation Adrenal gland 0.0102 Adrenocortical carcinoma 0.042
Cellular Senescence Cellular Senescence Cellular response to external stimuli Upregulation Breast 0.0527 Breast carcinoma 0.1831
Cellular Senescence Cellular Senescence Cellular response to external stimuli Upregulation Lung 0.0313 Lung cancer 0.139
Cellular Senescence Cellular Senescence Cellular response to external stimuli Upregulation Pancreas 0.0174 Pancreatic carcinoma 0.1421
Cellular Senescence Cellular Senescence Cellular response to external stimuli Upregulation Prostate 0.0347 Prostate adenocarcinoma 0.077
Cellular Senescence Cellular Senescence Cellular response to external stimuli Upregulation Stomach 0.0191 Gastric carcinoma 0.1638
Cellular Senescence Cellular Senescence Cellular response to external stimuli Upregulation Colon sigmoid 0.0112 Colorectal carcinoma 0.0715
Oncogene Induced Senescence Cellular Senescence Cellular response to external stimuli Upregulation Stomach 0.0506 Gastric carcinoma 0.1495
Oncogene Induced Senescence Cellular Senescence Cellular response to external stimuli Upregulation Lung 0.0767 Lung cancer 0.0629
Oncogene Induced Senescence Cellular Senescence Cellular response to external stimuli Upregulation Pancreas 0.051 Pancreatic carcinoma 0.1884
Oncogene Induced Senescence Cellular Senescence Cellular response to external stimuli Upregulation Prostate 0.0617 Prostate adenocarcinoma 0.0374
Oncogene Induced Senescence Cellular Senescence Cellular response to external stimuli Upregulation Breast 0.0761 Breast carcinoma 0.1067
Oncogene Induced Senescence Cellular Senescence Cellular response to external stimuli Upregulation Colon sigmoid 0.0587 Colorectal carcinoma 0.083
Oxidative Stress Induced Senescence Cellular Senescence Cellular response to external stimuli Upregulation Breast 0.0446 Breast carcinoma 0.2781
Oxidative Stress Induced Senescence Cellular Senescence Cellular response to external stimuli Upregulation Colon sigmoid 0.0272 Colorectal carcinoma 0.0526
Oxidative Stress Induced Senescence Cellular Senescence Cellular response to external stimuli Upregulation Lung 0.051 Lung cancer 0.1834
Oxidative Stress Induced Senescence Cellular Senescence Cellular response to external stimuli Upregulation Pancreas 0.0277 Pancreatic carcinoma 0.1415
Oxidative Stress Induced Senescence Cellular Senescence Cellular response to external stimuli Upregulation Prostate 0.0419 Prostate adenocarcinoma 0.0938
Oxidative Stress Induced Senescence Cellular Senescence Cellular response to external stimuli Upregulation Stomach 0.0343 Gastric carcinoma 0.1726
Adenylate cyclase inhibitory pathway GPCR downstream signalling Signal transduction Downregulation Adrenal gland -0.0358 Adrenocortical carcinoma -0.0311
Adenylate cyclase inhibitory pathway GPCR downstream signalling Signal transduction Downregulation Breast -0.0313 Breast carcinoma -0.2577
Adenylate cyclase inhibitory pathway GPCR downstream signalling Signal transduction Downregulation Colon sigmoid -0.0108 Colorectal carcinoma -0.1508
Adenylate cyclase inhibitory pathway GPCR downstream signalling Signal transduction Downregulation Esophagus -0.0785 Esophageal carcinoma -0.0703
Adenylate cyclase inhibitory pathway GPCR downstream signalling Signal transduction Downregulation Liver -0.0209 Hepatocellular carcinoma -0.0156
Adenylate cyclase inhibitory pathway GPCR downstream signalling Signal transduction Downregulation Ovary -0.1015 Ovarian carcinoma -0.0557
Adenylate cyclase inhibitory pathway GPCR downstream signalling Signal transduction Downregulation Uterus -0.1387 Endometrial cancer -0.3542
G-protein mediated events GPCR downstream signalling Signal transduction Downregulation Adrenal gland -0.0259 Adrenocortical carcinoma -0.0384
G-protein mediated events GPCR downstream signalling Signal transduction Downregulation Breast -0.0225 Breast carcinoma -0.1996
G-protein mediated events GPCR downstream signalling Signal transduction Downregulation Colon sigmoid -0.0125 Colorectal carcinoma -0.1505
G-protein mediated events GPCR downstream signalling Signal transduction Downregulation Esophagus -0.0907 Esophageal carcinoma -0.0604
G-protein mediated events GPCR downstream signalling Signal transduction Downregulation Liver -0.0145 Hepatocellular carcinoma -0.0472
G-protein mediated events GPCR downstream signalling Signal transduction Downregulation Ovary -0.087 Ovarian carcinoma -0.056
GABI signalosome Signaling by EGFR Signal transduction Downregulation Colon sigmoid -0.0399 Colorectal carcinoma -0.0389
GABI signalosome Signaling by EGFR Signal transduction Downregulation Esophagus -0.2263 Esophageal carcinoma -0.2972
GABI signalosome Signaling by EGFR Signal transduction Downregulation Lung -0.0635 Lung cancer -0.1342
GABI signalosome Signaling by EGFR Signal transduction Downregulation Ovary -0.06 Ovarian carcinoma -0.0135
GABI signalosome Signaling by EGFR Signal transduction Downregulation Prostate -0.0481 Prostate adenocarcinoma -0.1793
GABI signalosome Signaling by EGFR Signal transduction Downregulation Uterus -0.2109 Endometrial cancer -0.0737
MAP2K and MAPK activation MAPKI1/MAPK3 signaling Signal transduction Downregulation Breast -0.0132 Breast carcinoma -0.0102
MAP2K and MAPK activation MAPKI1/MAPK3 signaling Signal transduction Downregulation Colon sigmoid -0.0405 Colorectal carcinoma -0.0972
MAP2K and MAPK activation MAPKI1/MAPK3 signaling Signal transduction Downregulation Esophagus -0.09 Esophageal carcinoma -0.0466
MAP2K and MAPK activation MAPKI1/MAPK3 signaling Signal transduction Downregulation Liver -0.0105 Hepatocellular carcinoma -0.0521
MAP2K and MAPK activation MAPKI1/MAPK3 signaling Signal transduction Downregulation Lung -0.0386 Lung cancer -0.1614
MAP2K and MAPK activation MAPKI1/MAPK3 signaling Signal transduction Downregulation Prostate -0.057 Prostate adenocarcinoma -0.0723

[1] Reactome pathways that are dysregulated in a unidirectional manner in more than 5 types of cancer (i.e., 50%) and their corresponding healthy GTEx tissues
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SMARCAY  Hydmlase No e I 1 97 s sencscence, Epigenctc 7 2 2 0 n 10 1 Antagonism Not reported No evidence NA Yes Group 4 - Tomor suppressor genc
hil, Genomic instabily,
Stem el exhaustion
communiations, Pro-Longeviy:
Deregulated mutrient ro-Longeni Antagonist for cancer.
CDK4  CMGCKimse  Ves e 13 10 165 4 I 2 15 6 10 10 o Antagonism  Reported; Lifespan extension  Overexpresison of CyeD/Cdkd n Drosophila Agonism Yes Group 2 -
signaling, Epigenctic shifl, = " " O ® " CDK s involved n cell ey regulation during healby aging
Extracellular matrix D219
Cellulr senescence AntiLongeviy
CDK2  CMGChinse  Yes e 1 10 29 2 P ence. 7 4 3 4 10 10 0 Antagonism  Reported; ifespan extension  cdkc2 RNAI increased lfespan by 28%n C. Antagonism Yes Group 1 -
romie nsabily cleoans PMID: 27668945
communications, Cellular
senescence, Deregulated Anti-Longeviy.
e Oxerexpression hPARPI (double knock-in)
i sgnificanty decreased lfespan in mice. -
puPigenle it Mutaton, RNAi and PARP inhibitors J— G,
PARPI Glycoslransferase  Yes e 15 10 26 10 scellular malix » I 3 3 u 10 1 Antagonism  Reported; L lifespan by 20%,  Antagonism Yes Growp 1 Genge niagonistfo cancer
stffnss, Genon e ——— PARP! i involved in base excision repai during halthy aging. PMID: 31878234,
instabily, Inflmmation, e et e s PMID: 36947517
P i iscle PARPYinbbion xtends g
exbaustion, Telomere rosophi
Genomic instabiliy,
Impaired proteostasis, Antagonis for cancer.
AURKA  Prowinkinse  Yes e 16 10 270 6 Inflammation, 18 2 16 0 u u 0 Antagonism Not eported No evidence NA Yes Group 4 - 3

Mitochondrial
dysfunction, Stem cell

AURKA i involved in cell cycle regulation during healthy aging



VEGFA

PPARG

GSK3B

MTOR

PIK3CA

ERBE2

MMPY

CDK6.

IGF1

Growth factor.

Nuclear receptor

CMGC kinase.

Protein kinase

Non-protein kinase

Receptor kinase

Receptor kinase

Pepidase

Intereukin

CMGC kinase

Nuclear receptor

Growth factor

Yes

Yes

Yes
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Extracellular matrix

dystunction, Stem cell
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senescence, Deregulated
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Cellular senescence,
Deregulated nutrient
signaling, Impaircd

T
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dysfunction, Telomere

Mitochondrial

Alered intercellular
communications,
Derogulated nutrient
signaling, Epigenetic shift,
Extracelular matrix
siffness, Genomic:
instabiliy, Inflammation,
Stem cell exhaustion

senescence, Extracellular
matrix stiffness, Stem cell
exhaustion

Alered intercellular
communications,
Derogulated nutrient
signaling, Epigenctic shit,
Extracelular matrix
siffness, Genomic:
instabilty, Inflammation

Altered intercellular

instabiliy, Impaired
proteostasis,
Inflammation,
Mitochondrial
dysfunction,

Retrotranspositions, Stem

cell exhaustion, Telomere

atrition

1s

Antagonism ot reported No evidence NA Yes Group 4

Pro-Longevity:
Ala/Ala Knockin lfespan increased by 13%, and
hypomorphic mutants decrease lifespan by 1% in

8 2 6 Agonism  Reported; Lifespan extension Agonism Yes Group |

Bezafibrate agonising PPARG extended lfespan
significantly in C. elegans
Hypomorphic Ppargl/2 knockout decreased
lifespan in mice.

Anti-Longevity:
s (GSK3B) RNA increased the lfespan in
Drosophila

Lithium ehloride antagonising GSK3B extended
lifespan significantly in C. clogans and Drosophils
Worthy note that complete sbsence of GSK3B in
C. legans , Drosophila , and mice shortened.
lifepsn o prevents development,

Antagonism  Reported; Lifespan extension Antagonism Yes Group |

Anti-Longevity:
In roundworms, TOR deficiency more than
doubled the lifespan.

TOR disruption in Drosoplila also extended
lifespan.

Hypomorphic mutation increase lifespan by 20% in
Antagonism  Reported; Lifespan extension mice. Antagonism Yes Group 1|
Knockdown of TOR increased the longevity of ife-
2 mutants in C. elegans
MTOR inhibitor, rapamycin extends lifespan and
elays cancer in mice.
Rapamycin inhibiting MTOR extended longevity in
@ mice.

Anti-Longevity:
age-1 mutans lifespan increased by 65% in C.

age-1 (hx546) mutants lifespan increased by 40 -
100% in C. legans.
age-1(RNAJ) increased lifespan by 170% in C.
clegans.

Antagonism  Reported; L 1y 1000%  Antagonism Yes Group 1
in C. clegans.
age-1(1x546) mutant C. clegans were ong lved by
ost two-fold
age-1(me4) mutant C.clogans extended lifespan
compared to wid-t
Piciisib inhibiting PIK3CA extended lfespan
senifcantly in C.clegans
Longevity:
Let23 mutants (reduction-of-function) surive less
robustlyin middle adulthood than matched wild
type controls (19% decrease of median fespan, §%
Antagonism  Reported; Lifespan extension  decrease of maximu Ifespan) in C. clegans
Let-23 mutants (gain-of-function) survive more
robustly in middle adulthood (29% increase of
median lfespan, 9% increase of maimum lfespan)
inC. clegans

Agonism Yes Group 2

Antagonism Not reported No evidence NA Yes Group 4

Antagonism Not reported No evidence NA

Antagonism Not reported No evidence NA No -

Antagonism Not reported No evidence NA Yes Group 4

Pro-Longevity:
nism / Antagon  Reported; Lifespan extension  Danazol agonising AR & PGR extended lifsspanin  Agonism Yes Group 2
C.clegans

Anti-Longevity:

Congenital iver IGF-I-deficient mice were
inereased with lifespan.
Hypomorphic mutation increased maximum
lifespan by 12% in mice.

C.elegans lifespan extension can be achieved by
reduced Daf-insulin/Igf-ke signalling
Pro-longevity:

IGF-1 cardiac-specific overexpression increased
liespan in mice.
Overexpression of dilp6 increased lfespan in
Drosophila .

Knockdown of dip2,3,5 decreased lifespan by
10.5% in male, 18.5% in virgn females and 33.5%
in mated females (Drosophila ).

No effects:
dilp2 RNAj only was not suffcient o change the
lifespan in Drosophila .

Antagonism*  Reported: Lifespan extension nism / Antagon Yes Group 2

Antagonist for cancer.

VEGF
Jthy aging and extends lifespan.

‘Tumor suppressor gene:

e GenAge Geroprotee
geGenAge Gerop Agonist for cancer

AGUI OVereXpIeSSIon of LISK.SLS I e DI Of Mice Fesutea in
neutodegeneration,

Key mediators of senescence signaling such as p16 and ps3 physically

interact with GSK3, and actas its putative substrates.

Low dose lithium uptake promoted longevity in human and C
elegans

ded

in C. elegans and Drosophila
Therapeutic targeing of GSK3 by microdose lithium later in ife
decreased senescence signaling and delayed kidney aging in mice.
Lithium extended fifespan in female and male in Drosophila , when
ninistrated throughout adulthood or only later i lfe.
Importandly, although lthium chloride extended lfespan in C.
. i sk

SrugAge Geroproteetor

(reduction in ifepsan instead) compared to wild type C.

MTOR inhibitor, everolimus (gastrointestinal or lung origin with
unresectable, locally advanced or metastatic disease),

seroprotector, Syn
Geroprotecon, SYIETE o girolimus (Renal cel carcinoma) were approved drug for cancer
treatment.

Suppressing the activit of the p! 10alpha isoform of PIK3CA
preserved cardiac function and prevented cardiac aging in mic.
MTOR is a downsiream cffectos of PI3K.
\ge, Gi . P3K inhibitor, increased.
lifespan in Drosophila

various clincial trials for cancer treatmen.

ERBB2 signaling s
for

cardiomyopathy,
and ERBBY is necessart for oligodendrocytes, specialized glial cells,
myclinate CNS axons
ERBB2 is healthy driver.

Genge

Antagonist for cancer.
- MET s a target of multiple approved drugs such as cabozantinib,
erizotinib and brisatin

<7 tissues (out of 47) dysregulated during aging

Antagonist for cancer.

MMP-9 short intefering RNA induced sencscence and MMP9 is onc.
of CellAge Database of Cell Senescence Genes

<7 tissues (out of 47) dysregulated during aging
I

discase and investigatied for cancer but our data showed IL6

eytokine IL- pres
senescence-associated sccrctory phenotype (SASP).

stem cels in highfat diet-induced bone loss

Antagonist for cancer.
CDK6 s involved in cell ycle regulation during healthy aging

i 4
were soen in AR-knockout mice with advancing age.

Aging AR-knockout mice displayed aceelerated weight gain,
hyperinsulinemia, and hyperglycemia, and loss of AR contrbutes to
increased triglyceride content in skeletal muscie and fver.
Dietary. . diseases and

loss of AR
androgen sensitvity of the aging lver.

AR antagor pP! 2
chile AR was approved f Our
data showed AR downregulation in 6 cancers.

IGF I inhibitors such as xentuzumab, dusigitumab were investigated
for cancer treatment in clinical trials.

Insulin resistance i increased with aging. Mice lacking IGF in the
fiver have shown to display enhanced insulin sensitivity and glucose
homeostasis. Female liver-specific IGF- inactivation mice showed a

16% increase in lifespan. However, IGF-1 cardiac-specific
overexpression increased lifcspan in mice . The effects of IGF-1 on
Tongevity may be tissue-specific.

GenAge
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10

10

10

10

Agonism

Not reported

No evidence NA

Pro-Longevity:

Antagonism* Reported; Reduced lifespan on RNA interference of mpk-1 resulted in a decreasein ~ NA

Antagonism

Antagonism

Antagonism

Antagonism

Antagonism

Agonism*

Antagonism

Antagonism*

Antagonism

Antagonism*

Antagonism

Antagonism

Antagonism

Reported: Lifespan extension

Reported: Lifespan extension

Reported: Lifespan extension

Not reported.

Reported: L

lifespan in C. elegans

Anti-Longevity:
RNA interference (ced-3) in adulthood resulted ina~ Antagonism
19% increase in mean lifespan in C. elegans

daw (RNAJ) ...med IlkSwn by 35% in
Antagonism
Muscle specific daw (RNAI) e lifespan by
1% while fat specific daw (RNA) decreased
lifespan (PMID: 24244197).

Anti-Longeviy: ©
lp-1(q158) mutants lfespan ncreascd by 30% in
C.elegans
9 RNAD sl fspan by 594in € pgin,
Atemperaturesensitve glp-1 mutant, which lacks a

‘germline,is long-lved af the non-permissive
temperature in C. elezans.

No evidence. NA

Anti-Longevity
Hypomorphic mutation increased ffespan by,
2% wophila

!
Heterogeneous mutation increased male lfespan by
41-47%, female  Antagonism

Reported: Lifespan extension

Reported; L

liesp:

Rpd3 activity s reduced by calorie restriction,
which causes the increase in Sir2 activity and
lifespan extension in Drosophil.

Fro-Longeviy
Gain-of-function (th273/274) daf-12 (VDR)
increased lifespan significantly while loss-of-

function (1h61eh411) daf-12 decreased lifespan
significanly.

Double mutation daf-2 (IGF-1) and daf-12
increased lfespan with a synergistic effect but
single null mutation daf-12 shorten ffespan
Deletion nhr-8(0k186) extended lifespan in C.

Agonism

elegans.
However, two other studied showed deletion nhr-

Pro-Longeviy:
TERT overexpression (KS-mTert) increased
lifespan by 10% in micc.

Tert overexpressed cancar-resistant mice increased

Not reported

Reported: Lifespan extension

Not reported

Not reported

Not reported

Not reported

lifespan by Agonism
38%(SpS3/SpI6/SA] Ty Tert mice)
Tert knock-in mice significantly increased lifespan,
‘and miss Tert(TERT-ER) knock-in mice
signigicantly decreased lifespan.

No evidence NA

Anti-Longeviy:
ndke1 (RNA) increased lifespan 5% in C. Antagonism
elegans

No evidence NA

No evidence NA

No evidence NA

No evidence. NA

Yes

Yes

Yes

No

Yes

Group 4

Group 3

Group |

Group |

Group |

Group 4

Group |

Group |

Group 4

Group |

Group 4

Group 4

Group 4

Group 4

GenAge

GenAge

GenAge

NR3CI agonist was investigated for cancer treatment i clinical rals.
Mice with impaired NR3CI function showed behavioural deficits
dicative of cognitive impairment
Cypoteone st nhibiing AR POR & NRSCH (pproved o

‘human use) extended lifespan in C. elegan
Dexamethasone. NR3C| agonist. has been used for cancer tratment.

MAPKS3 (ERK1) agmits such as ulixertinib and temuterkib were
ated for cancer treatmen,

A fted
in the aged brai
Lifdong clrc esticton compeely preveied he -t
decrease in basal brain ERK actvity and diminished the age-relted
reduction of p38 MAPK activiy.

Tumor suppressor gene

TGFBI inhibitor or binding agent was investigated for cancer
reatmant n tias
Upregulation of TGF-f ligands contribute to cell degeneration, tissuc
Fbrosis, inflammation,
decreased tion capacity, and

Tumor suppressor gene,

GenAge SynerzyAge

NOTCHI
cancer (p1 complted, NCTO3031691)

Antagonist for cancer.
KRAS infibitor such as sotorasib was approved for cancer
Genetic inhibition of Ras was found to extend ffespan.
‘and MAP2K2, a highly specific inhibior of Ras-Erk-ETS.
extended lfesoan in Drosophila.

1
ignaling,

Antagonist for cancer. HDAC inhibitors, vorinostat and romidepsin
re approved for the treatment of cutaneous T-cell lymphoma.
Inactivating histone deacetylase HDA promotes longevity by
‘mobilizing trehalose metabolism.

VDR agonists were investigational for cancer,

GenAge

GenAge

including poorer survival

<7 tissues (out of 47) dysregulated during aging
telomerase can

increased tumorigenesis

LLICS 15 a0 1IPOTLANE FAUIen KECOENIION KECEPIOT (KK, Wicn
tvates both innate and adaptive immune cells,
s activation leads to inflammatory cylokine production which is
responsible for acivating the innate immune system.

healthy but reduced production (antagonist) may alter immune
repsanse

‘The Tolllike receptor 4 (TLR4) signaling pathway s involved in many

aspects of biological functions of AML cells,including the regulation
of d

Antagonist for cancer, s our data showed NMEI upregulation in

However NI i consierd 2 ) metastassspprssorand 2
etastasis pros
NMEI depleton esuled i x@\lf:amly ‘more rapid migation of
‘nueroblastoma cells
NMEI protects against neurotoxin-, a-Synuclein- and LRRK2-
induced neurite degeneration in cell models of parkinson’s disease.

FGE2 (or bEGF) is neuroprotective for healthy aging.
hyd

positve neuron survival,
and uprogulte the lovels of neurotransmittrs in the brain of a rat
‘model of Parkinson's discase.

growth, progression and metastasis.
CXCR4 gene deletion in e

fes. DNA damage, senescence, and reduced proliferation.
Intomsist, CXCLIZCXCRA promotesinflummtion. Targetng
CXCRA for antiaging may be suitable for azed aduls only.
Antagonistfor cancer.
FANS inhibitor prevented the initation of senescence induction in

senescnce on difrent ag-ssocnteddiscases.

et s o . eons soun dont
Antagonistfor cancer.

PDGF ¥ y

i the heart in response to load-induced sress through several

iferent mechanisms.
Imatinib mesylate inhibiting PDGFRB, ABLI, KIT, BCR reduced
lifespan in C. elegans
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PMID: 20071776,
PMID: 3201088
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4 7 7 6 1 Antagonism Not reported No evidence

Anti-Longeviy: *
daf-1 mutation in aduls increased mean lifespan by
1 10 120% and maximum lifespan by up to 185%

n C. clegans.

8 7 8 2 6 Antagonism*  Reported; Lifespan extension

Pro-Longevity:
T23 mice (BUBIB overexpression) increased
3 4 n n 0 Antagonism  Reported; Lifespan extension fespan in mice;
Hypomorphic BUBIB mice decreased lifespan by
50% in mice.

Anti-Longeviy: *
8 7 u n 0 Antagonism  Reported; Lifespan extension  RNA interference (ced-3) in adulthood resuled in
2 19% increase in mean liespan in C. elegans

10 0 n n 0 Antagonism Not reported No evidence

Anti-Longevity
20 10 9 6 3 Antagonism  Reported: L g 1 A lif
by 12% in Drosophila.

Anti-Longeviy:
RNA interference increased mean lifespan up to
184in . clegans @epndent apon ol

3 7 4 2 2 Antagonism*  Reported; Lifespan extension
onbm® - Reported: Lifespan extensior Knockmnmuumslwodupluﬂ%lungcrm(‘
clegans (dependent upon functional daf-16).
o deleion (K139 (12501 merasd opan
n C. cleeans.
16 o u u o Antagonism Notreported Noevidence
7 9 7 4 3 Antagonism  Reported: Reduced lfespan onl; Pro-Longevit

Mph-I RNAi decreased lfespan in C. elegans

An-Longevi
RNA inteference (cep-1) increased mean ifespan
up o 18% in C: elegans (dependent upon
functional daf-16).
3 6 6 4 2 Antagonism  Reported; Lifespan extension  Knockout mutants lived up o 3% longer in C.
elegans (dependent upon functional af-16),
RNA resuled in o mean and maximal lfespan
increased by 20% and 10% respectively in C.
elegans
vty
Let-23 mutants (rduction-of-function) surviv less
robustly in middle adulhood than matched wild
e conil (9% dcrse of et s,
32)

f 5 n 9 2 Antagonism  Reported; L
Lot23 mutants (gain-f-fantion)surive more
robustly in middle adulthood (29% increase of

median lifespan, 9% increase of maximum lifespan
(PMID: 20497132)"

Anti-Longavity:
25 9 9 9 0 Antagonism  Reported; Reduced fifespan onl;  1et-60 gain-of-function sty edued
lifesoan in C. clee

2 0 10 10 0 Antagonism Not reported No evidence

Fro-Longevny:
mei41 overexpression inereased fifespan in
Drosophil
mei-41 mutated decreased lifespan in Drosophila
Diminished lfespan and acute stres-induced death
in DNA-PKes-deficient mice with lmiting
telomeres.

However, a study demonstrated the anti-longevity

RKDC in C. elegans, and ail-1 deletion

2 0 n n 0 Antagonism  Reported; Lifespan extension

9 2 7 Antagonism* Not reported No evidence

Anti-Longevity:
Heterogencous mutation at amino acid 63/731
increased lifespan by 71% - 76%:
while heterogenous mutation at amino acid 63
increased liespan by 332% in Drosophila
EZH? mutants were long-lved due to increased
g 0 XS s ndsansion i

6 9 n n 0 Antagonism  Reported; Lifespan extension

RNAimes-2

ot fespan by 6.5%1n C.
elegans

Pro-Longevity:
2 2 8 1 7 Agonism  Reported; L Clofibrate and
extended lfespan in C. elegans.
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Group 4
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£eGenge, Geroproter

Antagonist for cancer; oncoprotcin Mdm2 in cancer

Drosophila pS3 in adult
‘neurons extends ifespan.
‘Taken together, antagonizing MDM2 may resultin increased pS3 PMID; 29402901,
activitis, which in turm contribute to accclerated aging. PMID: 16303565,
How PMID: 21779512,
associated sccretory phenotype. PMID: 19958544
of

dult s als
shortened lifespan in females but increased life span in mes.
MDM2 antagonist (MI-319) increased liespan in mice with severe.
combined immunodeficiency.

Tumor suppressor gene

o di
weight

PMID: 17900898,

PMID: 31609088

Tumor suppressor gene PMID: 25242215,

PMID: 15208629

Tumor suppressor gene
Caspase-§ may either potentiate or suppress tumor malignancy.
Upon activation, its main function is to promote apoptosis.

PMID: 17411345,
PMID: 20817393

ntagonist for cancer.
ARKA vt eyele checkpoing during healthy aging

. PMID: 20624915,
Antagonist for cancer. .

§ PMID: 10558995,
Consituiveexpresson of MEKI (MAP2K) st el o PMID: 26119340,
senescence. PMID: 14701721

Tumor suppressor gene

Bt TSG and ncogrets ok e e o PMID: 17895452,
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‘withdrawn, N(‘m2“3§53) PMID: 19416129

Antagonist for cancer.
TOP2A is involved in cel ycle regulation during healthy aging.
‘Topoisomerases regulate the topological states o DNA and important
for neuron proliferation

PMID: 7980433

Anmgoms! for cancer.
A ted the MAPK
the aged brain.
Lifelong caloric restrction cumplnz\y prevented the age-related
decrease in basal brain ERK acivity and diminished the age-related
reduction of p38 MAPK activity.

PMID: 20624915,
PMID: 10647963,
PMID: 10558995

PMID: 17895432,
PMID: 17895432,
PMID: 20346071

Tumor suppressor gene

Antagonist for cancer.
ecassary for maturation and myelination of
aligodendracytes, specialized glial clls that myclinate CNS axons

PMID: 35370556,
PMID: 20497132

Target did not associate with any aging hallmarks PMID: 16164423
Antagonist for cancer.
KDMIA, is a drug target of IMG-7289, lysine-specific demethylase |
i, vt o he resmenof ki n
To2842:
Mot of KOMIA i sidenstn «xwm inhibitor)rescues.
memory defict and behavioralalerations in mice.

PMID: 32469975

Antagonist for cancer. PMID: 6411485,
PRKDC is invovled in DNA double-strand break repair and innate
immune system during healthy aging

PMID: 17072335

Antagonist for cancer but our data showed FGFR2 downregulation in
EGFR2 is important for cel division, cell maturation, formation of
d healing, and

PMID: 20018689,
PMID: 32933418,
PMID: 22212395,
hitpsiwwnshajournal org/doi/10.11615te.52
Suppl LPTS0

2 i consders s oncogene n o
‘o EZH? attenuates neuroinfla
Mlcmghal e o ke neuroprtecton et sroke n
aged mice

Agonist for cancer.

longevity
PPARA, PPARD and lifespan

PMID: 33219735,
in C. elegans. PMID: 23603500
Bezafibrate, clofibrate, bezafibrate,
and fenofibrate failed to extend lifespan in C. elegans in
absence of NHR-49
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Not reported

Reported; Lifespan extension

Antagonism® Reported: reduced lifespan only

Reported: Lifespan extension

Not reported

Not reported.

Reported: Lifespan extension

Not reported

Not reported

Not reported

Not reported

Reported: Lifespan extension

Not reported

Not reported

Not reported

Pro-Longevity:

Antagonism  Reported; Reduced lifespan onl; Iet-60(n1046f) mutation decreased fifespan in C.
elegans

No evidence

Pro-Longeviy:
sir2.1 overexpression increased lifespan
significantly in C. clegans
Bran overexpresion SIRTI inreased lfespan by

11

Orexprssed SIRT! mice were more
metabolically active (i reduction in bloodd
cholesterol,insulin, and fasted glucosc).

2.1 deletion sligtly decreased lifespan in mice.
Moderate overexpression of Sir2 in the f body
increased lifspan by 12% in chmwph:lu and

% in female Dros
LowofdSi2 deead |.rcsm by 59% and
phila
Ovcmpm»mn gt lifespan by 7%
in Drosophila.
IWTERT resment increseed sl xpresion and
extended lifespan in mice.
ever, two studics showed SIRTI
overexpression did not afect lifespan in mice, and
verspeson of 52 ot e s
lifespan in Drosophila.

Two 14:3-3 proteins (SIR-2.1 binding partners)
were required for the lifespan extension conferred
by extra copics of ir-2.1 in C. clegans
Overexpressing si-2.1 confered a lifespan

Pro-Longevit
pipre/- decreased lifespan in mice.

Anti-Longevi
Floxuridine (400 M) extended lfespan in C.
elegans , whilk a higher dose Le. S000 M.
Shortened their lfesnans.

No evidence

Not reported

Anii-Longevit
de-25.3 (RNA significantly increased lifespan in
 clezans

No evidence

No evidence

No evidence

No evidence

ongevity:
o ony jnke1 significantly decreased
lifespan in C. elegans.
jnke1 overpression (Ipin2) increased ifespan in C.
elegan;

il dsient i ) s span
Bk RNA decreased lifespan by 16.4% in male and
10.2% in female Drosovhila

No evidence

No evidence

No evidence.

NA Yes Group 3
NA Yes Group 4
Agonism Yes Group 2
NA Yes Group 3
Antagonism Yes Group |
NA Yes Group 4

NA Yes Group 4
Antagonism Yes Group |
NA Yes Group 4

NA Yes Group 4

NA Yes Group 4

NA Yes Group 4
Agonism Yes Group 2
NA Yes Group 4

NA Yes Group 4

NA Yes Group 4
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Antagonist for cancer.

Dercgulation of the EgfRas signaling pathway induces age-related
rain degeneration in the Drosoplhila

Expresson of HRAS infang oot rsuledin pemanc 1

factors,

PMID; 12520440,

PMID: 905:
PMID: 16164423

053 and ol6,

Antagonist for cancer but ABL1 is important for DNA double-strand
a epir during by ing

lytic d

s mlile ks m:l\ul\ng peo PMID: 3201088
vity:

Imatinib mesylate mmbnmg preppn lifespan in C. elegans.

PMID: 11242085,

Antagonist for cancer, although our data showed that there were
downregulation in 4 c

{T1 can act as an oncogene or tumor suppressor in cancer

aiton of SIRT] sty woul e bt o e eament PMID: 21938067,
T1 could reduce ps3-mediated apoptos PMID: 23765091,

High leves iy exprsson s protetive mechinim agint PMID: 17159295,
discase-related conditions. PMID: 15520384,

PMID: 19173036,

PMID: 16777605,

PMID: 21909281,

PMID: 34389865

Tumor suppressor gene
BCS 1311, antibody drug & PTPRC binding agent, was investigated in

elincial tias for cancer treatment. PMID: 30820040

Antagonist for cancer.

PMID: 153363
TYMS is involved in cell cycle regulation during healthy aging. 336

Antagonist for cancer,
RAC! is involved in adaptive immune system and innate immune
system during healthy aging.

Antagonist for cancer. Dasatinib, SRC inhibitor, was used for cancer
treatment

cell

PMID: 16741121,

Antagonist for cancer, CDC2SA s thought to be a proto-oncogene.
@ PMID: 15021892

DC25A is invovied for el eyele regulation

IL-1a and IL-1 signal uprogulate the senescence-associated secrctory.
phenotype in a cooperative ms
L1 promotes he ae-asscincddecin of bt cll function

PMID: 30988157,
PMID: 34746709

FGFR 1 antagonists such as pemigatinib approved for cancer
(NCTO3011372) but our data showed FGFR1 upregulation in cancers.
' with PMID: 12514106,

PMID: 11130726

FGi
 and exhibit a decreased number of beta-calls,
and lower levels of FGFR 1 in mice have also been related to
raniofacial defcts.
Antagonist for cancer although our data showed downregulation in
cancer.

y s i
and to counteract aging effeets on cardiae structure and function PMID:
It syl niingPDFRE, ABLI KT, BCR eced
soan in C. elecans.
Agnnm for cancer.

32010883

RAR
fbers, and increased the collagen content in photoaged skin through
RAR.

PMID: 28849147

Antagont er
Targeting INK by RNA interference and inhibitor inhibit the
dexclopment of hepatocellular carcinoma. PMID; 28012230,
MAPKS, also known as JNK. Frui flies with mutations that augment PMID; 15767565,
INK signalling lve longer. PMID: 18832074,
Overexpression of INK in roundworms also inereases lifespan. PMID: 20976250
MAPKE i s mesigted i loid ke 1
terminated. NCTODI 26893
Av\lzgm\m for cancer.

PMID: 18184655,

nal\igm\lch/\lzhclmrr discase mice. il 300t

brain aging through degradation of sirtuins.

Tumor suppressor gene

Antagonist for cancer.
RHOA i invovied

aging,


https://escholarship.org/uc/item/14g0843j

Aliered intercellular
communications, Cellular
senescence, Deregulated

rentsignaling, Anti-Longevity:
T Heterogenous gain-of-function decreased lifespan Ruxolitinib, vestigated
rosine kinase Ves 2 Epigenetic shifl, ntagonism®  Reported; Lifespan extension N ntagonism e rou endge stored ag PMID: 22291607,
JAK2 Tyrosine ki k¢ HC i 6 672 9 rpigencie il 14 3 u 6 8 1 7 Antagor Reported; Lifespan ext significantly in Drosophila Antagor e Group | GenAg Inhibition of the JAK pathway partially restored age-relaed decline in Vit

Heterogenous loss-of-function increased lfespan coordination.
significantlly inereased in Drosophila

Cellular senescence, AKT3 & i
. Mitochondrial data showed AKT3 downregulation in cancer.
AKT3  AGC kinase Yes HC % 6 73 3 2 6 19 9 10 3 7 Antagonism* ot reported o evidence NA Yes Group 4 -
dysfunction, e P Noevid " Aginginduced Akt activation involves in aging-related pathologies PMID: 31183966
Retrotransnositions. and ABinduced toxicity

PKM  Non-protein kinase ~ No He 7 6 732 s signaling, Epigenctic shifl, 16 1 15 0 10 10 0 Antagonism Not reported No evidence NA Yes Group 4 - is involved in innate immunc system during healthy ay
:

PGR agonists were investigated for cancer reatment such as breast
cancer, endometrial cancer, prostate cancer, liver cancer.

Alered intercelular Pro-Longeviy:
PGR Nuckarmeceplor Ve He 50 s 2 communications, 1 12 s 0 9 0 9 Agomsm Reported: Liespan xtension Danaso sgonising POR & AR extnded lispn i Agonism Yes Group 1 SrugAge Geroprotector e centeal Lo dctom
Miochondral ysfoneion s nervous system to regulate cognition, mood. inflammation, PMID: 24134630
mitochondralfunction, neurogenesis and regeneration,
myelination and recovery from traumaic brai injury
Antagonist for cancer, NOCAS (known as AIB1 or RAC3) coactivates
F1 and promotes breast cancer cell proliferation.
NCOAS promotes bladder cancer cell proliferation through AKT and
E2F1
Inhibiion of NCOAS cauld prevent the development of ibrosis, and
ameliorate pre-established fibrosis
NOCA3 overexpression n the non-tumoral HEK293 cels inhibis the
premature senescence induced by hydrogen peroxide o rapamyecin.
NCOA3  Acylmnsferse  No He 81 s B 2 Fpigenctic shifl Stemeell 1 2 15 1 0 0 o Antagonism Notreported Noevidence Na Yes Group 4 “The mechanism involves (1) the inhibition of autophagy and (2) the PMID: 23511556,
exhaustion increase in levels and nuclearlocalization of both the elleycle PMID: 26469953
suppressors pS3/p21 and the longevity promaters FOXOTA,
FOXO3A and SIRTI
NCOAS overexpression s required inorder o maintain the tlomerase
activiy.
NCON i of s s donraton
bl oo
i om hayi
damaged DNA
Anagonist for cancer. NCOAI promotes angiogenesisin brcast
Alered inercellular mors.
communications, Aging or ER antagonists were shown to downregulate NCOAL i the
: an . Deregulted nutrient sagonism ; o evdonce ou . hippocampus of female mice. BMID: 26287601,
NCOAL  Acyluansfersse  No He 0 s 56 S —— 6 " 1 s 1 7 Antagonis Not reported No evid Na Yes Group 4 . o P2
Genormic instability, shown to increase lfespan in C. elegans
Mitochondria dysfunction Taken together, NOCAI agoist may delay aging.
NCOAL s reauired forthe ani-obesogenic effects of 1 T6-cstradiol
Cennar senescence,
Deregulated nutient Pro-Longeviy:
signalin, Eximcellar Lifespan of Ter/- A/~ significanly decreased
matix iffss, Genomic comparing to Terc/-am+ lte generation mice. Tumor suppressor gene
insabity. Impaited Mutatons in ATM inlte-gencraton TERC Lo PAID: 12540856,
ATM Poeinkinse  No e 5 s e 0 proteosta 5 u 2 7 7 4 3 Antagonism  Reported; Lifespan extension  mutants with short telomeres resulted in signs of s / Antagon Yes Group2 SynergyAge GenAge ATM. promoted DNA damage clarance. vt
In P e rescued d prolonged " 1612
Miochondrial Anti-Longeiy: in mice.
dysfuncion, Deltion e am1(6156) s span by
Retrotransposiions, Stem 20%in C.clegans
Celluar senescence,
Exracellubr matix Pro-Longevity:
B Recpurkise Y mC % s 6 5 i, Genomis 5 s s . 0 . LR —— vt D imsased fospanby  Agonism Ve Group?2 Genrge Antagrit o cancer PMID: 19853560,
EphA2.as a promoter of melanoma tumorigenicity PMID: 19223760
instabilty. Inflammation. 20% in C. elegans.
riton
communiations,
pigenctc shif, Ao, IDACE o, vt i
. . Euracellubr matix agonism ; o evidonce s o . ‘were appraved for thetratment of cutancous T-cel lymphom. o
HDAC2  Hydrolase Yes e 5 s 86 7 Pl e 3 I » I 5 5 0 Antagonis Not reported No evid Na Yes Group 4 e PMID: 33790287
instabilty. Impaired ‘mobilizing trehalose metabolism.
proteostas
Alered inereeluar
communications, Cellular RARA agonist or cancer,
senescence, Epigenctic RAR agonist ameliorated .
RARA  Nuckarreceptor  Yes e 86 s 06 6 e, 1 10 3 0 8 4 4 Agonism Not reported No evidence NA Yes Group 4 - e e o PMID: 28849147
Inflammaion, Stem cell RAR
Anti-Longevity Aging-induced Akt activation involves in aging-reated pathologies PMID: 28681509,
AKT2Z AGCKnase  Yes He 8 s En 7 I s 12 9 7 4 3 Antagonism  Reported; Lifespan extension  AKT2 knockout mutants increased iespan by Antagonism Yes Group 1 Genage d
s e and Afinduced toxiity PMID: 31183966

Retrotranspositons,

ulted nutient
DNMTIA  Methyltansferase Ve e 58 s “0o 3 s Epgeneiemt, 16 3 3 7 n n o Antagonism Not reported No evidence NA Yes Group 4 - Constittive loss of DNMT3A causes morbid abesiy through PMID: 35635747
et misregultion ofadipogencsis
communications, Callular
senescence, Deregulated

nutrient sgnaling,
Epigenetc shif, TNF antgonist were invesitagted for cancer treatment but our data
Extracellular matrix showed TNF downregulation i cancer

TNF umournecrosis faet Ves e 5 s 616 n stffnss, Genomic 9 ! 8 8 7 4 3 Antagonism Not reported Nocvidence NA Yes Group4 - TNF-t antagonism rescucs the effect of ageing on stroke; TNF-tIFN- PMID: 34076259,

v synergy amplifes senescence-assaciated inflammation. PMID: 35645319

it

instabiliy, Impaired
proteostasis.

Inflammation, some infectious agents.

itochondrial
dysfunction, Stem cell

ro-Longeviy:
Extracellular matrix uPA verssresion GphMUPA) ncrscd .
PLAU Peptidase No HC % s 022 2 stiffness, Impaired 8 4 4 6 10 9 1 Antagonism  Reported; Lifespan extension fespan by 20% in mice. Agonism Yes Group 2 Genge Antagonist for cancer. PMID: 9060969,
PMID: 10638529
proteostasis Tmmgcmc mice overexpressing urokinase-type

plasminogen activator increased longevity.
Abered intercellular

communications, Cellular Antagonist for cancer.
senescence, Deregulated SiencingofTGAV ik el prolfrion,nvasion,ad sl
nutrent signaling, iewal of breast cancer cell lines PMID: 32064162,
TGAY Reeeptor Yes HC 9l s 662 7 Epigeneic shif, 2 7 14 s 10 7 3 Antagonism Not reported No evidence NA Yes Group 4 - GBS seved ¢ igand for Cyr  molecule timlaing he PMID: 17071038,
Extracellular matrix production of IL-6, which s PMID: 22547695
stiffness, Genomic dered via
instability, pathway in theunsatoid arthriis

.
Retrotranspositions.
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Antagonism

Antagonism
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Antagonism*
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Antagonism

Antagonism

Reported; Reduced lfespan onl;

ot reported

Reported: Lifespan extension

Not reported

Not reported

Not reported

Pro-Langevity
Reported; Reduced lifespan ont: Loss of function fas mutated decreased ifespan in

Reported; Lifespan extension

Reported; Lifespan extension

Not reported.

Reported; reduced lifespan only

Not reported

Not reported

Not reported

Reported; Reduced lfespan onl; Y47D3A.29 RNA decreased lifespan by 25.68% in
C.elegans

Not reported

Reported: No effects on lifespar

Reported; Reduced lfespan onl

Not reported

Reported: Lifespan extension

Not reported

Not reported

to-Longer
oo (RNAY deened M‘expnn by 20%hin C.
elegans

No evidence

Pro-Longevity:
Orerapression o 0 e fspan by
2% in C. clegans.

asTeL A e lifespan in C. elegans.

No evidence

No evidence

No evidence

Anti-Longevity:
r-2 (RNAJ) increased lifespan by 14.2% in C.
elecans

Anti-Longevity:
Aspiin inhibiting PTGS1 and PTGS2 extended
lifespan in mice.

Not reported

Pro-Longeviy:
Pip-2 RNA decreased lfespan in C elegans.

No evidence

No evidence
No evidence

No evidence

ongevity:
Mycophenolic acid inhibting IMPDH1 and
IMPDH2 inreased lfespan by 6.08% in
Drosophila withou significance.
Mycophenolic acid inhibiting IMPDH1 and

IMPDH2 slightly increased lifespan by 6.08% in C.

eleans without significance
Pro-Longevity:
post- dcvclﬂpmcmal RNAof e dcrsed

pn-11 RNAG Py hfcxpan by 34.3%in C.
elegans

No evidence

Pro-Longevity:
pbs-S overexpression increase 25% lifespan in C.
elegans

ege
pbs-5 RNAI decreased lifespan by 29.95%in C.
elecans
No evidence.

No evidence.

NA

NA

Agonism

Antagonism

Antagonism

NA

NA
NA

NA

NA

NA

NA

NA

Agonism

No

Yes

Yes

No

Group 3

Group 4

Group 2

Group 4

Group 4

Group 4

Group 3

Group 1|

Group 1|

Group 4

Group 3

Group 4

Group 4

Group 3

Group 4

Group 3

Group 4

Group 2

Group 4

Group 4

GenAge

GenigePaper

Genge

Antagonist for cancer.
APEXI s invovled in base excision repair during healthy aging

Antagonist for cancer.
UBE2C is involved n cell cvele checknoints during healhy acing

GSTPI antagonist such as ezatiostat was investigated for cancer
reatment

GSTPI overexprossion protects against UV lght damage.

Antagonist for cancer: Inhibition of HMGBI reduced proliferation in
ffusc large B-ccll lymphoma.

HMGBI mediates neuroinflammatory priming in the aged brain.
Blocking the actions of HMGBI appears to "descnsitize” aged
microglia o an immune challenge,

behavioral and
resnonses following infection

Antagonist for cancer.
PTK2 is involved in innate immune system during healthy aging.

Antagonist for cancer as DNMT3B silencing suppresses migration and
invasion by epigenetically promoting miR-34a in bladder cancer.

Tumor suppressor gene

Antagonist for cancer.
RRM2 s involved in DNA replication during healthy aging

Increased senescence in PTGS2/COX2 transgenic mice.

GenAge

Genge, SynerzyAge

GenAge

independent manner.

Lyn suppresses osteoclastogenesis in vitro and i vivo.

Antagonist for cancer.
PTPNI1 i involved in adaptive immune system during healthy aging.
In addition, the PTPN1 1 loss-of-function mutation QS10E-Shp2

signaling
Tumor suppressor gene

Target did not associate with any aging hallmarks
Antagonist for cancer.

Antagonist for cancer.
POLAI is involved i cell ycle regulation and DNA replication
initation

Antagonist for cancer but HDAC10 was demonstrated to be a tumor
Suppresser in some types of cancer.
steml

increased in Hdac10-deleted tumors compared with Hdac10 wild-type
fumors.
HDAC10 expression s associated with DNA mismatch repair gene
and i a predictor of good prognoss in colon carcinoma

NSCLC.
Target did not associate with any aging hallmarks
<7 tissues (out o 47) dysregulated during aging
Antagonist for cancer.
PSMDI141s invovled in cll eyele checkpoint.
of FES could sion, and

invasion of osteosarcoma calls.

However, FES is considered as proto-oncogene, tyrosine kinase, and
our data showed FES downregulation in 3 cancers

Taken togeth

‘mechanism of action in cancer.
FES kinase activiy i also dispensable for hematopoiesis.

ntagonist for cancer,
MBS s ol et eyele checkpoint during healthy aging.

Antagonist for cancer but SMO inhibition promotes agin;
SMO has shown to be eritcal for the hedgehog signal transduction on
thecellmenbrane Helighossgning s .04

epatocytes, and this aceclerates aging

prevnted hdehog puhway activation after partial hepatectomy and
ited regeneration.
Inaditon, hedgehog ibbison promored Klomers hortening aod
‘mitochondrial dysfunction in hepatocyes

tagonist for cancer.
MCMS is invovled in cell ycle checkpoint during healthy aging.

PMID: 20346071

PMID: 30043549,
PMID; 1616425,
PMID: 17157356

PMID: 30988279,
PMID: 27466339

PMID: 33221743,
PMID: 33277576

PMID: 26084385

PMID: 23144747

PMID: 27750221,
PMID: 22771771,
PMID: 18631321

PMID: 19171907

PMID: 22058153,
PMID: 16547100

PMID: 18059442

PMID: 32540961,
PMID: 20085502

PMID: 33008901

PMID: 23144747,
PMID:17392428.

PMID: 322556211,
PMID: 10523632

PMID: 25395451,
PMID:17392428.

PMID: 34984506



PSMB2

PRIMI

ToP2B

PSMA4
GNBI

PSMA3

KDM2A

UBE2T

11

wwel

1TGAY

PPPSC

ANAPC2

MSTIR

KAT6A

UBE2M

MAPKAPK

ADRAC

RBCK1

PEKP

RPSGKA4

ATAD2

PSMB3

PSMB6

Pepidase

Transferase.

Tyrosine kinase

Peptidase
Hydrolase:

Pepidase

Oxidoreductase

Acylransferase

Receptor

Acylransferase

Receptor

Esterase.

Acylransferase

Receplor kinase

Acylransferase

Acylransferase

Protein kinase

Tyrosine kinase

Tyrosine kinase

Acylransferase

Unclassified kinase

AGC kinase.

Hydrolase:

Pepidase

Pepidase

PIPRF  Receptor phosphatas

PSMC3

Hydrolase:

Yes

Yes

Yes

Yes

Yes

Yes

Yes

ves

No

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel
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19

10
10

387
3

Impaired proteostasis

Genomic instabilty
Cellularsenescence,
Deregulated nutrient

signaling, Extracellular

matix siff

Inflammation,
Mitochondrial dvsfunction

Epigenctic shift

Impaired proteostasis

Impaired proteostasis

Cellular senescence,
Epigenctic shifl, Genomic
instabilty

Cellular senescence,
Impaired proteostasis

Altered intercellular

Impaired proteostasis

communications,
Extracellular matrix

Cellular senescence,
Epigenetic shifl, Genomic
instabiliy, Impaired
oroteostasis. Inflammation

Impaired proteostasis

Inflammation, Telomere

Cellular senescence,
Epigenetic shifl, Genomic
instabilty

Genomic instabilty,
Impaired proteostasis
Cellular senescence,
Genomic instabilty, Stem
call exhaustion, Telomere
atriion

Abered intercellular
communications

Altered intercellular
communications,
Inflammation

Abered intercellular
communications, Cellular
senescence, Dercgulated
ttntsglng,
Epigenctic shil
instabilty, pir—

Epigenetic shifl, Genomic
instabiliy, Imp:
proteostass, Inflammation

Epigenctic shifl, Genomic
instabiliy, Impaired
proteostasis, Inflammation

Impaired proteostasis

Impaired proteostasis

Stem cell exhaustion

Impaired proteostasis

10

10

10

Antagonism

Antagonism

Antagonism*

Antagonism*

Antagonism

Antagonism

Antagonism

Antagonism

Antagonism

Antagonism

Antagonism

Agonism

Antagonism

Antagonism

Antagonism

Antagonism

Antagonism

Antagonism

Agonism

Antagonism

Antagonism*

Antagonism

Antagonism

Antagonism

Antagonism

Antagonism

Antagonism

Antagonism

Antagonism

Reported; Reduced lifespan on:

ot reported

ot reported

Not reported

ot reported

Not reported

Reported: No effects on lifespar

Not reported

Not reported

Reported; Reduced lifespan on:

Reported: Lifespan extension

Not reported.

Not reported.

Not reported.

Not reported.

Not reported.

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Reported; Reduced lifespan on:

Not reported

Not reported

Reported; Reduced lifespan on:

Pro-Longevity:
pbs4 RNAI decreased lifespan by 3092%in C.
elecans

No evidence

No evidence

No evidence

No evidence

No evidence

Anit-Longervity:
pas-7 RNAi sightly increased lifespan by 193%
without significance in C. clecans.

No evidence

No evidence.

Pro-Longevity:
Postdevelopmental RNA of pat-3 shortens
lifespan of wild type C. elegans

ro-Longeviy

P
wwp-1 overexpression inereased lifespan by 20% in

. elegans
wwp-1 RNAI decreased lifespan by 9% in C.
elegans

WWPI homolog in C. elegans was found to
increase ffe expectancy in response to dietary
restriction

No evidence.

No evidence.

No evidence.

No evidence.

No evidence.

No evidence

No evidence

No evidence

No evidence

No evidence

No evidence

No evidence.

No evidence

No evidence
Pro-Longevity:
pbs-3 RNAI decreased lifespan by 31.88%in C.
elecans.

No evidence

No evidence

Pro-Longevity:
pi-5 RNA decreased lifespan by 38.65% in C.
elecans..

NA

NA

NA
NA

Agonism

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

No

Group 3

Group 4

Group 4

Group 4

Group 4

Group 4

Group 4

Group 4

Group 3

Group 2

Group 4

Group 4

Group 4

Group 4

Group 4

Group 4

Group 4

Group 4

Group 4

Group 4

Group 4

Group 4

Group 3

Group 4

Group 4

Group 3

SynergyAge

SynergyAge

GenAge

Antagonist for cancer.

FGR inhibitor, such as dasatinib igated for lthough
r data showed FGR downregulation in cancers.
Dasatinib and quercetin restore a-Klotho in mice and humans, which
may amplify protection against aging and age-related discases.

‘TOP2B inhibitor such as Etoposide approved for cancer, athough our
tata showed TOP2B downregulation n cancer
TOP2B i key decatenating enzyme that alters DNA topology by
binding to two double-stranded DNA molecules.
ntagonist for cancer.
PSMA4 s invovled in cell evele ehecknoint durine healthy agine
Target did not associate with any aging hallmarks

Antagonistfor cancer.
PSMA3 i involved in cell cycle checkpoint during healhy aging.

Antagonist for cancer.

KDM2A promotes stemess and angiogenesis of breast cancer

KDN2A gy n mcrophsgescnances emogancss o
roteet mice against HFD-induced of

Antagonist for cancer.
UBERT vl in XA epi (e i ) duig
healthy.
TGS i TOF- ctivator TGF signling was show o rprss
y size as well as lifespan in vivo .
ITGBS served as a ligand for Cyr61. a molceule stimulating the
production of IL-6, which is
dered via
pathway in sheumatoid arthrits
Antagonist for cancer.

PTEN twmor suppressor for cancer treatment can be reactivated.

through inbibition m MYCP nhbiory pathway, unleashing
suppressive activi
wwpl uzymely i funcon by ihiiing

SynergyAge

SynergyAge

WWPI contributes to shifts in matrix pmleo\) tic profies and a
myocardial aging phenotype with diastolic heart
Inducing WWP1 expression caused LVH and preserved systolic
function but impaired diastoli dysfunction, consistent wih the
‘phenotvoe of heart fulure with a preserved efection fraction.

ITGA9 suppressed hepatocellular carcinoma metastasis.
Antagonist for cancer.

invovied in DNA double-strand break repair during healthy
aging

PPPSC

Antagonist for cancer.
ANAPC? s involved in cel eycle checkpoint during healthy aging.
“The anaphase promoting complex is required for memory function in

MSTIR kinase aceelerates pancreatic cancer progression via effects on
oth epithelial cells and macrophages.
MSTIR inhibitor nrevents bone asteolvsis.
KAT6A belongs to histone acetylransferase (HAT). Stability of HATS
and histone deacetylases activites is necessary o maintain normal
ellular functions or otherwise leads 0 aging.

KATOA was found o eglte NAEVARL: signlng pthvayand
inhibit ROS

el ot ol
s romoting prffraion, oloy formation, and ostcogic

Cs.
However, for cancer, KAT6A inhibitor WM-1119 repressed the cell
profion of oanitsant 1CC b, whic oreprssonof

could reverse the effeet i the
Antagonist for cancer.
UBE2M is invovled in adative immune svstem during healthy agine.

Antagonsi for cancer.

ppr
protein kinase involved in mTORC signaling.
Ourdta shovd ADRALC dovgultion i e s
Clonidine, and Br
agoniss, were used for cancers in e
DR

d

ADRA2C extended lifespan in C. elegans.
ITK inhibitor was suggested for cancer treatment but our data showed
downregulation in cancers
ITK i important for adaptive immune system during healthy aging,
b1k29a fieP null mutation decreased ifespan in Drosophila
BUk29A is the sole Tec family member in Drosophila . including itk

Antagonist for cancer, Knockdown RBCK reduced tmorigenicity in
renal cancer in vivo,
RBCKI depletion increases pS3 protein levels and pS3 target genes,

an
RBCK I interacts with PTEN (tumor suppressor geen) and promotes.
PTEN desradation in K48-Jinked ubiauitination.
Target did not associate with any aging hallmarks
Antagonist for cancer.
RPSGKAS c
« Increased
tor for low survival f hepatocellulr carcinoma.
mpmnnfsak\ mbles gen expression patiemns of caloric:
resrition o prolong fespan by phammacologclachation of
AMPK in mice.

Target did not associate with any aging hallmarks

ntagonist for cancer,
MBS s vl ] eyele checkpoint during healthy aging.

Antagonist for cancer.

Ourdtshowsd PIPRE uprsglation s cncer, sugsing
ist for cancer reatment, but
PIPRF a3 nove o supprestr hough desctation of ERK1/2
ignaling in gastrc adenocarcinoma, an
PPARy inisfs st cancerprogresion by preguling PTPRE
expression

tagonist for cancer.
PV  vovid e eyele checkpoint during healthy aging.

PMID:17392428.

PMID: 35202270

PMID:17392428.

PMID: 27029061,
PMID: 33462408

PMID; 29070608,
PMID; 17071038,
PMID: 22547695,
PMID: 23144747

PMID: 19553937,
PMID: 1800689,
PMID: 32822210,
PMID: 31097636,
PMID: 23553732

PMID: 20951557

PMID: 21191042

PMID: 30967626,
PMID: 2624893

PMID: 19818845,

PMID: 33541405,
PMID: 34508502

PMID: 32632241,
PMID: 30201375,
PMID: 24134630

PMID: 23672610,
PMID: 16023106

PMID: 30874541,
PMID:

PMID: 35232347,
PMID: 19797661

PMID:17392428.

PMID: 30464527,
PMID: 31799666

PMID:17392428.



PRPF19

RPSGKA2

PSMC4

PSMC2

GANAB

MAPKAPK

IMPDHI

PPPaC

RHOH

PPPICE

ADGRES

PSMAS

PIPSKIC

GBS

SIPR1

FRK

e

CSFRB

VRKI

HLTF

STK26

PIKA

PSMCs

CPSF3

RPSGKB2

crsv

KSRI

UBE2L6

PSMB4

PSMAL

Acylransferase

AGC kinase

Hydrolase:

Hydrolase:

Glycosylase

Protein kinase

Oxidoreductase

Esterase.

Hydrolase:

Esterase

GPCR

Pepridase

Non-protein kinase

Receptor

Tyrosine kinase

Acyltransferase

Immunogiobulin

Protein kinase

Acylransferase

Protein kinase:

Non-protein kinase

Hydrolase:

Esterase.

AGC kinase

Pepidase

Tyrosine kinase-like

Acylransferase

Pepidase

Pepidase

No

No

No

Yes

No

Yes

Yes

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel
Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel

Novel
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504
539

510

&0

646

315

Cellular senescence,
Genomic instabilty,
Impaired proteostasis

Atered intercellular

Impaired proteostasis

Impaired proteostasis

Impaired proteostasis

Inflammation

Cellular senescence,
Epigenctic shifl, Genomic
s, nfammaton

Epigenct
i o
Altered intercellular
communications,
Inflammation

Impaired protcostasis

Altered intercellular
Cellul

siffness, Genomic
instabilte. Inflammation

Inflammation
Genomic instabilty,

Imaired protcostasis

Inflammation

Cellular senescence

Cellular senescence,
Epigenetic shif, Impaired
broteostasis

Genomic instabilty

Impaired proteostasis

Impaired proteostasis,
Telomere attition

Extracellular matrix
siffness, Impaired
proteostasis, Inflammation

Impaired proteostasis

Impaired proteostasis

Impied prtostas,
Inflams
Miochondrat dvfincion

Impaired proteostasis,
Inflammation

10 9 1 Antagonism
10 2 8 Antagonism*
10 10 0 Antagonism
8 8 0 Antagonism
9 9 0 Antagonism
9 6 3 Antagonism
10 9 1 Antagonism
9 9 0 Antagonism
7 s 2 Antagonism
7 2 s Antagonism*
fl 4 4 Antagonism
9 fl 1 Antagonism

il 3 s Antagonism®
6 4 2 Antagonism
8 0 8 Antagonism*
10 8 2 Antagonism
9 6 3 Antagonism
6 2 4 Antagonism®
10 10 0 Antagonism
9 9 0 Antagonism
10 7 3 Antagonism
6 2 4 Antagonism*

s 7 1 Antagonism
9 9 o Antagonism
3 s 1 Antagonism
10 9 1 Antagonism
6 I s Antagonism*
s 6 2 Antagonism

8 8 0 Antagonism

9 9 0 Antagonism

Pro-Longevity:
Ubiquitous overexpression of dPrp19 increased

Reported; Lifespan extension
ifespan of female in Drosopiila whil inconsistent
lfesoan extention in male.
Not reported No evidence
Not reported No evidence
Pro-Longevity:
Reported; Reduced ifespan on:  rpt-I RNAI decteased lifespan by 36.23% in
Celeaans.
Not reported No evidence.
Not reported No evidence.
Anti-Longevity:
Mycoptenolcsc kb MPDH1 220
H2 increased lifespan by 6.08% in
Reported; No effecs on lfespar osophila without significance.
Mycophentic cid bing MDA and
IMPDH2 slightly increased lifspan by 6.08% i C.
elegans without sizificance.
Pro-Longeviry:
Reported; reduced lfespan on
P pen oy RNAi PP4-1 decreased lifespan in Drosophila
Not reported Not reported
Not reported No evidence.
Not reported No evidence
Pro-Longeviy:
Reported; Reduced fifespan onl:  pas-5 RNAi decreased iespan by 34.78% in C.
elegans

Not reported No evidence

evity:
Reported; reduced lifespan only  Post-developmental RNAi of pat-3 shoriens
lifespan of wild type C. elegans.

Not reported. No evidence
Not reported. No evidence
Not reported No evidence
Not reported Not reported

Pro-Longeviy:
VR RNA s Wspan b 363
Reported; Lifespan extension
VRKI extended ||!cspxn oy actvaton of AMPK.
ia phosphorylation in C. elegans.

Not reported No evidence
Not reported No evidence
Not reported No evidence

Pro-Longevity:
Reported; Reduced lfespan onl;  rpi-6 RNA decreased lifespan by 38.16% in C.
elecans

Not reported No evidence
Anii-Longevit
Dominant-negative mutant increased lifespan by
%% in Drosophila.
Constitutively active mutant decreased fifespan by
34% in Drosophila
RNA interference reducing S6K (rsks-1) mRNA
Reported: Lifespan extension  levels by about two-fold extended mean hﬂ,spw\ 3
7% and maximum lifespan by up (0 60%
egans Detion mtans oo ed onger
RNA resulted in a 22% maximum lifespan increase
in C: elogans . In the rsks-1 (0k1255) mutant
background, inhibition of -1 led (0 further
extension of 40% in maximum lifespan.

Not reported No evidence
Not reported No evidence
Not reported No evidence

Pro-Longevity:
Reported: Reduced lifespan on:  pbs-7 RNAI decreased lifespan by 34.78%in C.
elecans

Pro-Longevity:
Reported: Reduced lifespan on:  pas-6 RNAI decreased lifespan by 31.88% in .
elegans..

Agonism

NA

NA

NA

Antagonism

NA
NA

NA

NA

Agonism

NA

NA

NA

NA

NA

Antagonism

NA

NA

No

No

Yes

Group 2

Group 4

Group 4

Group 3

Group 4

Group 3

Group 4

oup 4

Group 3

Group 4

Group 3

Group 4

Group 4

Group 4

Group 2

Group 4

Group 4

Group 3

Group |

Group 4

Group 4

Group 4

Group 3

Group 3

GenAge

GenAge SynergyAge

DrugAge

Genge

Age, SynergyAge,pape

SynergyAge

GenAge

SynergyAge

SynergyAge

tagonist for cancer.
PREF193s avovid o s smios repair during healthy
aging,
Agonist for cancer.
Re-expression of RPSGKAZ in ovarian cancer cellines suppressed.

colony formation.
InUCIIO1 cells, RPS6KA2 decreased proliferation, caused G1 arrest,
and tosis.

However, genetic as well as pharmacological inhibition of RPS6KA2
by the inhibitor BI-DI870 acted synergistically with erlotinib on tumor
cellsurvival
Antagonist for cancer.

PSMC4 s involved in cell evele ehecknoint durine healthy agine

Antagonist for cancer.
PSMC2 is invovled in cellcycle eheckpoint during healthy aging.

Taret did ot gssocute

th amy asine hallmarks

23 et apaeam oF M,
Wi e o MATRAT MRS aging i unknown,
overexpression of MAPKSINK in rounduworms also increases

‘Target did not associate with any aging hallmarks

Antagonist for cancer,
PPPAC s involved in DNA double-strand break repair during healthy

Tumor suppressor gene
Tareet did not associate with any acine hallmarks

Antagonist for cancer.
ADGRES is invovled in innate immune system during healthy aging.

Antagonist for cancer,
PSMAS s invovled in cell cycle checkpoint during healhy aging.
of PIPSK
and insulin reistance by increasing energy expenditure
Loss of PipSklc in mesenchymal stem cels eads o ostcopenia by
impairing bone remodeling

Antagonist for cancer, Our data showd ITGBG upregulation in cancer.
ITGB s a TGF activator. TGF-f signaling was shown to rep
body size as wellas lifespan in vivo

SIPRI highy expresed nsever winorypes (ased o )
activity
VEGER? therapy s otentally atractive sraiey (0 et VEGFR2

refractory tmors.
Target did not associate with any aging hallmarks
Antagonist for cancer.
FRK is invovled i innate immune svstem during healthy agine.

Antagonist for cancer.

€DC34is involved in adative immune svstem during healthv agine.
Upregulation of CSF2RB was found in 3 ca

Uprson FCSFIRB may increse the production of reukin
Interkeukin-5 and GM-CSF. leading to inflammation

Antagonist for cancer.

Antagoni

for cancer, but loss of HLTF function promotes intestinal
carcinogenesis

Antagonist for cancer, but depletion of STK24 (or MST4) in mice
romoted eastric tumorigenesis.
Overexpression of PI9KA s associated with undifferentiated status
‘and poor prognosis of human hepatocelular carcinona
Target did not associate with any acing hallmar

Antagonist for cace.

PSMCS is involved in cell cycle checkpoint during healthy aging

Target did not associate with any aging hallmarks

Antagonist for cancer.
Drug target of MSC-236: d LY-2780301 investigated in
clincialrial (NCTO1971515, NCTO2018874 and NCTOI 115751) for
cancer reatment,

V promotes p
oo o upregulation in cancer.
CTSV is involved in innate immune system, adaptive immune system
‘and collagen formation for healthy agine.

iagonist for.

improvement i all-cause morbidity, and

slowed
in ksrl- mice, although our data showed KSR 1 downregulation in

KSP1 is positively regulate MAPK signaling n the context of

consiitutively active RA

RasV12 fuiled o induce ps3, pI9ARF, pl6INKda, and pISINKdb.

expression in KSR 1~ primary mouse embryo fibrablasts and
increased proliferation instead of causing growth arrest.
Reintroduction of wild-type KSR rescued RasV12-induced

Antagonist for cancer.

UBE2L6 s involved in adaptive immune system and DNA repair
uring healthy aging

Antagonist for cacer but PSMB4 i important for cel eycle checkpoint
during healthy aging.

Antagonist
PSMAT i ol n el el sheckpomt during sty aing

PMID: 28649423

PMID: 27028865,
PMID: 16878154,
PMID: 24403857

PMID:17392428

PMID: 33008901

PMID: 34452032

PMID:17392428

PMID: 34996452,
PMID: 35090892

PMID: 29070605,
PMID: 23144747

PMID: 18006689,
PMID: 32937443
PMID: 22452792

PMID: 32271880

PMID: 24303405

PMID:17392428.

PMID: 15186745,

PMID: 17266679,
PMID: 17266680

PMID: 35443863

PMID: 29506465,

PMID: 12874031
PMID: 16507997

PMID: 17392428

PMID:17392428.



S——
Hel| dowregulation resulted n .9.3% decrease n
Wespan compred to ikl ype n C. elegans
This ffect was even more proounced in dat:2
mutants which showed a 26.9% decrease in NA
lespan,
“The rsuls suggestd that hel1 pomoted fongevity

DDX39A  Hydrolase No Novel 7 6 88 0 - 2 8 4 0 n n 0 Antagonism  Reported; Reduced lfespan o No - Genge ‘Target did not associate with any aging hallmarks PMID: 26195740

Antagonist for cancer.
BAZIB  Tyrosine kinase No Novel 74 6 640 2 c‘g::;;z:?;:‘;:" B 3 21 0 9 9 0 Antagonism Not reported No evidence NA Yes. Group 4 - BAZIB is invovled in DNA double-strand break repair during healthy

TK  Pocnkise  Noo Nowl 7S 3 03 1 Genomic instabllty 2 1 19 0 n n 0 Antagonism Notreported No evidence NA Yer Groun 4 E
. Episenctic i, Gen Pro-Longeviy: X ; Antagonit for cancer,
CANTI  Hydnolase No  Newl 76 [ 10 3 % o % o 10 s 2 Antagonism Reported: Rduced ifespan onl NA Yes Group 3 Genge
v instabilitv. lnﬂxmmnlmn o o PO y-1 RNAI decreased lifespan in C. eleeans P & (CANTI is invovled in innate immune svstem during healthy aging. PMID: 18216284
Alered intrcelulr
TRAFT Achnsrmse No Nowl 77 6 727 3 Commancions Y 0 i ! 10 10 0 Antagonism Notreported No cvidence NA Yes Group 4 - Tumor suppressor gene
cnomic instabily,
Impaied protcostass
cancer treatment. -
M et F— o, ncogslyssfomed K1 sy R
HIPKI  CMGC kinase No Novel k) 5 2858 3 communications, Cellular I 1 1 0 8 2 6 Antagonism* Reported: Reduced lifespan onl;  hpk-1 RNAI decreased lifespan by 35% i C. NA Yes Group 3 GenAge fbroblasts were more susceptible than transforme cellsto PMID: 12702766,
senescence, Genomic elegans apoplosis PMID: 18006659
bility g induced hy DNA damage, and carcinogen-treated HIPK1 /- mice
developed fiswer and smallr skin tumors than HIPK 1 mice
HIPK I divs S3 actvation to it coloectlcance el srowth
idase Ves ovel mpaired proteostasis x 2 ntagonism ot reporte o evidence es rou - Antagonist
psuia2 Peptd v Novel ” s o ! Tmpaied proteosta » o 0 ! 0 8 Antagor Mot reported Noevid NA ¥ Group 4 PSMA2 is invoved mcell evele c]\zckmvlm durine healthv agine
L0, PPP2CD v et o st of
Altered '"'m:“"m fioblastoma and oligodendroglioma (phase ).
uneons, LB-100 mgm PPPZCB PPPSC and PPP2CA. LB-100 exhibits anti-
Epigenctic shif, Genomic o NI 25897895
PPPXCB  Esterase Yes Novel 50 5 364 6 instabilty, Impaired 7 3 14 6 9 1 s Antagonism* Reported; educed lifespan only ro-Longevity: NA Yes Group 3 - 389780,
S 16192 RNA decreased ifespan n C.clgans. Homeres our s showed dowareuion i PFACT  cncr vas PMID: 3315570
N inconsistent with the evidence that inhiiting PPP2C exhibits ati-
Inflammaion. b
Mitochondrial dysfunction Besides, PPP2CB is important for cell cycle ch:ckpolm and adaptive
immune system duringhealhy
o Angonist for ancr, GAK knoekdown by RN desssed el PMID: 20881269,
GAK  Proeinkinme  No  Nowl 81 s 382 1 Impaied proteostass 2 5 3 0 5 s 3 Avagonim Reportd:educedopanony L Polongoiy: NA Yes Group3 - rolifration i oseosarcoms PMID: 33208557,
ax  decreased hfespan in Drosoph ‘GAK ablation in mice causes kidnev failure duc to calpain activation PMID: 28147270
vy
Extscellar matix b1k29% i mull mutation dcreased ifespan in
TEC Tymsiekinse Ve Nowl 82 s 108 3 siffnss,Inflmmation, 5 s 3 ! 5 s 4 Anugonism® Reported: Reduced ifespan on; rosophila NA Yes Group3 - TEC kinase stabilzed PLK t0 promotelver cancer metastass
Stem cell xhauston B9A i thesole Tec family mermber in PMID: 16023106,
Drosoolia. PMID: 34637543
UBA s bt sing s o g o SUNOLSUNOR,
U3, bl
a

i ouh Wl e g s cne
WA Aol N Nowl 8 s s 1 Impired protcostasis s 2 16 o f s 0 Auagonsm Noteported No vidence NA Yes Group s - 'UBA2 knockdown and inhibiting SAEI/UBA2 medinted
SUMOylstion esulted n reduced glycolysis
SUMOyltion of kBa has as a strog inibiorycffcton NF-<B-
4 SUMOy:

PMID: 30479464,
PMID: 28088449,
PMID: 31788344,
PMID: 32938830

proteasome degradation.

RABIB  Hydrolse No  Nowl " B s34 2 i procosass, gy 0 2 0 s 5 3 Antagonism Not reporied No evidence NA Yes Group 4 . RABIIS i invovld i celcycle regultion during halthy aging.
PLXNAZ  Receptor No Novel 5 s 86 0 - 2 2 0 o s 2 5 Antagonism® Not reported No evidence NA No - - Tarset did not associate with any asine hllmarks
Pro-Longevity: Atagonis
PSMBT Pepiid Y Novel 86 s 60 1 impaird protcostasis 18 | 17 ' 7 7 0 Antagonism Reportd; Reduced ifespan on -2 RNAI decreased iespan vhin NA ¥ Group 3 Synergy A niagonist forcancer 1739202
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MTHFD2  Oxidoreductase  No. Novel 8 4 23 xlmg.Eplgcncmshlﬁ. 9 1 8 0 8 8 0 Antagonism  Reported; Lifespan extension Hespan " Agonism Yes Group 2 GenAge MTHFD2 is involved in metabolism of water-soluble vitamins and PMID: 26319556
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Mitochondrial dysfunction cofactors during healthy aging
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s
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Table S7. Potential dual-purpose candidates for delaying aging and anti-cancer treatment

Clinical trial

Occurence in

Therapeutic

any overlapped approach for

Predicted therapeutic

Potential dual-

Group-4 targets[1] status Novelty biological cancer appro::llil ;m;:ealthy c;:;‘;g:::ss Role in healthy aging References
processes|2] treatment[3] ging
ADRA2C Yes Novel N Agonism Agonism v Guanfacine hydrochloride agonisting ADRA2A, ADRA2B and ADRA2C extended lifepan in C. elegans . PMID: 24134630
AKT3 Yes HC v Antagonism* Antagonism v Aging-induced Akt activation involves in aging-related pathologies and AB-induced toxicity PMID: 31183966
CSF2RB Yes Novel N Antagonism* Antagonism v Upregulation of CSF2RB may increase the production of Interleukin-3, Interleukin-5 and GM-CSF, leading to inflammation -
FASN Yes HC v Antagonism Ant . v FANS inhibitor prevented the initiation of senescence induction in hematopoietic stem cells and reduced the effect of the activation of senescence on different age-associated diseases. PMID: 30962418,
” gonis ntagonism DEHP/DEP (increasing fasn-1 expression, and affecting other lipid metabolic genes) treated C. elegans lifespan decreased. PMID: 29020644
. . FGR inhibitor, such as dasatinib was investigated for cancer, although our data showed FGR downregulation in cancers.
Novel v Ant; * s v . ’ X L y . . . . R . :
FGR Yes ove ntagonism Antagonism Dasatinib and quercetin restore a-Klotho in mice and humans, which may amplify protection against aging and age-related diseases. PMID: 35292270
HCK Yes Novel v Antagonism Antagonism v Constitutive activation of the SRC family kinase Hek results in spontaneous pulmonary inflammation and an enhanced innate immune response. PMID: 12208875
HDAC2 Yes HC N Antagonism Antagonism v Inactivating histone deacetylase HDA promotes longevity by mobilizing trehalose metabolism. PMID: 33790287
HMGBI mediates neuroinflammatory priming in the aged brain. PMID: 30988279,
HMGBI Yes HC N Antagonism Antagonism v Blocking the actions of HMGBI appears to "desensitize" aged microglia to an immune challenge, ) ’
. . . . . PMID: 27466339
thereby preventing exaggerated behavioral and neuroinflammatory responses following infection
. . IL-10 and IL-1p signal upregulate the senescence-associated secretory phenotype in a cooperative manner. PMID: 30988157,
ILIB Y HC N Ant; v L . .
e ntagonism Antagonism IL-1B promotes the age-associated decline of beta cell function PMID: 34746709
. . . . L PMID: 32064162,
ITGAV Yes HC v Antagonism Antagonism v ITGBS served asa llgfind for Cy1'.6 l,’ a m(ﬂcculc stimulating ic pfoducuon of .IL-6, which is - PMID: 17071038,
considered an aging biomarker, via itgav/itgb5/Akt/NF-kB signaling pathway in rheumatoid arthritis
PMID: 22547695
. . KDMIA, is a drug target of IMG-7289, lysine-specific demethylase 1 inhibitor, investigated for the treatment of leukemia in trial (NCT02842827).
Ye HC v Ant: v :
KDMIA o ntagonism Antagonism Modulation of KDM1A with vafidemstat (KDM1A inhibitor) rescues memory deficit and behavioral alterations in mice PMID: 32469975
. . . . . . . . . PMID: 27029061,
KDM2A No Novel N Antagonism Antagonism v KDM2A deficiency in macrophages enhances thermogenesis to protect mice against HFD-induced obesity. PMID: 33462408
. . Genetic inhibition of Ras was found to extend lifespan. PMID: 29276789.
KRA Ye HC v Ant: v ’
S e niagonism Antagonism Adult-onset administration of the drug trametinib inhibiting MAP2K1 and MAP2K2, a highly specific inhibitor of Ras-Erk-ETS signaling, extended lifespan in Drosophila. PMID: 26119340
LYN Yes Novel v Antagonism Antagonism v Lyn suppresses osteoclastogenesis in vitro and in vivo. PMID: 19171907
MET Yes HC v Antagonism Antagonism v MET activates RAS and AKT signaling. PMID: 28677234
. . Aging is associated with increased matrix metalloproteinase-2 activity in the human aorta
MMP2 Y HC N Ant; v . . . :
e ntagonism Antagonism MMP2 was considered as classsical senescence-associated secretory phenotype (SASP). PMID: 15831360
. . P . PMID: 30967626,
MSTIR Yes Novel N Antagonism Antagonism v MSTIR inhbito prevents bone osteolysis. PMID: 28248933
RARA Yes HC N Agonism Agonism v RAR agonist ameliorated the UV-induced damage to skin collagen fibers, and increased the collagen content in photoaged skin through RAR. PMID: 28849147
RARB Yes HC v Agonism Agonism v RAR agonist ameliorated the UV-induced damage to skin collagen fibers, and increased the collagen content in photoaged skin through RAR. PMID: 28849147
RPS6KA2 Yes Novel N Antagonism* Antagonism v Involved PI3K/AKT/MTOR signaling -
. . . . . - . . - L PMID: 35232347,
RPS6KA4 No Novel N Antagonism Antagonism v Depletion of S6k1 resembles gene expression patterns of caloric restriction or prolongs lifespan by pharmacological activation of AMPK in mice. PMID: 19797661
Depletion of S6k1 resembles gene expression patterns of caloric restriction or prolongs lifespan by pharmacological activation of AMPK in mice. PMID: 19797661,
RPS6KA6 Yes Novel N A ism* A v S6K1 regulates glucose metabolism via feedback regulation of insulin receptor substrate 1 to improve glucose tolerance and insulin sensitivity in liver-specific and systematic S6k1- PMID: 22493495,
deficient mice. PMID: 15306821
SRC Yes HC N Antagonism Antagonism v Dasatinib targeting SRC was considered as senolytic used to remove senescent cell. -
Not suitable f ABLI is important for DNA double-strand break repair during healthy aging.
ABLI Yes HC v Antagonism ot suitable for X Senolytic treatment reduces cell senescence. Quercetin, senolytic drug, inhibits multiple kinases including ABL1. PMID: 3201088
antagonsim L. PPN : :
TImatinib mesylate inhibiting ABL1 reduced lifespan in C. elegans.
ADGRES5 No Novel v Antagonism NZ;?:;?::?{:“ X ADGRES is invovled in innate immune system during healthy aging. Reactome
ANAPC2 No Novel v Antagonism Not sultabl.e for X ANAPC2 is involved in cell cycle ?heckpf)mt during healthy aging. PMID: 21191042
antagonsim The anaphase promoting complex is required for memory function in mice
AURKA Yes HC N Antagonism NZ;T:;::SI;UT X AURKA is involved in cell cycle regulation during healthy aging Reactome
. itable fc . . . . .
AURKB Yes HC v Antagonism N‘:‘;f:;‘j:;n‘“ X AURKA s involved in cell cycle checkpoing during healthy aging Reactome
BAZIB No Novel N Antagonism NZ;T:;::SI;UT X BAZIB is invovled in DNA double-strand break repair during healthy aging. Reactome
BLK Yes Novel N Antagonism* Conditional X BLK is a pro-senescence kinase. PMID: 26583757
CDC34 No Novel N Antagonism NZ:;:;E:SI;UT X CDC34 is involved in adaptive immune system during healthy aging. Reactome
. N itable fc - . . . .
CDK6 Yes HC v Antagonism ot suitab o or X CDKG6 is involved in cell cycle regulation during healthy aging Reactome
antagonsim
Conditional CXCR4 gene deletion in young mesenchymal stem cells accelerates an aging phenotype including increased production of reactive oxygen species, DNA damage, senescence, and
. S . . PMID: 26848769,
CXCR4 Yes HC N Antagonism (Agonism for young, X reduced proliferation. PMID: 32418119

Antagonism for old)

In constrast, CXCL12/CXCR4 promotes inflammation. Targeting CXCR4 for antiaging may be suitable for aged adults only.
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Tumor suppressor gene

DNMT]1 maintains genomic methylation stabiluty and insufficient DNA methylation affects healthy aging and promotes age-related health problems
No difference in longevity was observed between Dnmt1-deficient mice and normal controls.
Constitutive loss of DNMT3A causes morbid obesity through misregulation of adipogenesis

DNMT3B plays a protective role against hepatocarcinogenesis caused by chronic inflammation via maintaining mitochondrial homeostasis.

FES kinase activity is also dispensable for hematopoiesis.

FGF2 (or bFGF) is neuroprotective for healthy aging.

It can improve motor function recovery, increase tyrosine hydroxylase positive neuron survival,

and upregulate the levels of neurotransmitters in the brain of a rat model of Parkinson’s disease.

Mice with an attenuation of FGFRI1 signalling develop diabetes with age and exhibit a decreased number of beta-cells,
and lower levels of FGFR1 in mice have also been related to craniofacial defects.

FGFR2 is important for cell division, cell maturation, formation of new blood vessels, wound healing, and bone growth and development

FRK is invovled in innate immune system during healthy aging.

Loss of HLTF function intestinal carci

ITK is important for adaptive immune system during healthy aging.
btk29a ficP null mutation decreased lifespan in Drosophila .
Btk29A is the sole Tec family member in Drosophila , including itk.

KATG6A belongs to histone acetyltransferase (HAT). Stability of HATs and histone deacetylases activities is necessary to maintain normal cellular functions or otherwise leads to
aging.

KAT6A was found to regulate Nrf2/ARE signaling pathway and inhibit ROS accumulation in bone marrow-derived mesenchymal stem cells from the old,

thus promoting proliferation, colony formation, and osteogenic differentiation of OBMSCs. KAT6A could promote osteogenesis of OBMSCs.

KDR antagonists such as Ramucirumab, Cabozantinib approved for cancer treatment but our data showed KDR downregulation in cancers.

KDR may be needed for normal angiogenesis, to ensure developing or healing tissues receive an adequate supply of nutrients.

Adult myocardium relies on c-kit expression to regenerate after injury and to counteract aging effects on cardiac structure and function.

Imatinib mesylate inhibiting PDGFRB, ABLI, KIT, BCR reduced lifespan in C. elegans.

KSP1 is positively regulate MAPK signaling in the context of constitutively active RAS. Genetic inhibition of Ras was found to extend lifespan.

RasV12 failed to induce p53, pl 9ARF, pl16INK4a, and p15INK4b expression in KSR 1—/— primary mouse embryo fibroblasts and increased proliferation instead of causing growth
arrest.

Reintroduction of wild-type KSR1 rescued RasV12-induced senescence.

JNK1/2/3 are the upstream of MK3.

While the role of MAPKAPK3/MK3 in aging is unknown, overexpression of MAPK8&/JNK in roundworms also increases lifespan.

MAPKAPKS is considered as tumor suppressor serine/threonine-protein kinase involved in mTORCI signaling.

MCMS is involved in cell cycle checkpoint and DNA replication during healthy aging.

MDM2 is a negative regulator of p53, a tumor-suppressor gene. Dominant-negative versions of Drosophila melanogaster p53 in adult neurons extends lifespan.
Taken together, antagonizing MDM?2 may result in increased p53 activities, which in turn contribute to accelerated aging.

However, small-molecule MDM2 i the - iated secretory phenotype.

Aging or ER antagonists were shown to downregulate NCOA1 in the hippocampus of female mice.

17B-estradiol treatment can upregulate NCOA. Beta-Estradiol was shown to increase lifespan in C. elegans .

Taken together, NOCA1 agonist may delay aging.

NCOAL is required for the anti-obesogenic effects of 17B-estradiol.

NCOA3 overexpression is required in order to maintain the telomerase activity.

NCOA3 is an inhibitor of whose do lation in aged individuals could be probably a tumor suppressor mechanism, preventing the clonal expansion of risky old cells
from having damaged DNA.

Cyproterone acetate inhibiting AR, PGR & NR3C1 (approved for human use) extended lifespan in C. elegans .

PDGFR-B signaling in the cardiomyocyte may regulate angi is in the heart in resp to load-induced stress through several different mechanisms.
Imatinib mesylate inhibiting PDGFRB, ABLI, KIT, BCR reduced lifespan in C. elegans .

PKM is involved in innate immune system during healthy aging.

In addtion, loss of PKM2 impairs angiogenic sprouting and loss of endothelial PKM2 alters mitochondrial metabolism.

PLK1 is involved in cell cycle regulation and DNA checkpoint during healthy aging;

PLK1 promotes autophagy.

Tumor suppressor gene

PPP5C is invovled in DNA double-strand break repair during healthy aging.
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PTK2 is involved in innate immune system during healthy aging.

RACI is involved in adaptive immune system and innate immune system during healthy aging.

RBCKI1 depletion increases p53 protein levels and p53 target genes, and
RBCKI1 interacts with PTEN (tumor suppressor geen) and promotes PTEN degradation in K48-linked ubiquitination.
Dominant-negative versions of Drosophila melanogaster p53 in adult neurons extends lifespan.

RHOA is invovled in protecting against the progression of cardiac aging.

Tumor suppressor gene

Tumor suppressor gene

SMO inhibition promotes aging.

SMO has shown to be critical for the hedgehog signal transduction on the cell t Hedgek ignaling is d: lated in old hepatocytes, and this accelerates aging.
Deleting SMO in young hepatocytes before partial hepatectomy prevented hedgehog pathway activation after partial I and inhibited ion

In addition, hedgehog inhibition promoted telomere shortening and mitochondrial dysfunction in hepatocytes.

Depletion of STK24 (or MST4) in mice promoted gastric tumorigenesis.

TAOKI is invovled for cell cycle checkpoints during healthy aging

TLR4 is an important Pattern Recognition Receptor (PRR), which activates both innate and adaptive immune cells.

Its activation leads to inflammatory cytokine production which is responsible for activating the innate immune system.

Additional cytokine production (agonist) may not necessary for the healthy but reduced production (antagonist) may alter immune repsonse

The Toll-like receptor 4 (TLR4) signaling pathway is involved in many aspects of biological functions of AML cells, including the regulation of pro-inflammatory cytokine products,
myeloid differentiation, and survival of AML cells.

TNF-a antagonism rescues the effect of ageing on stroke; TNF-o/IFN-y synergy amplifes senescence-associated inflammation.

TNF-deficient mice develop normally but are more susceptible to some infectious agents.

TOP2A is involved in cell cycle regulation during healthy aging.

Topoisomerases regulate the topological states of DNA and important for neuron proliferation.

Tumor suppressor gene
TRIM37 is involved in adaptive immune system during healthy aging.

Using bone-targeting recombinant adeno-associated virus 9 (rAAV9) to enhance Bmall or Ttk might have a therapeutic effect on senile osteoporosis and delays bone repair in aging
mice.

UBE2C is involved in cell cycle checkpoints during healthy aging
UBE2LS6 is invovled in adaptive immune system during healthy aging.

UBE2M is invovled in adaptive immune system during healthy aging.

C ing age-related VEGF signaling insufficiency promotes healthy aging and extends lifespan.
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[1] Common cancer targets from group 4 (Figure 5; Table S6)
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[2] Any occurrence in the 90 overlapped biological processes enriched with 51 targets (gorup 1 and group 2) contributed to lifespan extension
[3] Generally, upregulation in expression leads to proposed ist for cancer; do lation in expression leads to proposed agonist for cancer. * The therapeutic approach is proposed based on target's mechanism of action (see Table S6 for details)




Table S8. Gene Ontology terms commonly enriched by lifespan-extending (Group 1 and Group 2) and Group 4 targets

ID Description GeneRatio pvalue p-adjust genelD

GO:0046777  protein autophosphorylation 19/101 5.32E-19 2.96E-16 LYN/SRC/ABL1/PTK2/KDR/AURKA/KIT/PDGFRB/AURKB/FGFR1/FGR/FGFR2/HCK/MAPKAPKS5/TAOK1/FES/MAPKAPK3/STK26/TTK
GO:0007169  transmembrane receptor protein tyrosine kinase signaling pathway 15/101 1.52E-15 5.64E-13 LYN/SRC/PTK2/KDR/BLK/KIT/PDGFRB/FGFR1/FGR/FGFR2/HCK/MET/MST1R/FRK/FES
GO:0014068  positive regulation of phosphatidylinositol 3-kinase signaling 10/101 3.51E-11 7.79E-09 SRC/TNF/PTK2/KDR/VEGFA/FGF2/KIT/PDGFRB/FGFR1/FGR

GO:0043410  positive regulation of MAPK cascade 12/101 2.95E-10 5.45E-08 TNF/KDR/VEGFA/FGF2/HMGB1/KIT/PDGFRB/FGFR1/FGFR2/ADRA2C/TRAF7/KSR1
GO:0030335  positive regulation of cell migration 13/101 1.45E-09 1.61E-07 LYN/PTK2/IL1B/KDR/VEGFA/ITGAV/KIT/MMP2/PDGFRB/CXCR4/FGR/SMO/RHOA
GO:0016570  histone modification 9/101 2.55E-08 2.06E-06 AURKA/KDM1A/AURKB/NCOA1/PKM/RPS6KA4/KAT6A/BAZ1B/NCOA3
GO0:0043536  positive regulation of blood vessel endothelial cell migration 6/101 5.85E-08 3.82E-06 KDR/VEGFA/FGF2/HMGB1/FGFR1/AKT3

GO:0018105  peptidyl-serine phosphorylation 10/101 9.05E-08 5.02E-06 SRC/AURKA/MAPKAPKS5/PLK1/RPS6KA6/AKT3/RPS6KA2/RPS6KA4/MAPKAPK3/TTK
GO:0043065  positive regulation of apoptotic process 12/101 1.77E-07 8.55E-06 SRC/TNF/ABL1/HMGB1/MMP2/PDGFRB/TOP2A/RPS6KA2/RARB/DNM2/NCOA1/RBCK 1
GO0:0033674  positive regulation of kinase activity 7/101 1.87E-07 8.63E-06 KDR/KIT/PDGFRB/FGFR1/FGFR2/MET/MSTIR

GO:0035556  intracellular signal transduction 14/101 2.23E-07 9.65E-06 LYN/SRC/BLK/KIT/PDGFRB/MAPKAPK5/RPS6KA6/AKT3/RPS6KA2/ITK/RACI/RPS6KA4/TAOK 1/MAPKAPK3
GO:0051897  positive regulation of protein kinase B signaling 8/101 3.00E-07 1.23E-05 SRC/TNF/PTK2/VEGFA/FGF2/FGFR1/MET/MSTIR

GO:0043525  positive regulation of neuron apoptotic process 6/101 3.95E-07 1.56E-05 TNF/ABL1/NR3C1/RHOA/CDC34/UBE2M

GO:0048661  positive regulation of smooth muscle cell proliferation 6/101 7.95E-07 2.76E-05 TNF/TLR4/FGF2/MMP2/PDGFRB/FGFR2

GO:1904707  positive regulation of vascular associated smooth muscle cell proliferation 5/101 2.03E-06 6.45E-05 SRC/TNF/FGF2/MMP2/DNMT1

GO:0006954  inflammatory response 12/101 6.86E-06 1.76E-04 LYN/TNF/IL1B/TLR4/HMGB1/KIT/CXCR4/HCK/FASN/RAC1/RPS6KA4/ADGRES
GO:0071222  cellular response to lipopolysaccharide 8/101 6.98E-06 1.76E-04 SRC/TNF/ABL1/IL1B/TLR4/HMGB1/RARA/RHOA

GO:0042127  regulation of cell population proliferation 8/101 1.51E-05 3.36E-04 TNF/ABL1/PTK2/KIT/CDK6/DNMT1/FES/KSR1

GO:0070372  regulation of ERK1 and ERK2 cascade 4/101 1.75E-05 3.73E-04 LYN/IL1B/FGFR2/TRAF7

GO:0010629  negative regulation of gene expression 9/101 2.11E-05 4.34E-04 TNF/KDR/VEGFA/FGF2/AURKA/RARA/SMO/DNMT1/ANAPC2

GO:0045785  positive regulation of cell adhesion 5/101 3.09E-05 5.56E-04 SRC/TNF/VEGFA/ITGAV/RHOA

GO:1901224  positive regulation of NIK/NF-kappaB signaling 5/101 4.19E-05 7.15E-04 TNF/IL1B/TLR4/RHOA/RBCK1

GO:0071300  cellular response to retinoic acid 5/101 4.84E-05 8.14E-04 LYN/TNF/HDAC2/RARA/FGFR2

GO0:0032496  response to lipopolysaccharide 7/101 5.01E-05 8.22E-04 TNEF/IL1B/TLR4/HDAC2/FGFR2/CSF2RB/MAPKAPK3

GO:0043687  post-translational protein modification 4/101 5.04E-05 8.22E-04 AURKB/RPS6KA4/BAZ1B/UBE2M

GO:0071560  cellular response to transforming growth factor beta stimulus 5/101 5.19E-05 8.35E-04 SRC/ABL1/HDAC2/FGFR2/NR3C1

GO:0051091  positive regulation of DNA-binding transcription factor activity 6/101 6.72E-05 1.07E-03 TNF/IL1B/KDMI1A/KIT/SMARCA4/TRIM37

GO:0045429  positive regulation of nitric oxide biosynthetic process 4/101 9.48E-05 1.37E-03 TNEF/IL1B/TLR4/DNM2

GO:1901796  regulation of signal transduction by p53 class mediator 4/101 9.48E-05 1.37E-03 AURKA/AURKB/MAPKAPKS5/KAT6A

GO:0050679  positive regulation of epithelial cell proliferation 5/101 9.94E-05 1.41E-03 KDR/VEGFA/FGF2/FGFR2/SMO

G0:0042542  response to hydrogen peroxide 4/101 1.49E-04 1.82E-03 SRC/MMP2/PDGFRB/STK26

GO:0009410  response to xenobiotic stimulus 8/101 1.60E-04 1.93E-03 LYN/SRC/TNF/ABL1/HDAC2/MMP2/DNMT3A/RHOA

GO:0001525  angiogenesis 8/101 1.82E-04 2.12E-03 PTK2/KDR/VEGFA/FGF2/ITGAV/MMP2/PDGFRB/FGFR2

GO:0043491  protein kinase B signaling 4/101 2.24E-04 2.51E-03 TNF/IL1B/KDR/FGF2

GO:1902895  positive regulation of miRNA transcription 4/101 2.24E-04 2.51E-03 TNF/FGF2/NR3C1/SMARCA4

GO:0051092  positive regulation of NF-kappaB transcription factor activity 6/101 2.99E-04 3.10E-03 TNF/IL1B/TLR4/TRIM37/RBCK1/RPS6KA4

GO:0071230  cellular response to amino acid stimulus 4/101 3.68E-04 3.65E-03 TNF/MMP2/DNMT3A/DNMTI1

GO:0009612  response to mechanical stimulus 4/101 4.47E-04 4.33E-03 SRC/TNF/MMP2/RHOA

GO:0045471  response to ethanol 5/101 4.49E-04 4.33E-03 TNF/RARA/FGFR2/DNMT3A/RHOA

GO:0001570  vasculogenesis 4/101 5.37E-04 5.01E-03 KDR/VEGFA/ITGAV/SMO

G0O:0042531  positive regulation of tyrosine phosphorylation of STAT protein 4/101 5.37E-04 5.01E-03 LYN/TNF/HDAC2/KIT

GO:0030155  regulation of cell adhesion 4/101 5.69E-04 5.22E-03 ABLI1/PTK2/CXCR4/FES

GO:0008283  cell population proliferation 7/101 6.98E-04 6.16E-03 SRC/FGF2/KIT/AURKB/KRAS/SMO/RARB

GO:0007094  mitotic spindle assembly checkpoint signaling 3/101 7.04E-04 6.16E-03 AURKB/PLK1/TTK

GO:0050673  epithelial cell proliferation 4/101 7.14E-04 6.19E-03 KDR/FGF2/KIT/SMO

GO:0051301  cell division 9/101 7.20E-04 6.19E-03 AURKA/AURKB/CDK6/NR3C1/PLK1/RHOA/CDC34/ANAPC2/UBE2C

GO:0048565  digestive tract development 3/101 8.53E-04 7.12E-03 KIT/FGFR2/SMO

G0:0042327  positive regulation of phosphorylation 3/101 1.11E-03 8.57E-03 LYN/KDR/VEGFA

GO:0009314  response to radiation 3/101 1.31E-03 9.95E-03 TNF/KIT/MMP2

GO:0014070  response to organic cyclic compound 5/101 1.35E-03 1.02E-02 LYN/TNF/KDM1A/PDGFRB/CXCR4

GO:0007568  aging 5/101 2.05E-03 1.36E-02 FGF2/MMP2/PDGFRB/AURKB/DNMT3A

GO:0014823  response to activity 3/101 2.46E-03 1.51E-02 TNF/MMP2/CXCR4

G0:0033628  regulation of cell adhesion mediated by integrin 2/101 2.54E-03 1.51E-02 LYN/PTK2

GO:0051239  regulation of multicellular organismal process 2/101 2.54E-03 1.51E-02 TNF/PTK2

GO:0001666  response to hypoxia 5/101 2.63E-03 1.54E-02 TNF/VEGFA/MMP2/CXCR4/RHOA

GO:0007173  epidermal growth factor receptor signaling pathway 3/101 2.78E-03 1.60E-02 SRC/ABL1/PTK2

GO:0042789 mRNA transcription by RNA polymerase I1 3/101 2.78E-03 1.60E-02 RARA/NCOAI/HLTF

GO:0043124  negative regulation of I-kappaB kinase/NF-kappaB signaling 3/101 2.78E-03 1.60E-02 ABL1/RHOA/RHOH
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lung development

mammary gland epithelial cell differentiation
positive regulation of epithelial to mesenchymal transition
protein destabilization

DNA-templated transcription

protein localization to chromatin

positive regulation of fibroblast proliferation
regulation of inflammatory response

cellular senescence

G2/M transition of mitotic cell cycle
response to cytokine

cellular response to hypoxia

negative regulation of B cell proliferation
protein modification process

response to vitamin A

negative regulation of anoikis

regulation of gene expression

cellular response to hydrogen peroxide

4/101
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7/101
2/101
3/101
4/101
3/101
3/101
3/101
4/101
2/101
4/101
2/101
2/101
7/101
3/101

negative regulation of cysteine-type endopeptidase activity involved in apc 3/101

stimulatory C-type lectin receptor signaling pathway
G1/S transition of mitotic cell cycle

regulation of protein phosphorylation

positive regulation of cardiac muscle cell proliferation
negative regulation of protein binding

positive regulation of oligodendrocyte differentiation
negative regulation of cell population proliferation
activation of protein kinase B activity

cellular response to vascular endothelial growth factor stimulus
response to amino acid

cellular response to gamma radiation

positive regulation of lamellipodium assembly

liver regeneration
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RARA/NR3C1/DNMT1/RARB/PPP5C/KAT6A/KDM2A
PLK1/MCM8
ABL1/PDGFRB/CDK6
LYN/TNF/TLR4/HCK
ABLI/MAPKAPKS5/KAT6A
AURKA/PLK1/DNM2
MMP2/RARA/MAPKAPK3
SRC/VEGFA/DNMT3A/MDM2
LYN/BLK
ABL1/CDC34/UBE2M/UBE2L6
RARA/DNMT3A

SRC/PTK2
CDK6/DNMT3A/MDM2/SMO/DNMT1/SMARCA4/DNMT3B
SRC/ABL1/HDAC2
SRC/TNF/VEGFA

LYN/SRC

CDK6/POLE/CDC34
LYN/TNF/PTK2

FGF2/FGFR2
AURKA/KDMI1A/AURKB
HDAC2/CXCR4
LYN/TNF/IL1B/FGF2/RARA/CDK6/RPS6KA2
SRC/ADRA2C

KDR/VEGFA

LYN/RHOA

KDMI1A/MDM2

RAC1/DNM2

TNF/AURKA




Table S9. Description for scores and filters on PandaOmics.

Category

Score/ Filter

Description

Omics Al scores

Network Neighbors

Casual Inference

Pathways

Interactome Community

Relevance

Expression

This score utilizes several graph-based methods applied to the protein-protein interaction network
enriched with differentially expressed/methylated genes. The score explores direct network neighbors
interacting with a given gene. A target will be scored higher if there are more network neighbors with
significant differences in expression or methylation levels.

This score is based on the causal inference of transcription factors. It estimates the number of genes
associated with the disease progression/treatment, controlled by a similar set of transcription factors to
a given gene. It uses a manually curated regulatory network and known drug targets to predict
potential disease-modifying transcription factors.

The score combines several approaches to pathway analysis. First, iPANDA algorithm is used to
examine the involvement of a given gene in pathway activation patterns based on a collection of gene
expression datasets of interest (activation/inhibition of each pathway is examined separately). Next,
all the pathways from the library are merged into a single network, which is examined from the
perspective of signal propagation by a number of methods. The final score indicates how a given gene
affects individual pathways’ activation/inhibition, and whether it possesses the ability to affect
multiple pathways at once.

This score utilizes several graph-based methods applied to the protein-protein interaction network
enriched with active drug targets, GWAS hits and differentially expressed/methylated genes.

This score is based on open data from the OpenTargets resource, in particular, Drugs score. Drugs
score aggregates general information about all drugs and their stages of clinical trials that are
associated with a specific gene (protein, molecular target) for a disease of interest. The more drugs
that have a specific gene as a molecular target, especially in the late phases of clinical trials, the higher
the Drugs score for that gene.

This score takes into account differential gene expression, protein abundance or methylation level

defined by a collection of datasets of interest. Machine learning-based models are used to normalize
available omics data across multiple samples from various datasets.



Text-based Al scores

Financial Scores

KOL Scores

Heterogeneous Graph Walk

Matrix Factorization

Evidence

Attention Score

Grant Funding

Credible Attention Index

Impact factor

This score is a guided random walk-based approach that is applied to a heterogeneous graph (i.e., a
graph containing different types of nodes). The model learns node representations and then finds the
gene nodes similar to the reference disease node. First, the "walks" are sampled with a predefined
meta-path, i.e., the fixed sequence of node types in a walk, e.g. 'gene'-'disease’-'gene.' The node degree
controls the probability of transition between the nodes while sampling. Following that, the Al model
learns the representation of each node based on the resulting corpus of walks. The similarity between
the specific disease and all available genes produces a ranked list of genes. The top genes from this
list are predicted to be promising target hypotheses.

This score is based on a collaborative filtering algorithm, which is widely used in recommender
systems. First, well-known gene-disease associations from the PandaOmics database are converted to
a sparse binary matrix.This matrix is then decomposed into two low-rank matrices that consist of
latent factors for genes and diseases. The algorithm uses graph regularization based on a fast KNN
search to account for the intraclass similarity between the nodes of a similar type. Recomputing the
original interaction matrix from latent factors provides the scores for unobserved interactions; thus,
gene ranking is obtained.

This score is calculated as the weighted average of Trend and Attention score. Higher values indicate
both attention growth and a high volume of research.

This score measures the overall attention to the target at all times. PandaOmics calculates the total
number of mentions of a gene in various texts across all time periods. Both disease-agnostic and
disease-specific mentions are counted. Text corpus used for analysis includes scientific publications,
grants, patents and clinical trials.

Total grant funding to investigate the given gene at all times. Please note, that the distribution of total
funding is skewed with mean value approx. $8.9 million, but the median value is only $1.7 million.
Also 5% of entries have funding above $30 million.

This score represents the total number of publications devoted to the target gene in journals with an
impact factor more than 10. This corresponds to the top 3% of all scientific journals.

This score measures the average impact factor of the journals where particular gene-disease
association is published. The Impact Factor of each journal is weighted to the number of publications
mentioning gene-disease association published in this journal.



Druggability Filter

Target Familes

Small Molecules

Antibodies

Safety

Novelty

Enzyme

Epigenetic enzyme
Epigenetic nonenzyme
Generic protein

Ion channel

Kinase

Nuclear receptor
Receptor

Secretory protein

Indicates accessibility of a protein by small molecules

Red - A protein does not belong to a druggable class and does not have small molecules associated
Yellow - A protein belongs to a druggable class and does not have small molecules associated

Green - A protein is associated with small molecules according to public sources and the PandaOmics
manually curated database

Indicates the ability to use antibodies to hit the target

Red - It is not membrane secreted protein (Protein atlas database)

Yellow - A membrane secreted protein (Protein atlas database)

Green - A membrane secreted protein (Protein atlas database) with associated antibodies in TCRD
database

Potential safety of a target and potential adverse effect

Red - A protein is an essential gene and did not pass any clinical trials (Clinical trials and TTD)
Yellow - Default status

Green - A protein is a conditional essential gene or is not essential and has clinical trials going on or
passed (Clinical trials and TTD)

Indicates the overall scientific community interest to the target, based on the volume of related
publications proposed by the proprietary Al engine

Red - More than 168 publications on pharmacognitive
Yellow - Between 50 and 168 publications on pharmacognitive
Green - Less than 49 publications on pharmacognitive

Druggable
Druggable
Not druggable
Not druggable
Druggable
Druggable
Druggable
Druggable
Druggable



Transcription coregulator Not druggable
Transcription factor Not druggable
Transportor Druggable




