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Supplementary Figure 1. Showing the combined nomogram.  

 

Supplementary Figure 2. Showing the majority of prognostic features of lncRNAs associated with ferroptosis 

regulate immune and tumor-related pathways. 
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Supplementary Figure 3. Showing the heatmap indicated the B cells, T cells, neutrophils granulocytes, 

macrophages, and medullary dendritic cells. 

 

Supplementary Figure 4. Showing the correlation analysis of immune cell subpopulations and related functions in 

ssGSEA using the TCGA-LIHC database revealed that immune cells. 
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Supplementary Table 1. An overview of relevant clinical aspects of HCC patients. 

An overview of relevant clinical aspects of  HCC patients 

ID futime fustat Age Gender Grade Stage T M N 

TCGA-5R-AA1D 449 0 17 FEMALE G3 Stage IIIA T3a M0 N0 

TCGA-DD-A1EC 602 0 20 FEMALE G3 Stage I T1 M0 N0 

TCGA-ED-A7PY 390 0 20 FEMALE G3 Stage II T2 M0 NX 

TCGA-RC-A6M5 15 0 20 FEMALE G2 Stage IVA T1 M0 N1 

TCGA-CC-A123 219 0 24 FEMALE G1 Stage IIIA T3 M0 N0 

TCGA-BW-A5NP 0 0 26 FEMALE G3 Stage IV T2 M1 N0 

TCGA-DD-A39W 827 1 29 FEMALE G2 Stage III T3 M0 N0 

TCGA-WX-AA47 556 1 33 FEMALE G2 Stage IIIA T3a MX NX 

TCGA-FV-A3R3 366 1 38 FEMALE G2 Stage I T1 MX NX 

TCGA-CC-A8HU 344 1 39 FEMALE G3 Stage IIIA T3 M0 N0 

TCGA-XR-A8TC 1339 0 43 FEMALE G2 Stage I T1 MX NX 

TCGA-DD-AADI 1085 0 43 FEMALE G3 Stage I T1 M0 N0 

TCGA-DD-A39Z 601 1 43 FEMALE G2 Stage II T2 M0 NX 

TCGA-DD-AAE0 555 0 45 FEMALE G4 Stage IIIA T3a M0 N0 

TCGA-G3-A25T 1553 0 45 FEMALE G2 Stage IIIA T3 M0 N0 

TCGA-EP-A2KB 596 1 46 FEMALE G2 Stage I T1 MX NX 

TCGA-RC-A7S9 640 0 47 FEMALE G3 Stage I T1 M0 N0 

TCGA-ED-A7PX 6 0 48 FEMALE G3 Stage II T2 M0 NX 

TCGA-XR-A8TD 1030 0 49 FEMALE G3 Stage IIIB T3 M0 N0 

TCGA-DD-AAE4 608 0 49 FEMALE G1 Stage I T1 M0 N0 

TCGA-ED-A8O6 56 1 50 FEMALE G3 Stage IIIA T3a M0 N0 

TCGA-FV-A495 1 0 51 FEMALE G2 Stage II T2 M0 NX 

TCGA-DD-AAD1 564 0 51 FEMALE G4 Stage I T1 M0 N0 

TCGA-BC-A110 2116 1 51 FEMALE G1 unknow T1 MX NX 

TCGA-ED-A66Y 296 1 51 FEMALE G3 Stage IIIA T3a M0 N0 

TCGA-CC-A8HV 279 1 51 FEMALE G2 Stage II T2 M0 N0 

TCGA-CC-A9FU 0 0 52 FEMALE G2 Stage IIIA T3a M0 N0 

TCGA-EP-A2KA 627 1 52 FEMALE G3 Stage IIIA T3a MX NX 

TCGA-G3-A25Y 452 1 52 FEMALE G3 Stage I T1 M0 N0 

TCGA-BC-A10X 770 1 52 FEMALE G2 Stage IIIA T3a MX N0 

TCGA-ED-A7XP 400 0 53 FEMALE G3 Stage II T2 M0 N0 

TCGA-G3-AAV6 65 1 53 FEMALE G3 Stage IIIA T3a M0 N0 

TCGA-DD-A4NJ 928 0 54 FEMALE G2 Stage II T2 M0 N0 

TCGA-2Y-A9GV 2532 1 54 FEMALE G1 Stage I T1 MX NX 

TCGA-DD-A113 2425 0 55 FEMALE G3 Stage II T2 M0 N0 

TCGA-2Y-A9GU 1939 0 55 FEMALE G2 Stage I T1 MX NX 

TCGA-DD-AADY 555 0 55 FEMALE G2 Stage I T1 M0 N0 

TCGA-ZP-A9D1 21 0 56 FEMALE G2 unknow T1 MX NX 

TCGA-DD-A4ND 2746 0 56 FEMALE G3 Stage I T1 M0 N0 

TCGA-DD-A4NN 899 1 56 FEMALE G3 Stage I T1 M0 N0 

TCGA-DD-A1EF 394 1 57 FEMALE G3 Stage I T1 M0 N0 

TCGA-DD-A11D 1560 1 57 FEMALE G2 Stage I T1 M0 N0 

TCGA-G3-AAV3 412 0 58 FEMALE G2 Stage II T2 M0 N0 
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TCGA-PD-A5DF 639 1 58 FEMALE G2 Stage IIIB T4 M0 N0 

TCGA-DD-AAE6 141 0 59 FEMALE G2 Stage I T1 M0 N0 

TCGA-DD-AAEG 719 0 59 FEMALE G3 Stage I T1 M0 N0 

TCGA-ED-A8O5 406 0 59 FEMALE G3 Stage IIIA T3a M0 N0 

TCGA-2Y-A9H5 555 1 59 FEMALE G3 Stage I T1 MX N0 

TCGA-ED-A5KG 854 0 60 FEMALE G2 Stage II T2 M0 N0 

TCGA-CC-5259 250 0 60 FEMALE G2 Stage IIIC T4 M0 N0 

TCGA-ED-A82E 408 0 60 FEMALE G2 Stage IIIA T3a M0 N0 

TCGA-G3-A7M6 632 0 60 FEMALE G3 Stage I T1 MX NX 

TCGA-KR-A7K7 951 0 61 FEMALE G1 Stage II T2 M0 N0 

TCGA-DD-A4NS 2456 1 61 FEMALE G2 Stage I T1 M0 N0 

TCGA-CC-5260 87 1 61 FEMALE G1 Stage IIIC T4 M0 N0 

TCGA-UB-A7MA 848 0 62 FEMALE G2 Stage II T2b M0 N0 

TCGA-BC-A216 1351 0 62 FEMALE G2 Stage IIIA T3 M0 NX 

TCGA-BC-A10Z 34 1 62 FEMALE G2 Stage I T1 MX N0 

TCGA-G3-A25U 1636 0 63 FEMALE G3 Stage I T1 M0 N0 

TCGA-DD-AACZ 171 1 63 FEMALE G4 Stage I T1 M0 N0 

TCGA-2Y-A9H2 1731 0 64 FEMALE G3 Stage I T1 MX N0 

TCGA-ZP-A9D4 395 0 64 FEMALE G1 unknow T1 MX NX 

TCGA-WX-AA44 615 0 64 FEMALE G3 Stage I T1 MX NX 

TCGA-DD-A1EK 558 1 64 FEMALE G2 Stage IVB T4 M1 N0 

TCGA-DD-A3A9 931 1 64 FEMALE G2 Stage IVB T4 M1 N0 

TCGA-2Y-A9GY 757 1 64 FEMALE G3 Stage II T2 MX NX 

TCGA-DD-AADF 115 1 64 FEMALE G4 Stage I T1 M0 N0 

TCGA-DD-A73C 701 0 65 FEMALE G1 Stage IIIA T3a M0 N0 

TCGA-DD-A4NH 917 0 65 FEMALE G3 Stage IIIB T3b M0 N0 

TCGA-5R-AAAM 46 1 65 FEMALE G2 Stage II T2 M0 N0 

TCGA-BC-A8YO 562 0 66 FEMALE G3 Stage IIIC T4 M0 N0 

TCGA-ZP-A9CY 782 0 66 FEMALE G1 unknow T1 MX NX 

TCGA-BC-A3KF 8 0 66 FEMALE G2 Stage I T1 M0 NX 

TCGA-DD-AADA 1233 0 66 FEMALE G3 Stage I T1 M0 N0 

TCGA-DD-AACL 107 1 66 FEMALE G3 Stage I T1 M0 N0 

TCGA-DD-A3A5 3125 1 66 FEMALE G2 Stage III T3 M0 N0 

TCGA-BC-A10R 308 1 66 FEMALE G2 unknow T3 MX NX 

TCGA-DD-A4NA 1008 0 67 FEMALE G3 Stage IIIC T2 M0 N1 

TCGA-ZP-A9D0 1091 0 67 FEMALE G1 unknow T1 MX NX 

TCGA-2Y-A9H6 357 0 68 FEMALE G2 Stage I T1 MX NX 

TCGA-BC-A3KG 680 0 68 FEMALE G3 Stage II T2 M0 N0 

TCGA-DD-A73D 693 0 68 FEMALE G1 Stage II T2 MX NX 

TCGA-DD-AADK 1049 0 68 FEMALE G3 Stage II T2 M0 N0 

TCGA-WJ-A86L 345 0 68 FEMALE G2 Stage I T1 MX NX 

TCGA-UB-AA0V 314 0 69 FEMALE G1 Stage I unknow MX NX 

TCGA-DD-AACT 1562 0 69 FEMALE G2 Stage I T1 M0 N0 

TCGA-DD-AADJ 1066 0 70 FEMALE G3 Stage I T1 M0 N0 

TCGA-FV-A23B 1852 1 70 FEMALE unknow Stage II T2 M0 N0 

TCGA-WQ-A9G7 30 0 71 FEMALE G3 unknow T3a M0 NX 

TCGA-DD-A1EJ 1005 1 71 FEMALE G2 Stage IIIC T1 M0 N1 
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TCGA-DD-A1EB 2017 0 72 FEMALE G2 Stage I T1 M0 N0 

TCGA-DD-A73B 283 1 72 FEMALE G2 Stage I T1 M0 N0 

TCGA-DD-A3A6 3258 1 72 FEMALE G2 Stage II T2 M0 N0 

TCGA-BC-A10Q 1135 1 72 FEMALE unknow unknow T2 MX NX 

TCGA-DD-AAD0 137 0 73 FEMALE G2 Stage I T1 M0 N0 

TCGA-DD-A73G 3478 0 73 FEMALE G3 Stage I T1 M0 N0 

TCGA-DD-AAD8 1219 0 73 FEMALE G2 Stage I T1 M0 N0 

TCGA-DD-AACB 2324 0 74 FEMALE G3 Stage I T1 M0 N0 

TCGA-RC-A6M4 22 0 74 FEMALE G2 Stage IIIA T3 MX NX 

TCGA-BC-4072 1490 1 74 FEMALE G3 Stage IIIA T3 M0 N0 

TCGA-BD-A3EP 409 0 75 FEMALE G2 Stage I T1 M0 N0 

TCGA-DD-A4NE 660 1 75 FEMALE G3 Stage IIIA T3a M0 N0 

TCGA-BC-A217 1397 1 75 FEMALE G3 Stage II T2 M0 NX 

TCGA-GJ-A6C0 31 1 75 FEMALE G2 Stage II T2 MX NX 

TCGA-FV-A3I0 848 0 76 FEMALE G2 Stage II T2 M0 NX 

TCGA-DD-A3A2 2131 1 76 FEMALE G1 Stage I T1 M0 N0 

TCGA-DD-A73F 1085 0 77 FEMALE G1 Stage I T1 M0 N0 

TCGA-DD-A118 3437 0 77 FEMALE G2 Stage II T2 M0 N0 

TCGA-DD-A39X 1694 1 78 FEMALE G2 Stage I T1 M0 NX 

TCGA-ZS-A9CE 1241 0 79 FEMALE G1 Stage II T2 MX NX 

TCGA-LG-A6GG 387 0 79 FEMALE G2 Stage II T2 M0 NX 

TCGA-G3-A25W 935 0 79 FEMALE G2 Stage IIIB T3b M0 N0 

TCGA-DD-A4NK 1210 1 80 FEMALE G2 Stage IIIA T3 M0 N0 

TCGA-2Y-A9H7 1168 0 81 FEMALE G2 Stage I T1 MX N0 

TCGA-DD-AA3A 410 1 81 FEMALE G4 Stage I T1 MX N0 

TCGA-FV-A3I1 247 1 81 FEMALE G2 Stage II T2 MX N0 

TCGA-2Y-A9GZ 848 1 82 FEMALE G2 Stage II T2 MX NX 

TCGA-G3-AAV4 27 1 83 FEMALE G1 Stage I T1 M0 N0 

TCGA-FV-A496 10 0 84 FEMALE G2 Stage I T1 M0 NX 

TCGA-DD-A4NR 9 1 85 FEMALE G3 Stage I T1 M0 N0 

TCGA-2Y-A9H8 633 1 85 FEMALE G2 unknow T1 MX NX 

TCGA-HP-A5N0 752 1 90 FEMALE unknow unknow TX M0 NX 

TCGA-XR-A8TE 925 0 16 MALE G1 Stage IIIA T3 MX N0 

TCGA-CC-A8HS 300 1 18 MALE G1 Stage IIIC T3 M0 N1 

TCGA-DD-A1EH 1495 0 23 MALE G3 Stage III T3 M0 N0 

TCGA-DD-A1EL 415 1 23 MALE G3 Stage II T2 M0 N0 

TCGA-RC-A6M3 0 0 24 MALE G3 Stage II T2 M0 N0 

TCGA-UB-A7MB 601 0 24 MALE G3 Stage II T2 MX NX 

TCGA-DD-A4NB 989 0 25 MALE G2 Stage I T1 M0 N0 

TCGA-ED-A7XO 427 0 29 MALE G2 Stage IIIA T3a M0 N0 

TCGA-G3-A7M8 430 0 31 MALE G1 Stage I T1 MX NX 

TCGA-DD-A4NP 3308 0 32 MALE G3 Stage I T1 M0 N0 

TCGA-DD-AACN 1302 0 32 MALE G3 Stage I T1 M0 N0 

TCGA-MR-A8JO 330 0 34 MALE G3 Stage I T1 MX N0 

TCGA-ED-A66X 406 0 35 MALE G3 Stage IIIA T3a M0 N0 

TCGA-DD-AAVW 2317 0 35 MALE G2 Stage I T1 M0 N0 

TCGA-CC-5263 129 1 35 MALE G1 Stage IIIA T3 M0 N0 
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TCGA-CC-A3MB 315 1 36 MALE G1 Stage IIIA T3 M0 N0 

TCGA-DD-A3A4 612 1 37 MALE G3 Stage IIIA T3 M0 N0 

TCGA-G3-AAV7 361 0 38 MALE G2 Stage II T2 M0 N0 

TCGA-DD-AAVX 1718 0 38 MALE G2 Stage II T2 M0 N0 

TCGA-DD-AAVZ 1900 0 38 MALE G2 Stage I T1 M0 N0 

TCGA-DD-AAVQ 2728 0 38 MALE G2 Stage I T1 M0 N0 

TCGA-DD-AACS 1804 0 39 MALE G3 Stage I T1 M0 N0 

TCGA-DD-AACO 1876 0 40 MALE G3 Stage I T1 M0 N0 

TCGA-DD-A119 223 1 40 MALE G3 Stage IV T3a M1 N0 

TCGA-RC-A7SH 468 0 42 MALE G3 Stage II T2 M0 N0 

TCGA-DD-A114 1149 1 42 MALE G3 Stage II T2 M0 unknow 

TCGA-DD-AAD3 1295 0 43 MALE G2 Stage I T1 M0 N0 

TCGA-DD-AACW 1424 0 43 MALE G3 Stage I T1 M0 N0 

TCGA-DD-AAVR 2513 0 44 MALE G2 Stage I T1 M0 N0 

TCGA-CC-5261 97 1 44 MALE G2 Stage II T2 M0 N0 

TCGA-G3-A5SI 768 1 44 MALE G2 Stage II T2 M0 N0 

TCGA-DD-AADP 458 0 45 MALE G3 Stage I T1 M0 N0 

TCGA-2Y-A9H3 1516 0 45 MALE G1 Stage II T2 MX NX 

TCGA-DD-AAE8 664 0 45 MALE G3 Stage I T1 M0 N0 

TCGA-CC-A3M9 300 1 45 MALE G3 Stage IIIA T3 M0 N0 

TCGA-CC-A5UD 304 1 45 MALE G2 Stage IIIA T3 M0 N0 

TCGA-DD-A3A3 535 1 45 MALE G2 Stage I T1 M0 N0 

TCGA-DD-A4NL 1711 0 46 MALE G1 Stage I T1 M0 N0 

TCGA-DD-AAVU 2202 0 46 MALE G2 Stage II T2 M0 N0 

TCGA-DD-A1EI 183 0 46 MALE G2 Stage I T1 M0 N0 

TCGA-ED-A459 910 0 47 MALE G2 Stage II T2 M0 N0 

TCGA-CC-A7IG 299 1 47 MALE G2 Stage II T2 M0 N0 

TCGA-LG-A9QC 425 0 48 MALE G2 Stage I T1 M0 NX 

TCGA-G3-AAUZ 480 0 48 MALE G2 Stage I T1 M0 N0 

TCGA-DD-AACM 1769 0 48 MALE G3 Stage II T2 M0 N0 

TCGA-QA-A7B7 94 0 48 MALE G2 Stage II T2 MX NX 

TCGA-DD-AAVP 2752 0 48 MALE G1 Stage I T1 M0 N0 

TCGA-DD-AADW 587 0 48 MALE G3 Stage I T1 M0 N0 

TCGA-CC-A5UE 272 1 48 MALE G2 Stage IIIB T4 M0 N0 

TCGA-CC-5258 129 1 48 MALE G2 Stage II T2 M0 N0 

TCGA-DD-AACD 381 1 48 MALE G4 Stage I T1 M0 N0 

TCGA-2Y-A9H0 3675 0 49 MALE G1 Stage IIIA T3 M0 N0 

TCGA-G3-AAV2 372 0 50 MALE G1 Stage I T1 M0 N0 

TCGA-BW-A5NO 20 0 50 MALE G2 Stage IIIA T3a MX NX 

TCGA-DD-AAE3 566 0 50 MALE G2 Stage I T1 M0 N0 

TCGA-DD-AADE 1202 0 50 MALE G4 Stage I T1 M0 N0 

TCGA-DD-AADV 574 0 50 MALE G3 Stage I T1 M0 N0 

TCGA-CC-A1HT 101 1 50 MALE G3 Stage IIIA T3 M0 N0 

TCGA-BC-A10W 91 1 50 MALE G3 unknow T4 MX NX 

TCGA-DD-AACQ 432 1 50 MALE G3 Stage II T2 M0 N0 

TCGA-DD-AAED 763 0 51 MALE G3 Stage I T1 M0 N0 

TCGA-DD-AADB 1242 0 51 MALE G4 Stage I T1 M0 N0 
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TCGA-UB-A7ME 486 0 51 MALE G2 Stage I T1 MX NX 

TCGA-DD-AAE2 638 0 51 MALE G3 Stage I T1 M0 N0 

TCGA-DD-AADD 1231 0 51 MALE G4 Stage I T1 M0 N0 

TCGA-DD-AAEK 1067 0 51 MALE G3 Stage II T2 M0 N0 

TCGA-DD-AAC9 347 0 51 MALE G2 Stage I T1 M0 N0 

TCGA-G3-AAV1 359 1 51 MALE G3 Stage IIIC T4 M0 N0 

TCGA-ZP-A9D2 765 1 51 MALE G2 unknow T2 MX NX 

TCGA-2Y-A9GT 1624 1 51 MALE G2 Stage I T1 MX NX 

TCGA-G3-A3CJ 594 0 52 MALE G2 Stage II T2 M0 N0 

TCGA-FV-A4ZQ 12 0 52 MALE G2 Stage I T1 M0 NX 

TCGA-DD-AAE1 552 0 52 MALE G3 Stage I T1 M0 N0 

TCGA-DD-AACG 469 1 52 MALE G4 Stage II T2 M0 N0 

TCGA-G3-A3CH 780 0 53 MALE G2 Stage IIIA T3a M0 N0 

TCGA-RC-A7SB 588 0 53 MALE G2 Stage II T2 M0 N0 

TCGA-DD-AACV 1531 0 53 MALE G3 Stage I T1 M0 N0 

TCGA-DD-A115 2542 1 53 MALE G2 Stage IIIA T3 M0 N0 

TCGA-DD-AADC 425 1 53 MALE G3 Stage I T1 M0 N0 

TCGA-ED-A97K 6 0 54 MALE G2 Stage IIIA T3a M0 N0 

TCGA-CC-A7II 399 0 54 MALE G3 Stage IIIA T3 M0 N0 

TCGA-CC-A3MC 363 0 54 MALE G2 Stage IIIA T3 M0 N0 

TCGA-DD-AAD5 1345 0 54 MALE G3 Stage I T1 M0 N0 

TCGA-DD-AAW0 2015 0 54 MALE G2 Stage I T1 M0 N0 

TCGA-O8-A75V 538 0 54 MALE G2 Stage I T1 MX NX 

TCGA-ES-A2HT 438 1 54 MALE G2 Stage I T1 MX NX 

TCGA-DD-AAW1 1989 0 55 MALE G2 Stage IIIA T3 M0 N0 

TCGA-DD-AAEE 810 0 55 MALE G4 Stage I T1 M0 N0 

TCGA-CC-A9FS 211 0 55 MALE G2 Stage II T2 M0 N0 

TCGA-ZS-A9CG 341 0 55 MALE G2 Stage II T2 MX NX 

TCGA-DD-AADO 453 0 55 MALE G3 Stage I T1 M0 N0 

TCGA-CC-A7IJ 382 0 56 MALE G3 Stage II T2 M0 N0 

TCGA-DD-AAVS 1823 0 56 MALE G2 Stage I T1 M0 N0 

TCGA-DD-AAVV 2455 0 56 MALE G3 Stage II T2 M0 N0 

TCGA-DD-AAVY 1970 0 56 MALE G2 Stage IIIA T3 M0 N0 

TCGA-UB-A7MF 214 1 56 MALE G2 Stage IIIA T3a MX NX 

TCGA-5R-AA1C 520 0 57 MALE G2 Stage II T2 M0 N0 

TCGA-CC-A9FV 0 0 57 MALE G2 Stage IIIA T3 M0 N0 

TCGA-KR-A7K8 906 0 57 MALE G1 Stage I T1 M0 N0 

TCGA-CC-A7IE 217 1 57 MALE G2 Stage IIIA T3 M0 N0 

TCGA-XR-A8TG 898 0 58 MALE G2 Stage I T1 M0 NX 

TCGA-G3-A25Z 655 0 58 MALE G2 Stage I T1 M0 N0 

TCGA-DD-AADR 2028 0 58 MALE G3 Stage I T1 M0 N0 

TCGA-ED-A4XI 819 0 58 MALE G3 Stage II T2 M0 N0 

TCGA-DD-AADL 636 0 58 MALE G4 Stage I T1 M0 N0 

TCGA-G3-A5SM 520 0 58 MALE G3 Stage II T2 M0 NX 

TCGA-G3-AAV0 476 0 58 MALE G2 Stage I T1 M0 N0 

TCGA-MR-A520 229 0 58 MALE G1 Stage I T1 MX NX 

TCGA-5C-A9VG 328 0 58 MALE G2 Stage II T2 M0 N0 
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TCGA-CC-A7IH 365 0 58 MALE G1 Stage IIIA T3 M0 N0 

TCGA-G3-A5SK 744 0 58 MALE G1 Stage I T1 M0 NX 

TCGA-DD-AADM 12 1 58 MALE G3 Stage II T2 M0 N0 

TCGA-2Y-A9H1 1229 1 58 MALE G2 Stage I T1 MX NX 

TCGA-2Y-A9GS 724 1 58 MALE G2 unknow T2 MX NX 

TCGA-UB-A7MC 500 0 59 MALE G3 Stage IIIA T3a MX N0 

TCGA-DD-AADQ 436 0 59 MALE G3 Stage II T2 M0 N0 

TCGA-GJ-A3OU 879 0 59 MALE G2 Stage I T1 MX NX 

TCGA-DD-AADN 898 0 59 MALE G4 Stage I T1 MX NX 

TCGA-RC-A7SK 472 0 59 MALE G3 Stage I T1 M0 N0 

TCGA-DD-AACU 1567 0 59 MALE G3 Stage I T1 M0 N0 

TCGA-G3-A5SJ 698 0 59 MALE G2 Stage I T1 M0 NX 

TCGA-CC-A7IF 649 1 59 MALE G1 Stage IIIA T3 M0 N0 

TCGA-CC-A7IK 262 1 59 MALE G3 Stage IIIA T3 M0 N0 

TCGA-ZP-A9CV 1088 1 59 MALE G1 unknow T1 MX NX 

TCGA-UB-AA0U 327 0 60 MALE G2 Stage II T2 MX NX 

TCGA-DD-AADU 554 0 60 MALE G3 Stage II T2 M0 N0 

TCGA-DD-AAEB 478 0 60 MALE G2 Stage I T1 M0 N0 

TCGA-DD-A4NQ 373 1 60 MALE G3 Stage II T2 M0 N0 

TCGA-5C-AAPD 20 0 61 MALE G1 Stage II T2 M0 N0 

TCGA-MI-A75I 630 0 61 MALE G1 unknow T2 MX NX 

TCGA-DD-A4NV 2398 0 61 MALE G1 Stage IIIA T3 M0 N0 

TCGA-ED-A7PZ 6 0 61 MALE G2 Stage II T2 M0 NX 

TCGA-MI-A75E 507 0 61 MALE G2 Stage IIIC T4 M0 N0 

TCGA-DD-AACY 1450 0 61 MALE G3 Stage I T1 M0 N0 

TCGA-K7-AAU7 359 0 61 MALE G2 Stage II T2a MX NX 

TCGA-WX-AA46 756 0 61 MALE G1 Stage II T2 MX NX 

TCGA-G3-A3CK 585 0 61 MALE G2 Stage I T1 M0 N0 

TCGA-CC-A7IL 278 1 61 MALE G1 Stage IIIA T3 M0 N0 

TCGA-DD-AACC 1685 1 61 MALE G2 Stage I T1 M0 N0 

TCGA-CC-A3MA 303 1 61 MALE G2 Stage IIIA T3 M0 N0 

TCGA-DD-AACE 2184 0 62 MALE G3 Stage I T1 M0 N0 

TCGA-WQ-AB4B 395 0 62 MALE G2 Stage II T2 M0 NX 

TCGA-BD-A3ER 1115 0 62 MALE G2 Stage II T2 MX NX 

TCGA-EP-A12J 570 0 62 MALE G1 Stage I T1 MX NX 

TCGA-EP-A2KC 19 1 62 MALE G3 Stage I T1 MX NX 

TCGA-MI-A75G 698 0 63 MALE G2 Stage II T2 M0 N0 

TCGA-DD-AADS 474 0 63 MALE G2 Stage I T1 M0 N0 

TCGA-BW-A5NQ 0 0 63 MALE G3 Stage I T1 MX NX 

TCGA-CC-A5UC 347 1 63 MALE G3 Stage IIIA T3 M0 N0 

TCGA-ZS-A9CF 2412 0 64 MALE G2 Stage II T2 MX NX 

TCGA-BC-A69H 444 0 64 MALE G3 Stage II T2 M0 NX 

TCGA-MI-A75C 291 0 64 MALE G3 Stage I T1 M0 N0 

TCGA-DD-AACP 415 0 64 MALE G3 Stage I T1 M0 N0 

TCGA-K7-A5RF 631 0 64 MALE G1 Stage I T1 MX NX 

TCGA-KR-A7K2 829 0 64 MALE G1 Stage I T1 M0 N0 

TCGA-2Y-A9GW 1271 1 64 MALE G2 Stage I T1 MX N0 
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TCGA-G3-A25S 416 1 64 MALE G2 Stage I T1 M0 N0 

TCGA-G3-A6UC 671 0 65 MALE G2 Stage IIIB T3b M0 N0 

TCGA-DD-AACA 2301 0 65 MALE G3 Stage I T1 M0 N0 

TCGA-3K-AAZ8 396 0 65 MALE G1 Stage IIIB T3b MX NX 

TCGA-DD-AAEA 575 0 65 MALE G3 Stage I T1 M0 N0 

TCGA-G3-A7M7 361 0 65 MALE G1 Stage I T1 MX NX 

TCGA-DD-A4NO 2245 0 65 MALE G1 Stage I T1 M0 N0 

TCGA-KR-A7K0 65 1 65 MALE G1 Stage I T1 M0 N0 

TCGA-DD-A3A1 233 1 65 MALE G2 Stage IIIA T3b M0 N0 

TCGA-K7-A6G5 512 0 66 MALE G2 Stage I T1 MX N0 

TCGA-DD-AACX 170 0 66 MALE G3 Stage II T2 M0 N0 

TCGA-DD-A73E 44 0 66 MALE G1 Stage I T1 M0 N0 

TCGA-RC-A7SF 579 0 66 MALE G2 Stage I T1 M0 N0 

TCGA-2Y-A9HB 260 0 66 MALE G2 Stage I T1 MX NX 

TCGA-DD-AAD2 658 0 66 MALE G2 Stage I T1 M0 N0 

TCGA-K7-A5RG 519 0 66 MALE G1 Stage I T1 MX NX 

TCGA-DD-AAD6 672 0 66 MALE G3 Stage IIIA T3a M0 N0 

TCGA-4R-AA8I 262 1 66 MALE G2 Stage II T2 MX NX 

TCGA-DD-A4NI 816 0 67 MALE G2 Stage II T2 M0 NX 

TCGA-DD-A11A 79 0 67 MALE G3 Stage I T1 M0 N0 

TCGA-G3-AAV5 354 0 67 MALE G2 Stage II T2 M0 N0 

TCGA-UB-A7MD 52 1 67 MALE G3 Stage I T1 MX N0 

TCGA-DD-A39Y 171 1 67 MALE G3 Stage I T1 M0 NX 

TCGA-CC-5262 103 1 67 MALE G1 Stage IIIC T4 M0 N0 

TCGA-DD-A3A7 419 1 67 MALE G3 Stage IIIB T3b M0 N0 

TCGA-DD-A1EA 2415 0 68 MALE G2 Stage II T2 M0 N0 

TCGA-G3-A25V 860 0 68 MALE G2 Stage I T1 M0 N0 

TCGA-T1-A6J8 23 0 68 MALE G2 unknow T1 M0 NX 

TCGA-CC-A9FW 248 0 68 MALE G2 Stage IIIA T3 M0 N0 

TCGA-2Y-A9H4 1452 0 68 MALE G2 Stage I T1 MX N0 

TCGA-LG-A9QD 366 0 68 MALE G2 Stage IIIA T3a M0 N0 

TCGA-2Y-A9GX 2442 0 68 MALE G2 Stage I T1 MX NX 

TCGA-DD-A1ED 2301 0 68 MALE G1 Stage I T1 M0 N0 

TCGA-GJ-A9DB 67 1 68 MALE G2 Stage I T1 MX N0 

TCGA-DD-A116 1622 1 68 MALE G3 Stage IIIA T3 M0 N0 

TCGA-DD-AACF 365 1 68 MALE G3 Stage I T1 M0 N0 

TCGA-YA-A8S7 412 1 68 MALE G3 Stage IIIA T3a MX N0 

TCGA-DD-AAW2 1855 0 69 MALE G2 Stage I T1 M0 N0 

TCGA-BC-A69I 387 0 69 MALE G1 Stage I T1 M0 N0 

TCGA-RG-A7D4 1098 0 69 MALE G2 Stage II T2 M0 N0 

TCGA-BD-A2L6 1363 0 69 MALE G2 unknow T2 MX NX 

TCGA-DD-AAW3 1633 0 69 MALE G2 Stage I T1 M0 N0 

TCGA-DD-AACI 1618 0 69 MALE G3 Stage II T2 M0 N0 

TCGA-DD-A11C 662 0 69 MALE G3 Stage I T1 M0 N0 

TCGA-DD-AAE9 722 0 69 MALE G3 Stage I T1 M0 N0 

TCGA-BC-A10U 837 1 69 MALE G2 unknow T2 MX NX 

TCGA-BC-A5W4 547 1 69 MALE G3 Stage IIIA T3a M0 NX 
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TCGA-DD-AACH 195 1 69 MALE G3 Stage II T2 M0 N0 

TCGA-2Y-A9H9 697 0 70 MALE G2 Stage I T1 MX N0 

TCGA-5C-A9VH 322 0 70 MALE G2 Stage I T1 M0 N0 

TCGA-DD-AACK 9 0 70 MALE G2 Stage I T1 M0 N0 

TCGA-G3-A5SL 621 0 70 MALE G2 Stage II T2 M0 NX 

TCGA-DD-AADG 1145 0 70 MALE G3 Stage IIIA T3a M0 N0 

TCGA-EP-A26S 608 0 70 MALE G2 Stage I T1 MX N0 

TCGA-DD-A1E9 2759 1 70 MALE G2 Stage I T1 M0 N0 

TCGA-2Y-A9HA 36 1 70 MALE G2 Stage II T2 MX NX 

TCGA-G3-A7M9 56 1 70 MALE G2 Stage IIIB T3b MX NX 

TCGA-DD-A3A0 785 1 70 MALE G2 Stage I T1 M0 NX 

TCGA-DD-A73A 728 0 71 MALE G2 Stage I T1 M0 N0 

TCGA-G3-A3CI 180 0 71 MALE G2 Stage I T1 M0 N0 

TCGA-CC-5264 102 1 71 MALE G2 Stage IIIA T3 M0 N0 

TCGA-NI-A4U2 1791 1 71 MALE G1 Stage IIIA T3 MX NX 

TCGA-DD-AAE7 644 0 72 MALE G2 Stage I T1 M0 N0 

TCGA-ZP-A9CZ 706 0 72 MALE G1 unknow T1 MX NX 

TCGA-DD-AAEI 1531 0 72 MALE G2 Stage I T1 M0 N0 

TCGA-DD-A4NF 942 0 72 MALE G2 Stage I T1 M0 N0 

TCGA-DD-AAC8 16 1 72 MALE G3 Stage I T1 M0 N0 

TCGA-DD-AAEH 784 0 73 MALE G2 Stage I T1 M0 N0 

TCGA-G3-A25X 1779 0 73 MALE G3 Stage II T2 M0 N0 

TCGA-EP-A3RK 363 0 73 MALE G2 Stage IIIA T3a MX NX 

TCGA-BC-4073 849 0 73 MALE G3 Stage IIIA T3 MX N0 

TCGA-ZS-A9CD 1386 1 73 MALE G2 Stage II T2 MX NX 

TCGA-DD-A11B 14 1 73 MALE G2 Stage I T1 M0 N0 

TCGA-DD-A1EE 349 1 73 MALE G3 Stage IIIA T3 M0 N0 

TCGA-ED-A627 423 0 74 MALE G2 Stage I T1 M0 NX 

TCGA-NI-A8LF 799 0 74 MALE G3 Stage I T1 MX NX 

TCGA-XR-A8TF 693 1 74 MALE G1 Stage I T1 MX NX 

TCGA-CC-A8HT 140 1 74 MALE G2 Stage IIIA T3 M0 N0 

TCGA-RC-A6M6 9 0 75 MALE G3 Stage II T2 M0 NX 

TCGA-DD-AACJ 2102 0 75 MALE G2 Stage II T2 M0 N0 

TCGA-FV-A3R2 194 1 75 MALE unknow Stage I T1 MX NX 

TCGA-FV-A2QR 581 1 75 MALE G1 Stage I T1 M0 N0 

TCGA-DD-A3A8 11 1 75 MALE G2 Stage II T2 M0 N0 

TCGA-EP-A3JL 303 0 76 MALE G2 Stage I T1 MX NX 

TCGA-G3-A7M5 447 0 76 MALE G2 Stage I T1 MX NX 

TCGA-BC-A10Y 711 1 76 MALE G3 unknow T4 MX NX 

TCGA-BC-A10T 837 1 76 MALE G1 unknow T4 MX NX 

TCGA-DD-A1EG 1372 1 76 MALE G3 Stage I T1 M0 N0 

TCGA-MI-A75H 747 0 77 MALE unknow unknow unknow MX NX 

TCGA-DD-A39V 643 1 77 MALE G3 Stage II T2 M0 NX 

TCGA-DD-A4NG 802 1 77 MALE G2 Stage IIIA T3a M0 NX 

TCGA-HP-A5MZ 91 1 78 MALE G2 Stage I T1 M0 NX 

TCGA-FV-A4ZP 2486 1 78 MALE G2 Stage IIIA T3 M0 NX 

TCGA-G3-A3CG 673 0 80 MALE G2 Stage I T1 M0 N0 
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TCGA-FV-A2QQ 729 0 80 MALE G2 Stage I T1 MX N0 

TCGA-ES-A2HS 688 1 80 MALE G2 Stage I T1 MX NX 

TCGA-BC-A112 153 1 80 MALE G2 unknow T3 MX NX 

TCGA-BC-A10S 1423 1 81 MALE G1 unknow T3 MX NX 

TCGA-2V-A95S - 0 unknow MALE G3 Stage II T2 MX NX 

 

Supplementary Table 2. Ferroptosis-related genes. 
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ce 
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mice 
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us 
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us 

DPP4 
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: 
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Promo
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in 

non-
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canc

er 

H35

8 

and 

PC9 

cells, 

SCID 

Mice 

HELL

S :+: 

GLUT

1, 

HELL

S :+: 

SCD, 

HELL
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canc

er 

cells 

SCD :-

: 

Ferro

ptosis 

Val

ida

ted 

_NA_ 

Acyl-CoA 

desaturas

e 

O00

767 

(ACO

D_H

UMA

N) 

##

## 

SC

D1 

in 

art

icl

e 

FA

DS

2 

Fatty acid 

desaturas

e 2 

HG

NC:

35

75 

Depl

etion 

of 

the 

SCD

1 

and 

FADS

2 

meta

bolic 

gene

s 

indu

ces 

ferro

ptosi

s. 

shRNA, 

RT-

qPCR, 

MTT 

assay, 

total 

iron 

detectio

n, lipid 

ROS 

detectio

n 

Hu

m

an 

A549 

canc

er 

cells 

FADS

2 :-: 

Ferro

ptosis 

Val

ida

ted 

_NA_ 

Acyl-CoA 

6-

desaturas

e 

O95

864 

(FAD

S2_

HUM

AN) 

##

## 

_N

A_ 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  134 
 

SR

C 

SRC 

proto-

oncogene

, non-

receptor 

tyrosine 

kinase 

HG

NC:

11

28

3 

Src-

STAT

3 

activ

ation 

rend

ers 

the 

cell 

unab

le to 

unde

rgo 
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was 

resc

ued 

by 

ferro
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L2 
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factor, 

erythroid 
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82 
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s 

was 
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ly 
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n of 
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ce 
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on 
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ce 
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S1 
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se 
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er 
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ur 
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1 
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w 
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y 
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an 
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Scid/

J 

mice 

NFS1 

:-: 

TFRC, 

TFRC 

:+: 

Ferro

ptosis 

Val

ida

ted 

_NA_ 

Cysteine 

desulfura

se 

Q9Y

697 

(NFS

1_H

UMA

N) 

##

## 

_N

A_ 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  137 
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es 
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er 

cells 

to 

ferro

ptosi

s. 

TP

63 

Tumor 

protein 

p63 

HG

NC:

15

97

9 

Delta 

Np6

3 

alph

a 

can 

inhib

it 

ferro

ptosi

s 

inde
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ent 

of 

p53. 
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essio

n 

prote

cts 
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ferro

ptosi

s-

indu

cing 

agen

ts. 

siRNA, 

cell 

death 
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m

an 

ME-
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cells 
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ptosis 
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) 
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SL

C7

A1

1 

Solute 

carrier 

family 7 

member 

11 

HG

NC:

11

05

9 

Over
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ressi

on of 

SLC7

A11 
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uate

d 

BAY-

inhib

ited 

cell 

viabil

ity by 

ferro

ptosi

s. 

Cell 

viability 

assay, 

qRT-

PCR, 

shRNA, 

gene 

overexpr
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blot 

Hu

m

an 
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MB-

231,  

MDA-

MB-

468, 

DBTR

G-

05M

G 

SLC7
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: 
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ptosis 
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er 
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## 
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53 
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8 

p53 
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lizati

on 

supp

ress

es 
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es 
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stres
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s. 
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blotting, 

cell 

death 

quantific

ation, 

time-

lapse 

imaging 

Hu

m

an 

HT-

1080 

cells 

TP53 

:+: 

CDKN

1A, 

CDKN
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GSH, 
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Lipid 
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to 
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te 
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## 
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s. 
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an 
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37 
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ress

es 

ferro

ptosi

s 
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in 
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and 

in 

vivo. 

Immuno

blotting, 
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e 

reporter 
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qRT-

PCR, cell 
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colony 
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malondi

aldehyd
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flow 

cytomet

er, 
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ph 
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model 
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m
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, 
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ce 
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G-
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C57B
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mice 
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:+: 

Lipid 

ROS, 

Lipid 

ROS 
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ROS 
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ement, 

RT-
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blot 
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ce 
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li 
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SLC4
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carrier 

family 40 

member 

1 
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## 
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e 
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X4 

Glutathio

ne 
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45

56 
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block

ed 

ferro
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s. 
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viability 

assay, 

lipid 

ROS 
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ement, 

RT-

qPCR, 
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blot 
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ce 

TM4 
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li 
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ted 
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ne 
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e 4 
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56 
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g 
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ive 
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cell 

deat
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y, 
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kdow

n 
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to 
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en 
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m

an 
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The 

author

s did 

not 

deter
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EN

PP

2 

Ectonucle

otide 

pyrophos

phatase/

phosphod

iesterase 

2 

HG

NC:

33

57 

Over
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essio

n 

mod
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prom
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migr

ation 

and 

prolif

erati

on 

and 
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icant

ly 

inhib
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erast
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PCR, 
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blot, 

ROS 
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t 
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Ferro

ptosis 
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ted 

_NA_ 

Ectonucle
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A_ 
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dependen
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67

2 
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n 
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d 
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ct 
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m

an 
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dependen
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## 
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A_ 
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of 
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m

an 
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CIS

D2 
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iron 

sulfur 
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2 
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n 
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erred 

resis
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s. 
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ed 
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C4
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1 

Solute 

carrier 

family 40 

member 

1 
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9 

A 

nega

tive 
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o, 

A205

8, 

SK-

Mel 

5, 
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Mel 

24, 

C816

1, 

CHL-

1, 

and 

AKR1

C2 :-: 

Lipid 

ROS, 

Lipid 

ROS 

:+: 

Ferro

ptosis 
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ida

ted 

_NA_ 
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C2 
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ptosi

s 

exec

ution

. 

A375 

cells 

AK

R1

C3 

Aldo-keto 

reductase 

family 1 

member 

C3 

HG

NC:

38

6 

Inhib

ition 

com
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ly 

rese

nsitiz

es 

resis

tant 
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nom

a 
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to 

ferro

ptosi

s 
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ution

. 

RNAi, 

cell 

transfec

tion, 

western 

blotting, 

qRT-
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lipid 

peroxide
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on 
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m

an 

MeW

o, 

A205

8, 
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Mel 

5, 

SK-

Mel 

24, 

C816

1, 

CHL-

1, 

and 

A375 
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ROS, 
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C3 

P42
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## 
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A_ 
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S 

Cystathio

nine beta-

synthase 
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NC:
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50 

Knoc

kdow

n in 

erast

in-

resis

tant 

cells 
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ed 

ferro

ptoti

c cell 

deat

h, 
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expr

essio

n 

conf

erred 

ferro

ptosi

s 

resis

RNAi, 

cell 

viability, 

ROS 

analysis, 

GSH, 

glutama

te 

release 

and 

cystine 

uptake 

assays, 
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blotting, 

qRT-PCR 
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m

an 

SKOV

3 

and 

OVCA
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CBS 

:+: 
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hionin

e, 

Cystat

hionin
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GSH, 
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e. 
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L2 
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factor, 
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82 
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y 
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of 
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2 
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ptosi

s 
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eptib
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RNAi, 

cell 
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ROS 

analysis, 

GSH, 

glutama

te 

release 

and 

cystine 

uptake 

assays, 
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blotting, 

qRT-PCR 
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m

an 

SKOV

3 

and 

OVCA

429 
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NFE2

L2 :+: 

CBS 

:+: 

Cystat

hionin

e, 

Cystat
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e :+: 
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GSH, 
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ROS, 

Lipid 
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V1 

Caveolin 

1 
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NC:
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27 
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1 
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aggr

avat

ed 

ferro

ptosi

s. 
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hairp

in 

RNA 

of 

Cav-

1 

prom

oted 

ferro

ptosi

s, 
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h 

was 
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iorat

ed by 

Cav-

1 

over

expr
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n.  
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fluoresc

ence, 
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blot, 

ROS 

detectio

n 

Hu

m

an

, 

mi

ce 

LO2 

cells, 

mice 

mod

el 

CAV-1 

:+: 

xCT, 

xCT 

:+: 

GPX4, 

GPX4 

:-: 

Ferro

ptosis

, CAV-
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RNS 

:+: 
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1 
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GC

H1 

GTP 

cyclohydr

olase 1 

HG

NC:

41

93 

Gch1 

over

expr

essio

n 

and 

its 
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strea

m 

meta

bolit

es 

BH4

/BH

2 

resc

ue 

from 

ferro

ptosi

s. 

Inhib

ition 

of 

GCH

1 

activi

ty 

can 

sensi

tize 

resis

tant 

canc

er 

cells 

to 

ferro

ptosi

s 

indu

ction

. 

CRISPR 

activatio

n 

screenin

g, qRT-

PCR, cell 
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blot 
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m

an 
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1080
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498, 
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1, 
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5, 
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7 
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GCH1 

:+: 

Phos

pholip
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Phos

pholip
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, 

GCH1 

:+: 

COQ1

0, 

COQ1
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Lipid 

ROS, 
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ROS 
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GTP 
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N) 
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2 

Prostagla

ndin-

endopero

xide 

synthase 

2 

HG

NC:
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05 
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down

strea

m 

mark

er of 

ferro

ptosi

s. 

The 
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gulat

ed 

gene 

in 

BJeL

R 

cells 

upon 

treat

ment 
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r 

erast
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(1S, 

3R)-

RSL3
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h 
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by 
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of 
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me. 

RT-

qPCR, 

cell 
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Hu

m

an 

BJeL

R 
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DU

SP

1 

Dual 

specificity 

phosphat

ase 1 

HG

NC:
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64 

Expr

essio

n 

was 
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ed 
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g 
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s 
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by 
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in or 

RSL3
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qPCR, 

cell 
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an 
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R 
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NO

S2 

Nitric 

oxide 

synthase 

2 

HG

NC:

78

73 

Expr

essio

n 

was 

upre

gulat

ed 
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g 

ferro

ptosi

s 
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ced 

by 

erast

in or 

RSL3

. 

RT-

qPCR, 

cell 

viability 

Hu

m

an 
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R 
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Inf

err

ed 

as 
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toti

c 

ma

rke

r 
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us
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of 
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an
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NC

F2 

Neutrophi

l cytosolic 

factor 2 

HG

NC:
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61 

Expr
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n 

was 
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ed 
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g 

ferro
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s 
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qPCR, 
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an 
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R 
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err
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c 

ma

rke

r 
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of 
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MT

3 

Metallothi

onein 3 

HG

NC:

74

08 

Expr
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n 

was 
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ed 

durin

g 
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s 
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by 

erast
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RT-

qPCR, 
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m

an 
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R 
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Inf

err

ed 

as 
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c 
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of 
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UB

C 

Ubiquitin 

C 

HG

NC:
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46

8 
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n 

was 
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ed 
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g 
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s 
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qPCR, 
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m

an 
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R 
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err
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as 
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c 
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r 
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of 
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AL

B 
Albumin 

HG

NC:

39

9 
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essio

n 

was 

upre

gulat

ed 

durin

g 

ferro

ptosi

s 

indu

ced 

by 

erast

in or 

RSL3

. 

RT-

qPCR, 
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Hu

m

an 
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R 
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err

ed 

as 
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c 
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r 
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TX

NR

D1 

Thioredox

in 

reductase 

1 

HG

NC:

12

43

7 

Expr

essio

n 

was 

upre

gulat

ed 

durin

g 

ferro

ptosi

s 

indu

ced 

by 

erast

in or 

RSL3

. 

RT-

qPCR, 

cell 

viability 

Hu

m

an 

BJeL

R 

cells 
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ced 

Inf

err

ed 

as 

fer

rop

toti

c 
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rke

r 
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us
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of 
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an

ge 
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in 

ge
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SR

XN

1 

Sulfiredox

in 1 

HG

NC:

16

13

2 

Expr

essio

n 

was 

upre

gulat

ed 

durin

g 

ferro

ptosi

s 

indu

ced 

by 

erast

in or 

RSL3

. 

RT-

qPCR, 

cell 

viability 

Hu

m

an 
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R 

cells 
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Inf

err

ed 

as 
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rop

toti

c 
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rke

r 
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of 
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an
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a 
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ssi
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doxin-

1 
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### 

Ma
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GP

X2 

Glutathio

ne 

peroxidas

e 2 

HG

NC:

45

54 

Expr

essio

n 

was 

upre

gulat

ed 

durin

g 

ferro

ptosi

s 

indu

ced 

by 

erast

in or 

RSL3

. 

RT-

qPCR, 

cell 

viability 

Hu

m

an 

BJeL

R 

cells 
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ced 

Inf

err

ed 

as 
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rop

toti

c 
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rke

r 
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us

e 

of 
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an

ge 

(|d
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a 
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> 

2) 

in 
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ssi
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2 
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BN

IP3 

BCL2 

interactin

g protein 

3 

HG

NC:

10

84 

Expr

essio

n 

was 

upre

gulat

ed 

durin

g 

ferro

ptosi

s 

indu

ced 

by 

erast

in or 

RSL3

. 

RT-

qPCR, 

cell 

viability 

Hu

m

an 
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R 

cells 
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ced 

Inf

err

ed 

as 
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rop

toti

c 
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r 
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us
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of 
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a 

ct| 
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ne 
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adeno
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19 
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### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  182 
 

OX

SR

1 

Oxidative 

stress 

responsiv

e kinase 

1 

HG

NC:

85

08 

Expr

essio

n 

was 

upre

gulat

ed 

durin

g 

ferro

ptosi

s 

indu

ced 

by 

erast

in or 

RSL3

. 

RT-

qPCR, 

cell 

viability 

Hu

m

an 

BJeL

R 
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Dedu
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Inf

err

ed 

as 
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rop

toti

c 
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rke

r 
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e 

of 
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ge 
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a 
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2) 
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/threo
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n 
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### 
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SE

LE

NO

S 

Selenopr

otein S 

HG

NC:

30

39

6 

Expr

essio

n 

was 

upre

gulat

ed 

durin

g 

ferro

ptosi

s 

indu

ced 

by 

erast

in or 

RSL3

. 

RT-

qPCR, 

cell 

viability 

Hu

m

an 
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R 
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Inf

err

ed 

as 
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c 
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r 
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e 

of 
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2) 
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Q9BQE4 

(SELS_HU
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AN

GP

TL

7 

Angiopoie

tin like 7 

HG

NC:

24

07

8 

Expr

essio

n 

was 

down

regul

ated 

durin

g 

ferro

ptosi

s 

indu

ced 

by 

erast

in or 

RSL3

. 

RT-

qPCR, 
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m

an 
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R 
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ed 

as 
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c 
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r 
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of 
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an

ge 
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elt
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relate

d 

protei
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O43827 
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### 
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te 
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CH

AC

1 

ChaC 

glutathion

e specific 

gamma-

glutamylc

yclotransf

erase 1 

HG

NC:

28

68

0 

Up-

regul

ated 

in 

erast

in-

treat

ed 

sam

ples.  

A 

usef

ul 

phar

mac

odyn

amic 

mark

er of 

syste

m 

Xc- 

inhib

ition. 

RNA-

seq, RT-

qPCR 

Hu

m

an 

HT-

1080 

and 

Calu-

1 

cells 

Valida

ted 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Glutat

hione-

specifi

c 

gamm

a-

gluta

mylcyc

lotran

sferas

e 1 

Q9BUX1 

(CHAC1_

HUMAN) 

### 
_N

A_ 

_N

A_ 
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SL

C7

A1

1 

Solute 

carrier 

family 7 

member 

11 

HG

NC:

11

05

9 

Simil

ar to 

erast

in 

treat

ment

, 

silen

cing 

of 

this 

gene 

inhib

its 

gluta

mate 

relea

se. 

Erast

in 

speci

ficall

y 

inhib

its 

SLC7

A11-

depe

nden

t 

syste

m 

Xc- 

funct

ion. 

RNA 

silencin

g, RT-

qPCR 

Hu

m

an 

HT-

1080 

cells 

Dedu

ced 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Cystin

e/glut

amate 

transp

orter 

Q9UPY5 

(XCT_HU

MAN) 

### 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 

DD

IT4 

DNA 

damage 

inducible 

transcript 

4 

HG

NC:

24

94

4 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

DNA 

dama

ge-

induci

ble 

transc

ript 4 

protei

n 

Q9NX09 

(DDIT4_H

UMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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LO

C2

84

56

1 

_NA_ 
_N

A_ 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

_NA_ _NA_ ### 

No

t 

fou

nd 

in 

HG

NC

. 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

AS

NS 

Asparagin

e 

synthetas

e 

(glutamin

e-

hydrolyzin

g) 

HG

NC:

75

3 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Aspar

agine 

synthe

tase 

[gluta

mine-

hydrol

yzing] 

P08243 

(ASNS_H

UMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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TS

C2

2D

3 

TSC22 

domain 

family 

member 

3 

HG

NC:

30

51 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

TSC22 

domai

n 

family 

protei

n 3 

Q99576 

(T22D3_

HUMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

DD

IT3 

DNA 

damage 

inducible 

transcript 

3 

HG

NC:

27

26 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

DDIT3 

upstre

am 

open 

readin

g 

frame 

protei

n 

P0DPQ6 

(DT3UO_

HUMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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JD

P2 

Jun 

dimerizati

on 

protein 2 

HG

NC:

17

54

6 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Jun 

dimeri

zation 

protei

n 2 

Q8WYK2 

(JDP2_HU

MAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

SE

SN

2 

Sestrin 2 

HG

NC:

20

74

6 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Sestri

n-2 

P58004 

(SESN2_

HUMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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SL

C1

A4 

Solute 

carrier 

family 1 

member 

4 

HG

NC:

10

94

2 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Neutr

al 

amino 

acid 

transp

orter A 

P43007 

(SATT_HU

MAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

PC

K2 

Phosphoe

nolpyruva

te 

carboxyki

nase 2, 

mitochon

drial 

HG

NC:

87

25 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Phosp

hoeno

lpyruv

ate 

carbox

ykinas

e 

[GTP] 

Q16822 

(PCKGM_

HUMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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TX

NI

P 

Thioredox

in 

interactin

g protein 

HG

NC:

16

95

2 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Thiore

doxin-

intera

cting 

protei

n 

Q9H3M7 

(TXNIP_H

UMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

VL

DL

R 

Very low 

density 

lipoprotei

n 

receptor 

HG

NC:

12

69

8 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Very 

low-

densit

y 

lipopr

otein 

recept

or 

P98155 

(VLDLR_H

UMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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GP

T2 

Glutamic--

pyruvic 

transami

nase 2 

HG

NC:

18

06

2 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Alanin

e 

amino

transf

erase 

2 

Q8TD30 

(ALAT2_H

UMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

PS

AT

1 

Phosphos

erine 

aminotra

nsferase 

1 

HG

NC:

19

12

9 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Phosp

hoseri

ne 

amino

transf

erase 

Q9Y617 

(SERC_H

UMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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LU

RA

P1

L 

Leucine 

rich 

adaptor 

protein 1 

like 

HG

NC:

31

45

2 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Leucin

e rich 

adapt

or 

protei

n 1-

like 

Q8IV03 

(LUR1L_H

UMAN) 

### 

C9

OR

F1

50 

in 

arti

cle

. 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

SL

C7

A5 

Solute 

carrier 

family 7 

member 

5 

HG

NC:

11

06

3 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Large 

neutra

l 

amino 

acids 

transp

orter 

small 

subun

it 1 

Q01650 

(LAT1_HU

MAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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HE

RP

UD

1 

Homocyst

eine 

inducible 

ER 

protein 

with 

ubiquitin 

like 

domain 1 

HG

NC:

13

74

4 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Homo

cystei

ne-

respo

nsive 

endop

lasmic 

reticul

um-

reside

nt 

ubiqui

tin-like 

domai

n 

memb

er 1 

protei

n 

Q15011 

(HERP1_

HUMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

XB

P1 

X-box 

binding 

protein 1 

HG

NC:

12

80

1 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

X-box-

bindin

g 

protei

n 1 

P17861 

(XBP1_H

UMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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AT

F3 

Activating 

transcripti

on factor 

3 

HG

NC:

78

5 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Cyclic 

AMP-

depen

dent 

transc

ription 

factor 

ATF-3 

P18847 

(ATF3_HU

MAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

SL

C3

A2 

Solute 

carrier 

family 3 

member 

2 

HG

NC:

11

02

6 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

4F2 

cell-

surfac

e 

antige

n 

heavy 

chain 

P08195 

(4F2_HU

MAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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CB

S 

Cystathio

nine beta-

synthase 

HG

NC:

15

50 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Cystat

hionin

e 

beta-

syntha

se 

P35520 

(CBS_HU

MAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

AT

F4 

Activating 

transcripti

on factor 

4 

HG

NC:

78

6 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Cyclic 

AMP-

depen

dent 

transc

ription 

factor 

ATF-4 

P18848 

(ATF4_HU

MAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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ZN

F4

19 

Zinc 

finger 

protein 

419 

HG

NC:

20

64

8 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Zinc 

finger 

protei

n 419 

Q96HQ0 

(ZN419_

HUMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

KL

HL

24 

Kelch like 

family 

member 

24 

HG

NC:

25

94

7 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Kelch-

like 

protei

n 24 

Q6TFL4 

(KLH24_

HUMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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TRI

B3 

Tribbles 

pseudoki

nase 3 

HG

NC:

16

22

8 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Tribbl

es 

homol

og 3 

Q96RU7 

(TRIB3_H

UMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

ZF

P6

9B 

ZFP69 

zinc 

finger 

protein B 

HG

NC:

28

05

3 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Zinc 

finger 

protei

n 69 

homol

og B 

Q9UJL9 

(ZF69B_H

UMAN) 

### 

ZN

F6

43 

in 

arti

cle

. 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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AT

P6

V1

G2 

ATPase 

H+ 

transporti

ng V1 

subunit 

G2 

HG

NC:

86

2 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

V-type 

proton 

ATPas

e 

subun

it G 2 

O95670 

(VATG2_H

UMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

VE

GF

A 

Vascular 

endotheli

al growth 

factor A 

HG

NC:

12

68

0 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Vascul

ar 

endot

helial 

growt

h 

factor 

A 

P15692 

(VEGFA_H

UMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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GD

F1

5 

Growth 

differenti

ation 

factor 15 

HG

NC:

30

14

2 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Growt

h/diff

erenti

ation 

factor 

15 

Q99988 

(GDF15_

HUMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

TU

BE

1 

Tubulin 

epsilon 1 

HG

NC:

20

77

5 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Tubuli

n 

epsilo

n 

chain 

Q9UJT0 

(TBE_HU

MAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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AR

RD

C3 

Arrestin 

domain 

containin

g 3 

HG

NC:

29

26

3 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Arresti

n 

domai

n-

contai

ning 

protei

n 3 

Q96B67 

(ARRD3_

HUMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

CE

BP

G 

CCAAT 

enhancer 

binding 

protein 

gamma 

HG

NC:

18

37 

Up-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

CCAAT

/enha

ncer-

bindin

g 

protei

n 

gamm

a 

P53567 

(CEBPG_

HUMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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SN

OR

A1

6A 

Small 

nucleolar 

RNA, 

H/ACA 

box 16A 

HG

NC:

32

60

5 

Dow

n-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

_NA_ _NA_ ### 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 

RG

S4 

Regulator 

of G 

protein 

signaling 

4 

HG

NC:

10

00

0 

Dow

n-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

Regul

ator of 

G-

protei

n 

signali

ng 4 

P49798 

(RGS4_H

UMAN) 

### 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 
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BL

OC

1S

5-

TX

ND

C5 

BLOC1S5

-TXNDC5 

readthrou

gh (NMD 

candidate

) 

HG

NC:

42

00

1 

Dow

n-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

_NA_ _NA_ ### 

MU

TE

D-

TX

ND

C5 

in 

arti

cle

. 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 

LO

C3

90

70

5 

_NA_ 
_N

A_ 

Dow

n-

regul

ated 

(>= 

2 

fold) 

in 

erast

in-

treat

ed 

sam

ples. 

RNA-seq 

Hu

m

an 

HT-

1080 

cells 

Scree

ned 

Fur

the

r 

stu

dy 

ne

ed

ed 

to 

co

nfir

m 

co

nn

ect

ion 

to 

fer

rop

tos

is. 

_NA_ _NA_ ### 

No

t 

fou

nd 

in 

HG

NC

. 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 
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EIF

2S

1 

Eukaryoti

c 

translatio

n 

initiation 

factor 2 

subunit 1 

HG

NC:

32

65 

Phos

phor

ylate

d in 

erast

in-

treat

ed 

sam

ple. 

Western 

blot 

Hu

m

an 

HT-

1080 

cells 

Dedu

ced 

_N

A_ 

Eukar

yotic 

transl

ation 

initiati

on 

factor 

2 

subun

it 1 

P05198 

(IF2A_HU

MAN) 

### 

eIF

2al

ph

a 

in 

arti

cle

. 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

KI

M-

1 

Kidney 

injury 

molecule-

1 

_N

A_ 

Dow

n-

regul

ated 

upon 

Fer-1 

appe

aran

ce 

Real-

time 

quantita

tive RT-

PCR 

Mi

ce 

Fer-

1–

treat

ed 

CaOx 

mod

el 

Dedu

ced 

_N

A_ 
_NA_ _NA_ ### 

No

t 

fou

nd 

in 

HG

NC

. 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

IL6 
Interleuki

n 6 

HG

NC:

60

18 

Dow

n-

regul

ated 

upon 

Fer-1 

appe

aran

ce 

Real-

time 

quantita

tive RT-

PCR 

Mi

ce 

Fer-

1–

treat

ed 

CaOx 

mod

el 

Dedu

ced 

_N

A_ 

Interle

ukin-6 

P05231 

(IL6_HUM

AN) 

### 

IL-

6 

in 

arti

cle

. 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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CX

CL

2 

C-X-C 

motif 

chemokin

e ligand 2 

HG

NC:

46

03 

Dow

n-

regul

ated 

upon 

Fer-1 

appe

aran

ce 

Real-

time 

quantita

tive RT-

PCR 

Mi

ce 

Fer-

1–

treat

ed 

CaOx 

mod

el 

Dedu

ced 

_N

A_ 

C-X-C 

motif 

chem

okine 

2 

P19875 

(CXCL2_H

UMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

RE

LA 

RELA 

proto-

oncogene

, NF-kB 

subunit 

HG

NC:

99

55 

Dow

n-

regul

ated 

upon 

Fer-1 

appe

aran

ce 

Real-

time 

quantita

tive RT-

PCR 

Mi

ce 

Fer-

1–

treat

ed 

CaOx 

mod

el 

Dedu

ced 

_N

A_ 

Transc

ription 

factor 

p65 

Q04206 

(TF65_HU

MAN) 

### 

p6

5 

in 

arti

cle

. 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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HS

D1

7B

11 

Hydroxyst

eroid 17-

beta 

dehydrog

enase 11 

HG

NC:

22

96

0 

Enric

hed 

in 

RSL3

-

resis

tant 

cells. 

Gene 

trap 

insertion 

Hu

m

an 

Chro

nic 

myel

oid 

leuke

mia 

cell 

line 

KBM

7 

Scree

ned 

_N

A_ 

Estrad

iol 17-

beta-

dehyd

rogen

ase 

11 

Q8NBQ5 

(DHB11_

HUMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

AG

PA

T3 

1-

acylglycer

ol-3-

phosphat

e O-

acyltransf

erase 3 

HG

NC:

32

6 

Enric

hed 

in 

RSL3

-

resis

tant 

cells. 

Gene 

trap 

insertion 

Hu

m

an 

Chro

nic 

myel

oid 

leuke

mia 

cell 

line 

KBM

7 

Scree

ned 

_N

A_ 

1-acyl-

sn-

glycer

ol-3-

phosp

hate 

acyltra

nsfera

se 

gamm

a 

Q9NRZ7 

(PLCC_HU

MAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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SE

TD

1B 

SET 

domain 

containin

g 1B, 

histone 

lysine 

methyltra

nsferase 

HG

NC:

29

18

7 

Enric

hed 

in 

GPX

4 

inhib

itor 

ML1

62-

resis

tant 

cells. 

Gene 

trap 

insertion 

Hu

m

an 

Chro

nic 

myel

oid 

leuke

mia 

cell 

line 

KBM

7 

Scree

ned 

_N

A_ 

Histon

e-

lysine 

N-

methyl

transf

erase 

SETD

1B 

Q9UPS6 

(SET1B_H

UMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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H

M

OX

1 

Heme 

oxygenas

e 1 

HG

NC:

50

13 

Its 

expr

essio

n 

incre

ased 

in 

resp

onse 

to 

artes

unat

e-

indu

ced 

ferro

ptosi

s, 

indic

ating 

activ

ation 

of 

ROS-

medi

ated 

signa

ling 

path

ways

. 

Western 

blotting 

Hu

m

an 

Panc

reatic 

aden

ocarc

inom

a cell 

line 

Panc-

1 

cells 

Dedu

ced 

_N

A_ 

Heme 

oxyge

nase 

1 

P09601 

(HMOX1_

HUMAN) 

### 

HO

-1 

in 

arti

cle

. 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

TF 
Transferri

n 

HG

NC:

11

74

0 

Its 

expr

essio

n is 

decr

ease

d in 

patie

nts. 

Gene 

expressi

on 

analysis 

Hu

m

an 

Patie

nt 

PDAC 

tissu

es 

Dedu

ced 

_N

A_ 

Serotr

ansfer

rin 

P02787 

(TRFE_HU

MAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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FT

L 

Ferritin 

light 

chain 

HG

NC:

39

99 

Its 

expr

essio

n  is 

decr

ease

d in 

patie

nts. 

Gene 

expressi

on 

analysis 

Hu

m

an 

Patie

nt 

PDAC 

tissu

es 

Dedu

ced 

_N

A_ 

Ferriti

n light 

chain 

P02792 

(FRIL_HU

MAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

RP

L8 

Ribosoma

l protein 

L8 

HG

NC:

10

36

8 

Signi

fican

tly 

redu

ced 

in 

tumo

r 

tissu

es 

Gene 

expressi

on 

analysis 

Hu

m

an 

Patie

nt 

PDAC 

tissu

es 

Dedu

ced 

_N

A_ 

60S 

riboso

mal 

protei

n L8 

P62917 

(RL8_HU

MAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

AT

P5

MC

3 

ATP 

synthase 

membran

e subunit 

c locus 3 

HG

NC:

84

3 

Signi

fican

tly 

redu

ced 

in 

tumo

r 

tissu

es 

Gene 

expressi

on 

analysis 

Hu

m

an 

Patie

nt 

PDAC 

tissu

es 

Dedu

ced 

_N

A_ 

ATP 

syntha

se 

F(0) 

compl

ex 

subun

it C3 

P48201 

(AT5G3_

HUMAN) 

### 

AT

P5

G3 

in 

arti

cle

. 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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TF

RC 

Transferri

n 

receptor 

HG

NC:

11

76

3 

Expr

essio

n of 

this 

gene 

is 

incre

ased 

in 

patie

nts. 

Gene 

expressi

on 

analysis 

Hu

m

an 

Patie

nt 

PDAC 

tissu

es 

Dedu

ced 

_N

A_ 

Transf

errin 

recept

or 

protei

n 1 

P02786 

(TFR1_HU

MAN) 

### 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 

MA

FG 

MAF bZIP 

transcripti

on factor 

G 

HG

NC:

67

81 

The 

inter

actio

n 

betw

een 

NRF

2 

and 

Maf

G 

was 

incre

ased 

in 

resp

onse 

to 

erast

in 

and 

soraf

enib. 

Western 

blot 

Hu

m

an

, 

mi

ce 

HepG

2, 

Hepa

1‐6, 

Hep3

B, 

and 

SNU‐
182 

cells 

Dedu

ced 

_N

A_ 

Transc

ription 

factor 

MafG 

O15525 

(MAFG_H

UMAN) 

### 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 
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IL3

3 

Interleuki

n 33 

HG

NC:

16

02

8 

IL-33 

upre

gulat

ion is 

a 

featu

re of 

ferro

ptosi

s. 

Ferro

stati

n-1, 

an 

inhib

itor 

of 

ferro

ptosi

s, 

prev

ente

d the 

upre

gulat

ion 

of IL-

33. 

Western 

blot, 

quantita

tive 

PCR, 

ELISA 

Mi

ce 

C57B

L/6 

mice 

Dedu

ced 

_N

A_ 

Interle

ukin-

33 

O95760 

(IL33_HU

MAN) 

### 

IL-

33 

in 

arti

cle

. 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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FT

H1 

Ferritin 

heavy 

chain 1 

HG

NC:

39

76 

An 

incre

ase 

of 

endo

geno

us 

FTH1 

level 

durin

g 

ferro

ptosi

s. 

Degr

adati

on of 

FTH1 

prote

in 

upon 

ferro

ptosi

s 

indu

ction

. 

Immuno

blotting, 

q-PCR 

Hu

m

an 

HT10

80 

cells 

Valida

ted 

An 

err

or 

ma

y 

exi

st 

in 

the 

ori

gin

al 

arti

cle

, 

wh

ere 

the 

aut

hor

s 

wr

ote 

"fe

rrit

in 

lig

ht 

ch

ain 

1 

(FT

H1

)". 

Ac

cor

din

g 

to 

HG

NC

, 

FT

H1 

is 

the 

offi

cia

l 

sy

mb

ol 

for 

"fe

rrit

in 

he

avy 

ch

ain 

1". 

Ferriti

n 

heavy 

chain 

P02794 

(FRIH_HU

MAN) 

### 
_N

A_ 

_N

A_ 
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SL

C4

0A

1 

Solute 

carrier 

family 40 
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1 
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NC:
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90

9 

Erast
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A 

expr

essio

n is 
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ed in 
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Q-PCR 
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ce 
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ow 
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ted 
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ed 

as 

a 
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rke

r in 
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s 
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dy 
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s 
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en 
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d 

to 
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a 
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). 

Solute 

carrier 

family 
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te 
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TF 
Transferri

n 

HG

NC:

11

74

0 

Erast
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ced 

mRN

A 

expr

essio

n is 

upre

gulat

ed in 
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D2-

defici

ent 
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Q-PCR 
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ce 

Bone 
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ow 

stro

mal 
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ed 

as 

a 
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rke

r in 

thi

s 

stu

dy 

but 
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s 
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en 
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ve

d 

to 

be 

a 

dri

ver 

(P

MI

D 

27

44

16

59

). 
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### 
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y 
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te 
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rop
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TF

RC 

Transferri

n 

receptor 

HG

NC:

11

76

3 

Erast

in-

indu

ced 

mRN

A 

expr

essio

n is 

upre

gulat

ed in 

FANC

D2-

defici

ent 

cells. 

Q-PCR 
Mi

ce 

Bone 

marr

ow 

stro

mal 
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Valida
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ed 

as 

a 

ma

rke

r in 

thi

s 

stu

dy 

but 
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s 
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en 
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ve

d 

to 

be 

a 

dri

ver 

(P
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D 
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00

). 
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errin 
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or 
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y 
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te 
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FT

H1 

Ferritin 

heavy 

chain 1 

HG

NC:

39

76 

Erast
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indu
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mRN

A 

expr

essio

n is 

down

regul

ated 

in 
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D2-

defici

ent 
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Q-PCR, 

western 

blot 

Mi

ce 

Bone 

marr

ow 
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ed 

as 

a 

ma

rke

r in 
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s 

stu

dy 
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s 
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en 
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ve

d 
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be 

a 
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D 
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). 
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n 
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### 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  217 
 

GP

X4 

Glutathio

ne 

peroxidas

e 4 

HG

NC:

45

56 

Erast

in-

indu

ced 

mRN

A 

expr

essio

n is 

down

regul

ated 

in 

FANC

D2-

defici

ent 

cells. 

Q-PCR, 

western 

blot 
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ce 

Bone 

marr

ow 

stro

mal 
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ed 

as 

a 

ma

rke

r in 
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s 
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dy 

but 
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s 
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en 
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ve

d 

to 

be 

a 

su

ppr

es

sor 

(P
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D 
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82

48
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). 

Phosp

holipid 

hydro

peroxi

de 
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dase 
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(GPX4_H
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y 
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fer
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HA

MP 

Hepcidin 

antimicro

bial 

peptide 

HG

NC:
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8 

Erast

in-

indu

ced 

mRN

A 

expr

essio

n is 

down

regul

ated 

in 
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D2-

defici

ent 

cells. 

Q-PCR 
Mi

ce 

Bone 
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ow 
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mal 

cells 
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A_ 
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### 
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y 
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HS

PB

1 

Heat 

shock 

protein 

family B 

(small) 

member 

1 

HG

NC:

52

46 

Erast

in-

indu

ced 

mRN

A 

expr

essio

n is 

down

regul

ated 

in 

FANC

D2-

defici

ent 

cells. 

Q-PCR 
Mi

ce 

Bone 

marr

ow 

stro

mal 

cells 

Valida

ted 

Us

ed 

as 

a 

ma

rke

r in 

thi

s 

stu

dy 

but 

ha

s 

be

en 

pro

ve

d 

to 

be 

a 

su

ppr

es

sor 

(P

MI

D 
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72

86

73

). 

Heat 

shock 

protei

n 
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P04792 
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### 
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y 
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NF

E2

L2 

Nuclear 

factor, 

erythroid 

2 like 2 

HG

NC:

77

82 

Erast

in-

indu

ced 

mRN

A 

expr

essio

n is 

down

regul

ated 

in 

FANC

D2-

defici

ent 

cells. 

Q-PCR 
Mi

ce 

Bone 

marr

ow 

stro

mal 

cells 

Valida

ted 

Us

ed 

as 

a 

ma

rke

r in 

thi

s 

stu

dy 

but 

ha

s 

be

en 

pro

ve

d 

to 

be 

a 

su

ppr

es

sor 

(P

MI

D 

27

01

53

52

). 

Nucle

ar 

factor 

erythr

oid 2-

relate

d 

factor 

2 

Q16236 

(NF2L2_H

UMAN) 

### 
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F2 

in 
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. 
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y 
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ST

EA

P3 

STEAP3 

metallore

ductase 

HG

NC:

24
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2 

Erast

in-

indu

ced 

mRN

A 

expr

essio

n is 

down

regul

ated 

in 

FANC

D2-

defici

ent 

cells. 

Q-PCR 
Mi

ce 

Bone 

marr

ow 

stro

mal 

cells 

Dedu

ced 

_N

A_ 

Metall

oredu

ctase 

STEAP

3 

Q658P3 

(STEA3_H

UMAN) 

### 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 

DR

D5 

Dopamin

e 

receptor 

D5 

HG

NC:

30

26 

Ferro

ptoti

c 

erast

in 

indu

ces 

DRD

5 

gene 

expr

essio

n in 

ferro

ptosi

s. 

Western 

blot, Q-

PCR 

Hu

m

an 
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1 

cells 

Dedu

ced 

_N

A_ 

D(1B) 
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mine 
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or 
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(DRD5_H
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### 
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y 
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te 
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is. 
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GP

X4 

Glutathio

ne 

peroxidas

e 4 

HG

NC:

45

56 

Erast

in 

prom

oted 

GPX

4 

degr

adati

on. 

Antif

errop

totic 

dopa

mine 

incre

ased 

the 

prote

in 

stabi

lity of 

gluta

thion

e 

pero

xidas

e 4. 

Western 

blot, Q-

PCR 

Hu

m

an 

PANC

1 

cells 

Dedu

ced 

Ha

s 

be

en 

pro

ve

d 

to 

be 

a 

su

ppr

es

sor 

(P

MI

D 

25

82

48

23

). 

Phosp

holipid 

hydro

peroxi

de 

glutat

hione 

peroxi

dase 

P36969 

(GPX4_H

UMAN) 

### 

Ma

y 

inh

ibit 

fer

rop

tos
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A_ 
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DR

D4 

Dopamin

e 

receptor 

D4 

HG

NC:

30

25 

Antif

errop

totic 

dopa

mine 

supp

ress

ed 

dopa

mine 

rece

ptor 

D4 

prote

in 

degr

adati

on. 

Ferro

ptoti

c 

erast

in 

prom

otes 

DRD

4 

prote

in 

degr

adati

on. 

Western 

blot, Q-

PCR 

Hu

m

an 

PANC

1 

cells 

Dedu

ced 

_N

A_ 

D(4) 

dopa

mine 

recept

or 

P21917 

(DRD4_H

UMAN) 
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MA

P3

K5 

Mitogen-

activated 

protein 

kinase 

kinase 

kinase 5 

HG

NC:

68

57 

Cold 

stres

s 

evok

es 

ferro

ptosi

s, 

and 

the 

ASK

1‐
p38 

path

way 

is 

activ

ated 

down

strea

m of 

lipid 

pero

xide, 

leadi

ng to 

the 

cell 

deat

h. 

ASK

1‐
p38 

axis 

is 

also 

activ

ated 

in 

the 

erast

in‐
indu

ced 

ferro

ptosi

s 

mod

el. 

LDH 

assay, 

immuno

blot, 

RNAi, 

CCK-8 

Hu

m

an 

A549 

cells 

Dedu

ced 

_N

A_ 

Mitog

en-

activat

ed 

protei

n 

kinase 

kinase 

kinase 

5 

Q99683 

(M3K5_H

UMAN) 

### 
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K1 

in 

arti

cle
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y 
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te 
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MA

PK

14 

Mitogen-

activated 

protein 

kinase 14 

HG

NC:

68

76 

Cold 

stres

s 

evok

es 

ferro

ptosi

s, 

and 

the 

ASK

1‐
p38 

path

way 

is 

activ

ated 

down

strea

m of 

lipid 

pero

xide, 

leadi

ng to 

the 

cell 

deat

h. 

ASK

1‐
p38 

axis 

is 

also 

activ

ated 

in 

the 

erast

in‐
indu

ced 

ferro

ptosi

s 

mod

el. 

LDH 

assay, 

immuno

blot, 

RNAi, 

CCK-8 

Hu

m

an 

A549 

cells 

Dedu

ced 

_N

A_ 

Mitog

en-

activat

ed 

protei

n 

kinase 

14 

Q16539 
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UMAN) 

### 
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8 

in 
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y 
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te 
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SL

C2

A1 

Solute 

carrier 

family 2 

member 

1 

HG

NC:

11

00

5 

Incre

ased 

at 

LSH 

over

expr

essio

n. 

Decr

ease

d at 

LSH 

knoc

kdow

n. 

LSH 

can 

inhib

it 

ferro

ptosi

s. 

ChIP 

analysis, 

RT-qPCR 

Hu

m

an 

H35

8, 

A549 

cells 

Dedu

ced 

_N

A_ 

Solute 

carrier 

family 

2 

P11166 

(GTR1_H

UMAN) 

### 

GL

UT

1 

in 

arti

cle

. 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 

SL

C2

A3 

Solute 

carrier 

family 2 

member 

3 

HG

NC:

11

00

7 

Decr

ease

d at 

LSH 

knoc

kdow

n. 

LSH 

can 

inhib

it 

ferro

ptosi

s. 

RT-qPCR 

Hu

m

an 

H35

8, 

A549 

cells 

Dedu

ced 

_N

A_ 
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carrier 
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2 

P11169 

(GTR3_H

UMAN) 

### 
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3 

in 
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y 

inh
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SL

C2

A6 

Solute 

carrier 

family 2 

member 

6 

HG

NC:

11

01

1 

Incre

ased 

at 

LSH 

over

expr

essio

n. 

Decr

ease

d at 

LSH 

knoc

kdow

n. 

LSH 

can 

inhib

it 

ferro

ptosi

s. 

RT-qPCR 

Hu

m

an 

H35

8, 

A549 

cells 

Dedu

ced 

_N

A_ 

Solute 

carrier 

family 

2 

Q9UGQ3 

(GTR6_H

UMAN) 

### 

GL

UT

6 

in 

arti

cle

. 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 

SL

C2

A8 

Solute 

carrier 

family 2 

member 

8 

HG

NC:

13

81

2 

Decr

ease

d at 

LSH 

knoc

kdow

n. 

LSH 

can 

inhib

it 

ferro

ptosi

s. 

RT-qPCR 

Hu

m

an 

H35

8, 

A549 

cells 

Dedu

ced 

_N

A_ 

Solute 

carrier 

family 

2 

Q9NY64 

(GTR8_H

UMAN) 

### 

GL

UT

8 

in 
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cle

. 
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y 

inh
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rop

tos

is. 

_N
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SL

C2

A1

2 

Solute 

carrier 

family 2 

member 

12 

HG

NC:

18

06

7 

Incre

ased 

at 

LSH 

over

expr

essio

n. 

Decr

ease

d at 

LSH 

knoc

kdow

n. 

LSH 

can 

inhib

it 

ferro

ptosi

s. 

RT-qPCR 

Hu

m

an 
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8, 

A549 
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ced 

_N

A_ 
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carrier 
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2 

Q8TD20 
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UT

13 

_NA_ 
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A_ 

Incre
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at 
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expr

essio

n. 

Decr

ease

d at 

LSH 

knoc

kdow

n. 

LSH 

can 
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it 

ferro

ptosi

s. 

RT-qPCR 

Hu

m

an 

H35

8, 

A549 
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Dedu

ced 

_N

A_ 
_NA_ _NA_ ### 

No

t 

fou

nd 

in 

HG

NC

. 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 

SL

C2

A1

4 

Solute 

carrier 

family 2 

member 

14 

HG

NC:

18

30

1 

Decr

ease

d at 

LSH 

knoc

kdow

n. 

LSH 

can 

inhib

it 

ferro

ptosi

s. 

RT-qPCR 

Hu

m

an 

H35

8, 

A549 
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Dedu

ced 

_N

A_ 
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carrier 

family 

2 

Q8TDB8 

(GTR14_
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### 
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UT

14 

in 
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y 
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ibit 
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EIF

2A

K4 

Eukaryoti

c 

translatio

n 

initiation 

factor 2 

alpha 

kinase 4 

HG

NC:

19

68

7 

CHA

C1 

degr

adati

on of 

GSH 

enha

nces 

cysti

ne-

starv

ation

-

indu

ced 

ferro

ptosi

s 

throu

gh 

the 

activ

ated 

GCN

2-

eIF2 

alph

a-

ATF4 

path

way. 

Western 

blot, 

real-

time 

PCR, cell 

viability 

assay, 

siRNA, 

GSH 

assay kit 

Hu

m

an 

MDA-

MB-

231, 

Hs 

578T

, and 

HCC 

1937 

cells 

Dedu

ced 

_N

A_ 

eIF-2-

alpha 

kinase 

GCN2 

Q9P2K8 

(E2AK4_

HUMAN) 

### 
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N2 

in 
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cle

. 
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y 
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te 
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EIF

2S

1 

Eukaryoti

c 

translatio

n 

initiation 

factor 2 

subunit 

alpha 

HG

NC:

32

65 

CHA

C1 

degr

adati

on of 

GSH 

enha

nces 

cysti

ne-

starv

ation

-

indu

ced 

ferro

ptosi

s 

throu

gh 

the 

activ

ated 

GCN

2-

eIF2 

alph

a-

ATF4 

path

way. 

Western 

blot, 

real-

time 

PCR, cell 

viability 

assay, 

siRNA, 

GSH 

assay kit 

Hu

m

an 

MDA-

MB-

231, 

Hs 

578T

, and 

HCC 

1937 

cells 

Dedu

ced 

_N

A_ 

Eukar

yotic 

transl

ation 

initiati

on 

factor 

2 

subun

it 1 

P05198 

(IF2A_HU

MAN) 

### 

eIF

2al
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a 

in 

arti

cle

. 
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y 
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te 
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rop
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_N
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AT

F4 

Activating 

transcripti

on factor 

4 

HG

NC:

78

6 

CHA

C1 

degr

adati

on of 

GSH 

enha

nces 

cysti

ne-

starv

ation

-

indu

ced 

ferro

ptosi

s 

throu

gh 

the 

activ

ated 

GCN

2-

eIF2 

alph

a-

ATF4 

path

way. 

Western 

blot, 

real-

time 

PCR, cell 

viability 

assay, 

siRNA, 

GSH 

assay kit 

Hu

m

an 

MDA-

MB-

231, 

Hs 

578T

, and 

HCC 

1937 

cells 

Dedu

ced 

_N

A_ 

Cyclic 

AMP-

depen

dent 

transc

ription 

factor 

ATF-4 

P18848 

(ATF4_HU

MAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

AL

OX

5 

Arachidon

ate 5-

lipoxygen

ase 

HG

NC:

43

5 

Over

expr

essio

n 

sensi

tizes 

cells 

to 

ferro

ptosi

s. 

Western 

blot, 

mass 

spectro

metry, 

cell 

viability 

assay, 

gene 

overexpr

ession 

Hu

m

an 

HEK

293 

cells 

Dedu

ced 

No

t 

es

se

nti

al 

but 

ma

y 

pla

y a 

rol

e 

in 

fer

rop

toti

s 

init

iati

on. 

Arachi

donat

e 5-

lipoxy

genas

e 

P09917 

(LOX5_HU

MAN) 

### 

5-

LO

X 

in 

arti

cle 

_N

A_ 
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AL

OX

12 

Arachidon

ate 12-

lipoxygen

ase, 12S 

type 

HG

NC:

42

9 

Over

expr

essio

n 

sensi

tizes 

cells 

to 

ferro

ptosi

s. 

Western 

blot, 

mass 

spectro

metry, 

cell 

viability 

assay, 

gene 

overexpr

ession 

Hu

m

an 

HEK

293 

cells 

Dedu

ced 

No

t 

es

se

nti

al 

but 

ma

y 

pla

y a 

rol

e 

in 

fer

rop

toti

s 

init

iati

on. 

Arachi

donat

e 12-

lipoxy

genas

e 

P18054 

(LOX12_H

UMAN) 

### 

p1

2-

LO

X 

in 

arti

cle 

_N

A_ 

AL

OX

15 

Arachidon

ate 15-

lipoxygen

ase 

HG

NC:

43

3 

Over

expr

essio

n 

sensi

tizes 

cells 

to 

ferro

ptosi

s. 

Western 

blot, 

mass 

spectro

metry, 

cell 

viability 

assay, 

gene 

overexpr

ession 

Hu

m

an 

HEK

293 

cells 

Dedu

ced 

No

t 

es

se

nti

al 

but 

ma

y 

pla

y a 

rol

e 

in 

fer

rop

toti

s 

init

iati

on. 

Arachi

donat

e 15-

lipoxy

genas

e 

P16050 

(LOX15_H

UMAN) 

### 

15-

LO

X-1 

in 

arti

cle 

_N

A_ 
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AL

OX

5 

Arachidon

ate 5-

lipoxygen

ase 

HG

NC:

43

5 

Nece

ssary 

for 

hemi

n‐
indu

ced 

ferro

ptosi

s in 

vitro. 

qRT-

PCR, 

immuno

blotting, 

MTT 

assay 

Mi

ce 

C57B

L/6 

and 

preg

nant 

CD1 

mice, 

prim

ary 

cortic

al 

neur

ons 

Dedu

ced 

_N

A_ 

Arachi

donat

e 5-

lipoxy

genas

e 

P09917 

(LOX5_HU

MAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

AC

SF

2 

Acyl-CoA 

synthetas

e family 

member 

2 

HG

NC:

26

10

1 

Incre

ased 

in 

ferro

ptoti

c 

even

ts. 

Decr

ease

d in 

DFO-

indu

ced 

resis

tanc

e to 

ferro

ptosi

s. 

Western 

blot, 

glutathio

ne 

detectio

n, RT-

qPCR, 

immuno

fluoresc

ence 

staining 

Ra

t 

Wista

r rats 

Dedu

ced 

_N

A_ 

Mediu

m-

chain 

acyl-

CoA 

ligase 

ACSF2 

Q96CM8 

(ACSF2_H

UMAN) 

### 

Th

ere 

is 

a 

cor

rig

en

du

m 

for 

thi

s 

arti

cle

. 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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IRE

B2 

Iron 

responsiv

e element 

binding 

protein 2 

HG

NC:

61

15 

Incre

ased 

in 

ferro

ptoti

c 

even

ts. 

Decr

ease

d in 

DFO-

indu

ced 

resis

tanc

e to 

ferro

ptosi

s. 

Western 

blot, 

glutathio

ne 

detectio

n, RT-

qPCR, 

immuno

fluoresc

ence 

staining 

Ra

t 

Wista

r rats 

Dedu

ced 

_N

A_ 

Iron-

respo

nsive 

eleme

nt-

bindin

g 

protei

n 2 

P48200 

(IREB2_H

UMAN) 

### 

Th

ere 

is 

a 

cor

rig

en

du

m 

for 

thi

s 

arti

cle

. 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

GP

X4 

Glutathio

ne 

peroxidas

e 4 

HG

NC:

45

56 

Upre

gulat

ed in 

DFO-

indu

ced 

resis

tanc

e to 

ferro

ptosi

s. 

Western 

blot, 

glutathio

ne 

detectio

n, RT-

qPCR, 

immuno

fluoresc

ence 

staining 

Ra

t 

Wista

r rats 

Valida

ted 

Inh

ibit

s 

fer

rop

tos

is 

but 

us

ed 

as 

a 

ma

rke

r in 

thi

s 

stu

dy. 

Phosp

holipid 

hydro

peroxi

de 

glutat

hione 

peroxi

dase 

P36969 

(GPX4_H

UMAN) 

### 

Th

ere 

is 

a 

cor

rig

en

du

m 

for 

thi

s 

arti

cle

. 

_N

A_ 
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H

M

GB

1 

High 

mobility 

group box 

1 

HG

NC:

49

83 

Asso

ciate

d 

with 

ferro

ptoti

c cell 

deat

h. 

Ferro

ptosi

s 

activ

ators 

indu

ce 

HMG

B1 

relea

se. 

ELISA, 

western 

blot, 

RNAi 

Hu

m

an

, 

mi

ce 

HT10

80 

and 

PANC

1 

cells, 

mous

e 

embr

yonic 

fibro

blast

s 

Dedu

ced 

_N

A_ 

High 

mobili

ty 

group 

protei

n B1 

P09429 

(HMGB1_

HUMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 

H

M

OX

1 

Heme 

oxygenas

e 1 

HG

NC:

50

13 

Requ

ired 

for 

DOX-

indu

ced 

ferro

ptosi

s. 

RNA-

seq, 

qRT-

PCR, 

HIS 

Mi

ce 
Mice 

Dedu

ced 

_N

A_ 

Heme 

oxyge

nase 

1 

P09601 

(HMOX1_

HUMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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NF

E2

L2 

Nuclear 

factor, 

erythroid 

2 like 2 

HG

NC:

77

82 

DOX 

treat

ment 

indu

ced 

ferro

ptosi

s. 

Prote

in 

and 

mRN

A 

level

s of 

Nrf2 

were 

incre

ased 

after 

DOX 

treat

ment

. 

RNA-

seq, 

QuantiC

hrom 

Heme 

Assay 

Kit, iron 

staining, 

qRT-

PCR, 

survival 

curve, 

HIS 

Mi

ce 
Mice 

Dedu

ced 

_N

A_ 

Nucle

ar 

factor 

erythr

oid 2-

relate

d 

factor 

2 

Q16236 

(NF2L2_H

UMAN) 

### 

NR

F2 

in 

arti

cle

. 

_N

A_ 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  238 
 

EL

AV

L1 

ELAV like 

RNA 

binding 

protein 1 

HG

NC:

33

12 

Bind

s to 

and 

incre

ases 

the 

expr

essio

n of 

the 

nega

tive 

ferro

ptosi

s 

regul

ator 

LINC

003

36. 

RNA 

pulldow

n, mass 

spectro

metry, 

qRT-

PCR, 

gene 

overexpr

ession, 

gene 

knockdo

wn, 

western 

blot 

Hu

m

an 

H35

8, 

PC9, 

SPC-

A-1, 

and 

A549 

cells 

Dedu

ced 

_N

A_ 

ELAV-

like 

protei

n 1 

Q15717 

(ELAV1_H

UMAN) 

### 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 

SL

C3

A2 

Solute 

carrier 

family 3 

member 

2 

HG

NC:

11

02

6 

Stron

gly 

corre

lated 

with 

resis

tanc

e to 

ferro

ptosi

s 

indu

cers. 

Western 

blot, cell 

viability 

assay, 

cell 

viability 

assay, 

MDA 

assay, 

glutama

te assay 

Hu

m

an 

HT-

1080 

cells 

Dedu

ced 

_N

A_ 

4F2 

cell-

surfac

e 

antige

n 

heavy 

chain 

P08195 

(4F2_HU

MAN) 

### 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 
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SL

C7

A1

1 

Solute 

carrier 

family 7 

member 

11 

HG

NC:

11

05

9 

Stron

gly 

corre

lated 

with 

resis

tanc

e to 

ferro

ptosi

s 

indu

cers. 

Western 

blot, cell 

viability 

assay, 

cell 

viability 

assay, 

MDA 

assay, 

glutama

te assay 

Hu

m

an 

HT-

1080 

cells 

Dedu

ced 

_N

A_ 

Cystin

e/glut

amate 

transp

orter 

Q9UPY5 

(XCT_HU

MAN) 

### 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 
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TF

AP

2C 

Transcript

ion factor 

AP-2 

gamma 

HG

NC:

11

74

4 

Activ

ated 

by 

ferro

ptosi

s 

inhib

itor 

selen

ium. 

Behavio

ral 

analysis, 

infarct 

volume 

analysis, 

immuno

cytoche

mistry, 

TUNEL 

staining, 

fluoro-

jade 

Staining, 

qRT-

PCR, cell 

death 

assay, 

ChIP 

assay, 

siRNA, 

western 

blot, 

immuno

blotting, 

RNA-

seq, 

mass 

spectro

metry 

Mi

ce 

C57B

L/6 

mice, 

prim

ary 

cortic

al 

neur

ons, 

HT22 

muri

ne 

hippo

camp

al 

cells 

Dedu

ced 

_N

A_ 

Transc

ription 

factor 

AP-2 

gamm

a 

Q92754 

(AP2C_H

UMAN) 

### 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 
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SP

1 

Sp1 

transcripti

on factor 

HG

NC:

11

20

5 

Activ

ated 

by 

ferro

ptosi

s 

inhib

itor 

selen

ium. 

Behavio

ral 

analysis, 

infarct 

volume 

analysis, 

immuno

cytoche

mistry, 

TUNEL 

staining, 

fluoro-

jade 

Staining, 

qRT-

PCR, cell 

death 

assay, 

ChIP 

assay, 

siRNA, 

western 

blot, 

immuno

blotting, 

RNA-

seq, 

mass 

spectro

metry 

Mi

ce 

C57B

L/6 

mice, 

prim

ary 

cortic

al 

neur

ons, 

HT22 

muri

ne 

hippo

camp

al 

cells 

Dedu

ced 

_N

A_ 

Transc

ription 

factor 

Sp1 

P08047 

(SP1_HU

MAN) 

### 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 
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HB

A1 

Hemoglob

in subunit 

alpha 1 

HG

NC:

48

23 

Upre

gulat

ed in 

cells 

treat

ed 

with 

ferro

ptosi

s 

indu

cer 

erast

in. 

Stim

ulate

s 

ferro

ptosi

s 

possi

bly in 

a 

GSH-

depe

nden

t 

man

ner. 

Tandem 

mass 

tags, 

RNA-

seq, 

DNase-

seq, 

qPCR, 

Western 

blot, IHC 

Hu

m

an 

HepG

2, 

Bel-

7402 

cells 

Dedu

ced 

_N

A_ 

Hemo

globin 

subun

it 

alpha 

P69905 

(HBA_HU

MAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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NN

MT 

Nicotina

mide N-

methyltra

nsferase 

HG

NC:

78

61 

Upre

gulat

ed in 

cells 

treat

ed 

with 

ferro

ptosi

s 

indu

cer 

erast

in. 

Stim

ulate

s 

ferro

ptosi

s 

possi

bly in 

a 

GSH-

depe

nden

t 

man

ner. 

Tandem 

mass 

tags, 

RNA-

seq, 

DNase-

seq, 

qPCR, 

Western 

blot, IHC 

Hu

m

an 

HepG

2, 

Bel-

7402 

cells 

Dedu

ced 

_N

A_ 

Nicoti

namid

e N-

methyl

transf

erase 

P40261 

(NNMT_H

UMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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PLI

N4 
Perilipin 4 

HG

NC:

29

39

3 

Upre

gulat

ed in 

cells 

treat

ed 

with 

ferro

ptosi

s 

indu

cer 

erast

in. 

Stim

ulate

s 

ferro

ptosi

s 

possi

bly in 

a 

GSH-

depe

nden

t 

man

ner. 

Tandem 

mass 

tags, 

RNA-

seq, 

DNase-

seq, 

qPCR, 

Western 

blot, IHC 

Hu

m

an 

HepG

2, 

Bel-

7402 

cells 

Dedu

ced 

_N

A_ 

Perilip

in-4 

Q96Q06 

(PLIN4_H

UMAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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HI

C1 

HIC ZBTB 

transcripti

onal 

repressor 

1 

HG

NC:

49

09 

Esse

ntial 

for 

stim

ulati

on of 

pro-

ferro

ptoti

c 

gene 

trans

cripti

on 

upon 

ferro

ptosi

s 

indu

ction

.  

Immuno

histoche

mistry, 

immuno

fluoresc

ence, 

western 

blot, 

qPCR, 

metaboli

tes 

examina

tion, 

ChIP 

Hu

m

an 

HepG

2, 

Bel-

7402 

cells 

Dedu

ced 

_N

A_ 

Hyper

methyl

ated 

in 

cance

r 1 

protei

n 

Q14526 

(HIC1_HU

MAN) 

### 

Ma

y 

pro

mo

te 

fer

rop

tos

is. 

_N

A_ 
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ST

M

N1 

Stathmin 

1 

HG

NC:

65

10 

Dow

nreg

ulate

d in 

cells 

treat

ed 

with 

ferro

ptosi

s 

indu

cer 

erast

in. 

Supp

ress

es 

ferro

ptosi

s 

possi

bly in 

a 

GSH-

depe

nden

t 

man

ner. 

Tandem 

mass 

tags, 

RNA-

seq, 

DNase-

seq, 

qPCR, 

Western 

blot, IHC 

Hu

m

an 

HepG

2, 

Bel-

7402 

cells 

Dedu

ced 

_N

A_ 

Stath

min 

P16949 

(STMN1_

HUMAN) 

### 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 
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RR

M2 

Ribonucle

otide 

reductase 

regulatory 

subunit 

M2 

HG

NC:

10

45

2 

Dow

nreg

ulate

d in 

cells 

treat

ed 

with 

ferro

ptosi

s 

indu

cer 

erast

in. 

Supp

ress

es 

ferro

ptosi

s 

possi

bly in 

a 

GSH-

depe

nden

t 

man

ner. 

Tandem 

mass 

tags, 

RNA-

seq, 

DNase-

seq, 

qPCR, 

Western 

blot, IHC 

Hu

m

an 

HepG

2, 

Bel-

7402 

cells 

Dedu

ced 

_N

A_ 

Ribon

ucleos

ide-

diphos

phate 

reduct

ase 

subun

it M2 

P31350 

(RIR2_HU

MAN) 

### 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 
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CA

PG 

Capping 

actin 

protein, 

gelsolin 

like 

HG

NC:

14

74 

Dow

nreg

ulate

d in 

cells 

treat

ed 

with 

ferro

ptosi

s 

indu

cer 

erast

in. 

Supp

ress

es 

ferro

ptosi

s 

possi

bly in 

a 

GSH-

depe

nden

t 

man

ner. 

Tandem 

mass 

tags, 

RNA-

seq, 

DNase-

seq, 

qPCR, 

Western 

blot, IHC 

Hu

m

an 

HepG

2, 

Bel-

7402 

cells 

Dedu

ced 

_N

A_ 

Macro

phage

-

cappin

g 

protei

n 

P40121 

(CAPG_H

UMAN) 

### 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 
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HN

F4

A 

Hepatocyt

e nuclear 

factor 4 

alpha 

HG

NC:

50

24 

Esse

ntial 

for 

stim

ulati

on of 

anti-

ferro

ptoti

c 

gene 

trans

cripti

on.  

Immuno

histoche

mistry, 

immuno

fluoresc

ence, 

western 

blot, 

qPCR, 

metaboli

tes 

examina

tion, 

ChIP 

Hu

m

an 

HepG

2, 

Bel-

7402 

cells 

Dedu

ced 

_N

A_ 

Hepat

ocyte 

nuclea

r 

factor 

4-

alpha 

P41235 

(HNF4A_

HUMAN) 

### 

Ma

y 

inh

ibit 

fer

rop

tos

is. 

_N

A_ 
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NG

B 

Neuroglo

bin 

HG

NC:

14

07

7 

Hum

an 

neur

oglo

bin 

(hNg

b)-

EGFP

-

expr

essin

g SH-

SY5Y 

cells 

to be 

signif

icant

ly 

more 

resis

tant 
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Supplementary Table 3: Shows the primers sequences. 

The primers sequences.  

Primer name Primer sequence 

β-ACTIN（Internal 

reference） 

Forward：5‘-CATGTACGTTGCTATCCAGGC-3’; 

Reverse：5‘- CTCCTTAATGTCACGCACGAT-3’; 

MIR4435-2HG 
Forward：5‘- GACATTCCAGACAAGCGGTG-3’; 

Reverse：5‘- CCTTTGCTGATCCACTTTGCT-3’; 

SNHG4 
Forward：5′-GCCCTGTGTGACACCAAGATA-3′;  

Reverse：5′-TAAGTCCCCTACCCCCATCT-3′; 

PTOV1-AS1 
Forward：5′-AAGAACGAAGGCGACACCAA-3′;  

Reverse：5′-CCTGATGTATTTTGGCGCGG-3′ 

PRRT3-AS1 
Forward：5′-TTCAGAAATGCCTTGCAGTG-3′;  

Reverse：5′-CACCTCTTTGCTCTGCTCCT-3′ 
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Supplementary Table 4: Ferroptosis associated DEGs. 

Ferroptosis associated DEGs 

gene conMean treatMean logFC pValue fdr 

SLC7A11 0.030108219 0.889909177 4.885428826 1.65E-19 8.94E-19 

AKR1C1 27.5295606 64.19352837 1.221446277 0.000384398 0.000512531 

AKR1C2 16.24967136 50.10020952 1.624406096 5.01E-06 7.68E-06 

AKR1C3 17.68298576 83.41396337 2.237927015 1.18E-23 1.28E-22 

HSPB1 71.3546348 339.0671749 2.248492077 7.65E-24 9.18E-23 

HSF1 6.46639172 17.74508412 1.456386603 3.17E-25 6.23E-24 

SQSTM1 29.986829 99.91756718 1.73640938 9.02E-17 3.54E-16 

NQO1 1.459665414 57.95383069 5.311194409 6.82E-16 2.58E-15 

FTH1 139.0992968 286.4863544 1.042351297 8.93E-17 3.54E-16 

MT1G 1204.510548 315.6051655 -1.932254305 3.78E-23 3.41E-22 

FANCD2 0.131554973 1.016427162 2.949769141 2.65E-25 5.72E-24 

HSPA5 110.1952336 231.5746734 1.071415656 1.04E-19 5.89E-19 

HELLS 0.093803492 0.861082317 3.198437622 3.84E-24 5.18E-23 

FADS2 9.642111654 20.05759983 1.056727937 0.011186336 0.013276091 

SRC 1.476430456 5.368635276 1.862441994 2.16E-10 4.71E-10 

PML 1.502346692 3.136545956 1.061958923 9.29E-18 4.36E-17 

TP63 0.032491359 0.121941676 1.908063267 0.002370479 0.00297688 

ENPP2 4.152915006 9.060232331 1.1254237 9.16E-05 0.000128476 

NF2 1.559213984 3.964333605 1.346259438 2.04E-24 2.94E-23 

PLIN2 127.3620102 62.57489293 -1.025279189 1.68E-12 4.48E-12 

AIFM2 3.50634928 9.472166484 1.433724723 4.82E-21 3.36E-20 

ZFP36 164.713622 57.41977027 -1.520340409 8.00E-18 3.84E-17 

CAV1 4.2223471 8.723696484 1.046894395 3.25E-09 6.50E-09 

PTGS2 0.685695488 0.209820152 -1.708414783 5.31E-17 2.29E-16 

DUSP1 210.2613598 101.3656724 -1.052614583 6.88E-14 2.07E-13 

NOS2 0.097262382 0.402505335 2.049054083 5.21E-13 1.52E-12 

NCF2 1.947159412 4.045334212 1.054887898 0.011789214 0.013915137 

MT3 0.017154865 0.505603758 4.881317496 0.000988025 0.001277924 

ALB 34010.3836 14088.94358 -1.271411838 6.53E-21 4.40E-20 

TXNRD1 6.76314148 28.10662419 2.055144747 1.93E-17 8.71E-17 

SRXN1 0.361866934 1.48891374 2.040728982 5.06E-15 1.73E-14 

GPX2 106.9847132 267.7036539 1.323232162 0.010097916 0.012185195 

DDIT4 14.47339472 30.41606729 1.071430285 6.49E-05 9.23E-05 

ASNS 0.500573577 2.570302345 2.36028403 2.43E-09 4.90E-09 

DDIT3 9.15750984 26.0192576 1.506552547 3.18E-17 1.40E-16 

SLC1A4 1.912717952 5.006493795 1.388176442 6.03E-15 2.03E-14 

SLC7A5 2.46271565 5.037566261 1.032476849 0.026349194 0.030599064 

ATF3 20.57439198 9.029725136 -1.188095818 1.07E-11 2.62E-11 

ZNF419 0.28562535 0.643774158 1.172430639 9.43E-13 2.58E-12 

ZFP69B 0.135103686 0.407535666 1.592859284 8.39E-17 3.42E-16 

TUBE1 3.046223142 1.329053445 -1.196622505 8.33E-21 5.45E-20 
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IL6 0.867031633 0.3207223 -1.434759961 3.10E-05 4.47E-05 

FTL 6020.63136 12148.79179 1.012826153 7.28E-07 1.19E-06 

RPL8 211.681118 704.8365225 1.735396096 4.54E-21 3.27E-20 

TFRC 3.67960518 10.99097577 1.578696594 1.93E-16 7.46E-16 

MAFG 1.056158954 4.158994522 1.977407805 7.43E-23 6.42E-22 

HAMP 148.2531032 15.96737045 -3.214863653 6.51E-25 1.08E-23 

STEAP3 47.6771802 21.83947636 -1.126360647 2.11E-19 1.11E-18 

DRD4 0.155276041 1.075831994 2.792545653 1.06E-14 3.31E-14 

SLC2A1 0.680046992 2.534008045 1.897714758 3.92E-05 5.61E-05 

SLC2A6 0.92058238 3.1106768 1.756609772 9.57E-08 1.68E-07 

SLC2A14 0.045282326 0.175219828 1.952146072 0.003583758 0.004423381 

ALOX12 0.109011063 0.275266308 1.336353479 1.04E-12 2.81E-12 

ALOX15 0.021905219 0.096188973 2.134596898 8.16E-06 1.23E-05 

NNMT 469.3829578 140.666585 -1.738485801 1.15E-17 5.28E-17 

STMN1 1.902557888 13.51991775 2.82907412 1.90E-27 1.03E-25 

RRM2 0.469398657 6.378298565 3.764286013 3.18E-26 1.14E-24 

CAPG 3.486875492 13.19529075 1.920016385 1.95E-11 4.53E-11 

AURKA 0.655430176 6.892745036 3.394564649 4.06E-28 2.92E-26 

CS 5.37878536 13.8183489 1.361232919 1.45E-22 1.21E-21 

EMC2 4.26184004 9.932170316 1.220632556 4.52E-24 5.74E-23 

NOX1 0.1464184 0.4156075 1.505124822 9.70E-15 3.17E-14 

NOX4 0.021636554 0.242609902 3.487095782 1.94E-28 2.10E-26 

NOX5 0.003047159 0.012757427 2.065800918 2.62E-05 3.84E-05 

DUOX1 0.056932242 0.494105535 3.117501407 5.88E-20 3.53E-19 

G6PD 1.311714874 13.58214647 3.372185434 6.03E-25 1.08E-23 

ACSL4 7.321489016 46.1219159 2.65524345 3.57E-12 9.08E-12 

NRAS 5.76945708 11.90251214 1.044758631 7.64E-17 3.17E-16 

HRAS 4.5210733 13.56736589 1.585403435 7.59E-25 1.17E-23 

SLC38A1 1.293731364 4.376645077 1.758287313 3.00E-05 4.35E-05 

SLC1A5 2.72911939 8.7961468 1.688436173 0.004122994 0.005051029 

GLS2 4.778706618 1.78680446 -1.419238437 1.24E-15 4.63E-15 

ALOX15B 0.142066661 1.817887709 3.677623143 7.72E-07 1.25E-06 

MAPK3 3.65701124 9.508187623 1.378505311 5.73E-26 1.77E-24 

CDKN2A 0.162719125 4.097589759 4.654319821 1.87E-25 4.49E-24 

MYB 0.046397883 0.133439792 1.524058057 7.29E-08 1.29E-07 

PRKAA2 0.279371851 1.628445762 2.543237099 2.30E-10 4.97E-10 

BAP1 7.2785839 15.18775534 1.061178967 1.68E-23 1.72E-22 

ABCC1 0.707154126 2.380373825 1.751091565 3.82E-06 5.94E-06 

YY1AP1 3.8363725 9.089088053 1.244392742 1.04E-23 1.19E-22 

EGLN2 1.5968142 3.789287075 1.246729987 1.96E-20 1.21E-19 

MIOX 0.025307544 0.730525513 4.851295268 1.25E-11 3.03E-11 

TAZ 1.723546396 5.52082373 1.679503404 7.52E-29 1.62E-26 

DNAJB6 1.465015098 3.293091859 1.168527223 2.68E-26 1.14E-24 
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Supplementary Table 5: GO and KEGG pathway anaysis. 

GO and KEGG pathway anaysis 
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regulati

ng 

pathwa

y - 

multipl

e 

species 

3/

68 

62

/8

10

1 

0.

0

2 

0.

0

6

2 

0.

0

4 NRAS/HRAS/PRKAA2 3 
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KE

GG 

hsa

04

92

9 

GnRH 

secretio

n 

3/

68 

64

/8

10

1 

0.

0

2 

0.

0

6

6 

0.

0

4 NRAS/HRAS/MAPK3 3 

KE

GG 

hsa

04

07

1 

Sphing

olipid 

signalin

g 

pathwa

y 

4/

68 

11

9/

81

01 

0.

0

2 

0.

0

6

9 

0.

0

5 NRAS/HRAS/MAPK3/ABCC1 4 

KE

GG 

hsa

04

72

0 

Long-

term 

potenti

ation 

3/

68 

67

/8

10

1 

0.

0

2 

0.

0

7

2 

0.

0

5 NRAS/HRAS/MAPK3 3 

KE

GG 

hsa

04

66

4 

Fc 

epsilon 

RI 

signalin

g 

pathwa

y 

3/

68 

68

/8

10

1 

0.

0

2 

0.

0

7

3 

0.

0

5 NRAS/HRAS/MAPK3 3 

 

Supplementary Table 6: Ferroptosis associated lncRNAs. 

Ferroptosis associated lncRNAs 

ferrGene lncRNA cor pvalue Regulation 

BECN1 ABALON 0.52906 

2.31E-

28 postive 

CS ABALON 0.59677 

1.88E-

37 postive 

SLC38A1 ABALON 0.56645 

4.02E-

33 postive 

SP1 ABALON 0.58957 

2.21E-

36 postive 

DNAJB6 AC000123.1 0.52344 

1.07E-

27 postive 

FANCD2 AC002116.2 0.55063 

4.91E-

31 postive 

STMN1 AC002116.2 0.52665 

4.48E-

28 postive 

EGLN2 AC002398.1 0.54417 

3.26E-

30 postive 

OTUB1 AC002398.1 0.5371 

2.46E-

29 postive 

HBA1 AC002398.2 0.72638 

1.49E-

62 postive 

PLIN4 AC002398.2 0.8438 

1.37E-

102 postive 

MUC1 AC003070.1 0.57837 

9.05E-

35 postive 

PTGS2 AC003070.1 0.67439 

6.10E-

51 postive 

PLIN4 AC004130.2 0.57801 

1.01E-

34 postive 

ALOX5 AC004540.1 0.53782 

2.01E-

29 postive 
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CA9 AC004540.1 0.52408 

9.01E-

28 postive 

CS AC004540.1 0.55658 

8.31E-

32 postive 

CYBB AC004585.1 0.65245 

1.00E-

46 postive 

IFNG AC004585.1 0.58332 

1.78E-

35 postive 

KRAS AC004803.1 0.50083 

3.85E-

25 postive 

ABCC1 AC004812.2 0.50867 

5.25E-

26 postive 

OTUB1 AC004812.2 0.51907 

3.46E-

27 postive 

FANCD2 AC004816.1 0.56008 

2.87E-

32 postive 

STMN1 AC004816.1 0.59127 

1.24E-

36 postive 

PCK2 AC004832.5 0.51465 

1.11E-

26 postive 

SCP2 AC004832.5 0.58974 

2.09E-

36 postive 

ATM AC004908.1 0.58755 

4.37E-

36 postive 

CYBB AC004921.1 0.61331 

5.15E-

40 postive 

FANCD2 AC004943.2 0.53973 

1.17E-

29 postive 

NRAS AC004943.2 0.50199 

2.88E-

25 postive 

PIK3CA AC004943.2 0.5125 

1.95E-

26 postive 

ANO6 AC005034.5 0.54445 

3.00E-

30 postive 

IREB2 AC005034.5 0.54454 

2.92E-

30 postive 

KLHL24 AC005034.5 0.5098 

3.93E-

26 postive 

PIK3CA AC005034.5 0.53309 

7.57E-

29 postive 

ZEB1 AC005034.5 0.50547 

1.19E-

25 postive 

PLIN4 AC005046.1 0.58305 

1.95E-

35 postive 

HSPB1 AC005076.1 0.52377 

9.80E-

28 postive 

ATG16L1 AC005104.1 0.50262 

2.46E-

25 postive 

ATM AC005104.1 0.55138 

3.94E-

31 postive 

SETD1B AC005104.1 0.52081 

2.17E-

27 postive 

ATM AC005253.1 0.5377 

2.08E-

29 postive 

SETD1B AC005253.1 0.52516 

6.73E-

28 postive 

SP1 AC005253.1 0.56262 

1.32E-

32 postive 

NF2 AC005261.1 0.52065 

2.27E-

27 postive 
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ZNF419 AC005261.1 0.64276 

5.67E-

45 postive 

EGLN2 AC005261.3 0.52106 

2.03E-

27 postive 

ALOX12 AC005288.1 0.52123 

1.94E-

27 postive 

ATG16L1 AC005288.1 0.59963 

6.95E-

38 postive 

ATM AC005288.1 0.6472 

9.08E-

46 postive 

BACH1 AC005288.1 0.55607 

9.68E-

32 postive 

BECN1 AC005288.1 0.72539 

2.61E-

62 postive 

CHMP5 AC005288.1 0.5451 

2.48E-

30 postive 

CS AC005288.1 0.53009 

1.74E-

28 postive 

HIF1A AC005288.1 0.55226 

3.03E-

31 postive 

IREB2 AC005288.1 0.6858 

2.79E-

53 postive 

MAPK1 AC005288.1 0.68514 

3.84E-

53 postive 

MAPK8 AC005288.1 0.57206 

6.87E-

34 postive 

MAPK9 AC005288.1 0.53792 

1.95E-

29 postive 

NRAS AC005288.1 0.60346 

1.80E-

38 postive 

OXSR1 AC005288.1 0.6207 

3.29E-

41 postive 

PIK3CA AC005288.1 0.68643 

2.06E-

53 postive 

PRKAA1 AC005288.1 0.52399 

9.23E-

28 postive 

RB1 AC005288.1 0.53321 

7.32E-

29 postive 

SETD1B AC005288.1 0.64516 

2.12E-

45 postive 

SIRT1 AC005288.1 0.53436 

5.32E-

29 postive 

SNX4 AC005288.1 0.55929 

3.65E-

32 postive 

SP1 AC005288.1 0.74009 

4.46E-

66 postive 

ZEB1 AC005288.1 0.57629 

1.77E-

34 postive 

ZFP69B AC005288.1 0.53961 

1.21E-

29 postive 

WIPI1 AC005332.6 0.51355 

1.48E-

26 postive 

EGLN2 AC005393.1 0.5097 

4.03E-

26 postive 

BECN1 AC005670.3 0.54141 

7.20E-

30 postive 

ALOX12 AC005696.1 0.52671 

4.40E-

28 postive 

CS AC005696.1 0.57533 

2.42E-

34 postive 
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HBA1 AC005785.1 0.56646 

4.01E-

33 postive 

PLIN4 AC005785.1 0.68341 

8.81E-

53 postive 

ACO1 AC005920.4 0.50947 

4.28E-

26 postive 

GLS2 AC005920.4 0.5066 

8.94E-

26 postive 

EGLN2 AC006213.3 0.57424 

3.42E-

34 postive 

ZNF419 AC006213.4 0.55282 

2.56E-

31 postive 

HELLS AC006213.5 0.55714 

7.02E-

32 postive 

HSPB1 AC006273.1 0.58796 

3.80E-

36 postive 

ALOX12 AC006435.2 0.50141 

3.33E-

25 postive 

ZNF419 AC007066.2 0.56301 

1.17E-

32 postive 

SOCS1 AC007220.1 0.5154 

9.14E-

27 postive 

ALOX12 AC007406.4 0.52835 

2.82E-

28 postive 

ATG16L1 AC007406.4 0.56596 

4.68E-

33 postive 

ATM AC007406.4 0.63381 

2.08E-

43 postive 

IREB2 AC007406.4 0.61989 

4.47E-

41 postive 

MAPK1 AC007406.4 0.61261 

6.66E-

40 postive 

MAPK8 AC007406.4 0.50498 

1.35E-

25 postive 

OXSR1 AC007406.4 0.50537 

1.22E-

25 postive 

PIK3CA AC007406.4 0.55091 

4.53E-

31 postive 

RB1 AC007406.4 0.51266 

1.87E-

26 postive 

SETD1B AC007406.4 0.58247 

2.36E-

35 postive 

SIRT1 AC007406.4 0.54222 

5.72E-

30 postive 

SP1 AC007406.4 0.66956 

5.54E-

50 postive 

ZEB1 AC007406.4 0.53033 

1.63E-

28 postive 

IREB2 AC007637.1 0.55491 

1.37E-

31 postive 

HRAS AC007773.1 0.59364 

5.54E-

37 postive 

HSPB1 AC007773.1 0.59254 

8.06E-

37 postive 

ABCC1 AC008074.2 0.50798 

6.28E-

26 postive 

CYBB AC008105.2 0.55833 

4.90E-

32 postive 

ALOX12 AC008124.1 0.50302 

2.22E-

25 postive 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  371 
 

ATM AC008124.1 0.50709 

7.89E-

26 postive 

GABPB1 AC008124.1 0.58029 

4.83E-

35 postive 

SP1 AC008124.1 0.55506 

1.31E-

31 postive 

HRAS AC008443.4 0.53395 

5.96E-

29 postive 

HSPB1 AC008443.4 0.57848 

8.71E-

35 postive 

DPP4 AC008549.1 0.53428 

5.43E-

29 postive 

PANX1 AC008549.1 0.58801 

3.74E-

36 postive 

PEBP1 AC008549.1 0.53272 

8.39E-

29 postive 

HRAS AC008608.2 0.53479 

4.71E-

29 postive 

HSPB1 AC008608.2 0.55883 

4.21E-

32 postive 

RPL8 AC008608.2 0.51461 

1.12E-

26 postive 

HRAS AC008610.1 0.61003 

1.71E-

39 postive 

HSPB1 AC008610.1 0.66542 

3.57E-

49 postive 

NOS2 AC008708.1 0.57717 

1.33E-

34 postive 

ZNF419 AC008735.2 0.51707 

5.88E-

27 postive 

SETD1B AC008735.4 0.51575 

8.32E-

27 postive 

DUOX2 AC008736.1 0.86698 

1.44E-

114 postive 

MUC1 AC008736.1 0.64536 

1.95E-

45 postive 

IREB2 AC008764.2 0.52463 

7.77E-

28 postive 

MAPK1 AC008764.2 0.50908 

4.73E-

26 postive 

ATM AC008770.3 0.53258 

8.73E-

29 postive 

IREB2 AC008770.3 0.52636 

4.85E-

28 postive 

EGLN2 AC008915.2 0.55933 

3.61E-

32 postive 

HRAS AC008915.2 0.52564 

5.89E-

28 postive 

SLC40A1 AC008966.1 0.50753 

7.03E-

26 postive 

CYBB AC008972.2 0.50731 

7.46E-

26 postive 

EGLN2 AC009065.4 0.52286 

1.25E-

27 postive 

HRAS AC009065.4 0.62825 

1.84E-

42 postive 

HSPB1 AC009065.4 0.59141 

1.19E-

36 postive 

ABCC1 AC009120.2 0.5007 

3.98E-

25 postive 
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ABCC1 AC009133.1 0.50497 

1.35E-

25 postive 

HRAS AC009275.1 0.52372 

9.94E-

28 postive 

HSPB1 AC009275.1 0.54035 

9.76E-

30 postive 

KRAS AC009318.2 0.50943 

4.32E-

26 postive 

HRAS AC009686.2 0.54023 

1.01E-

29 postive 

HSPB1 AC009686.2 0.61578 

2.07E-

40 postive 

ATM AC010186.3 0.53349 

6.79E-

29 postive 

PCK2 AC010205.1 0.54238 

5.46E-

30 postive 

ZNF419 AC010326.3 0.60006 

5.97E-

38 postive 

PCK2 AC010336.2 0.59258 

7.95E-

37 postive 

ATG4D AC010503.4 0.53699 

2.53E-

29 postive 

DPP4 AC010531.5 0.58194 

2.81E-

35 postive 

HRAS AC010531.6 0.54206 

5.98E-

30 postive 

HSPB1 AC010531.6 0.61488 

2.89E-

40 postive 

RGS4 AC010547.2 0.5577 

5.93E-

32 postive 

HRAS AC010618.3 0.53364 

6.50E-

29 postive 

ALOX12 AC010834.3 0.51908 

3.45E-

27 postive 

ATM AC010834.3 0.61861 

7.22E-

41 postive 

IREB2 AC010834.3 0.54908 

7.78E-

31 postive 

MAPK1 AC010834.3 0.51021 

3.53E-

26 postive 

MAPK8 AC010834.3 0.50154 

3.22E-

25 postive 

PIK3CA AC010834.3 0.53134 

1.23E-

28 postive 

SETD1B AC010834.3 0.58973 

2.09E-

36 postive 

SP1 AC010834.3 0.62407 

9.15E-

42 postive 

EGLN2 AC010969.2 0.50789 

6.42E-

26 postive 

EGLN2 AC011445.1 0.61355 

4.71E-

40 postive 

ABCC1 AC011462.4 0.51502 

1.01E-

26 postive 

EGLN2 AC011468.1 0.57506 

2.64E-

34 postive 

ZNF419 AC011468.1 0.59244 

8.34E-

37 postive 

HBA1 AC011472.4 0.52151 

1.80E-

27 postive 
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DUOX1 AC011477.1 0.51201 

2.21E-

26 postive 

SLC2A1 AC012615.1 0.55965 

3.28E-

32 postive 

ALOX12 AC012615.6 0.52479 

7.43E-

28 postive 

SETD1B AC012615.6 0.50487 

1.39E-

25 postive 

HSF1 AC012676.1 0.54683 

1.50E-

30 postive 

RPL8 AC012676.1 0.51927 

3.28E-

27 postive 

CYBB AC015819.1 0.55461 

1.50E-

31 postive 

ATM AC015849.3 0.53781 

2.01E-

29 postive 

SETD1B AC015849.3 0.575 

2.68E-

34 postive 

GABPB1 AC015871.3 0.51861 

3.91E-

27 postive 

HRAS AC015912.3 0.62917 

1.28E-

42 postive 

HSPB1 AC015912.3 0.67763 

1.35E-

51 postive 

PTGS2 AC015922.2 0.57361 

4.20E-

34 postive 

GABPB1 AC016355.1 0.5816 

3.14E-

35 postive 

HSPB1 AC016405.3 0.53295 

7.89E-

29 postive 

RPL8 AC016405.3 0.60644 

6.22E-

39 postive 

PROM2 AC016590.3 0.52131 

1.90E-

27 postive 

RGS4 AC016735.1 0.64147 

9.59E-

45 postive 

DRD4 AC018638.7 0.74099 

2.57E-

66 postive 

FANCD2 AC018690.1 0.50442 

1.56E-

25 postive 

OXSR1 AC018690.1 0.51022 

3.52E-

26 postive 

ATF4 AC018904.1 0.50089 

3.79E-

25 postive 

PLIN4 AC019197.1 0.5107 

3.11E-

26 postive 

DUOX1 AC020907.4 0.51146 

2.56E-

26 postive 

GLS2 AC020978.4 0.60354 

1.75E-

38 postive 

PROM2 AC021016.1 0.5191 

3.43E-

27 postive 

FANCD2 AC022007.1 0.55393 

1.85E-

31 postive 

SP1 AC022150.2 0.51953 

3.06E-

27 postive 

ZNF419 AC022150.2 0.54776 

1.14E-

30 postive 

KRAS AC022364.1 0.61822 

8.35E-

41 postive 
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ATF4 AC024060.2 0.53034 

1.63E-

28 postive 

ATM AC024075.1 0.51256 

1.92E-

26 postive 

IREB2 AC024075.1 0.5815 

3.25E-

35 postive 

MAPK1 AC024075.1 0.548 

1.07E-

30 postive 

SETD1B AC024075.1 0.52642 

4.77E-

28 postive 

SP1 AC024075.1 0.51543 

9.07E-

27 postive 

HRAS AC025048.4 0.6505 

2.29E-

46 postive 

HSPB1 AC025048.4 0.56465 

7.03E-

33 postive 

HIF1A AC026356.1 0.56214 

1.53E-

32 postive 

SLC38A1 AC026356.1 0.55378 

1.93E-

31 postive 

CDKN2A AC026401.3 0.61101 

1.19E-

39 postive 

FANCD2 AC026401.3 0.58273 

2.17E-

35 postive 

G6PD AC026401.3 0.53328 

7.18E-

29 postive 

MAPK3 AC026401.3 0.60905 

2.44E-

39 postive 

PHKG2 AC026401.3 0.55034 

5.36E-

31 postive 

SLC1A5 AC026401.3 0.59242 

8.39E-

37 postive 

STMN1 AC026401.3 0.64747 

8.13E-

46 postive 

MT1G AC026461.2 0.80386 

6.07E-

86 postive 

EGLN2 AC026803.1 0.55259 

2.75E-

31 postive 

HRAS AC026803.1 0.51733 

5.49E-

27 postive 

HRAS AC026979.2 0.58362 

1.62E-

35 postive 

HSPB1 AC026979.2 0.62806 

1.97E-

42 postive 

ATM AC027097.1 0.50668 

8.76E-

26 postive 

EGLN2 AC027644.3 0.6068 

5.47E-

39 postive 

HRAS AC027644.3 0.62464 

7.36E-

42 postive 

HSPB1 AC027644.3 0.56635 

4.15E-

33 postive 

GABPB1 AC034236.2 0.50839 

5.65E-

26 postive 

PEBP1 AC036176.1 0.50146 

3.28E-

25 postive 

ATM AC037459.2 0.59719 

1.63E-

37 postive 

PIK3CA AC037459.2 0.50822 

5.91E-

26 postive 
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SP1 AC037459.2 0.53073 

1.46E-

28 postive 

EGLN2 AC046143.2 0.59922 

8.01E-

38 postive 

HRAS AC046143.2 0.5743 

3.36E-

34 postive 

GCLC AC055720.2 0.50399 

1.74E-

25 postive 

ATF4 AC055822.1 0.50091 

3.77E-

25 postive 

SP1 AC055855.1 0.51489 

1.04E-

26 postive 

ABCC1 AC060766.3 0.52154 

1.79E-

27 postive 

CAV1 AC060766.3 0.53333 

7.08E-

29 postive 

ABCC1 AC060766.6 0.57982 

5.63E-

35 postive 

CAV1 AC060766.6 0.55602 

9.83E-

32 postive 

PML AC060766.6 0.51908 

3.45E-

27 postive 

DUOX1 AC061975.6 0.51292 

1.75E-

26 postive 

ASNS AC061992.2 0.53754 

2.17E-

29 postive 

BECN1 AC067852.2 0.67885 

7.65E-

52 postive 

FANCD2 AC068756.1 0.51627 

7.27E-

27 postive 

HRAS AC069281.2 0.56093 

2.21E-

32 postive 

HSPB1 AC069281.2 0.60437 

1.30E-

38 postive 

ANO6 AC073046.1 0.50255 

2.50E-

25 postive 

ATM AC073046.1 0.6218 

2.17E-

41 postive 

BACH1 AC073046.1 0.50901 

4.81E-

26 postive 

IREB2 AC073046.1 0.64447 

2.81E-

45 postive 

MAPK1 AC073046.1 0.61606 

1.87E-

40 postive 

PIK3CA AC073046.1 0.58572 

8.03E-

36 postive 

PRKAA1 AC073046.1 0.50502 

1.34E-

25 postive 

SETD1B AC073046.1 0.5983 

1.10E-

37 postive 

SP1 AC073046.1 0.61699 

1.32E-

40 postive 

ZEB1 AC073046.1 0.51945 

3.13E-

27 postive 

SETD1B AC073575.2 0.5053 

1.24E-

25 postive 

EGLN2 AC073896.4 0.54227 

5.64E-

30 postive 

HRAS AC073896.4 0.65339 

6.73E-

47 postive 
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HSPB1 AC073896.4 0.60132 

3.84E-

38 postive 

EGLN2 AC074212.1 0.58985 

2.01E-

36 postive 

RPL8 AC074212.1 0.52159 

1.76E-

27 postive 

HSPB1 AC078846.1 0.52034 

2.47E-

27 postive 

DRD4 AC078909.2 0.54586 

1.99E-

30 postive 

DPP4 AC078993.1 0.52838 

2.79E-

28 postive 

PANX1 AC078993.1 0.55542 

1.18E-

31 postive 

CYBB AC079015.1 0.64377 

3.76E-

45 postive 

PML AC079015.1 0.51392 

1.35E-

26 postive 

IL33 AC079305.1 0.50241 

2.59E-

25 postive 

SCP2 AC079848.1 0.51076 

3.07E-

26 postive 

ATM AC084018.1 0.51463 

1.12E-

26 postive 

SETD1B AC084018.1 0.61281 

6.20E-

40 postive 

SP1 AC084018.1 0.51342 

1.54E-

26 postive 

ULK1 AC084018.1 0.55328 

2.24E-

31 postive 

SLC1A5 AC087501.4 0.56348 

1.01E-

32 postive 

CHMP6 AC087741.2 0.55983 

3.10E-

32 postive 

HRAS AC087741.2 0.5163 

7.21E-

27 postive 

PANX1 AC090150.1 0.50015 

4.56E-

25 postive 

GABPB1 AC090517.2 0.57653 

1.64E-

34 postive 

ATG7 AC090559.1 0.50981 

3.92E-

26 postive 

CYBB AC090559.1 0.82545 

2.04E-

94 postive 

HIF1A AC090559.1 0.58643 

6.35E-

36 postive 

JDP2 AC090559.1 0.52982 

1.88E-

28 postive 

PML AC090559.1 0.56932 

1.64E-

33 postive 

RB1 AC090559.1 0.51851 

4.01E-

27 postive 

TLR4 AC090559.1 0.62506 

6.28E-

42 postive 

YWHAE AC090617.5 0.53894 

1.46E-

29 postive 

ATM AC091057.1 0.5134 

1.54E-

26 postive 

ELAVL1 AC091057.1 0.50707 

7.92E-

26 postive 
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FANCD2 AC091057.1 0.76357 

1.18E-

72 postive 

HELLS AC091057.1 0.6887 

6.82E-

54 postive 

HMGB1 AC091057.1 0.5581 

5.24E-

32 postive 

MAPK1 AC091057.1 0.52123 

1.94E-

27 postive 

MAPK8 AC091057.1 0.50619 

9.91E-

26 postive 

OXSR1 AC091057.1 0.52476 

7.50E-

28 postive 

RRM2 AC091057.1 0.5908 

1.46E-

36 postive 

SETD1B AC091057.1 0.54959 

6.69E-

31 postive 

SP1 AC091057.1 0.60494 

1.07E-

38 postive 

STMN1 AC091057.1 0.63241 

3.62E-

43 postive 

VEGFA AC091057.1 0.52581 

5.64E-

28 postive 

YY1AP1 AC091057.1 0.51252 

1.94E-

26 postive 

HSPB1 AC091488.1 0.50995 

3.78E-

26 postive 

NQO1 AC092115.3 0.70426 

2.64E-

57 postive 

ABCC1 AC092118.1 0.544 

3.42E-

30 postive 

NF2 AC092171.2 0.53923 

1.34E-

29 postive 

LPCAT3 AC092941.1 0.53671 

2.75E-

29 postive 

DUOX2 AC093001.1 0.55818 

5.12E-

32 postive 

PROM2 AC093010.2 0.53348 

6.80E-

29 postive 

ATM AC093227.1 0.52927 

2.18E-

28 postive 

MAPK1 AC093227.1 0.51239 

2.01E-

26 postive 

MAPK8 AC093227.1 0.58043 

4.61E-

35 postive 

SIRT1 AC093227.1 0.52673 

4.39E-

28 postive 

SP1 AC093227.1 0.55771 

5.92E-

32 postive 

ZNF419 AC093227.1 0.51112 

2.79E-

26 postive 

EPAS1 AC093278.2 0.55176 

3.52E-

31 postive 

ZEB1 AC093278.2 0.51483 

1.06E-

26 postive 

IREB2 AC093752.2 0.55697 

7.39E-

32 postive 

NRAS AC098484.1 0.55466 

1.48E-

31 postive 

SCP2 AC099508.2 0.52984 

1.87E-

28 postive 
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ATG3 AC099850.3 0.53013 

1.72E-

28 postive 

ATG5 AC099850.3 0.50103 

3.66E-

25 postive 

AURKA AC099850.3 0.51376 

1.40E-

26 postive 

ELAVL1 AC099850.3 0.54417 

3.26E-

30 postive 

FANCD2 AC099850.3 0.73169 

6.82E-

64 postive 

HELLS AC099850.3 0.63885 

2.77E-

44 postive 

HMGB1 AC099850.3 0.50816 

5.99E-

26 postive 

MAPK1 AC099850.3 0.51511 

9.84E-

27 postive 

NRAS AC099850.3 0.61429 

3.59E-

40 postive 

OXSR1 AC099850.3 0.54092 

8.30E-

30 postive 

PIK3CA AC099850.3 0.5439 

3.52E-

30 postive 

RRM2 AC099850.3 0.71951 

7.17E-

61 postive 

SLC1A5 AC099850.3 0.52483 

7.36E-

28 postive 

SP1 AC099850.3 0.54085 

8.46E-

30 postive 

STMN1 AC099850.3 0.64402 

3.39E-

45 postive 

ZFP69B AC099850.3 0.5782 

9.54E-

35 postive 

HBA1 AC100793.4 0.65826 

8.30E-

48 postive 

PLIN4 AC100793.4 0.79653 

2.62E-

83 postive 

HBA1 AC104463.2 0.54148 

7.07E-

30 postive 

PLIN4 AC104463.2 0.59676 

1.89E-

37 postive 

ATM AC104532.2 0.5378 

2.01E-

29 postive 

SIRT1 AC104532.2 0.50509 

1.31E-

25 postive 

SP1 AC104532.2 0.50274 

2.38E-

25 postive 

MT3 AC105118.1 0.60852 

2.95E-

39 postive 

PHKG2 AC106820.3 0.50731 

7.46E-

26 postive 

PLIN4 AC106897.1 0.52468 

7.66E-

28 postive 

MAPK1 AC107027.3 0.52528 

6.50E-

28 postive 

SNX4 AC107027.3 0.50186 

2.97E-

25 postive 

SP1 AC107027.3 0.53905 

1.42E-

29 postive 

SLC38A1 AC107959.3 0.57992 

5.46E-

35 postive 
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ATM AC108010.1 0.57129 

8.79E-

34 postive 

IREB2 AC108010.1 0.62464 

7.37E-

42 postive 

PIK3CA AC108010.1 0.5488 

8.45E-

31 postive 

SETD1B AC108010.1 0.52307 

1.18E-

27 postive 

SP1 AC108010.1 0.53726 

2.35E-

29 postive 

ZEB1 AC108010.1 0.52342 

1.08E-

27 postive 

EGLN2 AC108047.1 0.5216 

1.76E-

27 postive 

HRAS AC108047.1 0.55151 

3.79E-

31 postive 

HSPB1 AC108047.1 0.55564 

1.10E-

31 postive 

CYBB AC108134.3 0.61385 

4.22E-

40 postive 

ATM AC108449.2 0.55891 

4.10E-

32 postive 

IREB2 AC108449.2 0.60294 

2.17E-

38 postive 

MAPK1 AC108449.2 0.53321 

7.33E-

29 postive 

PIK3CA AC108449.2 0.60324 

1.95E-

38 postive 

RB1 AC108449.2 0.52305 

1.19E-

27 postive 

SP1 AC108449.2 0.53559 

3.76E-

29 postive 

ZEB1 AC108449.2 0.54695 

1.45E-

30 postive 

IL6 AC108451.2 0.54134 

7.35E-

30 postive 

KRAS AC108451.2 0.54812 

1.03E-

30 postive 

ABCC1 AC108463.2 0.52951 

2.05E-

28 postive 

VLDLR AC108463.2 0.51933 

3.23E-

27 postive 

EGLN2 AC108673.3 0.52388 

9.51E-

28 postive 

HRAS AC109322.1 0.62026 

3.88E-

41 postive 

HSF1 AC109322.1 0.55663 

8.18E-

32 postive 

HSPB1 AC109322.1 0.63779 

4.25E-

44 postive 

RPL8 AC109322.1 0.74472 

2.57E-

67 postive 

ATM AC109460.2 0.60407 

1.45E-

38 postive 

IREB2 AC109460.2 0.51523 

9.54E-

27 postive 

PIK3CA AC109460.2 0.53848 

1.66E-

29 postive 

PRKAA1 AC109460.2 0.55828 

4.96E-

32 postive 
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SETD1B AC109460.2 0.58114 

3.66E-

35 postive 

SP1 AC109460.2 0.56894 

1.84E-

33 postive 

CYBB AC110995.1 0.5596 

3.32E-

32 postive 

OXSR1 AC112220.2 0.52612 

5.18E-

28 postive 

EGLN2 AC112491.1 0.59673 

1.91E-

37 postive 

WIPI2 AC113145.1 0.55936 

3.58E-

32 postive 

ABCC1 AC116351.1 0.69181 

1.47E-

54 postive 

SLC38A1 AC116351.1 0.56806 

2.43E-

33 postive 

TP53 AC116914.2 0.50028 

4.42E-

25 postive 

HRAS AC117386.2 0.50664 

8.83E-

26 postive 

HSPB1 AC117386.2 0.50028 

4.41E-

25 postive 

ZNF419 AC120053.1 0.54466 

2.83E-

30 postive 

ELAVL1 AC124045.1 0.51968 

2.94E-

27 postive 

DDIT3 AC124798.1 0.50175 

3.05E-

25 postive 

SLC38A1 AC124798.1 0.52833 

2.83E-

28 postive 

SP1 AC125257.1 0.50473 

1.44E-

25 postive 

HELLS AC127024.4 0.5489 

8.19E-

31 postive 

SETD1B AC127024.4 0.55511 

1.30E-

31 postive 

SP1 AC127024.4 0.50912 

4.68E-

26 postive 

ATF4 AC127024.5 0.50169 

3.10E-

25 postive 

FANCD2 AC127024.5 0.5109 

2.95E-

26 postive 

ZNF419 AC127024.5 0.52576 

5.71E-

28 postive 

CS AC127521.1 0.51293 

1.74E-

26 postive 

PROM2 AC127521.1 0.50076 

3.92E-

25 postive 

RGS4 AC127521.1 0.56282 

1.24E-

32 postive 

SLC38A1 AC129510.1 0.50651 

9.14E-

26 postive 

SP1 AC129510.1 0.55899 

4.01E-

32 postive 

HRAS AC131009.3 0.56408 

8.40E-

33 postive 

HSPB1 AC131009.3 0.62876 

1.50E-

42 postive 

FANCD2 AC132807.2 0.50794 

6.33E-

26 postive 
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HELLS AC132938.1 0.50734 

7.40E-

26 postive 

ALOX5 AC133644.1 0.52133 

1.89E-

27 postive 

IREB2 AC135050.5 0.53287 

8.05E-

29 postive 

PLIN4 AC135507.1 0.54932 

7.24E-

31 postive 

SCP2 AC137056.1 0.5089 

4.96E-

26 postive 

ATM AC138028.4 0.55312 

2.35E-

31 postive 

EGLN2 AC138207.2 0.51184 

2.31E-

26 postive 

HRAS AC138207.2 0.56594 

4.71E-

33 postive 

CAV1 AC138207.4 0.51903 

3.50E-

27 postive 

CYBB AC138207.4 0.55847 

4.69E-

32 postive 

PML AC138207.4 0.58374 

1.55E-

35 postive 

CYBB AC138207.5 0.70111 

1.35E-

56 postive 

PML AC138207.5 0.60056 

5.02E-

38 postive 

GPX4 AC138696.2 0.56595 

4.71E-

33 postive 

HSPB1 AC138696.2 0.53537 

4.00E-

29 postive 

CHMP6 AC139530.1 0.58514 

9.76E-

36 postive 

HRAS AC139530.1 0.55539 

1.19E-

31 postive 

ATM AC145098.1 0.56335 

1.05E-

32 postive 

CAPG AC145098.1 0.56327 

1.08E-

32 postive 

CYBB AC145098.1 0.78164 

2.89E-

78 postive 

PML AC145098.1 0.54132 

7.40E-

30 postive 

TLR4 AC145098.1 0.52758 

3.47E-

28 postive 

HELLS AC145207.5 0.50895 

4.89E-

26 postive 

SRXN1 AC145207.8 0.59598 

2.47E-

37 postive 

TXNRD1 AC145207.8 0.56178 

1.71E-

32 postive 

PLIN4 AC145423.1 0.57336 

4.54E-

34 postive 

DPP4 AC231981.1 0.51473 

1.09E-

26 postive 

ALOX12 AC232271.1 0.5026 

2.47E-

25 postive 

ATM AC232271.1 0.50754 

7.02E-

26 postive 

SP1 AC232271.1 0.51633 

7.15E-

27 postive 
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ATM AC243960.1 0.56948 

1.55E-

33 postive 

CYBB AC243960.1 0.52612 

5.17E-

28 postive 

IFNG AC243960.1 0.5842 

1.33E-

35 postive 

ATG4D AC245041.1 0.50949 

4.26E-

26 postive 

DUOX2 AC245041.1 0.60043 

5.25E-

38 postive 

MUC1 AC245041.1 0.50088 

3.80E-

25 postive 

ABCC1 AC245041.2 0.63704 

5.75E-

44 postive 

PROM2 AC245041.2 0.73985 

5.15E-

66 postive 

ABCC1 AF131215.6 0.59627 

2.23E-

37 postive 

PROM2 AF131215.6 0.53083 

1.42E-

28 postive 

CAV1 AGAP2-AS1 0.52163 

1.74E-

27 postive 

HIC1 AGAP2-AS1 0.52543 

6.24E-

28 postive 

PLIN4 AGAP2-AS1 0.64472 

2.53E-

45 postive 

ATM AL031600.1 0.51378 

1.40E-

26 postive 

SETD1B AL031600.1 0.56008 

2.87E-

32 postive 

ATM AL031714.1 0.58216 

2.61E-

35 postive 

FBXW7 AL031714.1 0.50412 

1.68E-

25 postive 

SETD1B AL031714.1 0.56262 

1.32E-

32 postive 

SP1 AL031714.1 0.54927 

7.36E-

31 postive 

NRAS AL031985.3 0.53828 

1.76E-

29 postive 

ZFP69B AL031985.3 0.84786 

1.54E-

104 postive 

AKR1C2 AL033397.1 0.50114 

3.56E-

25 postive 

SRXN1 AL033397.1 0.50646 

9.25E-

26 postive 

TXNRD1 AL033397.1 0.5462 

1.80E-

30 postive 

ATF4 AL035071.1 0.51579 

8.24E-

27 postive 

OTUB1 AL035071.1 0.52049 

2.37E-

27 postive 

SLC1A5 AL035446.1 0.51084 

3.00E-

26 postive 

VLDLR AL035446.1 0.64855 

5.17E-

46 postive 

EGLN2 AL035461.2 0.53252 

8.89E-

29 postive 

FANCD2 AL035461.2 0.54009 

1.05E-

29 postive 
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NF2 AL035461.2 0.52546 

6.20E-

28 postive 

SLC1A5 AL035461.2 0.53832 

1.74E-

29 postive 

STMN1 AL035461.2 0.58375 

1.55E-

35 postive 

PROM2 AL049555.1 0.6162 

1.77E-

40 postive 

PROM2 AL049629.1 0.55574 

1.07E-

31 postive 

ATM AL049840.2 0.56877 

1.94E-

33 postive 

FBXW7 AL049840.2 0.51971 

2.92E-

27 postive 

SETD1B AL049840.2 0.50535 

1.23E-

25 postive 

ATG16L1 AL049840.3 0.51045 

3.32E-

26 postive 

MAPK1 AL049840.3 0.55042 

5.23E-

31 postive 

ATG16L1 AL049840.4 0.50653 

9.09E-

26 postive 

ATM AL049840.4 0.51438 

1.19E-

26 postive 

MAPK1 AL049840.4 0.54306 

4.49E-

30 postive 

SETD1B AL049840.4 0.56626 

4.27E-

33 postive 

FANCD2 AL050341.2 0.51293 

1.74E-

26 postive 

GABPB1 AL050341.2 0.58897 

2.70E-

36 postive 

STMN1 AL050341.2 0.52796 

3.13E-

28 postive 

DRD4 AL109615.3 0.61869 

7.01E-

41 postive 

ALOX12 AL118506.1 0.51359 

1.47E-

26 postive 

IREB2 AL118506.1 0.54363 

3.81E-

30 postive 

PIK3CA AL118506.1 0.53224 

9.61E-

29 postive 

SP1 AL118506.1 0.50475 

1.43E-

25 postive 

PLIN4 AL118558.3 0.62818 

1.88E-

42 postive 

PLIN4 AL118558.4 0.51479 

1.07E-

26 postive 

EGLN2 AL121832.2 0.55757 

6.17E-

32 postive 

RPL8 AL121832.2 0.5652 

5.94E-

33 postive 

DUOX2 AL122035.1 0.51612 

7.54E-

27 postive 

HIF1A AL122035.1 0.67391 

7.61E-

51 postive 

IREB2 AL132639.2 0.52598 

5.38E-

28 postive 

ATM AL132989.1 0.56574 

5.02E-

33 postive 
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IREB2 AL132989.1 0.50774 

6.68E-

26 postive 

SETD1B AL132989.1 0.53182 

1.08E-

28 postive 

SP1 AL132989.1 0.57652 

1.64E-

34 postive 

ALOX12 AL133355.1 0.53156 

1.16E-

28 postive 

ATG4D AL133355.1 0.51419 

1.25E-

26 postive 

CS AL133355.1 0.59318 

6.48E-

37 postive 

SP1 AL133355.1 0.54659 

1.61E-

30 postive 

CYBB AL133371.2 0.7208 

3.50E-

61 postive 

PML AL133371.2 0.52076 

2.20E-

27 postive 

TLR4 AL133371.2 0.50235 

2.63E-

25 postive 

SOCS1 AL137186.2 0.51451 

1.15E-

26 postive 

PLIN4 AL139260.1 0.67986 

4.74E-

52 postive 

ZNF419 AL139287.1 0.51427 

1.23E-

26 postive 

DUOX1 AL139288.1 0.56458 

7.20E-

33 postive 

ALOX12 AL139349.1 0.55751 

6.28E-

32 postive 

ATM AL157392.3 0.51111 

2.80E-

26 postive 

SETD1B AL157392.3 0.56098 

2.18E-

32 postive 

SP1 AL157392.3 0.60322 

1.96E-

38 postive 

YY1AP1 AL157392.3 0.5252 

6.66E-

28 postive 

ZNF419 AL157392.3 0.51417 

1.26E-

26 postive 

VLDLR AL157394.1 0.57297 

5.14E-

34 postive 

PCK2 AL161668.4 0.60476 

1.14E-

38 postive 

SCP2 AL161668.4 0.53755 

2.16E-

29 postive 

EGLN2 AL161729.3 0.53983 

1.13E-

29 postive 

PRKAA2 AL163953.1 0.51591 

7.99E-

27 postive 

IREB2 AL353804.1 0.50498 

1.35E-

25 postive 

PIK3CA AL353804.1 0.51191 

2.27E-

26 postive 

SIRT1 AL353804.1 0.54839 

9.50E-

31 postive 

SP1 AL353804.1 0.55332 

2.21E-

31 postive 

IREB2 AL354733.3 0.51057 

3.22E-

26 postive 
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SETD1B AL354733.3 0.50103 

3.66E-

25 postive 

SIRT1 AL354733.3 0.51846 

4.06E-

27 postive 

ABCC1 AL354836.1 0.537 

2.53E-

29 postive 

PROM2 AL354836.1 0.51755 

5.17E-

27 postive 

FANCD2 AL355488.1 0.54533 

2.32E-

30 postive 

HELLS AL355488.1 0.50658 

8.97E-

26 postive 

HRAS AL357079.1 0.51068 

3.13E-

26 postive 

VLDLR AL359076.1 0.52205 

1.56E-

27 postive 

HNF4A AL359915.1 0.51869 

3.83E-

27 postive 

ALOX12 AL360181.2 0.51835 

4.19E-

27 postive 

SETD1B AL360181.2 0.5533 

2.22E-

31 postive 

SIRT1 AL360181.2 0.5208 

2.18E-

27 postive 

SP1 AL360181.2 0.50124 

3.47E-

25 postive 

KRAS AL365226.1 0.56975 

1.43E-

33 postive 

ATM AL365361.1 0.62345 

1.16E-

41 postive 

PROM2 AL390719.2 0.53339 

6.98E-

29 postive 

HSPB1 AL391056.1 0.55074 

4.77E-

31 postive 

RPL8 AL391056.1 0.57612 

1.87E-

34 postive 

GOT1 AL391684.1 0.667 

1.76E-

49 postive 

HRAS AL441992.1 0.50164 

3.14E-

25 postive 

IREB2 AL450326.1 0.51805 

4.54E-

27 postive 

SNX4 AL450326.1 0.51134 

2.64E-

26 postive 

TXNRD1 AL512353.1 0.51782 

4.82E-

27 postive 

NOX1 AL591686.1 0.81151 

8.05E-

89 postive 

DRD4 AL596223.2 0.61098 

1.21E-

39 postive 

SLC2A6 AL596223.2 0.50683 

8.42E-

26 postive 

VLDLR AL596244.1 0.50889 

4.96E-

26 postive 

HBA1 AL596442.2 0.59361 

5.59E-

37 postive 

PLIN4 AL596442.2 0.63257 

3.38E-

43 postive 

FANCD2 AL606489.1 0.57292 

5.23E-

34 postive 
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SP1 AL606489.1 0.52591 

5.48E-

28 postive 

STMN1 AL606489.1 0.50753 

7.04E-

26 postive 

YY1AP1 AL606489.1 0.57534 

2.40E-

34 postive 

ABCC1 AL607028.1 0.52984 

1.87E-

28 postive 

PROM2 AL607028.1 0.52004 

2.67E-

27 postive 

ATG4D AL645608.7 0.51192 

2.27E-

26 postive 

PROM2 AL645608.7 0.52328 

1.12E-

27 postive 

GABPB1 AL662844.4 0.51268 

1.86E-

26 postive 

ATF4 AL671710.1 0.55811 

5.23E-

32 postive 

MUC1 AL691482.3 0.53746 

2.22E-

29 postive 

PTGS2 AL691482.3 0.65631 

1.93E-

47 postive 

IREB2 AL731577.2 0.55861 

4.50E-

32 postive 

KLHL24 AL731577.2 0.50118 

3.52E-

25 postive 

SIRT1 AL731577.2 0.53459 

4.98E-

29 postive 

SNX4 AL731577.2 0.52183 

1.65E-

27 postive 

ATM ANKRD10-IT1 0.58012 

5.12E-

35 postive 

SETD1B ANKRD10-IT1 0.52637 

4.84E-

28 postive 

SP1 ANKRD10-IT1 0.57892 

7.56E-

35 postive 

ATG4D AP000757.1 0.51478 

1.08E-

26 postive 

CS AP000757.1 0.57505 

2.64E-

34 postive 

ABCC1 AP000759.1 0.5103 

3.46E-

26 postive 

OTUB1 AP000873.1 0.51101 

2.87E-

26 postive 

EGLN2 AP000892.3 0.57234 

6.28E-

34 postive 

RPL8 AP000892.3 0.57461 

3.04E-

34 postive 

EPAS1 AP001189.3 0.54923 

7.43E-

31 postive 

ZEB1 AP001189.3 0.54209 

5.92E-

30 postive 

PLIN4 AP001437.1 0.5639 

8.89E-

33 postive 

ABCC1 AP001453.2 0.53496 

4.49E-

29 postive 

OTUB1 AP001453.2 0.50137 

3.36E-

25 postive 

PROM2 AP001453.2 0.5174 

5.38E-

27 postive 
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SLC38A1 AP001453.2 0.5311 

1.32E-

28 postive 

EGLN2 AP001505.1 0.58212 

2.65E-

35 postive 

HRAS AP001505.1 0.56066 

2.41E-

32 postive 

VLDLR AP002336.2 0.53055 

1.54E-

28 postive 

EGLN2 AP002360.1 0.51069 

3.12E-

26 postive 

HRAS AP002360.1 0.60222 

2.80E-

38 postive 

HSPB1 AP002360.1 0.50733 

7.42E-

26 postive 

CHMP6 AP002748.4 0.50674 

8.62E-

26 postive 

CYBB AP002954.1 0.74975 

1.07E-

68 postive 

IFNG AP002954.1 0.53851 

1.65E-

29 postive 

HRAS AP003068.1 0.59766 

1.38E-

37 postive 

HSPB1 AP003068.1 0.64727 

8.84E-

46 postive 

RPL8 AP003068.1 0.5349 

4.57E-

29 postive 

TXNRD1 AP003119.1 0.51974 

2.89E-

27 postive 

DDIT3 AP003171.1 0.52404 

9.11E-

28 postive 

RPL8 AP003352.1 0.53311 

7.55E-

29 postive 

ATM AP003392.1 0.59867 

9.70E-

38 postive 

DUOX2 AP003392.1 0.52863 

2.60E-

28 postive 

PIK3CA AP003392.1 0.54102 

8.06E-

30 postive 

SETD1B AP003392.1 0.54495 

2.60E-

30 postive 

SP1 AP003392.1 0.54367 

3.76E-

30 postive 

HRAS AP003419.3 0.50421 

1.64E-

25 postive 

EGLN2 AP004609.3 0.56943 

1.58E-

33 postive 

SP1 AP005899.1 0.56932 

1.63E-

33 postive 

ACVR1B AP006621.4 0.50088 

3.80E-

25 postive 

DUOX2 AP006621.4 0.61093 

1.23E-

39 postive 

MUC1 AP006621.4 0.5195 

3.09E-

27 postive 

HRAS ARF4-AS1 0.55678 

7.83E-

32 postive 

HSPB1 ARF4-AS1 0.58123 

3.56E-

35 postive 

RPL8 ARF4-AS1 0.53719 

2.40E-

29 postive 
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OTUB1 ARRDC1-AS1 0.51728 

5.56E-

27 postive 

NRAS ATP1A1-AS1 0.55147 

3.83E-

31 postive 

PLIN4 ATP6V0E2-AS1 0.50227 

2.68E-

25 postive 

NF2 BACE1-AS 0.54105 

7.99E-

30 postive 

OTUB1 BACE1-AS 0.54512 

2.47E-

30 postive 

HELLS C1orf220 0.56767 

2.74E-

33 postive 

ATG16L1 C2orf49-DT 0.5005 

4.18E-

25 postive 

ATG16L1 CAPN10-DT 0.50171 

3.08E-

25 postive 

SOCS1 CCR5AS 0.59525 

3.18E-

37 postive 

ABCC1 CD27-AS1 0.55177 

3.51E-

31 postive 

CS CD27-AS1 0.50685 

8.38E-

26 postive 

ISCU CD27-AS1 0.50063 

4.05E-

25 postive 

HRAS 

CH17-

340M24.3 0.57157 

8.02E-

34 postive 

PML CHROMR 0.53763 

2.12E-

29 postive 

ATM CR936218.1 0.62354 

1.12E-

41 postive 

IREB2 CR936218.1 0.50667 

8.77E-

26 postive 

MAPK1 CR936218.1 0.51702 

5.96E-

27 postive 

PIK3CA CR936218.1 0.52779 

3.28E-

28 postive 

PRKAA1 CR936218.1 0.5092 

4.59E-

26 postive 

SETD1B CR936218.1 0.59726 

1.59E-

37 postive 

SP1 CR936218.1 0.59394 

4.99E-

37 postive 

ISCU CRIM1-DT 0.53047 

1.57E-

28 postive 

CS CTBP1-DT 0.51657 

6.70E-

27 postive 

MAPK1 CTBP1-DT 0.51962 

2.99E-

27 postive 

SP1 CTBP1-DT 0.55536 

1.20E-

31 postive 

HRAS CYTOR 0.58667 

5.86E-

36 postive 

HSPB1 CYTOR 0.54505 

2.52E-

30 postive 

SCP2 DHRS4-AS1 0.55299 

2.44E-

31 postive 

FANCD2 DLEU2 0.52661 

4.53E-

28 postive 

HELLS DLEU2 0.53175 

1.10E-

28 postive 
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HMGB1 DLEU2 0.50118 

3.52E-

25 postive 

EGLN2 DM1-AS 0.51006 

3.67E-

26 postive 

OTUB1 DNAJC9-AS1 0.51232 

2.05E-

26 postive 

ANO6 EBLN3P 0.51562 

8.61E-

27 postive 

ATM EBLN3P 0.64393 

3.51E-

45 postive 

CHMP5 EBLN3P 0.67211 

1.74E-

50 postive 

IREB2 EBLN3P 0.63019 

8.63E-

43 postive 

KLHL24 EBLN3P 0.56992 

1.35E-

33 postive 

MAPK1 EBLN3P 0.5837 

1.58E-

35 postive 

MAPK8 EBLN3P 0.51698 

6.02E-

27 postive 

NFE2L2 EBLN3P 0.50633 

9.57E-

26 postive 

OXSR1 EBLN3P 0.50379 

1.83E-

25 postive 

PIK3CA EBLN3P 0.67965 

5.24E-

52 postive 

PRKAA1 EBLN3P 0.56095 

2.20E-

32 postive 

SETD1B EBLN3P 0.57128 

8.79E-

34 postive 

SIRT1 EBLN3P 0.53831 

1.74E-

29 postive 

SNX4 EBLN3P 0.54295 

4.63E-

30 postive 

SP1 EBLN3P 0.65117 

1.72E-

46 postive 

ZEB1 EBLN3P 0.60002 

6.06E-

38 postive 

CS EIF3J-DT 0.5167 

6.48E-

27 postive 

GABPB1 EIF3J-DT 0.52384 

9.61E-

28 postive 

SP1 EIF3J-DT 0.52179 

1.67E-

27 postive 

HSPB1 ELFN1-AS1 0.55903 

3.96E-

32 postive 

CAV1 EPB41L4A-DT 0.51088 

2.97E-

26 postive 

ABCC1 FAM111A-DT 0.6282 

1.87E-

42 postive 

ATM FAM111A-DT 0.53933 

1.31E-

29 postive 

PIK3CA FAM111A-DT 0.50623 

9.83E-

26 postive 

SLC38A1 FAM111A-DT 0.54619 

1.81E-

30 postive 

SP1 FAM111A-DT 0.60054 

5.05E-

38 postive 

ATG4D FAM201A 0.51 

3.73E-

26 postive 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  390 
 

CS FAM201A 0.50019 

4.52E-

25 postive 

SLC38A1 FAM201A 0.52419 

8.75E-

28 postive 

ACVR1B FBXL19-AS1 0.50543 

1.21E-

25 postive 

CS FBXL19-AS1 0.53973 

1.16E-

29 postive 

DUOX2 FBXL19-AS1 0.58129 

3.48E-

35 postive 

SLC38A1 FBXL19-AS1 0.51189 

2.29E-

26 postive 

SP1 FBXL19-AS1 0.55316 

2.32E-

31 postive 

ANO6 FGD5-AS1 0.5624 

1.41E-

32 postive 

ATG16L1 FGD5-AS1 0.51595 

7.89E-

27 postive 

ATM FGD5-AS1 0.56831 

2.24E-

33 postive 

BACH1 FGD5-AS1 0.52109 

2.01E-

27 postive 

BECN1 FGD5-AS1 0.59774 

1.34E-

37 postive 

IREB2 FGD5-AS1 0.69201 

1.33E-

54 postive 

KLHL24 FGD5-AS1 0.56365 

9.61E-

33 postive 

MAPK1 FGD5-AS1 0.68848 

7.58E-

54 postive 

MAPK8 FGD5-AS1 0.59089 

1.41E-

36 postive 

NFE2L2 FGD5-AS1 0.50081 

3.87E-

25 postive 

NRAS FGD5-AS1 0.56367 

9.54E-

33 postive 

OXSR1 FGD5-AS1 0.68783 

1.04E-

53 postive 

PIK3CA FGD5-AS1 0.68572 

2.89E-

53 postive 

SETD1B FGD5-AS1 0.58201 

2.74E-

35 postive 

SIRT1 FGD5-AS1 0.55719 

6.91E-

32 postive 

SNX4 FGD5-AS1 0.65211 

1.16E-

46 postive 

SP1 FGD5-AS1 0.69317 

7.50E-

55 postive 

ZEB1 FGD5-AS1 0.51916 

3.37E-

27 postive 

HBA1 FLJ20021 0.54736 

1.29E-

30 postive 

PLIN4 FLJ20021 0.62355 

1.12E-

41 postive 

GABPB1 FLJ37453 0.50599 

1.04E-

25 postive 

RPL8 FOXP4-AS1 0.64815 

6.12E-

46 postive 

ATF4 GAS5 0.54888 

8.23E-

31 postive 
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RPL8 GAS5 0.65518 

3.13E-

47 postive 

DPP4 GCC2-AS1 0.56593 

4.73E-

33 postive 

PANX1 GCC2-AS1 0.61078 

1.30E-

39 postive 

STMN1 GIHCG 0.51619 

7.42E-

27 postive 

OTUB1 GPRC5D-AS1 0.52574 

5.74E-

28 postive 

AKR1C3 GSEC 0.54309 

4.45E-

30 postive 

G6PD GSEC 0.5685 

2.12E-

33 postive 

MAFG GSEC 0.50099 

3.70E-

25 postive 

NQO1 GSEC 0.50175 

3.06E-

25 postive 

PGD GSEC 0.5261 

5.20E-

28 postive 

PTGS2 HCG11 0.76219 

3.00E-

72 postive 

ATG16L1 HCG18 0.52016 

2.59E-

27 postive 

CS HCG18 0.54543 

2.26E-

30 postive 

MAPK1 HCG18 0.50291 

2.28E-

25 postive 

MAPK14 HCG18 0.59009 

1.85E-

36 postive 

SP1 HCG18 0.5813 

3.47E-

35 postive 

IFNG HLA-DQB1-AS1 0.53349 

6.78E-

29 postive 

HSPB1 HMGA1P4 0.54023 

1.01E-

29 postive 

ABCC1 HMGN3-AS1 0.5457 

2.09E-

30 postive 

HNF4A HNF4A-AS1 0.55234 

2.96E-

31 postive 

PCK2 HNF4A-AS1 0.52821 

2.92E-

28 postive 

SCP2 HNF4A-AS1 0.52108 

2.02E-

27 postive 

CAV1 HOTAIRM1 0.50019 

4.51E-

25 postive 

HBA1 HOTAIRM1 0.58428 

1.30E-

35 postive 

HIC1 HOTAIRM1 0.68291 

1.12E-

52 postive 

PLIN4 HOTAIRM1 0.73764 

1.97E-

65 postive 

HBA1 HOXB-AS1 0.56275 

1.27E-

32 postive 

HIC1 HOXB-AS1 0.53069 

1.48E-

28 postive 

PLIN4 HOXB-AS1 0.80339 

9.01E-

86 postive 

ATM INE1 0.51662 

6.61E-

27 postive 
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SETD1B INE1 0.50162 

3.15E-

25 postive 

CA9 ITGB1-DT 0.63783 

4.18E-

44 postive 

CS ITGB1-DT 0.5011 

3.59E-

25 postive 

CYBB ITGB2-AS1 0.6172 

1.22E-

40 postive 

IFNG ITGB2-AS1 0.56076 

2.33E-

32 postive 

FANCD2 KDM4A-AS1 0.54118 

7.70E-

30 postive 

HSPB1 KMT2E-AS1 0.51904 

3.48E-

27 postive 

PROM2 KRT7-AS 0.51783 

4.81E-

27 postive 

HNF4A LBX2-AS1 0.5183 

4.24E-

27 postive 

ATM LENG8-AS1 0.50688 

8.32E-

26 postive 

SP1 LENG8-AS1 0.51207 

2.18E-

26 postive 

ZNF419 LENG8-AS1 0.51885 

3.66E-

27 postive 

FANCD2 LINC00205 0.5072 

7.67E-

26 postive 

STMN1 LINC00205 0.52673 

4.39E-

28 postive 

ZNF419 LINC00205 0.50339 

2.02E-

25 postive 

ATM LINC00265 0.61233 

7.37E-

40 postive 

PML LINC00265 0.53101 

1.35E-

28 postive 

PTGS2 LINC00265 0.51123 

2.71E-

26 postive 

SETD1B LINC00265 0.51169 

2.40E-

26 postive 

SLC38A1 LINC00265 0.5538 

1.91E-

31 postive 

SP1 LINC00265 0.5287 

2.56E-

28 postive 

ABCC1 LINC00342 0.55132 

4.01E-

31 postive 

PROM2 LINC00342 0.58716 

4.96E-

36 postive 

PLIN4 LINC00622 0.57578 

2.09E-

34 postive 

CAV1 LINC00839 0.50276 

2.37E-

25 postive 

HIC1 LINC00839 0.53574 

3.61E-

29 postive 

PML LINC00839 0.52862 

2.61E-

28 postive 

SLC1A5 LINC00839 0.51713 

5.78E-

27 postive 

ATM LINC00909 0.50485 

1.39E-

25 postive 

SP1 LINC00909 0.55547 

1.16E-

31 postive 
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EPAS1 LINC00924 0.50131 

3.41E-

25 postive 

ATM LINC00926 0.57189 

7.24E-

34 postive 

NQO1 LINC00942 0.58249 

2.35E-

35 postive 

TXNRD1 LINC00942 0.53215 

9.84E-

29 postive 

ATG4D LINC00992 0.52842 

2.76E-

28 postive 

CS LINC00992 0.50129 

3.43E-

25 postive 

ABCC1 LINC01011 0.52271 

1.31E-

27 postive 

SCP2 LINC01018 0.67689 

1.92E-

51 postive 

GPX4 LINC01023 0.50047 

4.21E-

25 postive 

CD44 LINC01116 0.51926 

3.29E-

27 postive 

SLC1A5 LINC01116 0.64248 

6.36E-

45 postive 

VLDLR LINC01116 0.62674 

3.28E-

42 postive 

DPP4 LINC01124 0.58827 

3.43E-

36 postive 

PANX1 LINC01124 0.57684 

1.48E-

34 postive 

STMN1 LINC01194 0.50449 

1.53E-

25 postive 

FANCD2 LINC01224 0.5259 

5.49E-

28 postive 

HELLS LINC01224 0.5034 

2.02E-

25 postive 

STMN1 LINC01224 0.54562 

2.14E-

30 postive 

SLC40A1 LINC01269 0.53856 

1.63E-

29 postive 

PIK3CA LINC01278 0.53227 

9.53E-

29 postive 

SP1 LINC01278 0.50422 

1.64E-

25 postive 

WIPI2 LINC01474 0.53408 

5.76E-

29 postive 

SOCS1 LINC01503 0.50702 

8.03E-

26 postive 

ALOX12 LINC01521 0.52474 

7.53E-

28 postive 

BECN1 LINC01521 0.52305 

1.19E-

27 postive 

CS LINC01521 0.54215 

5.82E-

30 postive 

IREB2 LINC01521 0.52672 

4.39E-

28 postive 

MAPK1 LINC01521 0.55352 

2.08E-

31 postive 

PIK3CA LINC01521 0.52383 

9.65E-

28 postive 

SP1 LINC01521 0.54168 

6.67E-

30 postive 
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CA9 LINC01559 0.55454 

1.54E-

31 postive 

ATM LINC01560 0.5162 

7.39E-

27 postive 

GABPB1 LINC01560 0.50661 

8.90E-

26 postive 

IREB2 LINC01560 0.50549 

1.18E-

25 postive 

PIK3CA LINC01560 0.55847 

4.69E-

32 postive 

SP1 LINC01560 0.57347 

4.39E-

34 postive 

GPX2 LINC01770 0.50342 

2.00E-

25 postive 

SLC38A1 LINC01836 0.50926 

4.51E-

26 postive 

ATM LINC01857 0.50357 

1.93E-

25 postive 

CYBB LINC01857 0.59434 

4.35E-

37 postive 

IFNG LINC01871 0.67077 

3.21E-

50 postive 

CYBB LINC01943 0.59131 

1.22E-

36 postive 

IFNG LINC01943 0.63881 

2.82E-

44 postive 

PCK2 LINC02028 0.52735 

3.70E-

28 postive 

ABCC1 LINC02035 0.65529 

2.99E-

47 postive 

ALOX12 LINC02035 0.53361 

6.56E-

29 postive 

CAV1 LINC02035 0.51557 

8.74E-

27 postive 

PIK3CA LINC02035 0.51947 

3.11E-

27 postive 

PROM2 LINC02035 0.5654 

5.59E-

33 postive 

SP1 LINC02035 0.52747 

3.58E-

28 postive 

DUOX2 LINC02041 0.57802 

1.01E-

34 postive 

CYBB LINC02084 0.61538 

2.40E-

40 postive 

IFNG LINC02084 0.69479 

3.35E-

55 postive 

PML LINC02084 0.50129 

3.43E-

25 postive 

HSPB1 LINC02313 0.55244 

2.87E-

31 postive 

ABCC1 LINC02331 0.52915 

2.26E-

28 postive 

DUOX2 LINC02331 0.50748 

7.14E-

26 postive 

IFNG LINC02446 0.81165 

7.13E-

89 postive 

TXNRD1 LINC02561 0.53995 

1.09E-

29 postive 

DPP4 LINC02637 0.51208 

2.18E-

26 postive 
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IL33 LINC02889 0.58056 

4.42E-

35 postive 

DRD4 LMNTD2-AS1 0.81492 

3.79E-

90 postive 

HBA1 LNCTAM34A 0.67346 

9.35E-

51 postive 

PLIN4 LNCTAM34A 0.80053 

9.85E-

85 postive 

AKR1C1 LUCAT1 0.66671 

2.00E-

49 postive 

AKR1C2 LUCAT1 0.50528 

1.25E-

25 postive 

AKR1C3 LUCAT1 0.54599 

1.92E-

30 postive 

PGD LUCAT1 0.57395 

3.76E-

34 postive 

SQSTM1 LUCAT1 0.52552 

6.10E-

28 postive 

SRXN1 LUCAT1 0.62259 

1.61E-

41 postive 

TXNRD1 LUCAT1 0.65766 

1.08E-

47 postive 

SLC1A5 MACORIS 0.54774 

1.15E-

30 postive 

MT3 MAFA-AS1 0.53835 

1.73E-

29 postive 

ATF4 

MAPKAPK5-

AS1 0.50363 

1.90E-

25 postive 

DDIT3 

MAPKAPK5-

AS1 0.51031 

3.44E-

26 postive 

EGLN2 

MAPKAPK5-

AS1 0.52669 

4.43E-

28 postive 

HRAS 

MAPKAPK5-

AS1 0.68353 

8.31E-

53 postive 

HSPB1 

MAPKAPK5-

AS1 0.56126 

2.00E-

32 postive 

OTUB1 

MAPKAPK5-

AS1 0.60309 

2.06E-

38 postive 

ALOX12 MCCC1-AS1 0.50128 

3.44E-

25 postive 

RPL8 MHENCR 0.51932 

3.23E-

27 postive 

HRAS MINCR 0.52961 

1.99E-

28 postive 

HSPB1 MINCR 0.60829 

3.20E-

39 postive 

RPL8 MINCR 0.67127 

2.55E-

50 postive 

CYBB MIR155HG 0.76251 

2.43E-

72 postive 

IFNG MIR155HG 0.74837 

2.58E-

68 postive 

SLC1A5 MIR181A2HG 0.52084 

2.15E-

27 postive 

ZNF419 MIR181A2HG 0.5072 

7.67E-

26 postive 

DRD4 MIR200CHG 0.6143 

3.58E-

40 postive 

VEGFA MIR210HG 0.53235 

9.31E-

29 postive 
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TP53 MIR222HG 0.52032 

2.48E-

27 postive 

ABCC1 MIR23AHG 0.53494 

4.52E-

29 postive 

SLC40A1 MIR325HG 0.50971 

4.03E-

26 postive 

HRAS MIR4435-2HG 0.53874 

1.54E-

29 postive 

HSPB1 MIR4435-2HG 0.52804 

3.07E-

28 postive 

ATM MIR4453HG 0.55977 

3.16E-

32 postive 

FBXW7 MIR4453HG 0.53528 

4.11E-

29 postive 

GABPB1 MIR4453HG 0.5064 

9.41E-

26 postive 

HBA1 MIR497HG 0.58495 

1.04E-

35 postive 

PLIN4 MIR497HG 0.7492 

1.53E-

68 postive 

PLIN4 MIR503HG 0.58158 

3.16E-

35 postive 

SOCS1 MIR583HG 0.50417 

1.66E-

25 postive 

PLIN4 MIR99AHG 0.5059 

1.07E-

25 postive 

BECN1 MKLN1-AS 0.50978 

3.95E-

26 postive 

MAFG MKLN1-AS 0.61987 

4.50E-

41 postive 

TXNRD1 MKLN1-AS 0.50954 

4.21E-

26 postive 

TXNRD1 MSC-AS1 0.52373 

9.92E-

28 postive 

HSPB1 MUC12-AS1 0.57684 

1.48E-

34 postive 

EGLN2 MYLK-AS1 0.5189 

3.62E-

27 postive 

SIRT1 NADK2-AS1 0.50055 

4.13E-

25 postive 

ATG3 NCK1-DT 0.50092 

3.76E-

25 postive 

ATG7 NCK1-DT 0.51288 

1.77E-

26 postive 

FANCD2 NCK1-DT 0.50968 

4.05E-

26 postive 

ALOX12 NFYC-AS1 0.52862 

2.61E-

28 postive 

ATM NFYC-AS1 0.51568 

8.47E-

27 postive 

IREB2 NFYC-AS1 0.50505 

1.33E-

25 postive 

PIK3CA NFYC-AS1 0.50223 

2.71E-

25 postive 

SP1 NFYC-AS1 0.51914 

3.40E-

27 postive 

GABPB1 NIFK-AS1 0.52962 

1.98E-

28 postive 

SP1 NNT-AS1 0.51128 

2.68E-

26 postive 
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ATM NORAD 0.53718 

2.40E-

29 postive 

IREB2 NORAD 0.55479 

1.43E-

31 postive 

KLHL24 NORAD 0.50906 

4.76E-

26 postive 

MAPK1 NORAD 0.5795 

6.25E-

35 postive 

PIK3CA NORAD 0.53585 

3.50E-

29 postive 

SETD1B NORAD 0.56021 

2.76E-

32 postive 

SP1 NORAD 0.63463 

1.50E-

43 postive 

ABCC1 NRAV 0.65101 

1.85E-

46 postive 

CS NRAV 0.56824 

2.30E-

33 postive 

OTUB1 NRAV 0.51162 

2.45E-

26 postive 

SLC38A1 NRAV 0.60528 

9.43E-

39 postive 

SP1 NRAV 0.512 

2.22E-

26 postive 

ABCC1 NRSN2-AS1 0.54926 

7.38E-

31 postive 

CS NRSN2-AS1 0.53325 

7.25E-

29 postive 

SLC38A1 NRSN2-AS1 0.50657 

9.00E-

26 postive 

VDAC2 NRSN2-AS1 0.52981 

1.88E-

28 postive 

VDAC2 NUTM2A-AS1 0.5157 

8.43E-

27 postive 

VDAC2 NUTM2B-AS1 0.52337 

1.09E-

27 postive 

ANO6 OIP5-AS1 0.50501 

1.34E-

25 postive 

EIF2AK4 OIP5-AS1 0.54577 

2.04E-

30 postive 

IREB2 OIP5-AS1 0.67617 

2.67E-

51 postive 

KLHL24 OIP5-AS1 0.50084 

3.84E-

25 postive 

MAPK1 OIP5-AS1 0.52375 

9.84E-

28 postive 

PIK3CA OIP5-AS1 0.52488 

7.25E-

28 postive 

SIRT1 OIP5-AS1 0.52712 

3.94E-

28 postive 

SP1 OIP5-AS1 0.57946 

6.33E-

35 postive 

EMC2 OTUD6B-AS1 0.66746 

1.43E-

49 postive 

HSF1 OTUD6B-AS1 0.53045 

1.58E-

28 postive 

MTDH OTUD6B-AS1 0.58402 

1.42E-

35 postive 

ANO6 PAXIP1-AS2 0.57254 

5.91E-

34 postive 
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IREB2 PAXIP1-AS2 0.55457 

1.52E-

31 postive 

PIK3CA PAXIP1-AS2 0.55548 

1.16E-

31 postive 

CYBB PCED1B-AS1 0.70044 

1.90E-

56 postive 

IFNG PCED1B-AS1 0.63838 

3.35E-

44 postive 

HBA1 PDCD4-AS1 0.66079 

2.75E-

48 postive 

PLIN4 PDCD4-AS1 0.81226 

4.13E-

89 postive 

CAPG PELATON 0.5349 

4.57E-

29 postive 

CYBB PELATON 0.52969 

1.95E-

28 postive 

YWHAE PITPNA-AS1 0.55602 

9.84E-

32 postive 

HRAS 

PPP1R14B-

AS1 0.52676 

4.34E-

28 postive 

HSPB1 PPP1R35-AS1 0.50175 

3.06E-

25 postive 

HSPB1 PRKAR1B-AS1 0.50096 

3.73E-

25 postive 

ABCC1 PRKAR1B-AS2 0.52184 

1.65E-

27 postive 

CS PRKAR1B-AS2 0.50548 

1.19E-

25 postive 

BAP1 PRKAR2A-AS1 0.56425 

7.97E-

33 postive 

HRAS PRR34-AS1 0.55238 

2.93E-

31 postive 

HSPB1 PRR34-AS1 0.50989 

3.84E-

26 postive 

RPL8 PRRT3-AS1 0.5424 

5.43E-

30 postive 

SP1 PSMA3-AS1 0.56271 

1.28E-

32 postive 

IFNG PSMB8-AS1 0.51275 

1.83E-

26 postive 

FANCD2 PTOV1-AS1 0.5183 

4.25E-

27 postive 

STMN1 PTOV1-AS1 0.51994 

2.74E-

27 postive 

ZNF419 PTOV1-AS1 0.60782 

3.79E-

39 postive 

HELLS PTOV1-AS2 0.5197 

2.93E-

27 postive 

ZNF419 PTOV1-AS2 0.50948 

4.26E-

26 postive 

CAPG PTPRN2-AS1 0.50846 

5.55E-

26 postive 

CYBB PTPRN2-AS1 0.68676 

1.75E-

53 postive 

CHMP6 PXN-AS1 0.52256 

1.36E-

27 postive 

HRAS PXN-AS1 0.58493 

1.05E-

35 postive 

HSPB1 PXN-AS1 0.52222 

1.49E-

27 postive 
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OTUB1 PXN-AS1 0.50341 

2.01E-

25 postive 

RPL8 PXN-AS1 0.55393 

1.84E-

31 postive 

ATM RAD51-AS1 0.51345 

1.52E-

26 postive 

GABPB1 RAD51-AS1 0.52256 

1.36E-

27 postive 

SP1 RAD51-AS1 0.53623 

3.14E-

29 postive 

HRAS RASSF1-AS1 0.52285 

1.26E-

27 postive 

HSPB1 RASSF1-AS1 0.5434 

4.07E-

30 postive 

KRAS RASSF8-AS1 0.70526 

1.57E-

57 postive 

CA9 RBPMS-AS1 0.52204 

1.56E-

27 postive 

MAPK1 REPIN1-AS1 0.53673 

2.73E-

29 postive 

HBA1 RFX5-AS1 0.61135 

1.05E-

39 postive 

PLIN4 RFX5-AS1 0.77859 

2.79E-

77 postive 

HSF1 RHPN1-AS1 0.52024 

2.53E-

27 postive 

CS SBF2-AS1 0.51159 

2.47E-

26 postive 

FANCD2 SCAT2 0.51211 

2.16E-

26 postive 

HELLS SCAT2 0.50109 

3.61E-

25 postive 

HBA1 SCGB1B2P 0.58409 

1.38E-

35 postive 

PLIN4 SCGB1B2P 0.62405 

9.22E-

42 postive 

DPP4 SIAH2-AS1 0.52879 

2.49E-

28 postive 

HRAS SLC12A9-AS1 0.50531 

1.24E-

25 postive 

HSPB1 SLC12A9-AS1 0.58461 

1.16E-

35 postive 

RPL8 SLC12A9-AS1 0.68361 

7.98E-

53 postive 

HSPB1 SLCO4A1-AS1 0.54471 

2.79E-

30 postive 

ATF4 SNHG1 0.52674 

4.37E-

28 postive 

OTUB1 SNHG1 0.60537 

9.13E-

39 postive 

OTUB1 SNHG12 0.51552 

8.84E-

27 postive 

ATF4 SNHG17 0.53507 

4.36E-

29 postive 

RPL8 SNHG17 0.59625 

2.25E-

37 postive 

HRAS SNHG19 0.52338 

1.09E-

27 postive 

HSPB1 SNHG19 0.55456 

1.53E-

31 postive 
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RPL8 SNHG19 0.61356 

4.70E-

40 postive 

ATF4 SNHG20 0.50936 

4.40E-

26 postive 

EGLN2 SNHG25 0.66311 

9.94E-

49 postive 

HRAS SNHG25 0.51302 

1.70E-

26 postive 

TP53 SNHG29 0.5074 

7.29E-

26 postive 

ABCC1 SNHG4 0.54767 

1.18E-

30 postive 

RPL8 SNHG5 0.60841 

3.07E-

39 postive 

HRAS SNHG6 0.60401 

1.48E-

38 postive 

HSF1 SNHG6 0.5523 

3.00E-

31 postive 

HSPB1 SNHG6 0.61251 

6.90E-

40 postive 

RPL8 SNHG6 0.8395 

1.39E-

100 postive 

OTUB1 SNHG7 0.51792 

4.69E-

27 postive 

RPL8 SNHG7 0.60479 

1.12E-

38 postive 

RPL8 SNHG8 0.59841 

1.06E-

37 postive 

EGLN2 SNHG9 0.55757 

6.16E-

32 postive 

HRAS SNHG9 0.57555 

2.25E-

34 postive 

HSPB1 SNHG9 0.5345 

5.11E-

29 postive 

ATG4D SPINT1-AS1 0.50866 

5.26E-

26 postive 

PROM2 SPINT1-AS1 0.55996 

2.98E-

32 postive 

ATF4 SREBF2-AS1 0.5263 

4.93E-

28 postive 

NF2 SREBF2-AS1 0.64613 

1.42E-

45 postive 

ATM STARD4-AS1 0.51868 

3.84E-

27 postive 

IREB2 STARD4-AS1 0.53596 

3.39E-

29 postive 

SP1 STARD4-AS1 0.51861 

3.90E-

27 postive 

ATG13 STARD7-AS1 0.51171 

2.39E-

26 postive 

SP1 TAPT1-AS1 0.55002 

5.89E-

31 postive 

ABCC1 TGFB2-AS1 0.52476 

7.49E-

28 postive 

PROM2 TGFB2-AS1 0.61954 

5.09E-

41 postive 

ABCC1 THAP9-AS1 0.5051 

1.31E-

25 postive 

ALOX12 THAP9-AS1 0.50381 

1.81E-

25 postive 
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FANCD2 THUMPD3-AS1 0.53838 

1.71E-

29 postive 

G6PD TMCC1-AS1 0.50179 

3.02E-

25 postive 

FANCD2 TMPO-AS1 0.56102 

2.16E-

32 postive 

HELLS TMPO-AS1 0.55127 

4.07E-

31 postive 

STMN1 TMPO-AS1 0.6356 

1.02E-

43 postive 

GABPB1 TOLLIP-AS1 0.52828 

2.87E-

28 postive 

EGLN2 TP53TG1 0.50535 

1.23E-

25 postive 

DPP4 TPRG1-AS1 0.61422 

3.68E-

40 postive 

HNF4A TPRG1-AS1 0.53519 

4.21E-

29 postive 

PANX1 TPRG1-AS1 0.59286 

7.23E-

37 postive 

GCLC TRAM2-AS1 0.51827 

4.28E-

27 postive 

MUC1 TRAPPC12-AS1 0.52393 

9.39E-

28 postive 

SP1 TRAPPC12-AS1 0.56921 

1.69E-

33 postive 

EGLN2 TRIM52-AS1 0.50539 

1.21E-

25 postive 

HRAS TRIM52-AS1 0.54199 

6.11E-

30 postive 

HSPB1 TRIM52-AS1 0.51341 

1.54E-

26 postive 

RPL8 TRIM52-AS1 0.5562 

9.33E-

32 postive 

MAPK14 U91328.1 0.54626 

1.78E-

30 postive 

RIPK1 U91328.1 0.60338 

1.85E-

38 postive 

ABCC1 UBA6-AS1 0.55801 

5.40E-

32 postive 

IREB2 UBL7-AS1 0.54106 

7.97E-

30 postive 

EMC2 UBR5-AS1 0.58285 

2.08E-

35 postive 

ABCC1 VIM-AS1 0.6124 

7.18E-

40 postive 

PROM2 VIM-AS1 0.59652 

2.05E-

37 postive 

HSF1 VPS13B-DT 0.53675 

2.72E-

29 postive 

RPL8 VPS13B-DT 0.54044 

9.52E-

30 postive 

CS WAC-AS1 0.53176 

1.10E-

28 postive 

ABCC1 WARS2-AS1 0.57118 

9.09E-

34 postive 

ALOX12 WARS2-AS1 0.51247 

1.97E-

26 postive 

NRAS WARS2-AS1 0.50848 

5.52E-

26 postive 
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SLC38A1 WARS2-AS1 0.54176 

6.52E-

30 postive 

SP1 WARS2-AS1 0.58093 

3.92E-

35 postive 

GABPB1 WASL-DT 0.50528 

1.25E-

25 postive 

RPL8 YTHDF3-AS1 0.59615 

2.33E-

37 postive 

HRAS Z69706.1 0.50294 

2.26E-

25 postive 

ATM Z83843.1 0.5128 

1.81E-

26 postive 

SETD1B Z83843.1 0.50884 

5.04E-

26 postive 

GABPB1 Z95115.1 0.50395 

1.75E-

25 postive 

SOCS1 Z98257.1 0.56906 

1.78E-

33 postive 

CHMP5 ZEB1-AS1 0.5269 

4.19E-

28 postive 

SP1 ZEB1-AS1 0.50275 

2.37E-

25 postive 

HSF1 ZFAS1 0.52011 

2.62E-

27 postive 

OTUB1 ZFAS1 0.58845 

3.22E-

36 postive 

RPL8 ZFAS1 0.68349 

8.45E-

53 postive 

G6PD ZFPM2-AS1 0.54714 

1.37E-

30 postive 

PGD ZFPM2-AS1 0.53444 

5.19E-

29 postive 

SQSTM1 ZFPM2-AS1 0.55663 

8.19E-

32 postive 

PHKG2 ZNF213-AS1 0.50493 

1.37E-

25 postive 

HRAS ZNF232-AS1 0.55125 

4.10E-

31 postive 

HSPB1 ZNF232-AS1 0.51617 

7.46E-

27 postive 

ATM ZNF32-AS2 0.56405 

8.49E-

33 postive 

HELLS ZNF32-AS2 0.50424 

1.63E-

25 postive 

MAPK8 ZNF32-AS2 0.54283 

4.80E-

30 postive 

PIK3CA ZNF32-AS2 0.51687 

6.19E-

27 postive 

SETD1B ZNF32-AS2 0.53767 

2.09E-

29 postive 

SP1 ZNF32-AS2 0.59495 

3.53E-

37 postive 

HBA1 ZNF426-DT 0.65738 

1.22E-

47 postive 

PLIN4 ZNF426-DT 0.7923 

7.87E-

82 postive 

ZNF419 ZNF528-AS1 0.59872 

9.54E-

38 postive 

EGLN2 ZNF529-AS1 0.5456 

2.15E-

30 postive 
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OTUB1 ZNF529-AS1 0.51156 

2.49E-

26 postive 

ZNF419 ZNF529-AS1 0.52098 

2.08E-

27 postive 

ZNF419 ZNF582-AS1 0.5406 

9.09E-

30 postive 

ZNF419 ZNF667-AS1 0.53386 

6.11E-

29 postive 

ZNF419 ZNF790-AS1 0.59622 

2.27E-

37 postive 

HSF1 ZNNT1 0.51715 

5.75E-

27 postive 

EGLN2 ZSCAN16-AS1 0.50795 

6.32E-

26 postive 

 

Supplementary Table 7: Univariate cox analysis and multivarite cox analysis. 

Univariate Cox analysis 

gene HR HR.95L HR.95H pvalue 

AC091057.1 2.42443 1.29013 4.55602 0.005934 

AL357079.1 1.76063 1.22539 2.52965 0.002219 

SNHG4 1.48215 1.28392 1.71099 7.81E-08 

SNHG1 1.04177 1.01464 1.06962 0.002369 

AC010969.2 1.3211 1.07883 1.61778 0.007059 

CYTOR 1.0349 1.01142 1.05893 0.003395 

NIFK-AS1 1.28443 1.07904 1.52892 0.004868 

AL671710.1 2.69436 1.35926 5.34084 0.004523 

AC004816.1 1.20591 1.07723 1.34997 0.001146 

KDM4A-AS1 2.85183 1.89762 4.28586 4.60E-07 

AC087741.2 1.13517 1.04211 1.23654 0.003671 

BACE1-AS 1.21334 1.09954 1.33892 0.000119 

PTOV1-AS1 1.26132 1.06896 1.48829 0.005963 

ARRDC1-AS1 1.10517 1.02561 1.1909 0.00871 

AC022007.1 1.56619 1.12677 2.17699 0.007577 

RHPN1-AS1 1.68093 1.25526 2.25094 0.00049 

AC026356.1 4.25643 2.29654 7.88889 4.21E-06 

MKLN1-AS 3.37753 2.28509 4.99223 1.03E-09 

AC099850.3 1.14451 1.09263 1.19885 1.18E-08 

Z95115.1 1.21825 1.06085 1.39899 0.005159 

PRRT3-AS1 1.09534 1.0419 1.15153 0.00036 

AP003119.1 1.16161 1.03855 1.29927 0.008744 

SNHG12 1.13375 1.03629 1.24037 0.006195 

AC002116.2 1.55871 1.12176 2.16586 0.00818 

ZEB1-AS1 1.46189 1.1794 1.81203 0.000528 

LINC01011 1.99652 1.32599 3.00614 0.000929 

GSEC 1.71455 1.3278 2.21396 3.57E-05 

AC145207.8 1.17867 1.08355 1.28215 0.000129 

AC018690.1 2.10374 1.43468 3.08482 0.00014 

AL031985.3 1.87921 1.54689 2.28294 2.10E-10 

LINC01224 1.86891 1.411 2.47542 1.29E-05 

AP000873.1 2.5085 1.31963 4.76844 0.005012 
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LINC00942 1.03677 1.02071 1.05307 5.77E-06 

SREBF2-AS1 1.45836 1.16984 1.81804 0.000795 

THUMPD3-

AS1 1.38138 1.18187 1.61457 4.92E-05 

AC026401.3 1.08611 1.03843 1.13599 0.000311 

LINC00205 1.23451 1.1011 1.38407 0.000305 

DNAJC9-AS1 2.56497 1.58604 4.14808 0.000123 

AC004943.2 2.14332 1.23677 3.71438 0.006579 

TMCC1-AS1 2.64072 1.8462 3.77717 1.05E-07 

AL512353.1 1.36667 1.0942 1.70698 0.005896 

NRAV 1.2347 1.1296 1.34959 3.41E-06 

C2orf49-DT 2.45316 1.32538 4.54058 0.00428 

HMGN3-AS1 2.14799 1.43587 3.2133 0.000199 

AC145207.5 1.77077 1.36827 2.29169 1.41E-05 

NCK1-DT 1.53111 1.22695 1.91068 0.000163 

MIR4435-

2HG 1.12057 1.04079 1.20646 0.002519 

AC124798.1 1.21642 1.09001 1.35748 0.000466 

MIR210HG 1.14075 1.0677 1.21879 9.61E-05 

SCAT2 1.36258 1.08464 1.71174 0.00786 

ZFPM2-AS1 1.09609 1.05617 1.13752 1.25E-06 

AC107959.3 1.34887 1.13808 1.59871 0.000557 

AP001453.2 1.595 1.13148 2.24839 0.007696 

AL050341.2 1.14033 1.04254 1.2473 0.004097 

LINC02561 1.42312 1.16734 1.73494 0.000482 

LUCAT1 1.1787 1.0945 1.26938 1.37E-05 

AL049840.3 1.8456 1.23985 2.74729 0.002535 

SBF2-AS1 1.43478 1.14462 1.79848 0.001738 

 

Multivarite Cox analysis 

LncRNA coef HR HR.95L HR.95H pvalue 

AC091057.1 

-

1.84842 0.15749 0.04187 0.5923 0.00624 

AL357079.1 -0.642 0.52624 0.26899 1.0295 0.06078 

SNHG4 0.613 1.84596 1.23696 2.75479 0.00269 

AL671710.1 

-

1.13956 0.31996 0.07761 1.31902 0.11484 

KDM4A-AS1 0.98901 2.68857 1.36348 5.30142 0.0043 

PTOV1-AS1 -0.7203 0.48661 0.32625 0.72578 0.00041 

AC022007.1 

-

0.40949 0.66399 0.38344 1.1498 0.14383 

MKLN1-AS 0.78579 2.19414 1.25511 3.83573 0.00583 

AC099850.3 0.07054 1.07309 0.98259 1.17192 0.11659 

Z95115.1 

-

0.45454 0.63474 0.48211 0.83568 0.0012 

PRRT3-AS1 0.07394 1.07674 0.98294 1.1795 0.11184 

SNHG12 

-

0.13897 0.87025 0.72605 1.04309 0.13271 

LINC01224 0.33356 1.39594 0.93753 2.07848 0.10052 

SREBF2-AS1 0.461 1.58567 1.07256 2.34423 0.02082 

LINC00205 0.19848 1.21955 1.00113 1.48562 0.0487 
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NRAV 0.29424 1.3421 1.12608 1.59957 0.00102 

AC145207.5 0.49438 1.63949 1.06224 2.53041 0.02557 

MIR4435-

2HG 0.10234 1.10776 0.98762 1.2425 0.08059 

MIR210HG 0.08987 1.09404 0.99321 1.2051 0.06847 

ZFPM2-AS1 0.06627 1.06851 1.00321 1.13806 0.03943 

AL050341.2 0.22187 1.24841 1.01813 1.53078 0.03295 

LUCAT1 

-

0.10611 0.89933 0.78159 1.03481 0.13833 

 

Supplementary Table 8: GSEA enrichment analysis. 

GSEA enrichment analysis 

NAME GS<br> follow link to MSigDB 

GS 

DE

TAI

LS 

S

I

Z

E 

E

S 

N

E

S 

N

O

M 

p-

v

al 

F

D

R 

q-

v

al 

F

W

E

R 

p-

va

l 

R

A

N

K 

A

T 

M

A

X 

LEAD

ING 

EDG

E 

KEGG_UBIQUITIN_MEDIATED_P

ROTEOLYSIS 

KEGG_UBIQUITIN_MEDIATED_P

ROTEOLYSIS 

De

tail

s 

... 

#

# 1 2 0 0 0 

#

#

# 

tags

=70

%, 

list=

17%, 

signa

l=84

% 

KEGG_OOCYTE_MEIOSIS KEGG_OOCYTE_MEIOSIS 

De

tail

s 

... 

#

# 1 2 0 0 0 

#

#

# 

tags

=58

%, 

list=

17%, 

signa

l=70

% 

KEGG_SPLICEOSOME KEGG_SPLICEOSOME 

De

tail

s 

... 

#

# 1 2 0 0 0 

#

#

# 

tags

=80

%, 

list=

14%, 

signa

l=93

% 

KEGG_PYRIMIDINE_METABOLI

SM 

KEGG_PYRIMIDINE_METABOLI

SM 

De

tail

s 

... 

9

8 1 2 0 0 0 

#

#

# 

tags

=53

%, 

list=

14%, 

signa

l=61

% 
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KEGG_EPITHELIAL_CELL_SIGN

ALING_IN_HELICOBACTER_PYL

ORI_INFECTION 

KEGG_EPITHELIAL_CELL_SIGN

ALING_IN_HELICOBACTER_PYL

ORI_INFECTION 

De

tail

s 

... 

6

8 1 2 0 0 0 

#

#

# 

tags

=59

%, 

list=

18%, 

signa

l=72

% 

KEGG_RNA_DEGRADATION KEGG_RNA_DEGRADATION 

De

tail

s 

... 

5

9 1 2 0 0 0 

#

#

# 

tags

=78

%, 

list=

18%, 

signa

l=95

% 

KEGG_PURINE_METABOLISM KEGG_PURINE_METABOLISM 

De

tail

s 

... 

#

# 1 2 0 0 0 

#

#

# 

tags

=57

%, 

list=

25%, 

signa

l=75

% 

KEGG_AMINOACYL_TRNA_BIOS

YNTHESIS 

KEGG_AMINOACYL_TRNA_BIOS

YNTHESIS 

De

tail

s 

... 

4

1 1 2 0 0 0 

#

#

# 

tags

=83

%, 

list=

17%, 

signa

l=10

0% 

KEGG_CELL_CYCLE KEGG_CELL_CYCLE 

De

tail

s 

... 

#

# 1 2 0 0 0 

#

#

# 

tags

=76

%, 

list=

16%, 

signa

l=91

% 

KEGG_HOMOLOGOUS_RECOM

BINATION 

KEGG_HOMOLOGOUS_RECOM

BINATION 

De

tail

s 

... 

2

8 1 2 0 0 0 

#

#

# 

tags

=71

%, 

list=

8%, 

signa

l=77

% 
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KEGG_N_GLYCAN_BIOSYNTHE

SIS 

KEGG_N_GLYCAN_BIOSYNTHE

SIS 

De

tail

s 

... 

4

6 1 2 0 0 0 

#

#

# 

tags

=65

%, 

list=

19%, 

signa

l=80

% 

KEGG_LYSOSOME KEGG_LYSOSOME 

De

tail

s 

... 

#

# 1 2 0 0 0 

#

#

# 

tags

=54

%, 

list=

19%, 

signa

l=66

% 

KEGG_WNT_SIGNALING_PATH

WAY 

KEGG_WNT_SIGNALING_PATH

WAY 

De

tail

s 

... 

#

# 1 2 0 0 0 

#

#

# 

tags

=50

%, 

list=

21%, 

signa

l=63

% 

KEGG_BASE_EXCISION_REPAIR KEGG_BASE_EXCISION_REPAIR 

De

tail

s 

... 

3

5 1 2 0 0 0 

#

#

# 

tags

=60

%, 

list=

12%, 

signa

l=68

% 

KEGG_VIBRIO_CHOLERAE_INFE

CTION 

KEGG_VIBRIO_CHOLERAE_INFE

CTION 

De

tail

s 

... 

5

4 1 2 0 0 0 

#

#

# 

tags

=56

%, 

list=

17%, 

signa

l=67

% 

KEGG_BASAL_TRANSCRIPTION

_FACTORS 

KEGG_BASAL_TRANSCRIPTION

_FACTORS 

De

tail

s 

... 

3

5 1 2 0 0 0 

#

#

# 

tags

=69

%, 

list=

16%, 

signa

l=82

% 

KEGG_PROGESTERONE_MEDIA

TED_OOCYTE_MATURATION 

KEGG_PROGESTERONE_MEDIA

TED_OOCYTE_MATURATION 

De

tail

s 

... 

8

5 1 2 0 0 0 

#

#

# 

tags

=51

%, 

list=

17%, 

signa

l=61

% 
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KEGG_ENDOCYTOSIS KEGG_ENDOCYTOSIS 

De

tail

s 

... 

#

# 1 2 0 

0

.

0

1 0 

#

#

# 

tags

=57

%, 

list=

25%, 

signa

l=76

% 

KEGG_OTHER_GLYCAN_DEGRA

DATION 

KEGG_OTHER_GLYCAN_DEGRA

DATION 

De

tail

s 

... 

1

6 1 2 0 

0

.

0

1 0 

#

#

# 

tags

=69

%, 

list=

18%, 

signa

l=83

% 

KEGG_GLYCOSYLPHOSPHATID

YLINOSITOL_GPI_ANCHOR_BIO

SYNTHESIS 

KEGG_GLYCOSYLPHOSPHATID

YLINOSITOL_GPI_ANCHOR_BIO

SYNTHESIS 

De

tail

s 

... 

2

5 1 2 0 

0

.

0

1 0 

#

#

# 

tags

=68

%, 

list=

15%, 

signa

l=80

% 

KEGG_THYROID_CANCER KEGG_THYROID_CANCER 

De

tail

s 

... 

2

9 1 2 0 

0

.

0

1 

0.

1 

#

#

# 

tags

=52

%, 

list=

13%, 

signa

l=59

% 

KEGG_NEUROTROPHIN_SIGNA

LING_PATHWAY 

KEGG_NEUROTROPHIN_SIGNA

LING_PATHWAY 

De

tail

s 

... 

#

# 1 2 0 

0

.

0

1 

0.

1 

#

#

# 

tags

=54

%, 

list=

19%, 

signa

l=66

% 

KEGG_ADHERENS_JUNCTION KEGG_ADHERENS_JUNCTION 

De

tail

s 

... 

7

3 1 2 0 

0

.

0

1 

0.

1 

#

#

# 

tags

=63

%, 

list=

24%, 

signa

l=83

% 
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KEGG_PATHWAYS_IN_CANCER KEGG_PATHWAYS_IN_CANCER 

De

tail

s 

... 

#

# 1 2 0 

0

.

0

1 

0.

1 

#

#

# 

tags

=46

%, 

list=

21%, 

signa

l=59

% 

KEGG_MISMATCH_REPAIR KEGG_MISMATCH_REPAIR 

De

tail

s 

... 

2

3 1 2 0 

0

.

0

1 

0.

1 

#

#

# 

tags

=70

%, 

list=

10%, 

signa

l=77

% 

KEGG_SMALL_CELL_LUNG_CA

NCER 

KEGG_SMALL_CELL_LUNG_CA

NCER 

De

tail

s 

... 

8

4 1 2 0 

0

.

0

1 

0.

1 

#

#

# 

tags

=48

%, 

list=

14%, 

signa

l=56

% 

KEGG_SNARE_INTERACTIONS_I

N_VESICULAR_TRANSPORT 

KEGG_SNARE_INTERACTIONS_I

N_VESICULAR_TRANSPORT 

De

tail

s 

... 

3

8 1 2 0 

0

.

0

1 

0.

1 

#

#

# 

tags

=58

%, 

list=

22%, 

signa

l=74

% 

KEGG_RNA_POLYMERASE KEGG_RNA_POLYMERASE 

De

tail

s 

... 

2

9 1 2 0 

0

.

0

1 

0.

1 

#

#

# 

tags

=52

%, 

list=

10%, 

signa

l=58

% 

KEGG_BLADDER_CANCER KEGG_BLADDER_CANCER 

De

tail

s 

... 

4

2 1 2 0 

0

.

0

2 

0.

2 

#

#

# 

tags

=40

%, 

list=

13%, 

signa

l=46

% 

KEGG_ENDOMETRIAL_CANCER KEGG_ENDOMETRIAL_CANCER 

De

tail

s 

... 

5

2 1 2 0 

0

.

0

2 

0.

2 

#

#

# 

tags

=44

%, 

list=

14%, 

signa

l=52

% 
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KEGG_PATHOGENIC_ESCHERIC

HIA_COLI_INFECTION 

KEGG_PATHOGENIC_ESCHERIC

HIA_COLI_INFECTION 

De

tail

s 

... 

5

6 1 2 0 

0

.

0

2 

0.

2 

#

#

# 

tags

=70

%, 

list=

26%, 

signa

l=94

% 

KEGG_NOD_LIKE_RECEPTOR_

SIGNALING_PATHWAY 

KEGG_NOD_LIKE_RECEPTOR_

SIGNALING_PATHWAY 

De

tail

s 

... 

6

2 1 2 0 

0

.

0

2 

0.

2 

#

#

# 

tags

=61

%, 

list=

24%, 

signa

l=81

% 

KEGG_MTOR_SIGNALING_PAT

HWAY 

KEGG_MTOR_SIGNALING_PAT

HWAY 

De

tail

s 

... 

5

2 1 2 0 

0

.

0

2 

0.

2 

#

#

# 

tags

=46

%, 

list=

16%, 

signa

l=55

% 

KEGG_PANCREATIC_CANCER KEGG_PANCREATIC_CANCER 

De

tail

s 

... 

7

0 1 2 0 

0

.

0

2 

0.

2 

#

#

# 

tags

=53

%, 

list=

21%, 

signa

l=67

% 

KEGG_MAPK_SIGNALING_PAT

HWAY 

KEGG_MAPK_SIGNALING_PAT

HWAY 

De

tail

s 

... 

#

# 0 2 0 

0

.

0

3 

0.

4 

#

#

# 

tags

=55

%, 

list=

31%, 

signa

l=79

% 

KEGG_VASOPRESSIN_REGULA

TED_WATER_REABSORPTION 

KEGG_VASOPRESSIN_REGULA

TED_WATER_REABSORPTION 

De

tail

s 

... 

4

4 1 2 0 

0

.

0

2 

0.

2 

#

#

# 

tags

=59

%, 

list=

18%, 

signa

l=72

% 
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KEGG_TIGHT_JUNCTION KEGG_TIGHT_JUNCTION 

De

tail

s 

... 

#

# 1 2 0 

0

.

0

3 

0.

3 

#

#

# 

tags

=41

%, 

list=

23%, 

signa

l=53

% 

KEGG_DNA_REPLICATION KEGG_DNA_REPLICATION 

De

tail

s 

... 

3

6 1 2 0 

0

.

0

1 

0.

1 

#

#

# 

tags

=78

%, 

list=

10%, 

signa

l=87

% 

KEGG_BASAL_CELL_CARCINO

MA 

KEGG_BASAL_CELL_CARCINO

MA 

De

tail

s 

... 

5

5 1 2 0 

0

.

0

3 

0.

4 

#

#

# 

tags

=53

%, 

list=

28%, 

signa

l=74

% 

KEGG_GLYCOSAMINOGLYCAN_

BIOSYNTHESIS_KERATAN_SUL

FATE 

KEGG_GLYCOSAMINOGLYCAN_

BIOSYNTHESIS_KERATAN_SUL

FATE 

De

tail

s 

... 

1

5 1 2 0 

0

.

0

3 

0.

4 

#

#

# 

tags

=87

%, 

list=

31%, 

signa

l=12

6% 

KEGG_NUCLEOTIDE_EXCISION

_REPAIR 

KEGG_NUCLEOTIDE_EXCISION

_REPAIR 

De

tail

s 

... 

4

4 1 2 0 

0

.

0

1 0 

#

#

# 

tags

=61

%, 

list=

13%, 

signa

l=71

% 

KEGG_GLYCOSAMINOGLYCAN_

DEGRADATION 

KEGG_GLYCOSAMINOGLYCAN_

DEGRADATION 

De

tail

s 

... 

2

1 1 2 0 

0

.

0

3 

0.

3 

#

#

# 

tags

=48

%, 

list=

18%, 

signa

l=58

% 
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KEGG_GLYCEROPHOSPHOLIPI

D_METABOLISM 

KEGG_GLYCEROPHOSPHOLIPI

D_METABOLISM 

De

tail

s 

... 

7

7 0 2 0 

0

.

0

5 

0.

5 

#

#

# 

tags

=53

%, 

list=

29%, 

signa

l=75

% 

KEGG_PROTEIN_EXPORT KEGG_PROTEIN_EXPORT 

De

tail

s 

... 

2

4 1 2 0 

0

.

0

3 

0.

3 

#

#

# 

tags

=67

%, 

list=

24%, 

signa

l=87

% 

KEGG_ERBB_SIGNALING_PATH

WAY 

KEGG_ERBB_SIGNALING_PATH

WAY 

De

tail

s 

... 

8

7 1 2 0 

0

.

0

3 

0.

3 

#

#

# 

tags

=47

%, 

list=

19%, 

signa

l=58

% 

KEGG_CHRONIC_MYELOID_LE

UKEMIA 

KEGG_CHRONIC_MYELOID_LE

UKEMIA 

De

tail

s 

... 

7

3 1 2 0 

0

.

0

3 

0.

3 

#

#

# 

tags

=56

%, 

list=

21%, 

signa

l=71

% 

KEGG_GLIOMA KEGG_GLIOMA 

De

tail

s 

... 

6

5 1 2 0 

0

.

0

3 

0.

4 

#

#

# 

tags

=42

%, 

list=

19%, 

signa

l=51

% 

KEGG_P53_SIGNALING_PATH

WAY 

KEGG_P53_SIGNALING_PATH

WAY 

De

tail

s 

... 

6

8 1 2 0 

0

.

0

3 

0.

4 

#

#

# 

tags

=41

%, 

list=

16%, 

signa

l=49

% 

KEGG_RIG_I_LIKE_RECEPTOR_

SIGNALING_PATHWAY 

KEGG_RIG_I_LIKE_RECEPTOR_

SIGNALING_PATHWAY 

De

tail

s 

... 

7

1 1 2 0 

0

.

0

4 

0.

5 

#

#

# 

tags

=42

%, 

list=

20%, 

signa

l=53

% 
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KEGG_GLYCOSPHINGOLIPID_BI

OSYNTHESIS_GANGLIO_SERIES 

KEGG_GLYCOSPHINGOLIPID_BI

OSYNTHESIS_GANGLIO_SERIES 

De

tail

s 

... 

1

5 1 2 0 

0

.

0

3 

0.

4 

#

#

# 

tags

=60

%, 

list=

19%, 

signa

l=74

% 

KEGG_NON_SMALL_CELL_LUN

G_CANCER 

KEGG_NON_SMALL_CELL_LUN

G_CANCER 

De

tail

s 

... 

5

4 1 2 0 

0

.

0

3 

0.

3 

#

#

# 

tags

=39

%, 

list=

13%, 

signa

l=45

% 

KEGG_MELANOGENESIS KEGG_MELANOGENESIS 

De

tail

s 

... 

#

# 0 2 0 

0

.

0

3 

0.

4 

#

#

# 

tags

=41

%, 

list=

20%, 

signa

l=51

% 

KEGG_LONG_TERM_POTENTIA

TION 

KEGG_LONG_TERM_POTENTIA

TION 

De

tail

s 

... 

7

0 1 2 0 

0

.

0

3 

0.

3 

#

#

# 

tags

=44

%, 

list=

19%, 

signa

l=55

% 

KEGG_COLORECTAL_CANCER KEGG_COLORECTAL_CANCER 

De

tail

s 

... 

6

2 1 2 0 

0

.

0

3 

0.

3 

#

#

# 

tags

=44

%, 

list=

14%, 

signa

l=51

% 

KEGG_CYTOSOLIC_DNA_SENSI

NG_PATHWAY 

KEGG_CYTOSOLIC_DNA_SENSI

NG_PATHWAY 

De

tail

s 

... 

5

5 1 2 0 

0

.

0

3 

0.

4 

#

#

# 

tags

=33

%, 

list=

15%, 

signa

l=38

% 
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KEGG_INSULIN_SIGNALING_PA

THWAY 

KEGG_INSULIN_SIGNALING_PA

THWAY 

De

tail

s 

... 

#

# 0 2 0 

0

.

0

3 

0.

3 

#

#

# 

tags

=45

%, 

list=

21%, 

signa

l=56

% 

KEGG_SELENOAMINO_ACID_M

ETABOLISM 

KEGG_SELENOAMINO_ACID_M

ETABOLISM 

De

tail

s 

... 

2

6 1 2 0 

0

.

0

3 

0.

4 

#

#

# 

tags

=54

%, 

list=

17%, 

signa

l=65

% 

KEGG_AXON_GUIDANCE KEGG_AXON_GUIDANCE 

De

tail

s 

... 

#

# 1 2 0 

0

.

0

3 

0.

3 

#

#

# 

tags

=47

%, 

list=

21%, 

signa

l=60

% 

KEGG_HEDGEHOG_SIGNALING

_PATHWAY 

KEGG_HEDGEHOG_SIGNALING

_PATHWAY 

De

tail

s 

... 

5

6 0 2 0 

0

.

0

6 

0.

7 

#

#

# 

tags

=48

%, 

list=

28%, 

signa

l=67

% 

KEGG_VEGF_SIGNALING_PATH

WAY 

KEGG_VEGF_SIGNALING_PATH

WAY 

De

tail

s 

... 

7

6 0 2 0 

0

.

0

5 

0.

6 

#

#

# 

tags

=47

%, 

list=

29%, 

signa

l=67

% 

KEGG_RENAL_CELL_CARCINO

MA 

KEGG_RENAL_CELL_CARCINO

MA 

De

tail

s 

... 

7

0 1 2 0 

0

.

0

3 

0.

4 

#

#

# 

tags

=47

%, 

list=

17%, 

signa

l=57

% 

KEGG_LONG_TERM_DEPRESSI

ON 

KEGG_LONG_TERM_DEPRESSI

ON 

De

tail

s 

... 

7

0 0 2 0 

0

.

0

4 

0.

5 

#

#

# 

tags

=44

%, 

list=

24%, 

signa

l=59

% 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  415 
 

KEGG_PROSTATE_CANCER KEGG_PROSTATE_CANCER 

De

tail

s 

... 

8

9 1 2 0 

0

.

0

3 

0.

4 

#

#

# 

tags

=43

%, 

list=

17%, 

signa

l=51

% 

KEGG_INOSITOL_PHOSPHATE_

METABOLISM 

KEGG_INOSITOL_PHOSPHATE_

METABOLISM 

De

tail

s 

... 

5

4 1 2 0 

0

.

0

3 

0.

4 

#

#

# 

tags

=56

%, 

list=

21%, 

signa

l=71

% 

KEGG_AMINO_SUGAR_AND_N

UCLEOTIDE_SUGAR_METABOLI

SM 

KEGG_AMINO_SUGAR_AND_N

UCLEOTIDE_SUGAR_METABOLI

SM 

De

tail

s 

... 

4

4 1 2 0 

0

.

0

2 

0.

2 

#

#

# 

tags

=48

%, 

list=

15%, 

signa

l=56

% 

KEGG_APOPTOSIS KEGG_APOPTOSIS 

De

tail

s 

... 

8

7 1 2 0 

0

.

0

3 

0.

3 

#

#

# 

tags

=47

%, 

list=

17%, 

signa

l=57

% 

KEGG_REGULATION_OF_ACTIN

_CYTOSKELETON 

KEGG_REGULATION_OF_ACTIN

_CYTOSKELETON 

De

tail

s 

... 

#

# 0 2 0 

0

.

0

4 

0.

5 

#

#

# 

tags

=45

%, 

list=

21%, 

signa

l=57

% 

KEGG_RIBOFLAVIN_METABOLI

SM 

KEGG_RIBOFLAVIN_METABOLI

SM 

De

tail

s 

... 

1

6 1 2 0 

0

.

0

5 

0.

6 

#

#

# 

tags

=50

%, 

list=

16%, 

signa

l=60

% 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  416 
 

KEGG_GNRH_SIGNALING_PAT

HWAY 

KEGG_GNRH_SIGNALING_PAT

HWAY 

De

tail

s 

... 

#

# 0 2 0 

0

.

0

5 

0.

6 

#

#

# 

tags

=38

%, 

list=

19%, 

signa

l=46

% 

KEGG_FC_GAMMA_R_MEDIATE

D_PHAGOCYTOSIS 

KEGG_FC_GAMMA_R_MEDIATE

D_PHAGOCYTOSIS 

De

tail

s 

... 

9

6 1 2 0 

0

.

0

3 

0.

4 

#

#

# 

tags

=51

%, 

list=

21%, 

signa

l=65

% 

KEGG_TGF_BETA_SIGNALING_

PATHWAY 

KEGG_TGF_BETA_SIGNALING_

PATHWAY 

De

tail

s 

... 

8

6 1 2 0 

0

.

0

5 

0.

6 

#

#

# 

tags

=58

%, 

list=

30%, 

signa

l=83

% 

KEGG_SPHINGOLIPID_METABO

LISM 

KEGG_SPHINGOLIPID_METABO

LISM 

De

tail

s 

... 

3

9 1 2 0 

0

.

0

5 

0.

6 

#

#

# 

tags

=54

%, 

list=

26%, 

signa

l=73

% 

KEGG_GLUTATHIONE_METABO

LISM 

KEGG_GLUTATHIONE_METABO

LISM 

De

tail

s 

... 

4

9 0 2 0 

0

.

0

5 

0.

6 

#

#

# 

tags

=39

%, 

list=

20%, 

signa

l=48

% 

KEGG_PROTEASOME KEGG_PROTEASOME 

De

tail

s 

... 

4

6 1 2 0 

0

.

0

3 

0.

4 

#

#

# 

tags

=61

%, 

list=

21%, 

signa

l=77

% 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  417 
 

KEGG_PORPHYRIN_AND_CHLO

ROPHYLL_METABOLISM 

KEGG_PORPHYRIN_AND_CHLO

ROPHYLL_METABOLISM 

De

tail

s 

... 

4

1 1 2 0 

0

.

0

5 

0.

6 

#

#

# 

tags

=44

%, 

list=

14%, 

signa

l=51

% 

KEGG_PHOSPHATIDYLINOSITO

L_SIGNALING_SYSTEM 

KEGG_PHOSPHATIDYLINOSITO

L_SIGNALING_SYSTEM 

De

tail

s 

... 

7

6 1 2 0 

0

.

0

5 

0.

6 

#

#

# 

tags

=54

%, 

list=

27%, 

signa

l=74

% 

KEGG_GAP_JUNCTION KEGG_GAP_JUNCTION 

De

tail

s 

... 

9

0 1 2 0 

0

.

0

6 

0.

6 

#

#

# 

tags

=49

%, 

list=

26%, 

signa

l=66

% 

KEGG_REGULATION_OF_AUTOP

HAGY 

KEGG_REGULATION_OF_AUTOP

HAGY 

De

tail

s 

... 

3

5 0 2 0 

0

.

0

7 

0.

7 

#

#

# 

tags

=37

%, 

list=

23%, 

signa

l=48

% 

KEGG_GLYCOSAMINOGLYCAN_

BIOSYNTHESIS_HEPARAN_SUL

FATE 

KEGG_GLYCOSAMINOGLYCAN_

BIOSYNTHESIS_HEPARAN_SUL

FATE 

De

tail

s 

... 

2

6 1 2 0 

0

.

0

9 

0.

8 

#

#

# 

tags

=73

%, 

list=

35%, 

signa

l=11

2% 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  418 
 

KEGG_FRUCTOSE_AND_MANN

OSE_METABOLISM 

KEGG_FRUCTOSE_AND_MANN

OSE_METABOLISM 

De

tail

s 

... 

3

4 0 2 0 

0

.

0

7 

0.

7 

#

#

# 

tags

=41

%, 

list=

12%, 

signa

l=47

% 

KEGG_PENTOSE_PHOSPHATE_

PATHWAY 

KEGG_PENTOSE_PHOSPHATE_

PATHWAY 

De

tail

s 

... 

2

7 0 2 0 

0

.

0

8 

0.

7 

#

#

# 

tags

=33

%, 

list=

12%, 

signa

l=38

% 

KEGG_NOTCH_SIGNALING_PAT

HWAY 

KEGG_NOTCH_SIGNALING_PAT

HWAY 

De

tail

s 

... 

4

7 1 2 0 

0

.

0

7 

0.

7 

#

#

# 

tags

=55

%, 

list=

26%, 

signa

l=75

% 

KEGG_ACUTE_MYELOID_LEUK

EMIA 

KEGG_ACUTE_MYELOID_LEUK

EMIA 

De

tail

s 

... 

5

7 0 2 

0.

1 

0

.

0

9 

0.

8 

#

#

# 

tags

=49

%, 

list=

24%, 

signa

l=65

% 

KEGG_CYSTEINE_AND_METHIO

NINE_METABOLISM 

KEGG_CYSTEINE_AND_METHIO

NINE_METABOLISM 

De

tail

s 

... 

3

4 0 2 

0.

1 

0

.

0

9 

0.

8 

#

#

# 

tags

=41

%, 

list=

11%, 

signa

l=46

% 

KEGG_HUNTINGTONS_DISEAS

E 

KEGG_HUNTINGTONS_DISEAS

E 

De

tail

s 

... 

#

# 0 2 

0.

1 

0

.

0

9 

0.

8 

#

#

# 

tags

=36

%, 

list=

18%, 

signa

l=44

% 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  419 
 

KEGG_TOLL_LIKE_RECEPTOR_

SIGNALING_PATHWAY 

KEGG_TOLL_LIKE_RECEPTOR_

SIGNALING_PATHWAY 

De

tail

s 

... 

#

# 0 1 

0.

1 

0

.

1 

0.

8 

#

#

# 

tags

=39

%, 

list=

21%, 

signa

l=49

% 

KEGG_T_CELL_RECEPTOR_SIG

NALING_PATHWAY 

KEGG_T_CELL_RECEPTOR_SIG

NALING_PATHWAY 

De

tail

s 

... 

#

# 1 1 

0.

1 

0

.

1 

0.

8 

#

#

# 

tags

=39

%, 

list=

17%, 

signa

l=47

% 

KEGG_FOCAL_ADHESION KEGG_FOCAL_ADHESION 

De

tail

s 

... 

#

# 0 1 

0.

1 

0

.

1

2 

0.

8 

#

#

# 

tags

=38

%, 

list=

20%, 

signa

l=48

% 

KEGG_ARRHYTHMOGENIC_RIG

HT_VENTRICULAR_CARDIOMYO

PATHY_ARVC 

KEGG_ARRHYTHMOGENIC_RIG

HT_VENTRICULAR_CARDIOMYO

PATHY_ARVC 

De

tail

s 

... 

7

4 0 1 

0.

1 

0

.

1

5 

0.

9 

#

#

# 

tags

=38

%, 

list=

21%, 

signa

l=48

% 

KEGG_MELANOMA KEGG_MELANOMA 

De

tail

s 

... 

7

1 0 1 

0.

1 

0

.

1

7 

0.

9 

#

#

# 

tags

=42

%, 

list=

28%, 

signa

l=59

% 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  420 
 

KEGG_GLYCOSAMINOGLYCAN_

BIOSYNTHESIS_CHONDROITIN_

SULFATE 

KEGG_GLYCOSAMINOGLYCAN_

BIOSYNTHESIS_CHONDROITIN_

SULFATE 

De

tail

s 

... 

2

2 1 1 

0.

1 

0

.

1

5 

0.

9 

#

#

# 

tags

=50

%, 

list=

20%, 

signa

l=63

% 

KEGG_AMYOTROPHIC_LATERA

L_SCLEROSIS_ALS 

KEGG_AMYOTROPHIC_LATERAL

_SCLEROSIS_ALS 

De

tail

s 

... 

5

3 0 1 

0.

1 

0

.

2

3 1 

#

#

# 

tags

=47

%, 

list=

33%, 

signa

l=70

% 

KEGG_NATURAL_KILLER_CELL

_MEDIATED_CYTOTOXICITY 

KEGG_NATURAL_KILLER_CELL

_MEDIATED_CYTOTOXICITY 

De

tail

s 

... 

#

# 0 1 

0.

1 

0

.

1

6 

0.

9 

#

#

# 

tags

=57

%, 

list=

38%, 

signa

l=92

% 

KEGG_GLYCOSPHINGOLIPID_BI

OSYNTHESIS_LACTO_AND_NEO

LACTO_SERIES 

KEGG_GLYCOSPHINGOLIPID_BI

OSYNTHESIS_LACTO_AND_NEO

LACTO_SERIES 

De

tail

s 

... 

2

6 0 1 

0.

1 

0

.

2

2 1 

#

#

# 

tags

=50

%, 

list=

31%, 

signa

l=72

% 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  421 
 

KEGG_ANTIGEN_PROCESSING_

AND_PRESENTATION 

KEGG_ANTIGEN_PROCESSING_

AND_PRESENTATION 

De

tail

s 

... 

8

1 1 1 

0.

1 

0

.

1

1 

0.

8 

#

#

# 

tags

=42

%, 

list=

26%, 

signa

l=57

% 

KEGG_ONE_CARBON_POOL_BY

_FOLATE 

KEGG_ONE_CARBON_POOL_BY

_FOLATE 

De

tail

s 

... 

1

7 0 1 

0.

1 

0

.

1

9 

0.

9 

#

#

# 

tags

=41

%, 

list=

12%, 

signa

l=47

% 

KEGG_LYSINE_DEGRADATION KEGG_LYSINE_DEGRADATION 

De

tail

s 

... 

4

4 0 1 

0.

1 

0

.

1

6 

0.

9 

#

#

# 

tags

=45

%, 

list=

15%, 

signa

l=53

% 

KEGG_FC_EPSILON_RI_SIGNAL

ING_PATHWAY 

KEGG_FC_EPSILON_RI_SIGNAL

ING_PATHWAY 

De

tail

s 

... 

7

9 0 1 

0.

1 

0

.

1

9 

0.

9 

#

#

# 

tags

=59

%, 

list=

42%, 

signa

l=10

2% 

KEGG_CHEMOKINE_SIGNALIN

G_PATHWAY 

KEGG_CHEMOKINE_SIGNALIN

G_PATHWAY 

De

tail

s 

... 

#

# 0 1 

0.

1 

0

.

1

9 

0.

9 

#

#

# 

tags

=46

%, 

list=

28%, 

signa

l=64

% 

KEGG_ETHER_LIPID_METABOLI

SM 

KEGG_ETHER_LIPID_METABOLI

SM   

3

3 0 1 

0.

2 

0

.

2

7 1 

#

#

# 

tags

=27

%, 

list=

18%, 

signa

l=33

% 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  422 
 

KEGG_ALDOSTERONE_REGULA

TED_SODIUM_REABSORPTION 

KEGG_ALDOSTERONE_REGULA

TED_SODIUM_REABSORPTION   

4

2 0 1 

0.

2 

0

.

2

8 1 

#

#

# 

tags

=24

%, 

list=

13%, 

signa

l=27

% 

KEGG_DORSO_VENTRAL_AXIS_

FORMATION 

KEGG_DORSO_VENTRAL_AXIS_

FORMATION 

De

tail

s 

... 

2

4 0 1 

0.

2 

0

.

2

3 1 

#

#

# 

tags

=50

%, 

list=

25%, 

signa

l=67

% 

KEGG_LEUKOCYTE_TRANSEND

OTHELIAL_MIGRATION 

KEGG_LEUKOCYTE_TRANSEND

OTHELIAL_MIGRATION   

#

# 0 1 

0.

2 

0

.

2

5 1 

#

#

# 

tags

=28

%, 

list=

17%, 

signa

l=34

% 

KEGG_HYPERTROPHIC_CARDIO

MYOPATHY_HCM 

KEGG_HYPERTROPHIC_CARDIO

MYOPATHY_HCM   

8

3 0 1 

0.

2 

0

.

2

9 1 

#

#

# 

tags

=42

%, 

list=

32%, 

signa

l=62

% 

KEGG_LEISHMANIA_INFECTION KEGG_LEISHMANIA_INFECTION   

7

0 0 1 

0.

2 

0

.

2

3 1 

#

#

# 

tags

=61

%, 

list=

32%, 

signa

l=91

% 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  423 
 

KEGG_PENTOSE_AND_GLUCUR

ONATE_INTERCONVERSIONS 

KEGG_PENTOSE_AND_GLUCUR

ONATE_INTERCONVERSIONS   

2

8 0 1 

0.

2 

0

.

2

8 1 

#

#

# 

tags

=43

%, 

list=

16%, 

signa

l=51

% 

KEGG_GALACTOSE_METABOLI

SM 

KEGG_GALACTOSE_METABOLIS

M   

2

6 0 1 

0.

2 

0

.

3

3 1 

#

#

# 

tags

=42

%, 

list=

27%, 

signa

l=58

% 

KEGG_ABC_TRANSPORTERS KEGG_ABC_TRANSPORTERS   

4

4 0 1 

0.

2 

0

.

3

4 1 

#

#

# 

tags

=36

%, 

list=

23%, 

signa

l=47

% 

KEGG_B_CELL_RECEPTOR_SIG

NALING_PATHWAY 

KEGG_B_CELL_RECEPTOR_SIG

NALING_PATHWAY   

7

5 0 1 

0.

2 

0

.

2

6 1 

#

#

# 

tags

=32

%, 

list=

15%, 

signa

l=38

% 

KEGG_JAK_STAT_SIGNALING_P

ATHWAY 

KEGG_JAK_STAT_SIGNALING_P

ATHWAY   

#

# 0 1 

0.

2 

0

.

3

1 1 

#

#

# 

tags

=36

%, 

list=

28%, 

signa

l=50

% 

KEGG_DRUG_METABOLISM_OT

HER_ENZYMES 

KEGG_DRUG_METABOLISM_OT

HER_ENZYMES   

5

1 0 1 

0.

3 

0

.

3

4 1 

#

#

# 

tags

=31

%, 

list=

14%, 

signa

l=36

% 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  424 
 

KEGG_VIRAL_MYOCARDITIS KEGG_VIRAL_MYOCARDITIS   

6

8 0 1 

0.

3 

0

.

3

1 1 

#

#

# 

tags

=37

%, 

list=

26%, 

signa

l=49

% 

KEGG_O_GLYCAN_BIOSYNTHE

SIS 

KEGG_O_GLYCAN_BIOSYNTHE

SIS   

3

0 0 1 

0.

3 

0

.

3

1 1 

#

#

# 

tags

=37

%, 

list=

16%, 

signa

l=44

% 

KEGG_GLYCEROLIPID_METABO

LISM 

KEGG_GLYCEROLIPID_METABO

LISM   

4

9 0 1 

0.

3 

0

.

4 1 

#

#

# 

tags

=39

%, 

list=

27%, 

signa

l=53

% 

KEGG_TASTE_TRANSDUCTION KEGG_TASTE_TRANSDUCTION   

5

1 0 1 

0.

3 

0

.

3

8 1 

#

#

# 

tags

=51

%, 

list=

40%, 

signa

l=85

% 

KEGG_VASCULAR_SMOOTH_M

USCLE_CONTRACTION 

KEGG_VASCULAR_SMOOTH_M

USCLE_CONTRACTION   

#

# 0 1 

0.

3 

0

.

3

6 1 

#

#

# 

tags

=30

%, 

list=

19%, 

signa

l=36

% 

KEGG_ADIPOCYTOKINE_SIGNA

LING_PATHWAY 

KEGG_ADIPOCYTOKINE_SIGNA

LING_PATHWAY   

6

7 0 1 

0.

3 

0

.

4

2 1 

#

#

# 

tags

=27

%, 

list=

18%, 

signa

l=33

% 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  425 
 

KEGG_NICOTINATE_AND_NICO

TINAMIDE_METABOLISM 

KEGG_NICOTINATE_AND_NICO

TINAMIDE_METABOLISM   

2

4 0 1 

0.

3 

0

.

3

9 1 

#

#

# 

tags

=63

%, 

list=

38%, 

signa

l=10

1% 

KEGG_CALCIUM_SIGNALING_P

ATHWAY 

KEGG_CALCIUM_SIGNALING_P

ATHWAY   

#

# 0 1 

0.

3 

0

.

4

1 1 

#

#

# 

tags

=25

%, 

list=

20%, 

signa

l=32

% 

KEGG_ALZHEIMERS_DISEASE KEGG_ALZHEIMERS_DISEASE   

#

# 0 1 

0.

3 

0

.

3

9 1 

#

#

# 

tags

=25

%, 

list=

18%, 

signa

l=31

% 

KEGG_ASCORBATE_AND_ALDA

RATE_METABOLISM 

KEGG_ASCORBATE_AND_ALDA

RATE_METABOLISM   

2

5 0 1 

0.

4 

0

.

4

7 1 

#

#

# 

tags

=36

%, 

list=

13%, 

signa

l=42

% 

KEGG_DILATED_CARDIOMYOPA

THY 

KEGG_DILATED_CARDIOMYOPA

THY   

9

0 0 1 

0.

4 

0

.

4

7 1 

#

#

# 

tags

=41

%, 

list=

32%, 

signa

l=61

% 

KEGG_TYPE_I_DIABETES_MELL

ITUS 

KEGG_TYPE_I_DIABETES_MELL

ITUS   

4

1 0 1 

0.

5 

0

.

4

8 1 

#

#

# 

tags

=46

%, 

list=

34%, 

signa

l=71

% 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  426 
 

KEGG_PRIMARY_IMMUNODEFI

CIENCY 

KEGG_PRIMARY_IMMUNODEFI

CIENCY   

3

5 0 1 

0.

5 

0

.

4

5 1 

#

#

# 

tags

=29

%, 

list=

18%, 

signa

l=35

% 

KEGG_ECM_RECEPTOR_INTER

ACTION 

KEGG_ECM_RECEPTOR_INTER

ACTION   

8

4 0 1 

0.

5 

0

.

5

4 1 

#

#

# 

tags

=44

%, 

list=

35%, 

signa

l=68

% 

KEGG_GRAFT_VERSUS_HOST_

DISEASE 

KEGG_GRAFT_VERSUS_HOST_

DISEASE   

3

7 0 1 

0.

5 

0

.

5

2 1 

#

#

# 

tags

=65

%, 

list=

44%, 

signa

l=11

5% 

KEGG_STEROID_BIOSYNTHESI

S 

KEGG_STEROID_BIOSYNTHESI

S   

1

7 0 1 

0.

5 

0

.

5

6 1 

#

#

# 

tags

=41

%, 

list=

30%, 

signa

l=58

% 

KEGG_PANTOTHENATE_AND_C

OA_BIOSYNTHESIS 

KEGG_PANTOTHENATE_AND_C

OA_BIOSYNTHESIS   

1

6 0 1 

0.

5 

0

.

5

6 1 

#

#

# 

tags

=31

%, 

list=

15%, 

signa

l=37

% 

KEGG_TYPE_II_DIABETES_MEL

LITUS 

KEGG_TYPE_II_DIABETES_MEL

LITUS   

4

7 0 1 

0.

6 

0

.

5

7 1 

#

#

# 

tags

=30

%, 

list=

23%, 

signa

l=39

% 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  427 
 

KEGG_CYTOKINE_CYTOKINE_R

ECEPTOR_INTERACTION 

KEGG_CYTOKINE_CYTOKINE_R

ECEPTOR_INTERACTION   

#

# 0 1 

0.

6 

0

.

5

7 1 

#

#

# 

tags

=38

%, 

list=

35%, 

signa

l=58

% 

KEGG_SYSTEMIC_LUPUS_ERYT

HEMATOSUS 

KEGG_SYSTEMIC_LUPUS_ERYT

HEMATOSUS   

#

# 0 1 

0.

6 

0

.

6

1 1 

#

#

# 

tags

=42

%, 

list=

34%, 

signa

l=64

% 

KEGG_ASTHMA KEGG_ASTHMA   

2

8 0 1 

0.

6 

0

.

6

5 1 

#

#

# 

tags

=64

%, 

list=

45%, 

signa

l=11

8% 

KEGG_CARDIAC_MUSCLE_CON

TRACTION 

KEGG_CARDIAC_MUSCLE_CON

TRACTION   

7

9 0 1 

0.

6 

0

.

6

1 1 

#

#

# 

tags

=20

%, 

list=

18%, 

signa

l=25

% 

KEGG_RIBOSOME KEGG_RIBOSOME   

8

8 0 1 

0.

6 

0

.

5

6 1 

#

#

# 

tags

=77

%, 

list=

45%, 

signa

l=14

1% 

KEGG_CELL_ADHESION_MOLE

CULES_CAMS 

KEGG_CELL_ADHESION_MOLE

CULES_CAMS   

#

# 0 1 

0.

6 

0

.

6

8 1 

#

#

# 

tags

=31

%, 

list=

31%, 

signa

l=46

% 

KEGG_ALLOGRAFT_REJECTION KEGG_ALLOGRAFT_REJECTION   

3

5 0 1 

0.

6 

0

.

6

7 1 

#

#

# 

tags

=60

%, 

list=

44%, 

signa



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  428 
 

l=10

7% 

KEGG_OXIDATIVE_PHOSPHORY

LATION 

KEGG_OXIDATIVE_PHOSPHORY

LATION   

#

# 0 1 

0.

7 

0

.

6

8 1 

#

#

# 

tags

=23

%, 

list=

18%, 

signa

l=29

% 

KEGG_TERPENOID_BACKBONE

_BIOSYNTHESIS 

KEGG_TERPENOID_BACKBONE

_BIOSYNTHESIS   

1

5 0 1 

0.

7 

0

.

6

7 1 

#

#

# 

tags

=20

%, 

list=

7%, 

signa

l=22

% 

KEGG_HEMATOPOIETIC_CELL_

LINEAGE 

KEGG_HEMATOPOIETIC_CELL_

LINEAGE   

8

5 0 1 

0.

7 

0

.

6

9 1 

#

#

# 

tags

=35

%, 

list=

34%, 

signa

l=54

% 

KEGG_PARKINSONS_DISEASE KEGG_PARKINSONS_DISEASE   

#

# 0 1 

0.

7 

0

.

7

3 1 

#

#

# 

tags

=22

%, 

list=

18%, 

signa

l=26

% 

KEGG_NITROGEN_METABOLIS

M 

KEGG_NITROGEN_METABOLIS

M   

2

3 0 1 

0.

7 

0

.

6

8 1 

#

#

# 

tags

=39

%, 

list=

29%, 

signa

l=55

% 

KEGG_AUTOIMMUNE_THYROID

_DISEASE 

KEGG_AUTOIMMUNE_THYROID

_DISEASE   

5

0 0 1 

0.

7 

0

.

7

8 1 

#

#

# 

tags

=44

%, 

list=

44%, 

signa

l=78

% 



Research & Reviews: Journal of Microbiology and Biotechnology       e-ISSN: 2320-3528                                                                                                                         

  

RRJMB| Volume 12 | Issue 2|June, 2023  429 
 

KEGG_CITRATE_CYCLE_TCA_CY

CLE 

KEGG_CITRATE_CYCLE_TCA_CY

CLE   

3

1 0 1 

0.

7 

0

.

7

5 1 

#

#

# 

tags

=45

%, 

list=

29%, 

signa

l=64

% 

KEGG_INTESTINAL_IMMUNE_N

ETWORK_FOR_IGA_PRODUCTIO

N 

KEGG_INTESTINAL_IMMUNE_N

ETWORK_FOR_IGA_PRODUCTIO

N   

4

6 0 1 

0.

8 

0

.

8

1 1 

#

#

# 

tags

=52

%, 

list=

43%, 

signa

l=92

% 

KEGG_MATURITY_ONSET_DIAB

ETES_OF_THE_YOUNG 

KEGG_MATURITY_ONSET_DIAB

ETES_OF_THE_YOUNG   

2

5 0 1 

0.

8 

0

.

7

3 1 

#

#

# 

tags

=48

%, 

list=

39%, 

signa

l=78

% 

KEGG_OLFACTORY_TRANSDUC

TION 

KEGG_OLFACTORY_TRANSDUC

TION   

#

# 0 1 

0.

9 

0

.

6

9 1 

#

#

# 

tags

=26

%, 

list=

45%, 

signa

l=47

% 

 

 


