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FIGYELMEZTETES
Ezt a tdjékoztatdt csak a kezel6orvos haszndlhatja és értelmezheti. Az orvos mérlegelheti, vagy figyelmen kiviil hagyhatja a jelentés altal nyujtott informacidkat. Az Oncompass Riport informéciét

szolgaltat a tumorok és a molekularis profil kozti 6sszefliggésekrél a tudomanyos irodalom felhasznaldsdval. Az ONCOMPASS Medicine a szakirodalom tartalméaért felelésséget nem véllal. A
feltiintetett gydgyszerek az adott tumortipusban lehetnek térzskdnyvezettek és/vagy finanszirozottak, annak viszonylatdban, hogy a riportot melyik orszagban hasznaljak.
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BETEG ADATAI

Oncompass™ ID: Primer daganat lokalizaciéja: colon
Név: Anonymous SzOvettani tipus: adenocarcinoma
Sziiletési datum: 1965 Metasztazis lokalizacidja: peritoneum

SZAKERTOK

Molekuldris Farmakolégus: Dr. Peték Istvan
Genetikai Tanacsado: Déri Jalia, MSc
Molekuléris Bioldgus: Varkondi Edit, PhD
Konzulens Orvos: Dr. Pajkos Gabor
Szakértd: Dr. Racz Anna

Beteglt Koordinétor: Gligorovics Rita
Kezel8orvos:

Biolégus: Sipos Anna, MSc

Biofizikus: Lakatos Déra, PhD

PATOLOGIAI ES MOLEKULARIS DIAGNOSZTIKAI VIZSGALATOK

Az Oncompass vizsgélatot a XXX azonositdju, primer tumorbdl szarmazd szovettani mintabdl végeztik.
Tumorarédny: 50%

Tumortipus és szovettan: colon adenocarcinoma

Elvégzett vizsgalatok:

MSI - mikroszatellita stabil (MSS)
IHC - PDL1 (Normal expresszid)
NGS - 591 gén

TMB - LOW

Korabbi molekularis diagnosztikai vizsgalatok eredménye:
Sanger - BRAF (Vad tipusu gén), KRAS (Mutédns gén)

KORABBI KEZELESEK
1. vonal - BEVACIZUMAB + FOLFIRI
adjuvéns terdpia: 5FU
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OSSZEFOGLALAS

A colon adenocc. 2019. m(itéti mintdjabdl szadrmazé szdveti mintat vizsgdltuk 50 % tumorarany mellett.
Az 591 génes NGS vizsgdlat sikeresen lefutott.

Immunterapia hatékonysdgéra vonatkozoé biomarkerek:

MSiI: stabil (MSS)

Tumor mutational burden (TMB) alacsony (1,0, 18%-ban kapunk ennél alacsonyabb értéket)

PD-L1 negativ.

KRAS-Q61H, PIK3CA-N345K, PTEN-N323fs*2, GNAS-R844C, APC-Q1328*, APC-N741S a legfontosabb detektalt génhibak.

- A KRAS génhiba jol ismert, rezisztencidt okoz tobbféle célzott terdpidra, célba vételére nincs torzskdonyvezett lehetéség, EGFR-gétlasra

rezisztenciat okoz, egy esettanulmdany szerint TRAMETINIB (MEK-gétld) célba veszi. A KRAS mutdns CRC daganatokndl megfigyelték a metformin
hatékonységat.

- PIK3CA-N345K mutécié jél ismert patogén mutédcié, mTOR-gétlok veszik célba. A PIK3CA mutédns CRC daganatokban az aszpirin kedvezd

hatdsat lattak.

KRAS és PIK3CA egyiittes mutéciok esetén sem a MEK-géatlok, sem az mTOR-gétlok nem hatékonyak monoterdpiaként, de egyuttaddsukkor
szinergizmus is megfigyelhetd.

- PTEN frameshift mutécidja patogén, rezisztencidt okoz PIK3CA-gatldkra, EGFR-géatldsra, immunterdpidra, de preklinikai eredmények szerint
PTEN vesztés esetén a MEK + mTOR kombindalt gétlds szinergisztikus hatdsu.

- a GNAS mutécid is patogén, megcélzasaval kapcsolatban fejlesztés alatt all6 szerek emlithetdek.

- az APC mutécio jellemzd vastagbél daganatokra, a fenti STOP mutécié ismerten patogén. COX2-gétidkkal vagy aszpirinnel veheté célba.

Osszefoglalva: KRAS mutacié esetén célzott terdpia csak a késdbbi vonalakban meriil fel, mert a kemoterdpiatél nagyobb eredményesség

vérhaté. A KRAS mutécié eléforduldsa gyakori colon adenocc.-ban, EGFR gétlds nem hatékony ilyen profil esetén (EGFR-gétlés ellen szdl a

PIK3CA és a PTEN mut&ci6 is).

A felvetédd célzott kezelések hatékonysaga klinikailag jelenleg nem aldtdmasztott, de preklinikai adatok alapjan a KRAS mutéacié inkabb

kombinéacidkkal veheté célba. A célzott terdpia nem torzskdnyvezett, a NEAK egyedi méltdnyossagi kérelem elbirdldsakor donthet a

finanszirozasukrol. Preklinikai adatok alapjan javasolja a Realtime Oncology Calculator elsé helyen a MEK-gatlét, a KRAS mutéciét célba inkdbb
MEK-gétlés kombinéaciéjuk venné, pl. TRAMETINIB + EVEROLIMUS vagy TRAMETINIB + METFORMIN. A MEKi + mTOR inhibitor kombin&cié
mellett sz6l mind a PIK3CA, mind a PTEN mutéacié, mindkettét az mTOR-gétiék célba veszik, de KRAS mutécié mellett csak MEK-gétléval

kiegészitve hatékonyak, de Ugy szinergizmust is megdfigyeltek.

A kemoterdpidk kiegészitésére javasolhaté ASPIRIN és METFORMIN, az ASPIRIN és PIK3CA mutécié valamint az APC mutdcié 6sszefliggését is
irja a szakirodalom, a METFORMINt inkdbb a KRAS mutdciéval kapcsolatban emlitik, de mint mTOR gétlé hatdsu szer, a PTEN és PIK3CA

génhibét is célba veszi.

Immunterapia hatékonysdgéra nem utal egyik biomarker sem (MSS, alacsony TMB), sét, a PTEN mutécio rezisztenciat is okozhat ra.

A kezelborvos javaslatdra szivesen irunk EMK-t, OGYEI kérelmet, ha a kezelési stratégidba illeszthetd.

MOLEKULARIS CELPONT ELEMZES

MOLEKULARIS ALTERACIOK INDIREKT CELPONT GENEK

KRAS-Q61H driver (AEL: 236,74, AF/TR: 10.24%/50%), PIK3CA vad tipus (AEL: 268,59),
PIK3CA-N345K driver (AEL: 69,80, AF/TR: 9.43%/50%), ® PTEN-N323fs*2 driver (AEL: -24,48) ;
PTEN-N323fs*2 driver (AEL: 24,48, AF/TR: 18.13%/50%), ® PRKN-E309* driver (AEL: 1,55) ;
GNAS-R844C driver (AEL: 16,95, AF/TR: 7.99%/50%), ® PIK3CA-N345K driver (AEL: 69,80)
APC-Q1328* driver (AEL: 6,04, AF/TR: 18.05%/50%),

APC-N741S driver (AEL: 5,99, AF/TR: 59.78%/50%), CDK4 vad tipus (AEL: 244,10),

PRKN-E309* VUS, driver gén (AEL: 1,55, AF/TR: 8.16%/50%), ® KRAS-Q61H driver (AEL: 236,74)
CHEK2-Y159H VUS, driver gén (AEL: 1,52, AF/TR: 47.08%/50%),

KMT2D-T2949A VUS, driver gén (AEL: 1,37, AF/TR: 50.34%/50%), XPO1vad tipus (AEL: 242,44),
INPP4B-V594A driver (AEL: 0,41, AF/TR: 99.58%/50%), ® KRAS-Q61H driver (AEL: 236,74)
EPHA3-C928F VUS, driver gén (AEL: 0,12, AF/TR: 50.09%/50%),

WNK2-V21071 VUS, driver gén (AEL: 0,11, AF/TR: 57.98%/50%), o .

RECQL5-S958R VUS, driver gén (AEL: 0,07, AF/TR: 47.42%/50%), R AAS Q6 1H) divor AEL: 236.74)
CSMD3-E13D VUS, driver gén (AEL: 0,03, AF/TR: 47.86%/50%), ’ ’
PIK3CG-N522S driver (AEL: 0,03, AF/TR: 53.25%/50%), p .

SLIT2-S849T VUS, driver gén (AEL: 0,01, AF/TR: 10.53%/50%), SOSTyad thus LiEk: gﬁ?é??/)i& 236.74)
GATA6-G540fs*5 VUS, driver gén (AEL: 0,01, AF/TR: 9.87%/50%), . !

- 2 i . . 0,

;I'SI-(l)S%II)ﬁB R353H ellentmondasos driver (AEL: 0,00, AF/TR: 47.07% MAPK3 vad tipus (AEL: 238,19),

BCL6-E164D ellentmondésos driver (AEL: 0,00, AF/TR: 44.04%/50%), * KRAS-QG1H driver (AEL: 236,74)
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MOLEKULARIS CELPONT ELEMZES

MIER3-A529V ismeretlen jelentéségl varidns (AEL: 0,00, AF/TR:
45.13%/50%),

SEC16A-G2247R ismeretlen jelentéségl varidns (AEL: 0,00, AF/TR:
59.67%/50%),

SYNE3-P559T ismeretlen jelentéségl varidns (AEL: 0,00, AF/TR:
54.48%/50%),

OTOP1-G407D ismeretlen jelentéségl varidns (AEL: 0,00, AF/TR:
13.92%/50%),

MYO18A-R2034Q ismeretlen jelentéségl varidns (AEL: 0,00, AF/TR:
47.36%/50%),

SEC16A-R1214C nem driver (AEL: -0,03, AF/TR: 46.7%/50%),
TET2-M17011 nem driver (AEL: -24,90, AF/TR: 49.47%/50%)

MAPK1 vad tipus (AEL: 238,19),
* KRAS-Q61H driver (AEL: 236,74)

CDC7 vad tipus (AEL: 237,91),
® KRAS-Q61H driver (AEL: 236,74)

PLK1 vad tipus (AEL: 237,74),
® KRAS-Q61H driver (AEL: 236,74)

CNKSRI1 vad tipus (AEL: 237,59),
* KRAS-Q61H driver (AEL: 236,74)

DNMT1 vad tipus (AEL: 237,59),
® KRAS-Q61H driver (AEL: 236,74)

PTPN11 vad tipus (AEL: 237,54),
® KRAS-Q61H driver (AEL: 236,74)

Hsp90 vad tipus (AEL: 237,49),
® KRAS-Q61H driver (AEL: 236,74)

FAK vad tipus (AEL: 237,24),
* KRAS-Q61H driver (AEL: 236,74)

CDK1 vad tipus (AEL: 237,04),
* KRAS-Q61H driver (AEL: 236,74)

MAP2K1 vad tipus (AEL: 178,91),
® PRKN-E309* driver (AEL: -1,55) ;
* PIK3CA-N345K driver (AEL: -69,80) ;
* KRAS-Q61H driver (AEL: 236,74)

MTOR vad tipus (AEL: 119,10),
® PRKN-E309* driver (AEL: 1,55) ;
® PTEN-N323fs*2 driver (AEL: 24,48) ;
® PIK3CA-N345K driver (AEL: 69,80)

AKT1 vad tipus (AEL: 101,70),
* PRKN-E309* driver (AEL: 1,55) ;
* PIK3CA-N345K driver (AEL: 69,80) ;
e PTEN-N323fs*2 driver (AEL: 24,48)

AKT?2 vad tipus (AEL: 70,90),
® PIK3CA-N345K driver (AEL: 69,80)

CTNNB1 vad tipus (AEL: 70,23),
® PIK3CA-N345K driver (AEL: 69,80)

AKT3 vad tipus (AEL: 70,16),
® PIK3CA-N345K driver (AEL: 69,80)

PIK3CB vad tipus (AEL: 25,67),
® PTEN-N323fs*2 driver (AEL: 24,48)

ATM vad tipus (AEL: 25,32),
* PTEN-N323fs*2 driver (AEL: 24,48)

PRKACA vad tipus (AEL: 17,45),
* GNAS-R844C driver (AEL: 16,95)

COX2 vad tipus (AEL: 15,50),
® APC-Q1328* driver (AEL: 6,04) ;
® APC-N741S driver (AEL: 5,99)

SOD1 vad tipus (AEL: 2,89)
® CHEK2-Y159H driver (AEL: 1,52)
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DAGANA ARIS PROFILJAVAL POZITiV KAPCSOLATBAN DAGANAT  MOLEKULARI PROFILJAVAL  NEGATIV
LLO HATO KAPCSOLATBAN ALLO HATOANYAGOK

FORGALOMBAN LEVO
10 listazott hatéanyag (6sszesen 84)

SELINEXOR (barmely tumor - multiple myeloma [FDA+EMA]; barmely
tumor - diffuse large B-cell ymphoma [FDA]) (AEL: 503,72)

® KRAS-Q61H driver (AEL: 236,74) ;

® XPO1vad tipus target (AEL: 242,44)

TRAMETINIB (lung - adenocarcinoma [FDA+EMA]; thyroid - anaplastic
carcinoma [FDA]; barmely tumor - malignant melanoma [FDA+EMAY])
(AEL: 498,60)

® PRKN-E309* driver (AEL: -1,55) ;

® KRAS-Q61H driver (AEL: 236,74) ;

® MAP2K1 vad tipus target (AEL: 178,91)

PALBOCICLIB (breast - barmely szévettan [FDA+EMA]) (AEL: 489,25)
® CDK4 vad tipus target (AEL: 244,10) ;
® KRAS-Q61H driver (AEL: 236,74)

ABEMACICLIB (breast - badrmely szovettan [FDA+EMA]) (AEL: 481,92)
® CDK4 vad tipus target (AEL: 244,10) ;
® KRAS-Q61H driver (AEL: 236,74)

BINIMETINIB (skin - malignant melanoma [FDA+EMA]) (AEL: 436,72)
® KRAS-Q61H driver (AEL: 236,74) ;
® MAP2K1 vad tipus target (AEL: 178,91)

METFORMIN (AEL: 430,88)
® KRAS-Q61H driver (AEL: 236,74) ;
® PIK3CA-N345K driver (AEL: 69,80) ;
® MTOR vad tipus target (AEL: 119,10)

SELUMETINIB (barmely tumor - neurofibroma [FDAJ; barmely tumor -
plexiform neurofibroma [FDA]) (AEL: 424,15)

® KRAS-Q61H driver (AEL: 236,74) ;

® MAP2K1 vad tipus target (AEL: 178,91)

COBIMETINIB (skin - malignant melanoma [FDA+EMA]) (AEL: 416,01)
® MAP2K1 vad tipus target (AEL: 178,91) ;
® KRAS-Q61H driver (AEL: 236,74)

COPANLISIB (lymph node - follicular non-Hodgkin lymphoma [FDA])
(AEL: 366,40)

® PIK3CA vad tipus target (AEL: 268,59) ;

® PIK3CA-N345K driver (AEL: 69,80) ;

® PIK3CB vad tipus target (AEL: 25,67)

ATEZOLIZUMAB (lung - non-small cell carcinoma [FDA+EMA]; lung -
small cell carcinoma [FDA+EMA]; breast - barmely szoOvettan
[FDA+EMA]; liver - hepatocellular carcinoma [FDA+EMA]; barmely
tumor - malignant melanoma [FDA]; barmely tumor - urothelial
carcinoma [FDA+EMA]) (AEL: 252,93)

® KRAS-Q61H driver (AEL: 236,74)

FORGALOMBAN LEVO
10 listazott hatéanyag (6sszesen 40)

CETUXIMAB (rectum - barmely szévettan [FDA+EMA]; colon - barmely
szovettan [FDA+EMA]; head-neck - squamous cell carcinoma
[FDA+EMA)) (AEL: -1555,31)

® KRAS-Q61H driver (AEL: -236,74) ;

® PIK3CA-N345K driver (AEL: -69,80) ;

® EGFR vad tipus target (AEL: -674,10) ;

® PTEN-N323fs*2 driver (AEL: -24,48)

PANITUMUMAB (colon - barmely szovettan [FDA+EMA]; rectum -
barmely szévettan [FDA+EMAY]) (AEL: -1383,01)

® KRAS-Q61H driver (AEL: -236,74) ;

® EGFR vad tipus target (AEL: -674,10) ;

® PIK3CA-N345K driver (AEL: -69,80) ;

® PTEN-N323fs*2 driver (AEL: -24,48)

NERATINIB (breast - barmely szovettan [FDA+EMA]) (AEL: -1013,26)
® ERBB2 vad tipus target (AEL: -339,17) ;
® EGFR vad tipus target (AEL: -674,10)

AFATINIB (lung - squamous cell carcinoma [FDA+EMA]; lung -
adenocarcinoma [FDA+EMA]; lung - non-small cell carcinoma
[FDA+EMA]) (AEL: -1013,03)

® EGFR vad tipus target (AEL: -674,10) ;

® ERBB2 vad tipus target (AEL: -339,17)

LAPATINIB (breast - barmely szévettan [FDA+EMAY)) (AEL: -1008,79)
® ERBB2 vad tipus target (AEL: -339,17) ;
® EGFR vad tipus target (AEL: -674,10) ;
® PIK3CA-N345K driver (AEL: -69,80) ;
® PTEN-N323fs*2 driver (AEL: -24,48) ;
® AKT1vad tipus target (AEL: 101,70)

ERLOTINIB (pancreas - barmely szovettan [FDA+EMA]; lung -
adenocarcinoma [FDA+EMA];, lung - squamous cell carcinoma
[FDA+EMA]; lung - non-small cell carcinoma [FDA+EMA]) (AEL:
-1004,58)

® KRAS-Q61H driver (AEL: -236,74) ;

® EGFR vad tipus target (AEL: -674,10) ;

® PIK3CA-N345K driver (AEL: -69,80)

GEFITINIB (lung - squamous cell carcinoma [FDA+EMA]; lung -
adenocarcinoma [FDA+EMA]; lung - non-small cell carcinoma
[FDA+EMA]) (AEL: -957,19)

® PTEN-N323fs*2 driver (AEL: -24,48) ;

® KRAS-Q61H driver (AEL: -236,74) ;

® EGFR vad tipus target (AEL: -674,10)

TRASTUZUMAB (breast - barmely szovettan [FDA+EMA]J;
gastroesophageal junction - adenocarcinoma [FDA+EMA]; gastric -
adenocarcinoma [FDA+EMA]) (AEL: -691,26)

® PIK3CA-N345K driver (AEL: -69,80) ;

® KRAS-Q61H driver (AEL: -236,74) ;

® PTEN-N323fs*2 driver (AEL: -24,48) ;

® ERBB2 vad tipus target (AEL: -339,17)

OSIMERTINIB (lung - squamous cell carcinoma [FDA+EMA]; lung - non-
small cell carcinoma [FDA+EMA]; lung - adenocarcinoma [FDA+EMAY])
(AEL: -674,10)

® EGFR vad tipus target (AEL: -674,10)

DACOMITINIB (lung - adenocarcinoma [FDA+EMA]; lung - non-small
cell carcinoma [FDA+EMA]; lung - squamous cell carcinoma
[FDA+EMA)) (AEL: -674,02)

® EGFR vad tipus target (AEL: -674,10)

KLINIKAI FEJLESZTES ALATT
10 listazott hatéanyag (6sszesen 150)

DACTOLISIB (AEL: 489,04)
® PIK3CA vad tipus target (AEL: 268,59) ;
® PRKN-E309* driver (AEL: 1,55) ;
® MTOR vad tipus target (AEL: 119,10) ;
® PIK3CA-N345K driver (AEL: 69,80) ;
® PIK3CB vad tipus target (AEL: 25,67)

KLINIKAI FEJLESZTES ALATT
10 listazott hatéanyag (6sszesen 71)

ALLITINIB (AEL: -1013,26)
® EGFR vad tipus target (AEL: -674,10) ;
® ERBB2 vad tipus target (AEL: -339,17)

AV-412 (AEL: -1013,26)
® ERBB2 vad tipus target (AEL: -339,17) ;
® EGFR vad tipus target (AEL: -674,10)
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OMIPALISIB (AEL: 487,15)
® MTOR vad tipus target (AEL: 119,10) ;
® PIK3CA vad tipus target (AEL: 268,59) ;
® PIK3CA-N345K driver (AEL: 69,80) ;
® PIK3CB vad tipus target (AEL: 25,67)

RIVICICLIB (AEL: 481,13)
® CDK1vad tipus target (AEL: 237,04) ;
® CDK4 vad tipus target (AEL: 244,10)

RGB-286638 (AEL: 481,13)
® CDK4 vad tipus target (AEL: 244,10) ;
® CDK1 vad tipus target (AEL: 237,04)

ALVOCIDIB (AEL: 481,13)
® CDK1 vad tipus target (AEL: 237,04) ;
® (CDK4 vad tipus target (AEL: 244,10)

MILCICLIB (AEL: 481,13)
® CDK4 vad tipus target (AEL: 244,10) ;
® CDK1 vad tipus target (AEL: 237,04)

RONICICLIB (AEL: 481,13)
® CDK4 vad tipus target (AEL: 244,10) ;
® CDK1vad tipus target (AEL: 237,04)

Simurosertib (AEL: 479,31)
® CDC7 vad tipus target (AEL: 237,91) ;
® KRAS-Q61H driver (AEL: 236,74)

ONVANSERTIB (AEL: 478,49)
® KRAS-Q61H driver (AEL: 236,74) ;
® PLK1vad tipus target (AEL: 237,74)

GANETESPIB (AEL: 476,28)
® KRAS-Q61H driver (AEL: 236,74) ;
® Hsp90 vad tipus target (AEL: 237,49)

CUDC-101 (AEL: -1013,26)
® ERBB2 vad tipus target (AEL: -339,17) ;
® EGFR vad tipus target (AEL: -674,10)

PELITINIB (AEL: -1013,26)
® EGFR vad tipus target (AEL: -674,10) ;
® ERBB2 vad tipus target (AEL: -339,17)

TAK-285 (AEL: -1013,26)
® ERBB2 vad tipus target (AEL: -339,17) ;
® EGFR vad tipus target (AEL: -674,10)

EPERTINIB (AEL: -1013,26)
® ERBB2 vad tipus target (AEL: -339,17) ;
® EGFR vad tipus target (AEL: -674,10)

JNJ-26483327 (AEL: -1013,26)
® EGFR vad tipus target (AEL: -674,10) ;
® ERBB2 vad tipus target (AEL: -339,17)

AEE788 (AEL: -674,10)
® EGFR vad tipus target (AEL: -674,10)

SAPITINIB (AEL: -674,10)
® EGFR vad tipus target (AEL: -674,10)

MEHD7945A (AEL: -674,10)
® EGFR vad tipus target (AEL: -674,10)

A hatdéanyagok mellett megjelené pontszdmok a hatéanyagokra vonatkozé aggregdlt evidencia-szintet (AEL, aggregated evidence level) jelzik. Az AEL a tumor tipusokat, molekuldris varidnsokat,
célpontokat és hatéanyagokat 6sszekapcsold evidencidk szamat, tudoményos hatésat és klinikai relevancidjat reprezentélja. Az egyes evidencia reldciok pontszdmait az alapjan normalizljuk és
sulyozzuk, hogy az egyes Osszefliggésekben leirt jellemzdk milyen mértékben hasonlitanak a vizsgalt beteg paramétereihez. A hatéanyagok pontszamait a relevans, hatéanyagokat, tumor
tipusokat, drivereket és célpontokat 6sszekapcsol6 reldciok (és azok AEL-jeinek) 6sszegzésével szamitjuk. A hatéanyagokat AEL szerinti csokkend sorrendben listdzzuk.

( Roviditések: AEL - aggregalt evidencia-szint, AF - allél frekvencia, TR: tumor arény )
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KLINIKAI VIZSGALATOK

Keresési Kritériumok

ALLAPOT: Not yet recruiting,Active recruiting

AZONOSITO LEiRAS

A klinikai vizsgalatok listdjat a Realtime Oncology Molecular Treatment Calculator segitségével éllitottuk eld. A klinikai vizsgélatok esetében a szliréshez a beteg klinikai és molekuldris profiljaban
szereplé paramétereket vetettiik 0ssze a rendszerben taldlhaté klinikai vizsgalatok bevélogatési és kizérasi feltételeivel. A manudlisan bedllitott keresési feltételek nem feltétlendl tartalmaznak
minden szUrési kritériumot. Az Oncompass Medicine a rendszerben szerepld klinikai vizsgalatokért és az adatok helyességéért nem vdllal feleldsséget, és nem garantalja a beteg bekerlilését a
listan szerepld klinikai vizsgalatokba.

RESZLETES MOLEKULARIS PROFIL

GENETIKAI VARIANSOK

APC-N741S, APC-Q1328*, BCL6-E164D, CHEK2-Y159H, CSMD3-E13D, EPHA3-C928F, GATA6-G540FS*5, GNAS-R844C, INPP4B-V594A, KMT2D-
T2949A, KRAS-Q61H, MIER3-A529V, MYO18A-R2034Q, OTOP1-G407D, PIK3CA-N345K, PIK3CG-N522S, PRKN-E309*, PTEN-N323FS*2,
RECQL5-S958R, SEC16A-G2247R, SEC16A-R1214C, SLIT2-S849T, SYNE3-P559T, TET2-M1701, THSD7B-R353H, WNK2-V2107I

VAD TIPUSU GENEK

ABCB1, ABCC2, ABL1, ABL2, ABRAXAS1, ACVR1B, ACVRL1, ADGRB3, AGTRAP, AIP, AKAP9, AKT1, AKT2, AKT3, ALK, AMER1, AMPH, APEX1, AR,

ARAF, ARFRP1, ARID1A, ARID1B, ARID2, ASXL1, ATM, ATP11B, ATP4A, ATP6VOD2, ATR, ATRX, AURKA, AURKB, AXIN1, AXIN2, AXL, B2M, BAP1,

BARD1, BAX, BAZ2B, BCL2, BCL2L1, BCL2L2, BCL9, BCOR, BCORL1, BCR, BIM, BIRC2, BIRC3, BLM, BMPR1A, BRAF, BRCA1, BRCA2, BRD4, BRIP1,
BTG1, BTK, BUB1B, CARD11, CASP8, CASR, CBFB, CBL, CBLB, CBLC, CCDC178, CCDC6, CCND1, CCND2, CCND3, CCNE1, CD74, CD79A, CD79B,
CDA, CDC27, CDC73, CDH1, CDK12, CDK4, CDK6, CDK8, CDKN1A, CDKN1B, CDKN1C, CDKN2A, CDKN2B, CDKN2C, CEBPA, CEP57, CHD1,

CHD2, CHD4, CHD7, CHEK1, CHIC2, CIC, CIT, CREBBP, CRKL, CRLF2, CSF1R, CSNK2A1, CTCF, CTNNA1, CTNNB1, CUBN, CUL3, CYLD, CYP19A1,
CYP2A6, CYP2B6, CYP2C19, CYP2C9, CYP2D6, DAXX, DCC, DCUN1D1, DDB2, DDR1, DDR2, DDX11, DDX3X, DICER1, DIS3L2, DMD, DNMT3A,

DOTIL, DPH3, DPYD, DSE, ECT2L, EED, EGFR, ELMO1, EML4, EMSY, EP300, EPCAM, EPHA2, EPHA5, EPHA7, EPHB1, ERBB2, ERBB3, ERBB4,

ERCC1, ERCC2, ERCC3, ERCC4, ERCCS5, ERG, ERRFI1, ESR1, ESR2, ESRP1, ETV6, EXOC2, EXT1, EXT2, EZH2, EZR, FANCA, FANCB, FANCC,

FANCD2, FANCE, FANCF, FANCG, FANCI, FANCL, FANCM, FAS, FAT1, FAT3, FBXO11, FBXO32, FBXW7, FGF10, FGF14, FGF19, FGF23, FGF3,

FGF4, FGF5, FGF6, FGF9, FGFR1, FGFR2, FGFR3, FGFR4, FH, FLCN, FLT1, FLT3, FLT4, FN1, FOXA1, FOXL2, FOXO1, FOXP1, FRS2, FSTL5, FUBP1,
FZD3, G6PD, GABRAG, GALNT17, GAS6, GATA1, GATA2, GATA3, GATA4, GEN1, GID4, GLI1, GNAT, GNA13, GNAI2, GNAQ, GNAT2, GOPC, GPC3,
GPR78, GREM1, GRIN2A, GRM3, GRM8, GSK3B, GSTP1, GXYLT1, H3-3A, H3C2, HGF, HNF1A, HOXB13, HRAS, HSD3B1, HSPO9OAA1, HSPH1, IDH1,
IDH2, IFITM1, IFITM3, IGFIR, IGF2, IGF2R, IGSF10, IKBKE, IKZF1, IKZF4, IL2RA, IL2RB, IL2RG, IL6, IL6ST, IL7R, INHBA, IRAK4, IRF2, IRF4, IRS2,

ITCH, JAK1, JAK2, JAK3, JUN, KAT6A, KDM4B, KDM5A, KDM5C, KDM6A, KDR, KEAP1, KEL, KIAA1549, KIF5B, KIT, KLF6, KLHL6, KMT2A, KMT2C,
KNSTRN, KREMEN1, LAMA2, LCK, LMO1, LPAR2, LRP1B, LRRK2, LTK, LYN, LZTR1, MAGI2, MAGI3, MAGOH, MAP2K1, MAP2K2, MAP2K4, MAP3K1,
MAP3K4, MAP4K3, MAP7, MAPK1, MAPK3, MASIL, MAX, MCL1, MDM2, MDM4, MED12, MED13, MEF2B, MEN1, MET, MITF, MLH1, MLLT3, MPL,

MRE1, MSH2, MSH3, MSH6, MST1R, MTOR, MUC16, MUTYH, MYC, MYCL1, MYCN, MYD88, MYO1B, NBN, NCOA2, NCOR1, NEK2, NF1, NF2,

NFE2L2, NFKBIA, NIPA2, NKX2-1, NKX2-8, NKX3-1, NOTCH1, NOTCH2, NOTCH3, NPM1, NRAS, NRCAM, NRG1, NRP2, NSD1, NT5C2, NTRK1,

NTRK2, NTRK3, NUP93, OR5L1, PAK3, PALB2, PAX3, PAX5, PAX7, PBRM1, PCBP1, PCGF2, PD-L1, PDGFRA, PDGFRB, PDK1, PDL2, PDZRN3,

PHF6, PHOX2B, PIK3C2B, PIK3CB, PIK3CD, PIK3R1, PIK3R2, PLCG2, PLEKHS1, PMS1, PMS2, PNP, POLD1, POLE, POT1, PPARG, PPMIL, PPP2RI1A,
PPP2R2A, PRDM1, PREX2, PRF1, PRKAR1A, PRKCI, PRKDC, PRPF40B, PRSS8, PSMB1, PSMB2, PSMB5, PSMD1, PSMD2, PTCH1, PTGFR, PTPNT11,
PTPN12, PTPRD, QKI, RAC1, RAC2, RAD21, RAD50, RAD51, RAD51B, RAD51C, RAD51D, RAD54L, RAF1, RANBP2, RARA, RARB, RARG, RB1,

RBM10, RECQL4, RET, RHBDF2, RHEB, RHOA, RICTOR, RIT1, RNF43, ROS1, RPS6KB1, RPTOR, RUNX1, RUNX1T1, RXRA, RXRB, RXRG, S1PR2,

SAMDOL, SBDS, SCN11A, SDC4, SDHA, SDHAF2, SDHB, SDHC, SDHD, SEPT9, SETBP1, SETD2, SF1, SF3A1, SF3B1, SH2B3, SHH, SHOC2,

SLC22A1, SLC22A2, SLC31A1, SLC34A2, SLC45A3, SLC7A8, SLCO9A9, SLCO1B1, SLX4, SMAD2, SMAD3, SMAD4, SMARCA4, SMARCB!,

SMARCE1, SMC1A, SMC3, SMO, SNCAIP, SOCS1, SOS1, SOX10, SOX2, SOX9, SPEG, SPEN, SPOP, SPRED1, SPTA1, SRC, SRSF2, SSTR1, STAG2,
STAT3, STAT4, STK1, SUFU, SUZ12, SYK, TACC3, TAF1, TAS2R38, TBX20, TBX3, TCERGI1, TCF7L2, TENT5C, TERC, TERT, TFG, TGFBR2, TIAF1,
TMEM127, TMPRSS2, TNFAIP3, TNFRSF14, TOP1, TOP2A, TP53, TP53BP1, TP63, TPM3, TPM4, TPMT, TRAF5, TRIO, TRRAP, TSC1, TSC2, TSHR,
TYK2, U2AF1, U2AF2, UBR3, UGT1A1, USP16, USP25, VCL, VEGFA, VHL, WDCP, WEE1, WISP3, WRN, WT1, WWP1, XPA, XPC, XPO1, XRCC2, YAP1,
YES1, ZBED4, ZBTB2, ZFHX3, ZIC3, ZMYM3, ZNF2, ZNF217, ZNF226, ZNF473, ZNF595, ZNF703, ZRSR2

FISH/CNA/IHC POZITIV GENEK FISH/CNA/IHC NEGATIV GENEK

ABL1 TRANSLOCATION ABSENCE, ALK TRANSLOCATION ABSENCE,
BCR TRANSLOCATION ABSENCE, BRAF TRANSLOCATION ABSENCE,
BRD4 TRANSLOCATION ABSENCE, CD74 TRANSLOCATION
ABSENCE, EGFR TRANSLOCATION ABSENCE, FGFR1
TRANSLOCATION ABSENCE, FGFR2 TRANSLOCATION ABSENCE,
FGFR3 TRANSLOCATION ABSENCE, KIF5B TRANSLOCATION
ABSENCE, MET TRANSLOCATION ABSENCE, NRG1 TRANSLOCATION
ABSENCE, NTRK1 TRANSLOCATION ABSENCE, NTRK2
TRANSLOCATION ABSENCE, NTRK3 TRANSLOCATION ABSENCE, PD-
L1 PROTEIN NORMAL, RAF1 TRANSLOCATION ABSENCE, RARA
TRANSLOCATION ABSENCE, RET TRANSLOCATION ABSENCE, ROS1
TRANSLOCATION ABSENCE, TACC1 TRANSLOCATION ABSENCE,
TACC3 TRANSLOCATION ABSENCE

MOLEKULARIS BIOLOGIAI INTERPRETACIO

MOLEKULARIS ALTERACIOK INDIREKT CELPONT GENEK

KRAS-Q61H driver (AEL: 236,74, AF/TR: 10.24%/50%), PIK3CA vad tipus (AEL: 268,59),

PIK3CA-N345K driver (AEL: 69,80, AF/TR: 9.43%/50%), ® PTEN-N323fs*2 driver (AEL: -24,48) ;

PTEN-N323fs*2 driver (AEL: 24,48, AF/TR: 18.13%/50%), ® PRKN-E309* driver (AEL: 1,55) ;
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RESZLETES MOLEKULARIS PROFIL

GNAS-R844C driver (AEL: 16,95, AF/TR: 7.99%/50%),

APC-Q1328* driver (AEL: 6,04, AF/TR: 18.05%/50%),

APC-N741S driver (AEL: 5,99, AF/TR: 59.78%/50%),

PRKN-E309* VUS, driver gén (AEL: 1,55, AF/TR: 8.16%/50%),
CHEK2-Y159H VUS, driver gén (AEL: 1,52, AF/TR: 47.08%/50%),
KMT2D-T2949A VUS, driver gén (AEL: 1,37, AF/TR: 50.34%/50%),
INPP4B-V594A driver (AEL: 0,41, AF/TR: 99.58%/50%),

EPHA3-C928F VUS, driver gén (AEL: 0,12, AF/TR: 50.09%/50%),
WNK2-V2107I1 VUS, driver gén (AEL: 0,11, AF/TR: 57.98%/50%),
RECQL5-S958R VUS, driver gén (AEL: 0,07, AF/TR: 47.42%/50%),
CSMD3-E13D VUS, driver gén (AEL: 0,03, AF/TR: 47.86%/50%),
PIK3CG-N522S driver (AEL: 0,03, AF/TR: 53.25%/50%),

SLIT2-S849T VUS, driver gén (AEL: 0,01, AF/TR: 10.53%/50%),
GATA6-G540fs*5 VUS, driver gén (AEL: 0,01, AF/TR: 9.87%/50%),
THSD7B-R353H ellentmondasos driver (AEL: 0,00, AF/TR: 47.07%
/50%),

BCL6-E164D ellentmondasos driver (AEL: 0,00, AF/TR: 44.04%/50%),
MIER3-A529V ismeretlen jelentéségli varidns (AEL: 0,00, AF/TR:
45.13%/50%),

SEC16A-G2247R ismeretlen jelentéségl varians (AEL: 0,00, AF/TR:
59.67%/50%),

SYNE3-P559T ismeretlen jelentéségl varidns (AEL: 0,00, AF/TR:
54.48%/50%),

OTOP1-G407D ismeretlen jelentéségl varidns (AEL: 0,00, AF/TR:
13.92%/50%),

MYO18A-R2034Q ismeretlen jelentéségl varidns (AEL: 0,00, AF/TR:
47.36%/50%),

SEC16A-R1214C nem driver (AEL: -0,03, AF/TR: 46.7%/50%),
TET2-M17011 nem driver (AEL: -24,90, AF/TR: 49.47%/50%)

® PIK3CA-N345K driver (AEL: 69,80)

CDK4 vad tipus (AEL: 244,10),
® KRAS-Q61H driver (AEL: 236,74)

XPO1 vad tipus (AEL: 242,44),

® KRAS-Q61H driver (AEL: 236,74)
RAF1 vad tipus (AEL: 240,61),

® KRAS-Q61H driver (AEL: 236,74)
SOS1 vad tipus (AEL: 238,58),

® KRAS-Q61H driver (AEL: 236,74)
MAPK3 vad tipus (AEL: 238,19),

® KRAS-Q61H driver (AEL: 236,74)
MAPK1 vad tipus (AEL: 238,19),

® KRAS-Q61H driver (AEL: 236,74)
CDC7 vad tipus (AEL: 237,91),

® KRAS-Q61H driver (AEL: 236,74)
PLK1 vad tipus (AEL: 237,74),

® KRAS-Q61H driver (AEL: 236,74)
CNKSR1 vad tipus (AEL: 237,59),

® KRAS-Q61H driver (AEL: 236,74)
DNMT1 vad tipus (AEL: 237,59),

® KRAS-Q61H driver (AEL: 236,74)
PTPN11 vad tipus (AEL: 237,54),

® KRAS-Q61H driver (AEL: 236,74)
Hsp90 vad tipus (AEL: 237,49),

® KRAS-Q61H driver (AEL: 236,74)
FAK vad tipus (AEL: 237,24),

® KRAS-Q61H driver (AEL: 236,74)
CDK1 vad tipus (AEL: 237,04),

® KRAS-Q61H driver (AEL: 236,74)
MAP2K1 vad tipus (AEL: 178,91),

® PRKN-E309* driver (AEL: -1,55) ;

® PIK3CA-N345K driver (AEL: -69,80) ;

® KRAS-Q61H driver (AEL: 236,74)

MTOR vad tipus (AEL: 119,10),
® PRKN-E309* driver (AEL: 1,55) ;
® PTEN-N323fs*2 driver (AEL: 24,48) ;
® PIK3CA-N345K driver (AEL: 69,80)

AKT1 vad tipus (AEL: 101,70),
® PRKN-E309* driver (AEL: 1,55) ;
® PIK3CA-N345K driver (AEL: 69,80) ;
® PTEN-N323fs*2 driver (AEL: 24,48)

AKT?2 vad tipus (AEL: 70,90),
® PIK3CA-N345K driver (AEL: 69,80)

CTNNB1 vad tipus (AEL: 70,23),
® PIK3CA-N345K driver (AEL: 69,80)

AKT3 vad tipus (AEL: 70,16),
® PIK3CA-N345K driver (AEL: 69,80)

PIK3CB vad tipus (AEL: 25,67),
® PTEN-N323fs*2 driver (AEL: 24,48)

ATM vad tipus (AEL: 25,32),
® PTEN-N323fs*2 driver (AEL: 24,48)

PRKACA vad tipus (AEL: 17,45),
* GNAS-R844C driver (AEL: 16,95)

COX2 vad tipus (AEL: 15,50),
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® APC-Q1328* driver (AEL: 6,04) ;
® APC-N741S driver (AEL: 5,99)

SOD1 vad tipus (AEL: 2,89)
® CHEK2-Y159H driver (AEL: 1,52)

MOLEKULARIS BIOLOGIAI INTERPRETACIO

A tumor mutational burden (TMB) vizsgalat eredménye

A vizsgélt mintdban a szekvencia analizis (NGS) sordn kapott 1 megabdazisra vonatkozd mutécidk széma (TMB) 1,02. Az adatbazisunkban 1évé
kalkulalt TMB értékek (n=588) eloszldsa alapjan az eseteink 18%-aban kaptunk ennél alacsonyabb TMB értéket.

A TMB érték klinikai interpretécidja egyelére nem egyértelm(, az eredmény téjékoztatd jelleg(.

Goodman és munkatérsai 151 olyan beteg adatait elemezték, akik immunterdpids kezelésben részesiiltek, és ismert volt esetiikben a TMB érték.
Kilénbozé — dsszesen 21 féle — tumortipus szerepelt a vizsgélatban. A magas TMB értéket minimum 20 mutécié/megabézis-ként definialték. A
magas TMB értékkel rendelkezé betegcsoport valaszadasi ardnya immunterapidra 58% volt, mig alacsony vagy kozepes TMB érték esetén 20%.
A PD-1/PD-L1 gé&tl6 terdpidban részesiilé betegek kozétt is korreldcid volt megdfigyelheté a TMB érték és a kezelés kedvezd kimenetele kdzétt (1).
Hasonlé terapids elényt tapasztaltak a magas TMB érték( csoportban az alacsony/kézepes TMB értéklihoz képest PD-1/PD-L1 gétlé kezelés

hatéséra, mikroszatellita stabil (MSS) beteg (n=60, 14 kiilonbozé hisztolégia) mintdinak analizise sordn. A medidn progresszidmentes talélés 26,8
és 4,3 hénapnak bizonyult (2).

Egy masik tanulmanyban 1662 immunterapidval kezelt beteg adatait elemezték. Magas TMB értéknek tekintették minden szévettani tipusban a
TMB értékek legmagasabb 20%-at. A magas TMB betegcsoportban szignifikdnsan hosszabb volt a tulélés. Kiilénbozd kiiszobértékekkel

szdmolva azt allapitotték meg, hogy minél magasabb a TMB érték, annél nagyobb tilélési elényt élveznek az immunterépiat kap6 betegek (3).

Referenciak:

(1) Goodman AM et al., Tumor Mutational Burden as an Independent Predictor of Response to Immunotherapy in Diverse Cancers. Mol Cancer
Ther. 2017 Nov;16(11):2598-2608. Epub 2017 Aug 23. PMID: 28835386

(2) Goodman AM et al., Microsatellite-Stable Tumors with High Mutational Burden Benefit from Immunotherapy. Cancer Inmunol Res. 2019 Oct;7
(10):1570-1573. Epub 2019 Aug 12. PMID: 31405947

(3) Samstein RM, et al. Tumor mutational load predicts survival after inmunotherapy across multiple cancer types. Nat Genet. 2019 Feb;51(2):202-
206. Epub 2019 Jan 14. PMID: 30643254

A képiaszam-variacié (copy number variation, CNV) vizsgalat eredménye

Az NGS vizsgélat sordn CNV analizist végeztiink. Képiaszdm-varidciénak tekintjik, ha a detektalt képiaszdm a normal képiaszadmtdl (n=2) eltérd.
NGS alapu technolégidval a képiaszdm-véltozdsok becslése lehetséges.

Daganatképzdédéssel 6sszefliggésbe hozhatd gének, melyek feltehetéen magasabb képiaszdmban vannak jelen (n<5), nem azonositottunk a
vizsgalt mintaban.

Daganatképzédéssel 6sszefliggésbe hozhaté gének, melyek feltehetéen alacsonyabb képiaszédmban vannak jelen (n=0), nem azonositottunk a
vizsgdlt mintaban.

Az Gjgeneracios szekvenalds (NGS) eredménye

591 gén NGS szekvendlasa 5649 genetikai varidnst mutatott ki a mintaban. A molekuléris profilba feltoltott 27 varidns bioinformatikai és
funkciondlis szlirések eredményeként kerllt kivalasztdsra. Ezek a varidnsok szerepelnek a Realtime Oncology Calculatorban tovabbi
funkciondlis interpretécio és orvosi dontéstdmogatds céljdbol.

A molekuléris profilban szereplé varidnslista 6sszedllitdsa sordn az Ingenuity Variant Analysis szoftver aldbbi sz(ir6it haszndltuk:

- CONFIDENCE: Olvasasi mélység, allél frakcid, illetve genotipus kvalitds szerinti filterezést tesz lehetévé. A bioinformatikai sz(irés sorén azokat a
varidnsokat zartuk ki, amelyeknek a jelenléte bizonytalan a szekvendldsi minéségértékek alapjan.

- COMMON VARIANTS: Segitségével kiszlirhetéek azok a varidnsok, amelyek nagy gyakorisdggal megfigyelhetdk az egészséges populdcidéban.
Kizartuk azokat a varidnsokat, amelyek legaldbb 10%-os gyakorisdggal fordulnak elé az egészséges populdcidoban az 1000 Genomes Project, az
EXAC vagy az NHLBI ESP exomes adatbézis szerint.

- PREDICTED DELETERIOUS: Azonositja azokat az alterdcidkat, amelyek szakirodalmi evidencidk alapjan befolydsoljdk a génfunkciét,

génexpressziét. A sz(iré alkalmazéasdval kizértuk az olyan alterdcidkat, amelyek az ACMG guideline szerint "Benign" vagy "Likely Benign"

kategoridba esnek, vagyis erds evidencidk tdmasztjak ald, hogy nem okoznak 6roklédé genetikai betegséget.
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- CANCER DRIVER VARIANTS: Olyan mutdcidk azonositésat teszi lehetévé, amelyek valdszinlisithetéen tumorigenezishez vagy metasztdzisok
kialakuldsdhoz vezetnek. Kivélasztottuk azokat a varidnsokat, amelyek szakirodalmi adatok szerint daganat kialakuldsdhoz kothetd Gtvonalakat,
szabdlyoz6 egységeket vagy sejtes folyamatokat érintenek. Tovabba kivélasztsra kerliltek azok a varidnsok is, amelyekrdl a szakirodalomban
szerepel daganat-indikaciéban leirt adat.

A molekuléris profilban szereplé varidnslista 6sszedllitdsa sorén az Ingenuity Variant Analysis szoftveren kivil alkalmazott [épések:
- A listdbol kisz(rtiik a nem exonikus régidkat érint6 varidnsokat
- Tovébbi bioinformatikai szliréseket hajtottunk végre egyéb szekvenélasi minéségértékek alapjan

A variansok klinikai jelentéségének felméréséhez hasznalt adatbazisok:

COSMIC (Catalog of Somatic Mutations in Cancer): Ebben az adatbazisban tumorszévetben detektdlt szomatikus mutdcidkat gyljtenek 6ssze.
NCBI dbSNP (National Center for Biotechnology Information Single Nucleotide Polymorphism database): Ebben az adatbazisban egészséges és
kulonb6zé (nem kizdrdlag daganatos) megbetegedésekben szenvedd betegekben leirt csiravonalas (minden sejtben jelenlévd) alterdcidok
szerepelnek.

NCBI ClinVar: Az adatbazis genotipikus és fenotipikus jellemzdk kozotti kapcsolatok gylijteménye, a varidnsok klinikai jelentéségérdl elérhetd
evidencidkat 6sszegzi, nem csak daganatos betegségekkel 6sszefliggésben.

SNPEffect: Egypontos nukleotid polimorfizmusok/mutécidk klinikai jelentéségét tartalmazza az OMIM és mas adatbazisok, valamint in silico
predikcidk alapjan.

IARC (International Agency for Research on Cancer) TP53 Database: Az IARC TP53 adatbéazis daganatos megbetegedésekhez kotheté TP53
gént érinté mutacidk gyljteménye. A kiildnb6zd irodalmi és méas generalis adatbazisokbdl szarmazé adatok mellett a mutécidk 8 kiilonbszé
promoteren mutatott transzkripcids aktivitdsdnak atlagan alapuld funkciondlis klasszifikdcidja is megtaldlhatd az adatbazisban.

BRCA Exchange: Ebben az adatbézisban a BRCA1 és BRCA2 génekben azonositott mutdcidk funkciondlis adatai és klasszifikcidja taldlhatd
meg.

UniProt: A UniProt adatbdzisban kiilénb6z6 fehérjék (géntermékek) szekvencidlis és funkciondlis adatai taldlhatdak.

A detektalt genetikai variansok funkcionalis interpretacidja

A Molecular Treatment Calculator (MTC) az adatbézisdban szereplé evidencidk sllyozott 6sszegzése alapjan a kovetkezd kategdridkba sorolja a
detektdlt varidnsokat: driver, driver gén ismeretlen jelentéségl varidnsa (VUS, driver gén), nem megerésitett driver, biomarker, ismeretlen
jelentéség varidns (VUS, variant of unknown significance), nem driver.

Az algoritmus pozitiv pontszdmmal veszi figyelembe azokat a tudoményos adatokat, amelyek szerint egy varidns vagy egy mutdns gén
hozzajarul a daganatképzédéshez, és negativ pontszdmot ad azoknak az adatoknak, amelyek szerint egy varidns nem serkenti a
daganatképzédést. Egy varidns osztdlyozdsa sordn az algoritmus sulyozza és 6sszegzi azokra az evidencidkra vonatkozé pontszdmot, amik az
adott varidnsrél, a mutdns génrdl vagy a gén mas mutacidirdl tartalmaznak informaciét. Az igy kapott sllyozott 0sszeg az aggregalt
evidenciaszint (aggregated evidence level, AEL).

Driver kategéridba sorolja az algoritmus azokat a variansokat, amelyekre vonatkozéan az AEL pozitiv, és az adott varidnsrél szerepel evidencia

az adatbéazisban.

Driver gén ismeretlen jelentéségui varidnsaként, VUS, driver gén jel6léssel szerepelnek a riportban azok a varidnsok, amelyekkel kapcsolatban

nem szerepel inform&cié az evidencia adatbdzisban, de ismert, hogy a gén més mutécidi hozzajarulhatnak a daganatképzdédéshez.

Ismeretlen jelentéségl varians (variant of unknown significance, VUS) kategériaba kerililnek azok a varidnsok, amelyekrél nem szerepel

inform&cié az evidencia adatbdzisban, és a gén mds mutéacidirdl, vagy a mutdns génrél sem &ll rendelkezésre adat.

Biomarkerként szerepelnek a riportban azok a varidnsok, amik az adott eltérésekre vonatkozé evidencidk alapjdn 0sszefliggést mutatnak
valamilyen hatéanyag hatékonysagdval, de driver tulajdonsaguk jelenleg nem ismert, bizonytalan, vagy biztosan nem driverek.

Nem megerésitett driver kategoéridba kertilnek azok a varidnsok, ahol a driverként valé osztélyozés alapjaul szolgdlé evidencidk szdma és

evidenciaszintje alacsony.

Nem driver kategéridba sorolja az algoritmus azokat a varidnsokat, melyeknek aggregalt evidenciaszintje negativ.

KRAS-Q61H
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A szakirodalomban ismert onkogenikus varians (1, 2), a COSMIC adatbéazisban magas el&fordulasi értékkel szerepel. A ClinVar adatbazis szerint
patogén varians.

Egy KRAS-Q61H mutéciét hordozé myeloma multiplexes betegnél trametinib kezeléssel a méjlézidk teljes regresszidjat érték el (3).

Egy vizsgélatban a mutéciét kimutattdk egy colorectalis tumoros betegnél, akinél a cetuximab terdpia ellenére progredidlt a betegség (4).

Referenciak:

(1) Smith G et al., Activating K-Ras mutations outwith 'hotspot' codons in sporadic colorectal tumours - implications for personalised cancer
medicine. Br J Cancer. 2010 Feb 16,;102(4):693-703. PubMed PMID: 20147967

(2) Stolze B et al., Comparative analysis of KRAS codon 12, 13, 18, 61, and 117 mutations using human MCF10A isogenic cell lines. Sci Rep. 2015
Feb 23;5:8535. PubMed PMID: 25705018

(3) Heuck C et al., Inhibiting MEK in MAPK pathway-activated myeloma. Leukemia. 2016 Apr;30(4):976-80. Epub 2015 Jul 31. PubMed PMID:
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(4) Misale S et al. Emergence of KRAS mutations and acquired resistance to anti-EGFR therapy in colorectal cancer. Nature. 2012 Jun 28,486
(7404):532-6. doi: 10.1038/nature11156. PubMed PMID: 22722830.

KRAS mutdans gén - célpontok

A KRAS a RAS géncsaléd tagja, egy kis GTPaz tipusu fehérjét kédol, a sejtproliferaciét szabalyozd jelatviteli utak része.

A KRAS onkogénben detektalt mutdcié miatt a daganat molekuléris profiljaval pozitiv asszocidciéban emlithetd célzott terdpids hatdanyagok a
MEK (MAP2K1) (1), CDK (2, 3), HSP9O0 (4), PLK1 (5), CRAF (RAF1) (6, 7), ERK1/2 (MAPK3, MAPK1) (8), DNMT1 (9) és CNK1 (10) inhibitorok. KRAS
mutécidk esetén a BRAF gétlds tovabb fokozhatja a tumorképzddést (1), ezért a BRAF negativ célpontként szerepel a riportban. Preklinikai
evidencidk alapjan MEK vagy CDK inhibitor monoterapianal hatdsosabb lehet MEK + EGFR (1), MEK + CDK (12, 13), MEK + CRAF (14, 15) vagy MEK
+mTOR (16, 17) gatlé hatéanyagok kombinalt alkalmazédsa. Forgalomban 1évé, melanoma indikacidban torzskonyvezett MEK gatlé hatéanyagok a
TRAMETINIB, a COBIMETINIB és a BINIMETINIB, valamint az FDA 4ltal 1-es tipusu neurofibromatézisban elfogadott gyégyszer a SELUMETINIB. A
CDK gétlé PALBOCICLIB, RIBOCICLIB és ABEMACICLIB emlédaganat indikacidjdban térzskonyvezett hatéanyagok. Forgalomban 1évé CRAF
gatlé hatdssal is rendelkezé tirozin kindz gétlék a SORAFENIB és a REGORAFENIB. A DECITABINE forgalomban 1évé DNMT1 gétlé hatéanyag.
CNK1 gatlé hatéanyagok még nem &llnak klinikai fejlesztés alatt.

A legljabb preklinikai eredmények a KRAS aktivalt jelatvitel és a DNS karosodassal 0sszefliggé szabdlyozasi mechanizmusok k&zotti

kapcsolatokat tartdk fel, aminek fontos terdpids vonatkozdsai is lehetnek. KRAS aktivacié esetében a MEK gétlds kiegészitése PARP gatlassal
szinergisztikus hatdst eredményezett szdmos sejtvonalban, a BRCA stétusztdl fiiggetlenil (18). A tanulmany szerzdi arra a kovetkeztetésre

jutottak, hogy a PARPi és MEKi kolcsénosen blokkoljdk a masik hatdanyagra adott adaptiv vdlaszokat, ami szintetikus letalitdst eredményez. A
kisérletek szerint a KRAS aktivacié rezisztencidt okozhat PARP gétlé6 monoterépiéra, de mas modellrendszerekben végzett mérések ezt nem
erdsitették meg (19).

Egy masik kézlemény szerint a CHK1 és MK2 egyiittes gatlasa bizonyult hatékonynak KRAS muténs sejtvonalakban (20). Hasonléan, a homolég
rekombindciés hibajavitds (HRR) és PARP egylttes gédtldsa a KRAS muténs sejtek szelektiv elpusztuldsat eredményezte (21). Szintén

szinergisztikus hatast figyeltek meg KRAS mutdns nem-kissejtes tlidérdk (NSCLC) sejtvonalak besugdrzdsra érzékenyitésében adavosertib (egy
WEE1 inhibitor) és az olaparib egytittes alkalmazésaval (22).

A trametinib MEK inhibitor hatdsosséga korldtozott KRAS mutdns daganatok esetén, ugyanis a trametinib feedback aktivaciét eredményez, ezzel
rezisztencidt okozva a kezelésre. A legfrissebb preklinikai eredmények szerint azonban a trametinib zoledronsavval kombindlva kikerdli ezt a
rezisztenciamechanizmust, és megndvekedett antitumor aktivitdst mutat KRAS-muténs tumorokban in vitro és in vivo (23). Ezt a kombindciét
alkalmazva egy KRAS muténs colorectalis tumoros betegnél, jelentés részleges vélaszt és betegségstabilitast (11 hdnap) értek el (24). A

zoledronsav (nem daganatos indikacidban torzskdnyvezett hatéanyag) a RAS izoprenilacidjat gatolja, ezzel csdkkentve aktivitédsat.

A BI 1701963 hatdanyag a SOS1 fehérjéhez kétédve megakadalyozza annak KRAS aktivalé hatasat. igéretes preklinikai eredmények alapjan

jelenleg egy KRAS mutédns szolid daganatos betegeket bevoné fazis | klinikai vizsgdlatban tesztelik a hatéanyagot monoterdpiaként, illetve

trametinib MEK inhibitorral valé kombinacids kezelésként (NCT04111458).

Az mRNA-5671 egy mRNS alapu tumorellenes vakcina mely a G12C, G12D, G12V, G13D KRAS mutécidkat célozza. Egy folyamatban |évé, fazis |
vizsgdlatban (NCT03948763) az mRNA-5671 6nmagéban és pembrolizumabbal kombinacidban tesztelik KRAS mutédns NSCLC, CRC vagy

hasnyalmirigy adenocarcioméban. A vizsgélat els¢ felében minden HLA tipust fogadnak, a méasodik rész pedig specifikus HLA tipusokra

korlatozodik (25).

Klinikai adatok is megerdsitik, hogy KRAS driver mutdcidk rezisztencidt okoznak EGFR-g&tl6 hatdanyagokra (26), ezért az EGFR-gatlok a KRAS
muténs statusszal negativ asszocidcidban szerepelnek.

KRAS aktivalé mutéciokat hordozé mCRC péacienseknél METFORMIN hasznélata esetén az OS 37,8 hdnappal volt hosszabb, mint azokndl, akik
mas hatdéanyagokat szedtek diabétesz kezelésére. A median PFS szintén hosszabbnak bizonyult 8,1 hénappal metformin mellett. Vad tipusu

KRAS-t hordozdé pécienseknél a metformin haszndlata nem eredményezett javuldst sem OS-ben, sem PFS-ben. A metformin hatdsat elébbi
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mutécidk esetén preklinikai kisérletekkel is aldtdmasztottdk (27). EQy masik vizsgélat sordn KRAS muténs sejtek proliferci¢jat a metformin

szintén hatdsosan gatolta, szemben a vad tipust hordozdkkal (28).

EVEROLIMUS kezelés egy fazis Il vizsgalat alapjan hatéstalannak bizonyult, mCRC péacienseknél a KRAS mutéciét hordozék kdérében révidebb

OS-t és DCR-t eredményezett, szemben a vad tipusi KRAS-t hordozdkkal (29). Ezt az eredményt egy masik preklinikai vizsgalat, valamint analizis
is aldtdmasztotta, everolimus KRAS muténs sejteknél nem fejtett ki gatld hatést, illetve 12-b6l 11 KRAS mutdns betegnél progressziéhoz vezetett,
mig vad tipus mellett 31-bé 16 paciens nem részesiilt elényben a kezelés hatdsara (30).

Egy esettanulmany szerint egy alacsony szintli MET amplifikaciét hordozé tiidé adenocarcinomds péciensnél crizotinib kezelés tartds valaszt

eredményezett. Progresszidkor a MET amplifikacié elvesztését és KRAS mutéaciét detektdltak egy (j [ézidban, amelyek a szerzett rezisztencidért
lehetnek felelések (31). MET exon 14-es alterdcidkat hordozé tidédaganatos pacienseknél MET-géatlok alkalmazdsa mutdns KRAS gén mellett

révid DC-vel (disease control) vagy progresszidval tarsult (32). Egy preklinikai vizsgdlat sordn KRAS mutécidk rezisztencidt okoztak MET-gétlasra,
azonban MET+MEK inhibitorok egytttes alkalmazdsa KRAS mutécié esetén is hatdsosnak bizonyult (33).

Egy fazis Ill vizsgélat soran medulléris pajzsmirigy daganatos pacienseknél cabozantinib kezelés magasabb ORR-t eredményezett RAS-muténs

betegeknél, mint RET/RAS mutéciét nem hordozoknal (31% vs 21%) (34).
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KRAS mutdns colorectalis daganat
A KRAS mutécio rezisztencidt okozhat a monoterdpidban alkalmazott EGFR gétlé hatéanyagokkal, igy a colorectalis daganat (CRC, colorectal
cancer) indikacidban torzskonyvezett CETUXIMABBAL és PANITUMUMABBAL szemben is (1, 2).

A MEK (KRAS indirekt target) inhibitorok (AS703026 és selumetinib (AZD6244)) preklinikai evidencidk szerint gatoljak cetuximab rezisztens CRC
modellsejtek és tumor xenograftok névekedését (3). Fazis Il vizsgdlatokban a CI-1040 (MEK inhibitor) jol tolerdlhatd volt, de nem mutatott
antitumor hatést (4). A selumetinib (MEK1/2 inhibitor) a capecitabinhez hasonlé hatékonysdgot mutatott CRC betegekben (5).

Féazis Il klinikai vizsgdlatban 15 KRAS mutédns CRC beteget kezeltek palbociclibbel. Tumorvélasz egyik betegnél sem volt megdfigyelhetd, de 5
betegnél stabil betegséget irtak le (6).

Egy fézis l/ll vizsgdlatban, metasztatikus, KRAS mutaciét hordozé CRC betegekben masodik vagy késébbi vonalban alkalmazott SORAFENIB
(multi-kindz inhibitor) és irinotecan kombin&cids terdpia 3,7 hénapos medién progresszidémentes tilélést (progression-free survival, PFS) és 8,0
hénapos medién teljes tulélést (overall survival, OS) eredményezett (7).

A regorafenib hatékonysdgét vizsgald fazis Ill klinikai vizsgélatban vastagbél daganatos betegek egy csoportja monoterapiaként kapta a
hatdéanyagot, méasik csoportjuk placebot kapott. A regorafenibet kapé csoportban a medidn OS 6,4 hénap, a PFS 1,9 hénap volt, mig a placebo
csoportban rendre 5,0 és 1,7 hénap. A PFS és OS is hosszabb volt a regorafenib csoportban a KRAS muténs és a KRAS vad tipusu alcsoportban
is (8).

Egy fazis Ib/ll vizsgélat (NCT03829410) elézetes eredményei alapjan az onvansertib (PLK1 inhibitor) kombinaciéban BEVACIZUMAB és FOLFIRI
terdpidval igéretes hatékonysdgot mutatott KRAS muténs metasztatikus CRC méasodik vonalbeli kezelése esetén. Az ORR 36% (5/14), a DCR 86%
(12/14) volt, a betegek 76%-andl eredményezett tartés (6 hdnapnal hosszabb) vélaszt, a medidn PFS nem kerdilt elérésre (9). Az FDA gyorsitott
eljdrasi rend besoroldsban részesitette az onvansertib hatéanyagot KRAS mutédns CRC mésodik vonalbeli kezelésére.
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Referenciak:

(1) Tan C, Du X. KRAS mutation testing in metastatic colorectal cancer. World J Gastroenterol. 2012 Oct 7;18(37):5171-80. Review. PubMed PMID:

23066310

(2) Leto SM et al. Primary and acquired resistance to EGFR-targeted therapies in colorectal cancer: impact on future treatment strategies. J Mol

Med (Berl). 2014 Jul;92(7):709-22. Review. PubMed PMID: 24811491

(3) Yoon J et al. MEK1/2 inhibitors AS703026 and AZD6244 may be potential therapies for KRAS mutated colorectal cancer that is resistant to

EGFR monoclonal antibody therapy. Cancer Res. 2011 Jan 15;71(2):445-53. PubMed PMID: 21118963

(4) Rinehart J et al. Multicenter phase Il study of the oral MEK inhibitor, CI-1040, in patients with advanced non-small-cell lung, breast, colon, and

pancreatic cancer. J Clin Oncol. 2004 Nov 15;22(22):4456-62. PubMed PMID: 15483017

(5) Bennouna J et al. A Phase Il, open-label, randomised study to assess the efficacy and safety of the MEK1/2 inhibitor AZD6244 (ARRY-142886)

versus capecitabine monotherapy in patients with colorectal cancer who have failed one or two prior chemotherapeutic regimens. Invest New

Drugs. 2011 Oct;29(5):1021-8. PubMed PMID: 20127139

(6) O'Hara MH et al. Phase Il pharmacodynamic trial of palbociclib in patients with KRAS mutant colorectal cancer. J Clin Oncol [Internet]. 2015 ;
33(suppl 3; abstr 626).

(7) Samalin E et al. Sorafenib and irinotecan (NEXIRI) as second- or later-line treatment for patients with metastatic colorectal cancer and KRAS-
mutated tumours: a multicentre Phase I/l trial. Br J Cancer. 2014 Mar 4;110(5):1148-54. PubMed PMID: 24407191

(8) Van Cutsem E et al. Phase Ill CORRECT trial of regorafenib in metastatic colorectal cancer (mCRC). Journal of Clinical Oncology, 2012 ASCO

Annual Meeting Abstracts. Vol 30, No 15_suppl (May 20 Supplement), 2012: 3502.

(9) Ahn DH et al., 436P Phase Ib/Il study of the polo-like kinase 1 (PLK1) inhibitor, onvansertib, in combination with FOLFIRI and bevacizumab for
second line treatment of KRAS-mutated metastatic colorectal cancer. Annals of Oncology. 2020;31(Suppl_4):5427. doi: 10.1016/j.annonc.
2020.08.547. cardiffoncology.com/mcrc/

PIK3CA-N345K

A varidns szerepel a COSMIC adatbéazisban (n>290). A tudoményos irodalom onkogenikus driver varidnsként irja le (1, 2). A mutécié a p110
katalitikus alegység (PIK3CA) C2 doménjét érinti, feltételezhetéen a membran-kotd régiét befolydsolva jarul hozza a katalitikus alegység
aktivitdsédnak fokozdsahoz (1, 3).

Egy szolid tumoros betegeket bevono klinikai vizsgélatban egy emlédaganatos, PIK3CA-N345K mutdns betegnél részleges tumorvélaszt irtak le
temsirolimus (MTOR gétld) és trebananib (ANG1/2-Tie2 gétlé) kombinéacids kezelés hataséra (4).

Egy PIK3CA-N345K mutéciét hordozd emlédaganatos betegnél everolimus terdpidval tumorregressziét értek el (5).

Referenciak:

(1) Gymnopoulos M et al., Rare cancer-specific mutations in PIK3CA show gain of function. Proc Natl Acad Sci U S A. 2007 Mar 27,104(13):5569-
74. PubMed PMID: 17376864

(2) Burke JE et al., Oncogenic mutations mimic and enhance dynamic events in the natural activation of phosphoinositide 3-kinase p110 (PIK3CA).
Proc Natl Acad Sci U S A. 2012 Sep 18;109(38):15259-64. PubMed PMID: 22949682

(3) Cossu-Rocca P et al., Analysis of PIK3CA Mutations and Activation Pathways in Triple Negative Breast Cancer. PLoS One. 2015 Nov 5;10(11):
e0141763. PubMed PMID: 26540293

(4) Chiu JW et al., A phase | trial of ANG1/2-Tie2 inhibitor trebaninib (AMG386) and temsirolimus in advanced solid tumors (PJCOO08/NCI9041).

Invest New Drugs. 2016 Feb;34(1):104-11. PubMed PMID: 26686201

(5) Cheng FT, Lapke N, Wu CC, Lu YJ, Chen SJ, Yu PN, Liu YT, Tan KT. Liquid Biopsy Detects Relapse Five Months Earlier than Regular Clinical
Follow-Up and Guides Targeted Treatment in Breast Cancer. Case Rep Oncol Med. 2019 Sep 10;2019:6545298. doi: 10.1155/2019/6545298.

eCollection 2019. PubMed PMID: 31583146; PubMed Central PMCID: PMC6754891.

PIK3CA mutans gén - célpontok

A PIK3CA (phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha) a PI3K-Akt jelatviteli Gtvonal részeként fontos szerepet télt be
a sejtproliferdcidban és a sejtek tulélésében, igy a tumorigenezis sordn is.

PIK3CA génben detektalt driver mutacié esetén a daganat molekularis profiljdval pozitiv asszocidciéban emlithetéek a PIK3CA/AKT/mTOR gétlé
hatéanyagok (1-3).

Az ALPELISIB és a COPANLISIB (FDA) torzskonyvezett PIK3CA gétlé hatéanyagok. Forgalomban [évé mTOR-gétlé készitmény az EVEROLIMUS,
a METFORMIN, SIROLIMUS és a TEMSIROLIMUS. Az EVEROLIMUS emlé indikaciéban torzskényvezett. A METFORMIN és a SIROLIMUS tumor
indikdcioban nem torzskonyvezett. A TEMSIROLIMUS vesesejtes carcinoma indikaciéban elfogadott hatéanyag.
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A TASELISIB fejlesztés alatt 4ll6 PIK3CA gétlé hatdanyag fazis | vizsgdlatban 36%-os vdlaszadasi ardnyt eredményezett PIK3CA muténs szolid
tumoros betegek koz6tt, mig egyetlen PIK3CA vad tipusu betegnél sem irtak le vélaszadast (4). EQy nagyobb fazis | vizsgalatban tobbszorésen
elékezelt PIK3CA muténs szolid tumoros betegek kozott a taselisib 8,9%-os vdlaszaddsi ardnyt ért el (5). Az ALPELISIB kezelés PIK3CA mutédns
vagy amplifikalt szolid tumoros betegek kdz6tt 6%-os vdlaszadasi ardnyt és 58,2%-0s betegség kontroll ardnyt ért el (6).

A Molecular Treatment Calculator algoritmusa az aktudlis evidencia adatbézis alapjén az aktivalé PIK3CA mutécid jelenlétében az ESR1 és EGFR
inhibitorokat a beteg molekuldris profiljaval negativ asszocidciéban sorolja.

Referenciak:

(1) Beaver JA et al., PIK3CA and AKT1 mutations have distinct effects on sensitivity to targeted pathway inhibitors in an isogenic luminal breast
cancer model system. Clin Cancer Res. 2013 Oct 1,19(19):5413-22. PubMed PMID: 23888070

(2) Weigelt B et al., PIK3CA mutation, but not PTEN loss of function, determines the sensitivity of breast cancer cells to mTOR inhibitory drugs.

Oncogene. 2011 Jul 21,30(29):3222-33. PubMed PMID: 21358673

(3) Janku F et al., PIK3CA mutations in patients with advanced cancers treated with PI3K/AKT/mTOR axis inhibitors. Mol Cancer Ther. 2011 Mar;10
(3):558-65. PubMed PMID: 21216929

(4) Juric D et al., Phase | Dose-Escalation Study of Taselisib, an Oral PI3K Inhibitor, in Patients with Advanced Solid Tumors. Cancer Discov. 2017
Jul;7(7):704-715. Epub 2017 Mar 22. PubMed PMID: 28331003

(5) Jhaveri K et al. Abstract CT046: A phase | basket study of the PI3K inhibitor taselisib (GDC-0032) in PIK3CA-mutated locally advanced or

metastatic solid tumors. 2018.

(6) Juric D et al. Phosphatidylinositol 3-Kinase -Selective Inhibition With Alpelisib (BYL719) in PIK3CA-Altered Solid Tumors: Results From the First-
in-Human Study. J Clin Oncol. 2018 May 1,36(13):1291-1299. Epub 2018 Feb 5. Erratum in: J Clin Oncol. 2019 Feb 1,37(4):361. J Clin Oncol. 2019

Feb 1,37(4):361. PubMed PMID: 29401002

PIK3CA mutans colorectalis daganat

Azon colorectalis daganatos (colorectal cancer, CRC) betegeknél, akiknél PIK3CA mutédciét detektdltak, az aszpirin haszndlata megnoévelte a
daganat-specifikus tulélést (hazard rata (HR): 0,18) és a teljes tulélést (overall survival, OS) (HR: 0,54). A rendszeresen hasznélt aszpirinhez
hosszabb OS tarsult a PIK3CA muténs, colorectalis daganatoknal, mig a vad tipust PIK3CA daganatokndl ez nem volt medfigyelhetd. Ezek a
megéllapitdsok azt sugalljdk, hogy CRC-ben kimutatott PIK3CA mutécié prediktiv biomarkere lehet az adjuvdns aszpirin terdpidnak (1). Preklinikai
eredmények is megerdsitik, hogy az aszpirin PIK3CA-muténs sejtekben jobb hatésfokkal csokkenti a sejtviabilitdst, mint PIK3CA vad-tipusu
sejtekben (2).

Klinikai adatok szerint CRC betegek koz6tt az EGFR gatlé cetuximab és panitumumab hatékonységa alacsonyabb PIK3CA driver mutécio
jelenléte esetén (3-5). Preklinikai adatok szerint a cetuximab AKT vagy mTOR gétlé gydgyszerrel kombinélva PIK3CA mutécié jelenléte esetén is
hatékony (6).

35 CRC beteg vett részt a fazis | vizsgalatban, amelyben az alpelisib PIK3CA gétlé hatéanyagot tesztelték PIK3CA mutdns vagy amplifikalt szolid
tumoros betegek kérében. 2 CRC betegnél eredményezett a kezelés tumorvélaszt, és 10 betegnél stabilizalédott a betegség (7).

PIK3CA mutéciok hozzajarulhatnak az elsévonalas kemoterdpidra mutatott rezisztencidhoz CRC esetén (8).

Referenciak:

(1) Liao X et al., Aspirin use, tumor PIK3CA mutation, and colorectal-cancer survival. N Engl J Med. 2012 Oct 25;367(17):1596-606. PubMed PMID:
23094721

(2) Gu M et al. Aspirin exerts high anti-cancer activity in PIK3CA-mutant colon cancer cells. Oncotarget. 2017 Sep 18;8(50):87379-87389.

eCollection 2017 Oct 20. PubMed PMID: 29152088

(3) De Roock W et al., Effects of KRAS, BRAF, NRAS, and PIK3CA mutations on the efficacy of cetuximab plus chemotherapy in chemotherapy-
refractory metastatic colorectal cancer: a retrospective consortium analysis. Lancet Oncol. 2010 Aug;11(8):753-62. Epub 2010 Jul 8. PubMed
PMID: 20619739

(4) Xu JM et al., PIK3CA Mutations Contribute to Acquired Cetuximab Resistance in Patients with Metastatic Colorectal Cancer. Clin Cancer Res.

2017 Aug 15;23(16):4602-4616. Epub 2017 Apr 19. PubMed PMID: 28424201

(5) Sartore-Bianchi A et al. PIK3CA mutations in colorectal cancer are associated with clinical resistance to EGFR-targeted monoclonal

antibodies. Cancer Res. 2009 Mar 1,69(5):1851-7. PubMed PMID: 19223544

(6) Kim JS et al. The Impact of Cetuximab Plus AKT- or mTOR- Inhibitor in a Patient-Derived Colon Cancer Cell Model with Wild-Type RAS and
PIK3CA Mutation. J Cancer. 2017 Aug 22,8(14):2713-2719. eCollection 2017. PubMed PMID: 28928860

(7) Juric D et al. Phosphatidylinositol 3-Kinase -Selective Inhibition With Alpelisib (BYL719) in PIK3CA-Altered Solid Tumors: Results From the First-
in-Human Study. J Clin Oncol. 2018 May 1,36(13):1291-1299. Epub 2018 Feb 5. Erratum in: J Clin Oncol. 2019 Feb 1,37(4):361. J Clin Oncol. 2019
Feb 1,37(4):361. PubMed PMID: 29401002
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(8) Wang Q et al. PIK3CA mutations confer resistance to first-line chemotherapy in colorectal cancer. Cell Death Dis. 2018 Jul 3;9(7):739. PubMed
PMID: 29970892

KRAS és PIK3CA mutacio egyiittes jelenléte

A KRAS és a PIK3CA mutécidk rezisztencidt okozhatnak egymaés targetének gétldséra. Preklinikai eredmények szerint, mig a PIK3CA muténs
sejtek érzékenyek voltak az mTOR géatlé everolimusra, a KRAS és PIK3CA dupla muténs sejtek nem reagaltak ugyanerre a kezelésre. Klinikai
adatok is megerésitették, hogy azoknél a metasztatikus daganatos betegeknél, akiknél KRAS mutéciét is detektdltak, nem tapasztaltak terdpids
vélaszt everolimus kezelésre (1).

Forditott esetben a PIK3CA mutécio jelenléte rezisztencidt okozott MEK géatldsra KRAS mutdns sejtekben. A dupla mutdns sejtek novekedésének
gétlasdhoz mindkét utvonal gétldsdra szilikség volt (2). Mindezeken tul egy mésik tanulményban szinergisztikus hatést is megdfigyeltek PI3K
/mTOR és MEK inhibitor kombindldsaval dupla mutdns NSCLC sejtvonalakon (3).

Referenciak:

(1) Di Nicolantonio F et al., Deregulation of the PI3K and KRAS signaling pathways in human cancer cells determines their response to
everolimus. J Clin Invest. 2010 Aug;120(8):2858-66. Epub 2010 Jul 26. PMID: 20664172

(2) Wee S et al., PI3K pathway activation mediates resistance to MEK inhibitors in KRAS mutant cancers. Cancer Res. 2009 May 15,69(10):4286-
93. Epub 2009 Apr 28. PMID: 19401449

(3) Heavey S et al., In pursuit of synergy: An investigation of the PI3K/mTOR/MEK co-targeted inhibition strategy in NSCLC. Oncotarget. 2016 Nov
29;7(48):79526-79543. PMID: 27765909

PTEN-N323fs*2

Ez az alteracié szerepel a COSMIC adatbdzisban (n<100). A ClinVar adatbazisban patogén varidnsként szerepel. Egy publikdciéban, mint
patogén alteracié emlitik (1).

A leolvasési kereteltoloddst okozé mutdcié (frameshift mutation) kdvetkeztében egy jelentésen révidebb fehérjevéltozatot kédolé PTEN varidns
jon létre, igy a funkcidvesztés nagymértékben valdszinlsithetd.

Referencia:
(1) Xiu J et al. Mutations in the homologous recombination (HR) pathway in 13 cancer types. Cancer Res. July 15 2016;76(14 Supplement):2750.
doi: 10.1158/1538-7445.AM2016-2750.

PTEN mutans gén - célpontok

A PTEN (phosphatidylinositol 3,4,5-trisphosphate 3-phosphatase and dual-specificity protein phosphatase) egy tumorszupresszor, ami a
foszfoinozitok defoszforilacidjdval a PI3K-AKT-mTOR jelpdlya negativ regulétora.

A PTEN funkcidvesztéssel kapcsolatban emlithetd indirekt targetek a PI3K (1), az AKT (2) és az mTOR (2, 4-6), bar az mTOR gétldssal kapcsolatos
szakirodalmi adatok ellentmondédsosak. Leirtak tovabbda, hogy PTEN-deficiens sejtek érzékenyek PARP (7) és ATM (8) inhibitorokra (@ PTEN
deficiencia és a paralel ATM/PARP gatlas szintetikus letdlis hatdst okoz). A PTEN funkcidvesztéses alterdcidval pozitiv asszocidcidoban emlithetd,
mas indikdcidban torzskdnyvezett hatéanyag az mTOR gétlé EVEROLIMUS, TEMSIROLIMUS, METFORMIN és SIROLIMUS, a PARP géatlé
OLAPARIB, RUCAPARIB, NIRAPARIB és TALAZOPARIB, a PI3K delta inhibitor IDELALISIB, DUVELISIB (FDA).

A PTEN funkciévesztése rezisztencidt okozhat EGFR gétl6 terdpidkkal szemben (9, 10). Preklinikai eredmények szerint PTEN vesztés esetén a
MEK + mTOR kombinalt gatlas szinergisztikus hatdsu (11). A PTEN funkcidvesztése tovabba rezisztencidt okozhat PIK3CA gétlasra, és a PIK3CA
gatlé alpelisibre (12, 13), valamint a HER2 géatlasra is (14-16).
T6bb tanulmény eredményei alapjan a PTEN génvesztés vagy mutdcié csokkent T sejt infiltrdcidval, megvaltozott tumor mikrokornyezettel és
anti-PD-1 terépidra valo rezisztencidval asszocidlt (17, 18). Egér modellekben a szelektiv PI3Kbeta inhibitor (GSK2636771) alkalmazésa novelte az
anti-PD-1 és anti-CTLA-4 ellenanyagok hatékonysagat (18).

Referenciak:

(1) Conley-LaComb MK et al., PTEN loss mediated Akt activation promotes prostate tumor growth and metastasis via CXCL12/CXCR4 signaling.

Mol Cancer. 2013 Jul 31;12(1):85. PMID: 23902739

(2) Neshat MS et al., Enhanced sensitivity of PTEN-deficient tumors to inhibition of FRAP/mTOR. Proc Natl Acad Sci U S A. 2001 Aug 28;98(18):
10314-9. PMID: 11504908

(3) Patel M et al., PTEN deficiency mediates a reciprocal response to IGFI and mTOR inhibition. Mol Cancer Res. 2014 Nov;12(11):1610-20. PMID:

24994750
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(4) DeGraffenried LA et al., Reduced PTEN expression in breast cancer cells confers susceptibility to inhibitors of the PI3 kinase/Akt pathway.

Ann Oncol. 2004 Oct;15(10):1510-6. PMID: 15367412

(5) Seront E et al., PTEN deficiency is associated with reduced sensitivity to mTOR inhibitor in human bladder cancer through the unhampered

feedback loop driving PI3K/Akt activation. Br J Cancer. 2013 Sep 17;,109(6):1586-92. PMID: 23989949

(6) Weigelt B et al., PIK3CA mutation, but not PTEN loss of function, determines the sensitivity of breast cancer cells to mTOR inhibitory drugs.

Oncogene. 2011 Jul 21,30(29):3222-33. PMID: 21358673

(7) Mendes-Pereira AM et al., Synthetic lethal targeting of PTEN mutant cells with PARP inhibitors. EMBO Mol Med. 2009 Sep;1(6-7):315-22. PMID:
20049735

(8) McCabe N et al. Mechanistic Rationale to Target PTEN-Deficient Tumor Cells with Inhibitors of the DNA Damage Response Kinase ATM.

Cancer Res. 2015 Jun 1,75(11):2159-65. Epub 2015 Apr 13. PMID: 25870146

(9) Frattini M et al., PTEN loss of expression predicts cetuximab efficacy in metastatic colorectal cancer patients. Br J Cancer. 2007 Oct 22;97(8):
1139-45. Epub 2007 Oct 16. PMID: 17940504

(10) Stewart EL et al., Known and putative mechanisms of resistance to EGFR targeted therapies in NSCLC patients with EGFR mutations-a

review. Transl Lung Cancer Res. 2015 Feb;4(1):67-81. Review. PMID: 25806347

(11) Milella M et al., PTEN status is a crucial determinant of the functional outcome of combined MEK and mTOR inhibition in cancer. Sci Rep. 2017
Feb 21,7:43013. PMID: 28220839

(12) Juric D et al. Convergent loss of PTEN leads to clinical resistance to a PI(3)K inhibitor. Nature. 2015 Feb 12,518(7538):240-4. PMID: 25409150

(13) Razavi P et al. Alterations in PTEN and ESR1 promote clinical resistance to alpelisib plus aromatase inhibitors. Nat Cancer. 2020 Apr;1(4):382-
393. PMID: 32864625

(14) Vu T, Claret FX. Trastuzumab: updated mechanisms of action and resistance in breast cancer. Front Oncol. 2012 Jun 18;2:62. doi: 10.3389
/fonc.2012.00062. PMID: 22720269.

(15) Rexer BN, Arteaga CL. Intrinsic and acquired resistance to HER2-targeted therapies in HER2 gene-amplified breast cancer: mechanisms and
clinical implications. Crit Rev Oncog. 2012;17(1):1-16. doi: 10.1615/critrevoncog.v17.i1.20. PMID: 22471661.

(16) Tortora G. Mechanisms of resistance to HERZ2 target therapy. J Natl Cancer Inst Monogr. 2011,2011(43):95-8. doi: 10.1093/jncimonographs
/lgr026. PubMed PMID: 22043051.

(17) Zhao J et al., Inmune and genomic correlates of response to anti-PD-1 immunotherapy in glioblastoma. Nat Med. 2019 Mar;25(3):462-469.

Epub 2019 Feb 11. Erratum in: Nat Med. 2019 Apr 17;: PMID: 30742119

(18) Peng W et al., Loss of PTEN Promotes Resistance to T Cell-Mediated Immunotherapy. Cancer Discov. 2016 Feb;6(2):202-16. Epub 2015 Dec

8. PMID: 26645196

GNAS-R844C

A mutécié magas frekvencidval szerepel a COSMIC adatbéazisban (n>800), a ClinVar adatbazisban vélhetéen patogén varidnsként szerepel, a
LOVD adatbazis szerint patogén elvéltozas. Az R844C splicing varidns az XLas-1izoforma esetén a GNAS-R201C alterdciénak felel meg, amely a
szakirodalomban leirt driver mutécio (1, 2). A GNAS fehérje GTP-k6té régidjdban taldlhatd alterdcié a GNAS GTP4z aktivitdsdnak csokkenését
eredményezi és a downstream jelatviteli Gtvonal konstitutiv aktivaciéjadhoz vezet (1).

Referenciak:

(1) Wilson CH et al., The activating mutation R201C in GNAS promotes intestinal tumourigenesis in Apc(Min/+) mice through activation of Wnt and
ERK1/2 MAPK pathways. Oncogene. 2010 Aug 12;29(32):4567-75. Epub 2010 Jun 7. PubMed PMID: 20531296

(2) Steffen DJ et al., GNAS-PKA Oncosignaling Network in Colorectal Cancer. The FASEB Journal 31, no. 1 Supplement (2017): Ib527-1b527.

GNAS mutans gén - célpontok

A GNAS egy proto-onkogén (1), de bizonyos tumortipusokban tumorszupresszor szerepét is leirtdk (2). Egy kontroll nélkili GNAS mutans
xenograft modellen végzett kisérlet alapjan a GNAS génben detektalt funkcidveszté driver mutdcidéval kapcsolatban emlithetd indirekt target a
PKA (PKACA) (1), melynek inhibitorai jelenleg klinikai fejlesztés alatt allnak.

Referenciak:

(1) Ritterhouse LL, et al. Mod Pathol. 2017 Dec;30(12):1720-1727. doi: 10.1038/modpathol.2017.88. Epub 2017 Aug 4. PMID: 28776576.

(2) He X, et al. The G protein subunit Gs is a tumor suppressor in Sonic hedgehog-driven medulloblastoma. Nat Med. 2014 Sep;20(9):1035-42.
doi: 10.1038/nm.3666. Epub 2014 Aug 24. PMID: 25150496; PMCID: PMC4334261.

(3) Dana Jean Steffen et al., GNAS-PKA Oncosignaling Network in Colorectal Cancer, April 2017The FASEB Journalvol. 31 no. 1 Supplementlb527

APC-Q1328*
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Ez a varidns szerepel a COSMIC adatbéazisban (n>50). A ClinVar adatbdzis szerint patogén mutécié. A mutdns génrdl egy csonka fehérjevéltozat
képzddik, ezért feltételezhetd, hogy funkcidvesztéssel jar. A korai STOP kodon megjelenését eredményezé mutdcié (nonsense
mutdns mRNS lebomlasahoz (1). igy a mutdns génrél egy kismértékben csonka fehérjevaltozat képzddik, ezért lehetséges, hogy
funkcidvesztéssel jar.

Referencia:
(1) Litchfield K et al., Escape from nonsense mediated decay associates with anti-tumor immunogenicity. 2019. doi: 10.1101/823716.

APC-N741S

Az alterdcié alacsony esetszdmmal fordul elé6 a COSMIC (n<5) adatbdzisban. A ClinVar adatbéazis alapjan ellentmondasos a
funkciondlis interpretécidja, féként bizonytalan jelentéségli besoroldssal szerepel. A tudoményos irodalomban nem érheté el egyéb adat
funkcionlis jelentéségérél.

APC mutacioé az 1300-as aminosav kdzeli régiéiban
Az 1300-as aminosav kozeli régidiban (1194-1392) lokalizal6dé mutécidk instabilitdst okoznak, viszonylag magas frekvencidval alakulnak ki
spontdn, és altaldban allélvesztéssel egyditt jarnak (1).

Referencia:
(1) Rowan AJ et al., APC mutations in sporadic colorectal tumors: A mutational "hotspot" and interdependence of the "two hits". Proc Natl Acad
SciU S A. 2000 Mar 28;97(7):3352-7. PubMed PMID: 10737795

APC mutans gén - célpontok

Az APC fehérje a Wnt jelatviteli palya része, azonban jelenleg nem éllnak rendelkezésre olyan tdrzskonyvezett készitmények, amelyek a Wnt
jelatviteli targeteket megbizhatdéan gatoljdk (pl. beta-catenin inhibitorok) (1). APC mutdcié esetén a COX2 gatlok emlithetéek pozitiv
asszociadcidban a beteg molekuléris profiljdval (2). Forgalomban lévé, COX2 géatlé hatdsi nem-szteroid gyulladdscsokkenték a CELECOXIB,
NEPAFENAC, MELOXICAM, NABUMETONE, MEFENAMINSAYV és a NAPROXEN, illetve csak az FDA 4éltal jévahagyott hatéanyag az ETODOLAC.
Ezeket a készitményeket nem térzskdnyvezték daganatos indikaciéban, azonban hasznélatuk széleskéril a klinikumban gyulladdscsokkentés,
fajdalomcsillapitas teriletén.

Tovéabbi torzskdnyvezett, nem-szteroid gyulladascsokkentd szerek, melyeknek COX1 és COX2 gétlé hatdsuk is van: acetilszalicilsav, ibuprofen,
ketorolac, illetve a diclofenac.

Referenciak:

(1) Krishnamurthy N and Kurzrock R Targeting the Wnt/beta-catenin pathway in cancer: Update on effectors and inhibitors. Cancer Treat Rev.
2018 Jan;62:50-60. PubMed PMID: 29169144

(2) Oshima M et al., Suppression of intestinal polyposis in Apc delta716 knockout mice by inhibition of cyclooxygenase 2 (COX-2). Cell. 1996 Nov
29,;87(5):803-9. PubMed PMID: 8945508

APC mutans colorectalis daganat

Az APC funkcidvesztése fontos szerepet tolt be colorectalis daganatok (colorectal cancer, CRC) tumorigenezisében (1-4). CRC esetében az APC
gén mutécidi a leggyakoribbak, az esetek 80%-dban kimutathatdak (5). Egy Ujabb tanulmdny szerint a vizsgdlt CRC estek 96%-ban voltak
detektdlhatéak a WNT jelpdlyat érinté mutdcidk (6), az APC gént érinté mutécidk az Ujabb tanulmanyok szerint is a leggyakoribb alterdcidk
colorectalis daganatokban (6,7).

Egyes tanulméanyok szerint vastagbéldaganatos betegekben a COX2 gétlé hatédssal rendelkezé acetilszalicilsav (Aspirin) szedése mellett
alacsonyabb ardnyban Ujult ki a betegség, és kisebb volt a mortalitds (8), azonban az acetilszalicilsav daganatokban betoltott jelentéségérdl
ellentmonddsosak az adatok (9, 10).

Referenciak:

(1) Cancer Genome Atlas Network, Comprehensive molecular characterization of human colon and rectal cancer. Nature. 2012 Jul 18,487(7407):
330-7. PubMed PMID: 22810696

(2) Markowitz SD et al., Molecular origins of cancer: Molecular basis of colorectal cancer. N Engl J Med. 2009 Dec 17;361(25):2449-60. PubMed
PMID: 20018966

(3) Kinzler KW et al., Lessons from hereditary colorectal cancer. Cell. 1996 Oct 18,87(2):159-70. PubMed PMID: 8861899
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(4) Rowan AJ et al., APC mutations in sporadic colorectal tumors: A mutational "hotspot" and interdependence of the "two hits". Proc Natl Acad
SciUS A. 2000 Mar 28;97(7):3352-7. PubMed PMID: 10737795

(5) Goss KH et al., Biology of the adenomatous polyposis coli tumor suppressor. J Clin Oncol. 2000 May;18(9):1967-79. Review. PubMed PMID:

10784639

(6) Yaeger R et al., Clinical Sequencing Defines the Genomic Landscape of Metastatic Colorectal Cancer. Cancer Cell. 2018 Jan 8;33(1):125-136.
e3. PMID: 29316426

(7) Abdul et al., Molecular Characterization of Somatic Alterations in Dukes' B and C Colorectal Cancers by Targeted Sequencing. Front

Pharmacol. 2017 Jul 18;8:465. PubMed PMID: 28769798

(8) Kimmie NG et al., Aspirin and COX-2 Inhibitor Use in Patients With Stage Il Colon Cancer. J Natl Cancer Inst. 2014 Nov 27;107(1):345. PubMed
PMID: 25432409

(9) Cronin-Fenton DP et al., Low-dose Aspirin, Nonsteroidal Anti-inflammatory Drugs, Selective COX-2 Inhibitors and Breast Cancer Recurrence.

Epidemiology. 2016 Jul;27(4):586-93. PubMed PMID: 27007644

(10) Lee M et al., RE: Aspirin and COX-2 Inhibitor Use in Patients With Stage Il Colon Cancer. J Natl Cancer Inst. 2015 Jun 4;107(8). PubMed PMID:
26048994

PRKN-E309*
A korai STOP kodon megjelenését eredményezé mutécié (nonsense mutation) kovetkeztében egy jelentésen révidebb fehérjevéltozatot kédold
PRKN varians jon létre, igy a funkcidvesztés nagymértékben valdszindlsithetd.

PRKN (PARK2) mutéans gén

A PRKN tumorszupresszor gén, melynek funkciévesztése a PTEN inaktivacidjat eredményezi, igy noveli a PI3BK/AKT/mTOR jelatviteli Gt aktivitdsat
és hozzajarul a tumorképzédéshez (1, 2). A PRKN funkcidvesztése esetén hatékonyabbak a PI3K/AKT/mTOR jeldtviteli Gtvonal gétldszerei,

viszont a MEK gétlé hatdanyagok hatékonysdga csokken (3).

A PRKN gén germline funkciéveszté mutécidit tobb esetben detektdltdk Wilms tumorban, CNS daganatokban, neuroblastomaban és

osteosarcomdban, de nem ismert, hogy a mutécié noveli-e ezeknek a daganatoknak a kockdazatét (4). A germline PRKN mutécidk bizonyos

daganattipusok kialakuldsdnak kockdazatat névelik, mds tumortipusokét viszont csokkentik (5).

Referenciak:

(1) Gupta A et al., PARKZ2 loss promotes cancer progression via redox-mediated inactivation of PTEN. Mol Cell Oncol. 2017 May 19;4(6):e1329692.
doi: 10.1080/23723556.2017.1329692. eCollection 2017. PMID: 29209642

(2) Duan H et al., PARK2 Suppresses Proliferation and Tumorigenicity in Non-small Cell Lung Cancer. Front Oncol. 2019 Aug 23;9:790. doi:
10.3389/fonc.2019.00790. eCollection 2019. PMID: 31508359

(3) Gupta A et al., PARK2 Depletion Connects Energy and Oxidative Stress to PI3K/Akt Activation via PTEN S-Nitrosylation. Mol Cell. 2017 Mar 16;
65(6):999-1013.e7. doi: 10.1016/.molcel.2017.02.019. PMID: 28306514

(4) Akhavanfard S, et al. Comprehensive germline genomic profiles of children, adolescents and young adults with solid tumors. Nat Commun.
2020 May 5;11(1):2206. doi: 10.1038/541467-020-16067-1. PMID: 32371905.

(5) Liu J, Zhang C, Hu W, Feng Z. Parkinson's disease-associated protein Parkin: an unusual player in cancer. Cancer Commun (Lond). 2018 Jun
26,;38(1):40. doi: 10.1186/540880-018-0314-z. PMID: 29941042.

INPP4B-V594A
Az alteracié alacsony esetszammal fordul elé6 a COSMIC (n<5) adatbdzisban. A tudoményos irodalomban nem érhetd el adat funkciondlis
jelentéségérol.

PIK3CG-N522S

Ez a varidns szerepel a COSMIC adatbdzisban (n>25). A PIK3CG p.N522S egy missense mutéacio, de kivil esik a funkcionélis alegységeket
kédold részen. A mutécié funkciondlis hozadéka ismeretlen. Egy in vitro kisérlet szerint az ezzel a mutdciéval is rendelkezé SW-1736-0s sejtvonal
(melynek egyéb ismert mutécidi is vannak: BRAF V600E; MET E168D; PIK3R2 S313P és TP53 P72R) névekedése hatékonyabban gatolhatd
CUDC-101-¢el, mint paclitaxellel, carboplatinnal, docetaxellel, sorafenibbel vagy doxorubicinnel (1).

Referencia:
(1) Zhang L et al., Dual inhibition of HDAC and EGFR signaling with CUDC-101 induces potent suppression of tumor growth and metastasis in
anaplastic thyroid cancer. Oncotarget. 2015 Apr 20,6(11):9073-85. doi: 10.18632/oncotarget.3268 PMID: 25940539

GATA6-G540fs*5
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A leolvasasi kereteltol6dast okozé mutécié (frameshift mutation) a/az GATA6 gén nonsense-mediated decay (NMD) rezisztens pozicidjat érinti,
ezért nagy valészinliséggel az NMD folyamat nem vezet a mutdns mRNS lebomldséhoz (1). Igy a mutans génrdl egy megvéltozott C termindlis
szekvencidval rendelkezd, kismértékben csonka fehérjevéltozat képzddik, ezért lehetséges, hogy funkcidévesztéssel jar.

Referencia:
(1) Litchfield K et al., Escape from nonsense mediated decay associates with anti-tumor immunogenicity. 2019. doi: 10.1101/823716.

Frameshift mutaciék

A révid inszercidk és delécidk kovetkeztében kialakuld frameshift mutéciok korai stop kodont (premature termination codon, PTC)

eredményezhetnek és fokozottan érzékennyé vélhatnak a nonsense-mediated decay (NMD) folyamat &ltali mRNS-szint(i degradéciéra. Az NMD
az eukaridta génexpresszié alapveté mindségbiztositdsi rendszere, mely normdl sejtekben megakaddlyozza a csonka fehérjék toxikus

felhalmozédéasat. A frameshift mutdciok egy része azonban elkeriilheti az NMD degradaciét (1), ezaltal alternativ leolvasasi keretek (ORF)

johetnek létre, melyek Uj, a vad tipusu génektdl kilonb6z6, tumorspecifikus (neoantigén) szekvencidval rendelkeznek (2). Ezek a neoantigének
hozzajarulhatnak a tumorellenes immunvélasz kialakuldsdhoz alacsony tumor mutation burden (TMB) értékkel rendelkezé daganatokban (1, 3),
ezéltal az immunterapias kezelések célpontjaul szolgalhatnak. igy a frameshift mutaciok nagy jelentéséggel rendelkezhetnek a pontmutéciékhoz
(SNV-k) képest, kis el6fordulédsi gyakorisdguk ellenére (4, 5).

Az NMD degradaciét elkertilé mutécidk nagyobb ardnyban fordulnak el a gének utolsé exonjdban és az utolsé eldtti exon utolsé 50 nukleotidja
kozott, az elsé exon elsé mintegy 150 nukleotidjdban, illetve a 400 nukleotidndl hosszabb exonokban mint méds exonokban (6). Egy

tanulményban az allélspecifikus frameshift indelek (fs-indelek) detektdldsa parositott DNS és RNS szekvendldsi adatokban (n=453, TCGA) azt
mutatta, hogy az expresszalt fs-indelek jelenléte olyan genomidlis poziciokban volt megdfigyelhetd, amelyek valészinlsithetéen elkeriilik az NMD-
t és magasabb fehérje expresszidval tarsulnak, dsszhangban az NMD elkeriilés szabdlyaival (3).

A TCGA adatbdzis vizsgélata szerint frameshift mutécié miatt keletkezett neoantigének minden tumortipusban eléfordulnak (4). Vesesejtes

carcinomdban, lobuléris emlécarcinomaban és colorectalis carcinoméban a leggyakoribbak (7).

Toébb tumortipusban, koéztiik melanoméban, vesesejtes carcinomdban, fej-nyak laphdmcarcinoméban és tidédaganatokban is megdfigyelték,

hogy az aminosavcserét eredményezd pontmutdcidkhoz képest a frameshift mutdciok nagyobb mennyiségben képeznek magas kotési

affinitdst neoantigéneket (4, 5, 7). Jelenlétik Osszefliggést mutat a citotoxikus T-sejtek infiltrdcidjdval, valamint az immun checkpoint

inhibitorokra (ICl) adott tumorvélasszal (3, 4, 7, 8). Melanomés betegcsoportban a kifejez6dé frameshift mutdcidk szdma jobb prediktornak

bizonyult immunterapidk hatdsosségdra nézve, mint a pontmutéciék széma (1, 3).

A frameshift mutdcidk egy alcsoportjdt képezd, hosszi leolvasasi keretli neoantigénekkel (neoORF) rendelkezé betegek nagyobb

érzékenységet mutattak immunterapidra (1, 3).

Referenciak:

(1) Litchfield et al., Contrasting the drivers of response to immunotherapy across solid tumour types: Results from analysis of n> 1000 cases.

Annals of Oncology. 2019; 30(7):1-35. doi: 10.1093/annonc/mdz238.012.

(2) Richters MM et al., Best practices for bioinformatic characterization of neoantigens for clinical utility. Genome Med. 2019 Aug 28;11(1):56.

PMID: 31462330

(3) Litchfield K et al., Escape from nonsense-mediated decay associates with anti-tumor immunogenicity. Nat Commun. 2020 Jul 30;11(1):3800.

PMID: 32733040

(4) Turajlic S et al., Insertion-and-deletion-derived tumour-specific neoantigens and the immunogenic phenotype: a pan-cancer analysis. Lancet
Oncol. 2017 Aug;18(8):1009-1021. Epub 2017 Jul 7. PMID: 28694034

(5) Hanna GJ et al., Frameshift events predict anti-PD-1/L1 response in head and neck cancer. JCI Insight. 2018 Feb 22;3(4):e98811. PMID:

29467336

(6) Litchfield K et al., Escape from nonsense-mediated decay associates with anti-tumor immunogenicity. Nat Commun. 2020 Jul 30;11(1):3800.

PMID: 32733040

(7) Chae YK et al., Clinical and immunological implications of frameshift mutations in lung cancer. J Thorac Oncol. 2019 Oct;14(10):1807-1817. Epub
2019 Jun 22. PMID: 31238177

(8) Maby P et al., Correlation between density of CD8+ T-cell infiltrate in microsatellite unstable colorectal cancers and frameshift mutations: a

rationale for personalized immunotherapy. Cancer Res. 2015 Sep 1,75(17):3446-55. Epub 2015 Jun 9. PMID: 26060019

GATAG6 mutans gén
A GATA6 a GATA transzkripciés faktor csaldd tagja, és tudédaganatokban onkogén vagy tumorszupresszor funkciéval is rendelkezhet (1, 2).
GATAG6 egyik legfébb feladata, hogy szabdlyozza az ephitelial-mesenchymal &tmenetet. Diszreguldcidja esetén a sejtek elveszithetik sejt-sejt
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adhézids képességiiket, migracids és invaziv tulajdonsdgokat nyerve multipotens stromasejtté alakulhatnak (3). Tumorokban gyakran mutélédik,
a sejtek differencidléddsdnak megvaltozdsat eredményezve. Jelenleg nem ismert Osszefliggés a gén mutdcidi és célzott gydgyszerek
hatékonysdga kozott.

Referenciak:

(1) Song Y, et al. GATAG is overexpressed in breast cancer and promotes breast cancer cell epithelial-mesenchymal transition by upregulating
slug expression. Exp Mol Pathol. 2015 Dec;99(3):617-27. doi: 10.1016/j.yexmp.2015.10.005. PMID: 26505174.

(2) Liu, H., Du, F., Sun, L. et al. GATA6 suppresses migration and metastasis by regulating the miR-520b/CREB1 axis in gastric cancer. Cell Death
Dis 10, 35 (2019). doi.org/10.1038/541419-018-1270-x

(3) Martinelli P, Carrillo-de Santa Pau E, Cox T, Sainz B Jr, Dusetti N, Greenhalf W, Rinaldi L, Costello E, Ghaneh P, Malats N, Blichler M, Pajic M,
Biankin AV, lovanna J, Neoptolemos J, Real FX. GATAG6 regulates EMT and tumour dissemination, and is a marker of response to adjuvant
chemotherapy in pancreatic cancer. Gut. 2017 Sep;66(9):1665-1676. doi: 10.1136/gutinl-2015-311256. Epub 2016 Jun 20. PMID: 27325420; PMCID:
PMC5070637.

TAS-102 colorectalis daganatban

A TAS-102 koédnevl hatdanyag (Lonsurf, trifluridine / tipiracil) torzskonyvezett més elérhetd kezeléseken progredialt attétes colorectalis
daganatos (colorectal cancer, CRC) betegek részére. Randomizalt vizsgalatban a TAS-102 kezelés 7,1 hdnapos median teljes tulélést (overall
survival, OS) eredményezett, mig a placebo karban a medidn OS 5,3 hénap volt. A tulélési elény a KRAS vad tipusu és a KRAS muténs
alcsoportban is megfigyelhetd volt (1).

Egy fézis ll-es vizsgélatban a medidn OS 9,0 hénap volt a TAS-102 kezelést kapd betegek korében, mig a placebo csoportban ez az érték 6,6
hénapnak adédott (2).

Egy fazis I/l vizsgélat sordn TAS-102 és BEVACIZUMAB kombin&cidjaval torténé kezelés hosszabb progresszidmentes tulélést (progression-free
survival, PFS) és magasabb 16 hetes PFS ardnyt eredményezett a TAS-102 monoterdpidhoz képest (medidn PFS: 3,7 hénap vs. 2,2 hénap, PFS
arény 16 hét utén: 46,6% vs. 33,9%) metasztatikus CRC péciensek esetében (3). Egy retrospektiv vizsgélat szerint kombinalt TAS-102 +
BEVACIZUMAB terapia hosszabb medidn OS-t eredményezett, mint a TAS-102 monoterapia (14,4 hénap vs. 4,5 hénap), metasztatikus CRC
péciensek esetében (4).

Referenciak:

(1) Mayer RJ et al., Randomized trial of TAS-102 for refractory metastatic colorectal cancer. N Engl J Med. 2015 May 14;372(20):1909-19. PubMed
PMID: 25970050

(2) Yoshino T et al., TAS-102 monotherapy for pretreated metastatic colorectal cancer: a double-blind, randomised, placebo-controlled phase 2
trial. Lancet Oncol. 2012 Oct;13(10):993-1001. Epub 2012 Aug 28. PubMed PMID: 22951287

(3) Kotani D et al., Retrospective cohort study of trifluridine/tipiracil (TAS-102) plus bevacizumab versus trifluridine/tipiracil monotherapy for
metastatic colorectal cancer. BMC Cancer. 2019 Dec 27;19(1):1253. PubMed PMID: 31881856

(4) Fujii H et al., Bevacizumab in Combination with TAS-102 Improves Clinical Outcomes in Patients with Refractory Metastatic Colorectal Cancer:
A Retrospective Study. Oncologist. 2019 Nov 20. [Epub ahead of print] PubMed PMID: 31748337

Molekularis profiltél fiiggetleniil térzskonyvezett célzott hatéanyagok colorectalis daganat indikaciéban

A beteg szovettandban torzskonyvezett, molekuldris profiltél fliggetlen célzott hatéanyagok az érképzédés-gatlé BEVACIZUMAB,
RAMUCIRUMARB és az AFLIBERCEPT, illetve a multi-tirozinkindz gatlé6 REGORAFENIB. Tovdbbéa az FDA gyorsitott eljdrdsba sorolta a multi-VEGFR
gétlé FRUQUINTINIB hatéanyagot.

Egy randomizalt fazis Ill vizsgdlatban 1072 vastagbéltumoros betegben vizsgaltdk a ramucirumab hatékonysagat masodvonalas, FOLFIRI-vel
kombindlt terdpiaként. A medién teljes tulélés (overall survival, OS) 13,3 hdnap volt a ramucirumabot kapott betegekben a 11,7 hénaphoz képest,
amit a placebo karban mértek (1).

Szintén fazis lll vizsgélatban elemezték az aflibercept hatékonysdgéat FOLFIRI-vel kombindlva, masodvonalas terdpiaként. A placebo karhoz
képest az afliberceptet kapott betegek korében javult a teljes tdlélési idé medidnja (12,06-rél 13,5 hénapra) és a progresszidmentes tulélés
(progression-free survival, PFS) mediénja (4,67-r6l 6,9 hénapra) (2).

A regorafenib hatékonysdgét vizsgald fazis Ill klinikai vizsgélatban vastagbél daganatos betegek egy csoportja monoterdpiaként kapta a
hatdéanyagot, méasik csoportjuk placebot kapott. A regorafenibet kapé csoportban a medidn OS 6,4 hénap, a PFS 1,9 hénap volt, mig a placebo
csoportban rendre 5,0 és 1,7 hénap (3).

Fazis Il klinikai vizsgalatban a fruquintinib (VEGFR1/2/3 inhibitor) ndvelte a PFS-t és OS-t a placebohoz képest (3,7 vs 1,8 hénap; valamint 9,3 vs
6,6 hdnap) metasztatikus CRC betegek kdrében (4).

Referenciak:
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(1) Tabernero J et al., Ramucirumab versus placebo in combination with second-line FOLFIRI in patients with metastatic colorectal carcinoma that
progressed during or after first-line therapy with bevacizumab, oxaliplatin, and a fluoropyrimidine (RAISE): a randomised, double-blind,
multicentre, phase 3 study. Lancet Oncol. 2015 May;16(5): 499-508. PubMed PMID: 25877855

(2) Van Cutsem E et al., Addition of Aflibercept to Fluorouracil, Leucovorin, and Irinotecan Improves Survival in a Phase lll Randomized Trial in
Patients With Metastatic Colorectal Cancer Previously Treated With an Oxaliplatin-Based Regimen. J Clin Oncol. 2012 Oct 1,30(28):3499-506.
PubMed PMID: 22949147

(3) Van Cutsem E et al., Phase Ill CORRECT trial of regorafenib in metastatic colorectal cancer (mCRC). Journal of Clinical Oncology, 2012 ASCO
Annual Meeting Abstracts. Vol 30, No 15_suppl (May 20 Supplement), 2012: 3502

(4) Zhang Y et al., Fruquintinib: a novel antivascular endothelial growth factor receptor tyrosine kinase inhibitor for the treatment of metastatic
colorectal cancer. Cancer Manag Res. 2019 Aug 16;11:7787-7803. PMID: 31496821

Immunterapia mikroszatellita stabil (MSS) colorectalis daganatban

Korabbi tanulményok azt mutatjék, hogy az immuncheckpoint gatlészerek nem hatdsosak MSS colorectalis daganatos (CRC) péciensek kérében,
bér ezen betegek koriilbellil 10%-4nél jegyeztek fel valaszaddst PD-1/PD-L1 gatlé hatéanyagokra (1-3).

Egy fézis Ib klinikai vizsgélat szerint REGORAFENIB és NIVOLUMAB kombinéacidja toleralhaté és tumorellenes aktivitdst mutat kordbban legaldbb
két vonal kezelésben részesiilt kolorektélis daganatos betegek korében. Az objektiv vdlaszadasi ardny 33,3% volt a mikroszatellita stabil (MSS)
betegek koz6tt (8/24 f6), a medidn progressziomentes tilélés pedig 7,9 hénapnak bizonyult a 24 MSS és egy mikroszatellita instabil beteget
vizsgalé csoportban (4).

Referenciak:

(1) Le DT et al., PD-1 Blockade in Tumors with Mismatch-Repair Deficiency. N Engl J Med. 2015 Jun 25;372(26):2509-20. Epub 2015 May 30.
PMID: 26028255

(2) Dudley JC et al., Microsatellite Instability as a Biomarker for PD-1 Blockade. Clin Cancer Res. 2016 Feb 15;22(4):813-20. Review. PMID:
26880610

(3) Kikuchi T et al., A subset of patients with MSS/MSI-low-colorectal cancer showed increased CD8(+) TILs together with up-regulated IFN-.
Oncol Lett. 2019 Dec;18(6):5977-5985. Epub 2019 Oct 2. PMID: 31788072

(4) Fukuoka S, et al. Regorafenib Plus Nivolumab in Patients With Advanced Gastric or Colorectal Cancer: An Open-Label, Dose-Escalation, and
Dose-Expansion Phase Ib Trial (REGONIVO, EPOC1603). J Clin Oncol. 2020 Jun 20;38(18):2053-2061. doi: 10.1200/JCO.19.03296. Epub 2020
Apr 28. PMID: 32343640.

Sztatinok colorectalis daganatban

A sztatinok koleszterincsokkentd szerek, amik a 3-hidroxi-3-metil-glutaril-koenzim-A-reduktdz (HMGCR) géatldsa, mely a mevalonét-tUtvonal egy
sebességmeghatdrozé 1épését katalizélja. A lipidcsokkentés mellett, a sztatinok tumorképzddésre és progresszidra gyakorolt gatidhatésarél
szdmos tanulmény beszdmolt. Azonban az antitumor aktivitds hatterében all molekuldris mechanizmus egyelére nem tisztdzott. Tobb
retrospektiv analizis alapjén, a sztatinok haszndlata csokkent mortalitdssal asszociélt colorectalis daganatos betegekben (1, 2). EQy meta-analizis
eredményei alapjan a sztatinok hasznélata 20%-os colorectalis daganat kock&zattal volt asszociélt nem-IBD-s paciensek esetén (3).
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Wellcome Trust Sanger Institute
Wellcome Trust Sanger Institute

Wellcome Trust Sanger Institute
APC-N741S Wellcome Trust Sanger Institute

Wellcome Trust Sanger Institute
Wellcome Trust Sanger Institute
Wellcome Trust Sanger Institute

Wellcome Trust Sanger Institute
PRKN-E309* Duan H, Lei Z, Xu F, Pan T, Lu D, Ding P, Zhu C, Pan C, Zhang S. PARK2 Suppresses Proliferation and
Tumorigenicity in Non-small Cell Lung Cancer. Front Oncol. 2019 Aug 23;9:790. doi: 10.3389/fonc.2019.00790.
eCollection 2019. PubMed PMID: 31508359; PubMed Central PMCID: PMC6716169.
Wellcome Trust Sanger Institute
Wellcome Sanger Institute
Wellcome Trust Sanger Institute
Gupta A, Anjomani-Virmouni S, Koundouros N, Poulogiannis G. PARK2 loss promotes cancer progression via redox-

mediated inactivation of PTEN. Mol Cell Oncol. 2017 May 19;4(6):e1329692. doi: 10.1080/23723556.2017.1329692.
eCollection 2017. PubMed PMID: 29209642; PubMed Central PMCID: PMC5706935.

CHEK2-Y159H Wellcome Trust Sanger Institute
NCBI ClinVar
Wellcome Trust Sanger Institute
Sana Ozair, Cassandra Gurganus, Veena Krishnan, Gideon T Dosunmu, Delmer Alfredo Montoya Motino, Leander
Grimm, Thuy Phung, Jessa Blount, Cindy Nelson, and Moh'd M. Khushman. The clinical and molecular
characteristics of patients with personal or family history of gastrointestinal malignancies/polyposis and checkpoint

kinase 2 (CHEK2) mutations. doi: 10.1200/JC0.2021.39.3_suppl.44 Journal of Clinical Oncology 39, no. 3_suppl
(January 20, 2021) 44-44.

Leedom TP, LaDuca H, McFarland R, Li S, Dolinsky JS, Chao EC. Breast cancer risk is similar for CHEK2 founder and
non-founder mutation carriers. Cancer Genet. 2016 Sep;209(9):403-407. doi: 10.1016/j.cancergen.2016.08.005.
Epub 2016 Aug 15. PubMed PMID: 27751358.

KMT2D-T2949A Wellcome Sanger Institute
NCBI ClinVar
Wellcome Sanger Institute
NCBI ClinVar Database

Wellcome Trust Sanger Institute
INPP4B-V594A Wellcome Sanger Institute

Wellcome Trust Sanger Institute
Wellcome Trust Sanger Institute

Chen Y, Sun Z, Qi M, Wang X, Zhang W, Chen C, Liu J, Zhao W. INPP4B restrains cell proliferation and metastasis
via regulation of the PI3BK/AKT/SGK pathway. J Cell Mol Med. 2018 May;22(5):2935-2943. doi: 10.1111/jcmm.13595.
Epub 2018 Mar 7. PubMed PMID: 29516642; PubMed Central PMCID: PMC5908107.
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Rexer BN, Arteaga CL. Intrinsic and acquired resistance to HER2-targeted therapies in HER2 gene-amplified breast
cancer: mechanisms and clinical implications. Crit Rev Oncog. 2012;17(1):1-16. Review. PubMed PMID: 22471661;
PubMed Central PMCID: PMC3394454.

EPHA3-C928F http://cancer.sanger.ac.uk/cosmic/search?q=EPHA3+T519M
Wellcome Trust Sanger Institute
Wellcome Trust Sanger Institute
Wellcome Sanger Institute

Wellcome Trust Sanger Institute
WNK2-v21071 Wellcome Trust Sanger Institute

NCBI ClinVar
Wellcome Sanger Institute
Wellcome Trust Sanger Institute

NCBI ClinVar
RECQL5-5958R https://cancer.sanger.ac.uk/cosmic/mutation/overview?id=26872936

Wellcome Trust Sanger Institute
NCBI ClinVar
NCBI ClinVar

NCBI ClinVar
CSMD3-E13D https://cancer.sanger.ac.uk/cosmic/search?qg=CSMD3+G1370C

Wellcome Trust Sanger Institute
Wellcome Sanger Institute
Wellcome Trust Sanger Institute

Wellcome Trust Sanger Institute
PIK3CG-N5225 Wellcome Trust Sanger Institute

Wellcome Trust Sanger Institute
Wellcome Trust Sanger Institute
NCBI ClinVar

Wellcome Trust Sanger Institute
SLIT2-5849T Wellcome Sanger Institute

https://cancer.sanger.ac.uk/cosmic/mutation/overview?id=69285153
Wellcome Sanger Institute

Hwang DY, Kohl S, Fan X, Vivante A, Chan S, Dworschak GC, Schulz J, van Eerde AM, Hilger AC, Gee HY,

Pennimpede T, Herrmann BG, van de Hoek G, Renkema KY, Schell C, Huber TB, Reutter HM, Soliman NA, Stajic N,
Bogdanovic R, Kehinde EO, Lifton RP, Tasic V, Lu W, Hildebrandt F. Mutations of the SLIT2-ROBO2 pathway genes
SLIT2 and SRGAP1 confer risk for congenital anomalies of the kidney and urinary tract. Hum Genet. 2015 Aug;134
(8):905-16. doi: 10.1007/s00439-015-1570-5. Epub 2015 May 31. PubMed PMID: 26026792; PubMed Central PMCID:
PMC4497857.

NCBI ClinVar

GATAB-G540fs*5 Wellcome Sanger Institute
Wellcome Sanger Institute

NCBI ClinVar
THSD7B-R353H Wellcome Sanger Institute
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Wellcome Sanger Institute
Wellcome Sanger Institute
Wellcome Sanger Institute

Wellcome Sanger Institute
BCL6-E164D Wellcome Trust Sanger Institute

Wellcome Sanger Institute
Wellcome Trust Sanger Institute
Wellcome Sanger Institute

Wellcome Trust Sanger Institute
SECI6A-R1214C Wellcome Sanger Institute

Wellcome Trust Sanger Institute
Wellcome Trust Sanger Institute
Wellcome Trust Sanger Institute

LOVD database
TET2-M1701 https://web.expasy.org/variant_pages/VAR_058189.html

http://www.ncbi.nlm.nih.gov/pubmed/27795557

Abdel-Wahab O, Mullally A, Hedvat C, Garcia-Manero G, Patel J, Wadleigh M, Malinge S, Yao J, Kilpivaara O, Bhat R,
Huberman K, Thomas S, Dolgalev |, Heguy A, Paietta E, Le Beau MM, Beran M, Tallman MS, Ebert BL, Kantarjian

HM, Stone RM, Gilliland DG, Crispino JD, Levine RL. Genetic characterization of TET1, TET2, and TET3 alterations in
myeloid malignancies. Blood. 2009 Jul 2;114(1):144-7. doi: 10.1182/blood-2009-03-210039. Epub 2009 May 6.

PubMed PMID: 19420352; PubMed Central PMCID: PMC2710942.

NCBI ClinVar

SNPeffect database

PIK3CA vad tipus DeGraffenried LA, Fulcher L, Friedrichs WE, Griinwald V, Ray RB, Hidalgo M. Reduced PTEN expression in breast
cancer cells confers susceptibility to inhibitors of the PI3 kinase/Akt pathway. Ann Oncol. 2004 Oct;15(10):1510-6.
PubMed PMID: 15367412.

Costa HA, Leitner MG, Sos ML, Mavrantoni A, Rychkova A, Johnson JR, Newton BW, Yee MC, De La Vega FM, Ford
JM, Krogan NJ, Shokat KM, Oliver D, Halaszovich CR, Bustamante CD. Discovery and functional characterization of
a neomorphic PTEN mutation. Proc Natl Acad Sci U S A. 2015 Nov 10;112(45):13976-81. doi: 10.1073/pnas.
1422504112. Epub 2015 Oct 26. PubMed PMID: 26504226; PubMed Central PMCID: PMC4653168.

Gupta A, Anjomani-Virmouni S, Koundouros N, Dimitriadi M, Choo-Wing R, Valle A, Zheng Y, Chiu YH, Agnihotri S,
Zadeh G, Asara JM, Anastasiou D, Arends MJ, Cantley LC, Poulogiannis G. PARK2 Depletion Connects Energy and
Oxidative Stress to PI3K/Akt Activation via PTEN S-Nitrosylation. Mol Cell. 2017 Mar 16;65(6):999-1013.e7. doi:
10.1016/j.molcel.2017.02.019. PubMed PMID: 28306514; PubMed Central PMCID: PMC5426642.

Ross RL, McPherson HR, Kettlewell L, Shnyder SD, Hurst CD, Alder O, Knowles MA. PIK3CA dependence and
sensitivity to therapeutic targeting in urothelial carcinoma. BMC Cancer. 2016 Jul 28;16:553. doi: 10.1186/512885-
016-2570-0. PubMed PMID: 27465249; PubMed Central PMCID: PMC4964013.

Lopez S, Schwab CL, Cocco E, Bellone S, Bonazzoli E, English DP, Schwartz PE, Rutherford T, Angioli R, Santin AD.
Taselisib, a selective inhibitor of PIK3CA, is highly effective on PIK3CA-mutated and HER2/neu amplified uterine
serous carcinoma in vitro and in vivo. Gynecol Oncol. 2014 Nov;135(2):312-7. doi: 10.1016/j.ygyno.2014.08.024. Epub
2014 Aug 27. PubMed PMID: 25172762; PubMed Central PMCID: PMC4270135.

CDK4 vad tipus Jonathan Wade Goldman, Leena Gandhi, Amita Patnaik, Lee S. Rosen, John Frederick Hilton, Kyriakos P.
Papadopoulos... Sara M. Tolaney, Muralidhar Beeram, Drew Warren Rasco, Scott P. Myrand, Richard P Beckmann,
Palaniappan Kulanthaivel, Martin Frenzel, Damien Cronier, Edward M. Chan, Keith Flaherty, Patrick Y. Wen, Anthony
W. Tolcher, Geoffrey Shapiro, Clinical activity of LY2835219, a novel cell cycle inhibitor selective for CDK4 and
CDKS®, in patients with non-small cell lung cancer.
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Puyol M, Martin A, Dubus P, Mulero F, Pizcueta P, Khan G, Guerra C, Santamaria D, Barbacid M. A synthetic lethal
interaction between K-Ras oncogenes and Cdk4 unveils a therapeutic strategy for non-small cell lung carcinoma.
Cancer Cell. 2010 Jul 13;18(1):63-73. doi: 10.1016/j.ccr.2010.05.025. PubMed PMID: 20609353.

XPO1 vad tipus Kim J, McMillan E, Kim HS, Venkateswaran N, Makkar G, Rodriguez-Canales J, Villalobos P, Neggers JE, Mendiratta
S, Wei S, Landesman Y, Senapedis W, Baloglu E, Chow CB, Frink RE, Gao B, Roth M, Minna JD, Daelemans D,
Wistuba Il, Posner BA, Scaglioni PP, White MA. XPO1-dependent nuclear export is a druggable vulnerability in
KRAS-mutant lung cancer. Nature. 2016 Oct 6;538(7623):114-117. doi: 10.1038/nature19771. Epub 2016 Sep 28.
PubMed PMID: 27680702; PubMed Central PMCID: PMC5161658.

RAF1 vad tipus Karreth FA, Frese KK, DeNicola GM, Baccarini M, Tuveson DA. C-Raf is required for the initiation of lung cancer by
K-Ras(G12D). Cancer Discov. 2011 Jul;1(2):128-36. doi: 10.1158/2159-8290.CD-10-0044. Epub 2011 May 11. PubMed
PMID: 22043453; PubMed Central PMCID: PMC3203527.

Blasco RB, Francoz S, Santamaria D, Cafiamero M, Dubus P, Charron J, Baccarini M, Barbacid M. c-Raf, but not B-
Raf, is essential for development of K-Ras oncogene-driven non-small cell lung carcinoma. Cancer Cell. 2011 May 17,
19(5):652-63. doi: 10.1016/j.ccr.2011.04.002. Epub 2011 Apr 21. PubMed PMID: 21514245; PubMed Central PMCID:
PMC4854330.

SOS1 vad tipus Hillig RC, Sautier B, Schroeder J, Moosmayer D, Hilpmann A, Stegmann CM, Werbeck ND, Briem H, Boemer U,
Weiske J, Badock V, Mastouri J, Petersen K, Siemeister G, Kahmann JD, Wegener D, Béhnke N, Eis K, Graham K,
Wortmann L, von Nussbaum F, Bader B. Discovery of potent SOS1 inhibitors that block RAS activation via disruption
of the RAS-SOS1 interaction. Proc Natl Acad Sci U S A. 2019 Feb 12;116(7):2551-2560. doi: 10.1073/pnas.1812963116.
Epub 2019 Jan 25. PubMed PMID: 30683722; PubMed Central PMCID: PMC6377443.

You X, Kong G, Ranheim EA, Yang D, Zhou Y, Zhang J. Unique dependence on Sos1 in Kras (G12D) -induced
leukemogenesis. Blood. 2018 Dec 13;132(24):2575-2579. doi: 10.1182/blood-2018-09-874107. Epub 2018 Oct 30.
PubMed PMID: 30377195; PubMed Central PMCID: PMC6293870.

MAPK3 vad tipus Morris EJ, Jha S, Restaino CR, Dayananth P, Zhu H, Cooper A, Carr D, Deng Y, Jin W, Black S, Long B, Liu J,
Dinunzio E, Windsor W, Zhang R, Zhao S, Angagaw MH, Pinheiro EM, Desai J, Xiao L, Shipps G, Hruza A, Wang J,
Kelly J, Paliwal S, Gao X, Babu BS, Zhu L, Daublain P, Zhang L, Lutterbach BA, Pelletier MR, Philippar U, Siliphaivanh
P, Witter D, Kirschmeier P, Bishop WR, Hicklin D, Gillland DG, Jayaraman L, Zawel L, Fawell S, Samatar AA.
Discovery of a novel ERK inhibitor with activity in models of acquired resistance to BRAF and MEK inhibitors. Cancer
Discov. 2013 Jul;3(7):742-50. doi: 10.1158/2159-8290.CD-13-0070. Epub 2013 Apr 24. PubMed PMID: 23614898.

MAPK1 vad tipus Morris EJ, Jha S, Restaino CR, Dayananth P, Zhu H, Cooper A, Carr D, Deng Y, Jin W, Black S, Long B, Liu J,
Dinunzio E, Windsor W, Zhang R, Zhao S, Angagaw MH, Pinheiro EM, Desai J, Xiao L, Shipps G, Hruza A, Wang J,
Kelly J, Paliwal S, Gao X, Babu BS, Zhu L, Daublain P, Zhang L, Lutterbach BA, Pelletier MR, Philippar U, Siliphaivanh
P, Witter D, Kirschmeier P, Bishop WR, Hicklin D, Gillland DG, Jayaraman L, Zawel L, Fawell S, Samatar AA.
Discovery of a novel ERK inhibitor with activity in models of acquired resistance to BRAF and MEK inhibitors. Cancer
Discov. 2013 Jul;3(7):742-50. doi: 10.1158/2159-8290.CD-13-0070. Epub 2013 Apr 24. PubMed PMID: 23614898.

CDC7 vad tipus Iwai K, Nambu T, Dairiki R, Ohori M, Yu J, Burke K, Gotou M, Yamamoto Y, Ebara S, Shibata S, Hibino R, Nishizawa
S, Miyazaki T, Homma M, Oguro Y, Imada T, Cho N, Uchiyama N, Kogame A, Takeuchi T, Kurasawa O, Yamanaka K,
Niu H, Ohashi A. Molecular mechanism and potential target indication of TAK-931, a novel CDC7-selective inhibitor.
Sci Adv. 2019 May 22;5(5):eaav3660. doi: 10.1126/sciadv.aav3660. eCollection 2019 May. PubMed PMID: 31131319;
PubMed Central PMCID: PMC6531005.

PLK1 vad tipus Ahn DH, Erlander M, Ridinger M, Samuélsz E, Barzi A, Bekaii-Saab TS, Lenz HJ, 436P Phase Ib/Il study of the polo-
like kinase 1 (PLK1) inhibitor, onvansertib, in combination with FOLFIRI and bevacizumab for second line treatment
of KRAS-mutated metastatic colorectal cancer. Annals of Oncology. 2020;31(Suppl_4):S409-S461. doi: 10.1016/j.
annonc.2020.08.547

CNKSR1 vad tipus Indarte M, Puentes R, Maruggi M, Ihle NT, Grandjean G, Scott M, Ahmed Z, Meuillet EJ, Zhang S, Lemos R, Du-Cuny
L, Layng FIAL, Correa RG, Bankston LA, Liddington RC, Kirkpatrick L, Powis G. An inhibitor of the pleckstrin
homology domain of CNK1 selectively blocks the growth of mutant KRAS cells and tumors. Cancer Res. 2019 Apr
30. pii: canres.2372.2018. doi: 10.1158/0008-5472.CAN-18-2372. [Epub ahead of print] PubMed PMID: 31040156.

DNMT1 vad tipus Stewart ML, Tamayo P, Wilson AJ, Wang S, Chang YM, Kim JW, Khabele D, Shamji AF, Schreiber SL. KRAS Genomic
Status Predicts the Sensitivity of Ovarian Cancer Cells to Decitabine. Cancer Res. 2015 Jul 15;75(14):2897-906. doi:
10.1158/0008-5472.CAN-14-2860. Epub 2015 May 12. PubMed PMID: 25968887; PubMed Central PMCID:
PMC4506246.

PTPN11 vad tipus Ryan MB, Fece de la Cruz F, Phat S, Myers DT, Wong E, Shahzade HA, Hong CB, Corcoran RB. Vertical Pathway
Inhibition Overcomes Adaptive Feedback Resistance to KRASG12C Inhibition. Clin Cancer Res. 2020 Apr 01,26(7):
1633-1643. doi: 10.1158/1078-0432.CCR-19-3523. Epub 2019 Oct 27. PubMed PMID: 31776128; PubMed Central
PMCID: PMC7124991.

Hsp90 vad tipus Acquaviva J, Smith DL, Sang J, Friedland JC, He S, Sequeira M, Zhang C, Wada Y, Proia DA. Targeting KRAS-mutant
non-small cell lung cancer with the Hsp90 inhibitor ganetespib. Mol Cancer Ther. 2012 Dec;11(12):2633-43. doi:
10.1158/1535-7163.MCT-12-0615. PubMed PMID: 23012248.

Felip E, Barlesi F, Besse B, Chu Q, Gandhi L, Kim SW, Carcereny E, Sequist LV, Brunsvig P, Chouaid C, Smit EF,
Groen HJM, Kim DW, Park K, Avsar E, Szpakowski S, Akimov M, Garon EB. Phase 2 Study of the HSP-90 Inhibitor
AUY922 in Previously Treated and Molecularly Defined Patients with Advanced Non-Small Cell Lung Cancer. J
Thorac Oncol. 2018 04;13(4):576-584. doi: 10.1016/j.jtho.2017.11.131. Epub 2017 Aug 13. PubMed PMID: 29247830.

Azoitei N, Hoffmann CM, Ellegast JM, Ball CR, Obermayer K, Goékele U, Koch B, Faber K, Genze F, Schrader M,
Kestler HA, Dohner H, Chiosis G, Glimm H, Frohling S, Scholl C. Targeting of KRAS mutant tumors by HSP90
inhibitors involves degradation of STK33. J Exp Med. 2012 Apr 9;209(4):697-711. doi: 10.1084/jem.20111910. Epub
2012 Mar 26. PubMed PMID: 22451720; PubMed Central PMCID: PMC3328372.

FAK vad tipus
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Baoyuan Zhang, Yan Zhang, Jiangwei Zhang, Ping Liu, Bo Jiao, Zaigi Wang and Ruibao Ren. Abstract LB-021: Focal
adhesive kinase inhibitor IN10018 sensitizes KRAS mutant cancer and overcomes drug resistance of KRAS G12C
inhibition. Cancer Res August 15 2020 (80) (16 Supplement) LB-021; DOI: 10.1158/1538-7445.AM2020-LB-021

CDK1 vad tipus Costa-Cabral S, Brough R, Konde A, Aarts M, Campbell J, Marinari E, Riffell J, Bardelli A, Torrance C, Lord CJ,
Ashworth A. CDK1 Is a Synthetic Lethal Target for KRAS Mutant Tumours. PLoS One. 2016 Feb 16;11(2):e0149099.
doi: 10.1371/journal.pone.0149099. eCollection 2016. Erratum in: PLoS One. 2016;11(4):e0154007. PLoS One. 2017
Apr 20;12 (4):e0176578. PubMed PMID: 26881434; PubMed Central PMCID: PMC4755568.

MAP2K1 vad tipus Pejovic, Tanja, et al. Case Report Significant response to trametinib in a woman with recurrent KRAS-mutated low-
grade serous carcinoma of the ovary-a case report. Am J Clin Exp Obstet Gynecol, 2015, 2.3: 140-143.

Seol YM, Kwon CH, Lee SJ, Lee SJ, Choi Y, Choi YJ, Kim H, Park DY. A Pilot Prospective Study of Refractory Solid
Tumor Patients for NGS-Based Targeted Anticancer Therapy. Transl Oncol. 2019 Feb;12(2):301-307. doi: 10.1016/j.
tranon.2018.10.011. Epub 2018 Nov 16. PubMed PMID: 30448735; PubMed Central PMCID: PMC6240710.

Yoon YK, Kim HP, Han SW, Oh DY, Im SA, Bang YJ, Kim TY. KRAS mutant lung cancer cells are differentially
responsive to MEK inhibitor due to AKT or STAT3 activation: implication for combinatorial approach. Mol Carcinog.
2010 Apr;49(4):353-62. doi: 10.1002/mc.20607. PubMed PMID: 20358631.

Eser S, Schnieke A, Schneider G, Saur D. Oncogenic KRAS signalling in pancreatic cancer. Br J Cancer. 2014 Aug
26;111(5):817-22. doi: 10.1038/bjc.2014.215. Review. PubMed PMID: 24755884; PubMed Central PMCID:
PMC4150259.

Wee S, Jagani Z, Xiang KX, Loo A, Dorsch M, Yao YM, Sellers WR, Lengauer C, Stegmeier F. PI3K pathway
activation mediates resistance to MEK inhibitors in KRAS mutant cancers. Cancer Res. 2009 May 15;69(10):4286-93.
doi: 10.1158/0008-5472.CAN-08-4765. Epub 2009 Apr 28. PubMed PMID: 19401449.

MTOR vad tipus Patel M, Gomez NC, McFadden AW, Moats-Staats BM, Wu S, Rojas A, Sapp T, Simon JM, Smith SV, Kaiser-Rogers K,
Davis IJ. PTEN deficiency mediates a reciprocal response to IGFI and mTOR inhibition. Mol Cancer Res. 2014 Nov;
12(11):1610-20. doi: 10.1158/1541-7786.MCR-14-0006. Epub 2014 Jul 3. PubMed PMID: 24994750; PubMed Central
PMCID: PMC4233155.

Seront E, Pinto A, Bouzin C, Bertrand L, Machiels JP, Feron O. PTEN deficiency is associated with reduced
sensitivity to mTOR inhibitor in human bladder cancer through the unhampered feedback loop driving PI3K/Akt
activation. Br J Cancer. 2013 Sep 17;109(6):1586-92. doi: 10.1038/bjc.2013.505. Epub 2013 Aug 29. PubMed PMID:
23989949; PubMed Central PMCID: PMC3777009.

Mirantes C, Eritja N, Dosil MA, Santacana M, Pallares J, Gatius S, Bergada L, Maiques O, Matias-Guiu X, Dolcet X. An
inducible knockout mouse to model the cell-autonomous role of PTEN in initiating endometrial, prostate and thyroid
neoplasias. Dis Model Mech. 2013 May;6(3):710-20. doi: 10.1242/dmm.011445. Epub 2013 Feb 8. PubMed PMID:
23471917; PubMed Central PMCID: PMC3634654.

Pan S, Li S, Xiao M, Chen D, Li J. Significant benefit of everolimus in a patient with urothelial bladder cancer
harboring a rare M1043I mutation of PIK3CA. Invest New Drugs. 2021 Mar 20;:. doi: 10.1007/s10637-021-01103-8.
Epub 2021 Mar 20. PubMed PMID: 33745098.

DeGraffenried LA, Fulcher L, Friedrichs WE, Griinwald V, Ray RB, Hidalgo M. Reduced PTEN expression in breast
cancer cells confers susceptibility to inhibitors of the PI3 kinase/Akt pathway. Ann Oncol. 2004 Oct;15(10):1510-6.
PubMed PMID: 15367412.

AKT1 vad tipus Li J, Davies BR, Han S, Zhou M, Bai Y, Zhang J, Xu Y, Tang L, Wang H, Liu YJ, Yin X, Ji Q, Yu DH. The AKT inhibitor
AZD5363 is selectively active in PI3KCA mutant gastric cancer, and sensitizes a patient-derived gastric cancer
xenograft model with PTEN loss to Taxotere. J Transl Med. 2013 Oct 2;11:241. doi: 10.1186/1479-5876-11-241. PubMed
PMID: 24088382; PubMed Central PMCID: PMC3850695.

Conley-LaComb MK, Saliganan A, Kandagatla P, Chen YQ, Cher ML, Chinni SR. PTEN loss mediated Akt activation
promotes prostate tumor growth and metastasis via CXCL12/CXCR4 signaling. Mol Cancer. 2013 Jul 31;12(1):85. doi:
10.1186/1476-4598-12-85. PubMed PMID: 23902739; PubMed Central PMCID: PMC3751767.

Beaver JA, Gustin JP, Yi KH, Rajpurohit A, Thomas M, Gilbert SF, Rosen DM, Ho Park B, Lauring J. PIK3CA and AKT1
mutations have distinct effects on sensitivity to targeted pathway inhibitors in an isogenic luminal breast cancer
model system. Clin Cancer Res. 2013 Oct 1;19(19):5413-22. doi: 10.1158/1078-0432.CCR-13-0884. Epub 2013 Jul 25.
PubMed PMID: 23888070; PubMed Central PMCID: PMC3805128.

Cheaib B, Auguste A, Leary A. The PI3K/Akt/mTOR pathway in ovarian cancer: therapeutic opportunities and
challenges. Chin J Cancer. 2015 Jan;34(1):4-16. doi: 10.5732/cjc.014.10289. Review. PubMed PMID: 25556614;
PubMed Central PMCID: PMC4302085.

Janku F, Tsimberidou AM, Garrido-Laguna |, Wang X, Luthra R, Hong DS, Naing A, Falchook GS, Moroney JW, Piha-
Paul SA, Wheler JJ, Moulder SL, Fu S, Kurzrock R. PIK3CA mutations in patients with advanced cancers treated with
PI3K/AKT/mTOR axis inhibitors. Mol Cancer Ther. 2011 Mar;10(3):558-65. doi: 10.1158/1535-7163.MCT-10-0994. Epub
2011 Jan 7. PubMed PMID: 21216929; PubMed Central PMCID: PMC3072168.

AKT2 vad tipus Li J, Davies BR, Han S, Zhou M, Bai Y, Zhang J, Xu Y, Tang L, Wang H, Liu YJ, Yin X, Ji Q, Yu DH. The AKT inhibitor
AZD5363 is selectively active in PI3KCA mutant gastric cancer, and sensitizes a patient-derived gastric cancer
xenograft model with PTEN loss to Taxotere. J Transl Med. 2013 Oct 2;11:241. doi: 10.1186/1479-5876-11-241. PubMed
PMID: 24088382; PubMed Central PMCID: PMC3850695.
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Oncol. 2018 Dec 14;11(1):139. doi: 10.1186/s13045-018-0674-5. PubMed PMID: 30547809; PubMed Central PMCID:
PMC6293652.

AKT3 vad tipus Li J, Davies BR, Han S, Zhou M, Bai Y, Zhang J, Xu Y, Tang L, Wang H, Liu YJ, Yin X, Ji Q, Yu DH. The AKT inhibitor
AZD5363 is selectively active in PI3KCA mutant gastric cancer, and sensitizes a patient-derived gastric cancer
xenograft model with PTEN loss to Taxotere. J Transl Med. 2013 Oct 2;11:241. doi: 10.1186/1479-5876-11-241. PubMed
PMID: 24088382; PubMed Central PMCID: PMC3850695.
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cells with GSK2636771. Mol Cancer Ther. 2013 May 1;12(5 Supplement):IA17-IA17.

Xu PF, Yang JA, Liu JH, Yang X, Liao JM, Yuan FE, Liu BH, Chen QX. PI3K inhibitor AZD6482 exerts antiproliferative
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2018.6845. Epub 2018 Nov 02. PubMed PMID: 30542720; PubMed Central PMCID: PMC6278584.

Costa HA, Leitner MG, Sos ML, Mavrantoni A, Rychkova A, Johnson JR, Newton BW, Yee MC, De La Vega FM, Ford
JM, Krogan NJ, Shokat KM, Oliver D, Halaszovich CR, Bustamante CD. Discovery and functional characterization of
a neomorphic PTEN mutation. Proc Natl Acad Sci U S A. 2015 Nov 10;112(45):13976-81. doi: 10.1073/pnas.
1422504112. Epub 2015 Oct 26. PubMed PMID: 26504226; PubMed Central PMCID: PMC4653168.

ATM vad tipus McCabe N, Hanna C, Walker SM, Gonda D, Li J, Wikstrom K, Savage KI, Butterworth KT, Chen C, Harkin DP, Prise
KM, Kennedy RD. Mechanistic Rationale to Target PTEN-Deficient Tumor Cells with Inhibitors of the DNA Damage
Response Kinase ATM. Cancer Res. 2015 Jun 1,75(11):2159-65. doi: 10.1158/0008-5472.CAN-14-3502. Epub 2015
Apr 13. PubMed PMID: 25870146.

PRKACA vad tipus http://www.fasebj.org/content/31/1_Supplement/Ib527.short

COX2 vad tipus Cherukuri DP, Ishikawa TO, Chun P, Catapang A, Elashoff D, Grogan TR, Bugni J, Herschman HR. Targeted Cox2
gene deletion in intestinal epithelial cells decreases tumorigenesis in female, but not male, ApcMin/+ mice. Mol
Oncol. 2014 Mar;8(2):169-77. doi: 10.1016/j.molonc.2013.10.009. Epub 2013 Nov 8. PubMed PMID: 24268915;
PubMed Central PMCID: PMC3963510.

Oshima M, Dinchuk JE, Kargman SL, Oshima H, Hancock B, Kwong E, Trzaskos JM, Evans JF, Taketo MM.
Suppression of intestinal polyposis in Apc delta716 knockout mice by inhibition of cyclooxygenase 2 (COX-2). Cell.
1996 Nov 29;87(5):803-9. PubMed PMID: 8945508.

SOD1 vad tipus Sajesh BV, McManus KJ. Targeting SOD1 induces synthetic lethal killing in BLM- and CHEK2-deficient colorectal
cancer cells. Oncotarget. 2015 Sep 29;6(29):27907-22. doi: 10.18632/oncotarget.4875. PubMed PMID: 26318585;
PubMed Central PMCID: PMC4695034.
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APC Tumor suppressor. Promotes rapid degradation of CTNNB1 and participates in Wnt signaling as a negative
regulator. APC activity is correlated with its phosphorylation state. Activates the GEF activity of SPATA13 and
ARHGEF4. Plays a role in hepatocyte growth factor (HGF)-induced cell migration. Required for MMP9 up-regulation
via the JNK signaling pathway in colorectal tumor cells. Acts as a mediator of ERBB2-dependent stabilization of

microtubules at the cell cortex. It is required for the localization of MACF1 to the cell membrane and this localization
of MACF1 is critical for its function in microtubule stabilization.

BCL6 Transcriptional repressor mainly required for germinal center (GC) formation and antibody affinity maturation which
has different mechanisms of action specific to the lineage and biological functions. Forms complexes with different
corepressors and histone deacetylases to repress the transcriptional expression of different subsets of target
genes. Represses its target genes by binding directly to the DNA sequence 5-TTCCTAGAA-3 (BCL6-binding site) or
indirectly by repressing the transcriptional activity of transcription factors. In GC B-cells, represses genes that
function in differentiation, inflammation, apoptosis and cell cycle control, also autoregulates its transcriptional
expression and up-regulates, indirectly, the expression of some genes important for GC reactions, such as AICDA,
through the repression of microRNAs expression, like miR155. An important function is to allow GC B-cells to
proliferate very rapidly in response to T-cell dependent antigens and tolerate the physiological DNA breaks
required for immunglobulin class switch recombination and somatic hypermutation without inducing a p53/TP53-
dependent apoptotic response. In follicular helper CD4(+) T-cells (T(FH) cells), promotes the expression of T(FH)-
related genes but inhibits the differentiation of T(H)1, T(H)2 and T(H)17 cells. Also required for the establishment and
maintenance of immunological memory for both T- and B-cells. Suppresses macrophage proliferation through
competition with STAT5 for STAT-binding motifs binding on certain target genes, such as CCL2 and CCND2. In
response to genotoxic stress, controls cell cycle arrest in GC B-cells in both p53/TP53-dependedent and -
independent manners. Besides, also controls neurogenesis through the alteration of the composition of NOTCH-
dependent transcriptional complexes at selective NOTCH targets, such as HESS, including the recruitment of the
deacetylase SIRT1 and resulting in an epigenetic silencing leading to neuronal differentiation.

CHEK2 Serine/threonine-protein kinase which is required for checkpoint-mediated cell cycle arrest, activation of DNA
repair and apoptosis in response to the presence of DNA double-strand breaks. May also negatively regulate cell
cycle progression during unperturbed cell cycles. Following activation, phosphorylates numerous effectors
preferentially at the consensus sequence [L-X-R-X-X-S/T]. Requlates cell cycle checkpoint arrest through
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phosphorylation of CDC25A, CDC25B and CDC25C, inhibiting their activity. Inhibition of CDC25 phosphatase
activity leads to increased inhibitory tyrosine phosphorylation of CDK-cyclin complexes and blocks cell cycle
progression. May also phosphorylate NEK6 which is involved in G2/M cell cycle arrest. Regulates DNA repair
through phosphorylation of BRCA2, enhancing the association of RAD51 with chromatin which promotes DNA
repair by homologous recombination. Also stimulates the transcription of genes involved in DNA repair (including
BRCA?2) through the phosphorylation and activation of the transcription factor FOXM1. Regulates apoptosis through
the phosphorylation of p53/TP53, MDM4 and PML. Phosphorylation of p53/TP53 at Ser-20 by CHEK2 may alleviate
inhibition by MDM2, leading to accumulation of active p53/TP53. Phosphorylation of MDM4 may also reduce
degradation of p53/TP53. Also controls the transcription of pro-apoptotic genes through phosphorylation of the
transcription factor E2F1. Tumor suppressor, it may also have a DNA damage-independent function in mitotic
spindle assembly by phosphorylating BRCA1. Its absence may be a cause of the chromosomal instability observed
in some cancer cells.

CSMD3 Involved in dendrite development.

EPHA3 Receptor tyrosine kinase which binds promiscuously membrane-bound ephrin family ligands residing on adjacent
cells, leading to contact-dependent bidirectional signaling into neighboring cells. The signaling pathway
downstream of the receptor is referred to as forward signaling while the signaling pathway downstream of the
ephrin ligand is referred to as reverse signaling. Highly promiscuous for ephrin-A ligands it binds preferentially
EFNAS. Upon activation by EFNAS regulates cell-cell adhesion, cytoskeletal organization and cell migration. Plays a
role in cardiac cells migration and differentiation and regulates the formation of the atrioventricular canal and
septum during development probably through activation by EFNA1. Involved in the retinotectal mapping of neurons.
May also control the segregation but not the guidance of motor and sensory axons during neuromuscular circuit
development.

GNAS May inhibit the adenylyl cyclase-stimulating activity of guanine nucleotide-binding protein G(s) subunit alpha which
is produced from the same locus in a different open reading frame. Guanine nucleotide-binding proteins (G
proteins) are involved as modulators or transducers in various transmembrane signaling systems. The G(s) protein
is involved in hormonal regulation of adenylate cyclase: it activates the cyclase in response to beta-adrenergic
stimuli. XLas isoforms interact with the same set of receptors as Gnas isoforms (By similarity). Guanine nucleotide-
binding proteins (G proteins) are involved as modulators or transducers in various transmembrane signaling
systems. The G(s) protein is involved in hormonal regulation of adenylate cyclase: it activates the cyclase in
response to beta-adrenergic stimuli. Stimulates the Ras signaling pathway via RAPGEF2.

INPP4B Catalyzes the hydrolysis of the 4-position phosphate of phosphatidylinositol 3,4-bisphosphate, inositol 1,3,4-
trisphosphate and inositol 1,4-bisphosphate

KRAS Ras proteins bind GDP/GTP and possess intrinsic GTPase activity. Plays an important role in the regulation of cell
proliferation (PubMed:23698361, PubMed:22711838). Plays a role in promoting oncogenic events by inducing
transcriptional silencing of tumor suppressor genes (TSGs) in colorectal cancer (CRC) cells in a ZNF304-dependent
manner (PubMed:24623306). Enzyme regulation : Alternates between an inactive form bound to GDP and an active
form bound to GTP. Activated by a guanine nucleotide-exchange factor (GEF) and inactivated by a GTPase-
activating protein (GAP). Interaction with SOS1 promotes exchange of bound GDP by GTP.

MIER3 Transcriptional repressor.

MYO18A May link Golgi membranes to the cytoskeleton and participate in the tensile force required for vesicle budding from
the Golgi. Thereby, may play a role in Golgi membrane trafficking and could indirectly give its flattened shape to the
Golgi apparatus. Alternatively, in concert with LURAP1 and CDC42BPA/CDC42BPB, has been involved in
modulating lamellar actomyosin retrograde flow that is crucial to cell protrusion and migration. May be involved in
the maintenance of the stromal cell architectures required for cell to cell contact.

OTOP1 Required for normal formation of otoconia in the inner ear. Inhibits P2Y purinoceptors. Modulates calcium
homeostasis and influx of calcium in response to extracellular ATP (By similarity).

PIK3CA Phosphoinositide-3-kinase (PI3K) that phosphorylates Ptdins (Phosphatidylinositol), Ptdins4P (Phosphatidylinositol
4-phosphate) and PtdIns(4,5)P2 (Phosphatidylinositol 4,5-bisphosphate) to generate phosphatidylinositol 3,4,5-
trisphosphate (PIP3). PIP3 plays a key role by recruiting PH domain-containing proteins to the membrane, including
AKT1 and PDPKI1, activating signaling cascades involved in cell growth, survival, proliferation, motility and
morphology. Participates in cellular signaling in response to various growth factors. Involved in the activation of
AKT1 upon stimulation by receptor tyrosine kinases ligands such as EGF, insulin, IGF1, VEGFA and PDGF. Involved
in signaling via insulin-receptor substrate (IRS) proteins. Essential in endothelial cell migration during vascular
development through VEGFA signaling, possibly by regulating RhoA activity. Required for lymphatic vasculature
development, possibly by binding to RAS and by activation by EGF and FGF2, but not by PDGF. Regulates
invadopodia formation in breast cancer cells through the PDPK1-AKT1 pathway. Participates in cardiomyogenesis in
embryonic stem cells through a AKT1 pathway. Participates in vasculogenesis in embryonic stem cells through PDK1
and protein kinase C pathway. Has also serine-protein kinase activity: phosphorylates PIK3R1 (p85alpha regulatory
subunit), EIF4EBP1 and HRAS.

PIK3CG Phosphoinositide-3-kinase (PI3K) that phosphorylates Ptdins(4,5)P2 (Phosphatidylinositol 4,5-bisphosphate) to
generate phosphatidylinositol 3,4,5-trisphosphate (PIP3). PIP3 plays a key role by recruiting PH domain-containing
proteins to the membrane, including AKT1 and PDPK1, activating signaling cascades involved in cell growth,
survival, proliferation, motility and morphology. Links G-protein coupled receptor activation to PIP3 production.
Involved in immune, inflammatory and allergic responses. Modulates leukocyte chemotaxis to inflammatory sites
and in response to chemoattractant agents. May control leukocyte polarization and migration by regulating the
spatial accumulation of PIP3 and by regulating the organization of F-actin formation and integrin-based adhesion at
the leading edge. Controls motility of dendritic cells. Together with PIK3CD is involved in natural killer (NK) cell
development and migration towards the sites of inflammation. Participates in T-lymphocyte migration. Regulates T-
lymphocyte proliferation and cytokine production. Together with PIK3CD participates in T-lymphocyte
development. Required for B-lymphocyte development and signaling. Together with PIK3CD participates in
neutrophil respiratory burst. Together with PIK3CD is involved in neutrophil chemotaxis and extravasation.
Together with PIK3CB promotes platelet aggregation and thrombosis. Requlates alpha-lib/beta-3 integrins (ITGA2B/
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ITGB3) adhesive function in platelets downstream of P2Y12 through a lipid kinase activity-independent mechanism.
May have also a lipid kinase activity-dependent function in platelet aggregation. Involved in endothelial progenitor
cell migration. Negative regulator of cardiac contractility. Modulates cardiac contractility by anchoring protein
kinase A (PKA) and PDE3B activation, reducing cAMP levels. Regulates cardiac contractility also by promoting beta-
adrenergic receptor internalization by binding to ADRBK1 and by non-muscle tropomyosin phosphorylation. Also
has serine/threonine protein kinase activity: both lipid and protein kinase activities are required for beta-adrenergic
receptor endocytosis. May also have a scaffolding role in modulating cardiac contractility. Contributes to cardiac
hypertrophy under pathological stress. Through simultaneous binding of PDE3B to RAPGEF3 and PIK3R6 is
assembled in a signaling complex in which the PI3K gamma complex is activated by RAPGEF3 and which is
involved in angiogenesis.

PTEN Tumor suppressor. Acts as a dual-specificity protein phosphatase, dephosphorylating tyrosine-, serine- and
threonine-phosphorylated proteins. Also acts as a lipid phosphatase, removing the phosphate in the D3 position of
the inositol ring from phosphatidylinositol 3,4,5-trisphosphate, phosphatidylinositol 3,4-diphosphate,
phosphatidylinositol 3-phosphate and inositol 1,3,4,5-tetrakisphosphate with order of substrate preference in vitro
PtdIns(3,4,5)P3 > PtdIns(3,4)P2 > PtdIins3P > Ins(1,3,4,5)P4. The lipid phosphatase activity is critical for its tumor
suppressor function. Antagonizes the PI3K-AKT/PKB signaling pathway by dephosphorylating phosphoinositides
and thereby modulating cell cycle progression and cell survival. The unphosphorylated form cooperates with AlP1
to suppress AKT1 activation. Dephosphorylates tyrosine-phosphorylated focal adhesion kinase and inhibits cell
migration and integrin-mediated cell spreading and focal adhesion formation. Plays a role as a key modulator of the
AKT-mTOR signaling pathway controlling the tempo of the process of newborn neurons integration during adult
neurogenesis, including correct neuron positioning, dendritic development and synapse formation. May be a
negative regulator of insulin signaling and glucose metabolism in adipose tissue. The nuclear monoubiquitinated
form possesses greater apoptotic potential, whereas the cytoplasmic nonubiquitinated form induces less tumor
suppressive ability. In motile cells, suppresses the formation of lateral pseudopods and thereby promotes cell
polarization and directed movement Isoform alpha: Functional kinase, like isoform 1 it antagonizes the PI3K-AKT
/PKB signaling pathway. Plays a role in mitochondrial energetic metabolism by promoting COX activity and ATP
production, via collaboration with isoform 1in increasing protein levels of PINK1

RECQL5 Isoform beta is a DNA helicase that plays an important role in DNA replication, transcription and repair. Inhibits
elongation of stalled transcripts at DNA damage sites by binding to the RNA polymerase Il subunit POLR2A and
blocking the TCEA1 binding site. Required for mitotic chromosome separation after cross-over events and cell cycle
progress. Required for efficient DNA repair, including repair of inter-strand cross-links. Stimulates DNA
decatenation mediated by TOP2A. Prevents sister chromatid exchange and homologous recombination.

SEC16A Defines endoplasmic reticulum exit sites (ERES) and is required for secretory cargo traffic from the endoplasmic
reticulum to the Golgi apparatus. SAR1A-GTP-dependent assembly of SEC16A on the ER membrane forms an
organized scaffold defining an ERES. Required for normal transitional endoplasmic reticulum (tER) organization.

SYNE3 As a component of the LINC (LInker of Nucleoskeleton and Cytoskeleton) complex involved in the connection
between the nuclear lamina and the cytoskeleton. The nucleocytoplasmic interactions established by the LINC
complex play an important role in the transmission of mechanical forces across the nuclear envelope and in nuclear
movement and positioning. Probable anchoring protein which tethers the nucleus to the cytoskeleton by binding
PLEC which can associate with the intermediate filament system. Plays a role in the regulation of aortic epithelial
cell morphology, and is required for flow-induced centrosome polarization and directional migration in aortic
endothelial cells.

TET2 Dioxygenase that catalyzes the conversion of the modified genomic base 5-methylcytosine (5mC) into 5-
hydroxymethylcytosine (5hmC) and plays a key role in active DNA demethylation. Has a preference for 5-
hydroxymethylcytosine in CpG motifs. Also mediates subsequent conversion of 5hmC into 5-formylcytosine (5fC),
and conversion of 5fC to 5-carboxylcytosine (5caC). Conversion of 5mC into 5hmC, 5fC and 5caC probably
constitutes the first step in cytosine demethylation. Methylation at the C5 position of cytosine bases is an
epigenetic modification of the mammalian genome which plays an important role in transcriptional regulation. In
addition to its role in DNA demethylation, also involved in the recruitment of the O-GIcNAc transferase OGT to CpG-
rich transcription start sites of active genes, thereby promoting histone H2B GIcNAcylation by OGT.

WNK2 Serine/threonine kinase which plays an important role in the regulation of electrolyte homeostasis, cell signaling,
survival, and proliferation. Acts as an activator and inhibitor of sodium-coupled chloride cotransporters and
potassium-coupled chloride cotransporters respectively. Activates SLC12A2, SCNN1A, SCNN1B, SCNN1D and SGK1
and inhibits SLC12A5. Negatively regulates the EGF-induced activation of the ERK/MAPK-pathway and the
downstream cell cycle progression. Affects MAPK3/MAPK1 activity by modulating the activity of MAP2K1 and this
modulation depends on phosphorylation of MAP2K1 by PAK1. WNK2 acts by interfering with the activity of PAK1 by
controlling the balance of the activity of upstream regulators of PAK1 activity, RHOA and RAC1, which display
reciprocal activity.
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AKT1 AKT1is one of 3 closely related serine/threonine-protein kinases (AKT1, AKT2 and AKT3) called the AKT kinase, and
which regulate many processes including metabolism, proliferation, cell survival, growth and angiogenesis. This is
mediated through serine and/or threonine phosphorylation of a range of downstream substrates. Over 100
substrate candidates have been reported so far, but for most of them, no isoform specificity has been reported.
AKT is responsible of the regulation of glucose uptake by mediating insulin-induced translocation of the SLC2A4
/GLUT4 glucose transporter to the cell surface. Phosphorylation of PTPN1 at Ser-50 negatively modulates its
phosphatase activity preventing dephosphorylation of the insulin receptor and the attenuation of insulin signaling.
Phosphorylation of TBC1D4 triggers the binding of this effector to inhibitory 14-3-3 proteins, which is required for
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insulin-stimulated glucose transport. AKT regulates also the storage of glucose in the form of glycogen by

phosphorylating GSK3A at Ser-21 and GSK3B at Ser-9, resulting in inhibition of its kinase activity. Phosphorylation
of GSK3 isoforms by AKT is also thought to be one mechanism by which cell proliferation is driven. AKT regulates
also cell survival via the phosphorylation of MAP3K5 (apoptosis signal-related kinase). Phosphorylation of Ser-83
decreases MAP3K5 kinase activity stimulated by oxidative stress and thereby prevents apoptosis. AKT mediates
insulin-stimulated protein synthesis by phosphorylating TSC2 at Ser-939 and Thr-1462, thereby activating mTORC1
signaling and leading to both phosphorylation of 4E-BP1 and in activation of RPS6KB1. AKT is involved in the

phosphorylation of members of the FOXO factors (Forkhead family of transcription factors), leading to binding of 14-
3-3 proteins and cytoplasmic localization. In particular, FOXO1 is phosphorylated at Thr-24, Ser-256 and Ser-319.

FOXO3 and FOXO4 are phosphorylated on equivalent sites. AKT has an important role in the regulation of NF-
kappa-B-dependent gene transcription and positively regulates the activity of CREB1 (cyclic AMP (cCAMP)-response
element binding protein). The phosphorylation of CREB1 induces the binding of accessory proteins that are

necessary for the transcription of pro-survival genes such as BCL2 and MCL1. AKT phosphorylates Ser-454 on ATP
citrate lyase (ACLY), thereby potentially regulating ACLY activity and fatty acid synthesis. Activates the 3B isoform
of cyclic nucleotide phosphodiesterase (PDE3B) via phosphorylation of Ser-273, resulting in reduced cyclic AMP
levels and inhibition of lipolysis. Phosphorylates PIKFYVE on Ser-318, which results in increased PI(3)P-5 activity.
The Rho GTPase-activating protein DLC1 is another substrate and its phosphorylation is implicated in the regulation
cell proliferation and cell growth. AKT plays a role as key modulator of the AKT-mTOR signaling pathway controlling
the tempo of the process of newborn neurons integration during adult neurogenesis, including correct neuron

positioning, dendritic development and synapse formation. Signals downstream of phosphatidylinositol 3-kinase (Pl
(3)K) to mediate the effects of various growth factors such as platelet-derived growth factor (PDGF), epidermal

growth factor (EGF), insulin and insulin-like growth factor | (IGF-l). AKT mediates the antiapoptotic effects of IGF-I.

Essential for the SPATA13-mediated regulation of cell migration and adhesion assembly and disassembly. May be
involved in the regulation of the placental development. Phosphorylates STK4/MST1 at Thr-120 and Thr-387 leading
to inhibition of its: kinase activity, nuclear translocation, autophosphorylation and ability to phosphorylate FOXO3.
Phosphorylates STK3/MST2 at Thr-117 and Thr-384 leading to inhibition of its: cleavage, kinase activity,

autophosphorylation at Thr-180, binding to RASSF1 and nuclear translocation. Phosphorylates SRPK2 and enhances
its kinase activity towards SRSF2 and ACIN1 and promotes its nuclear translocation. Phosphorylates RAF1 at Ser-
259 and negatively requlates its activity. Phosphorylat

AKT2 AKT2 is one of 3 closely related serine/threonine-protein kinases (AKT1, AKT2 and AKT3) called the AKT kinase,
and which regulate many processes including metabolism, proliferation, cell survival, growth and angiogenesis.
This is mediated through serine and/or threonine phosphorylation of a range of downstream substrates. Over 100
substrate candidates have been reported so far, but for most of them, no isoform specificity has been reported.
AKT is responsible of the regulation of glucose uptake by mediating insulin-induced translocation of the SLC2A4
/GLUT4 glucose transporter to the cell surface. Phosphorylation of PTPN1 at Ser-50 negatively modulates its
phosphatase activity preventing dephosphorylation of the insulin receptor and the attenuation of insulin signaling.
Phosphorylation of TBC1D4 triggers the binding of this effector to inhibitory 14-3-3 proteins, which is required for
insulin-stimulated glucose transport. AKT regulates also the storage of glucose in the form of glycogen by
phosphorylating GSK3A at Ser-21 and GSK3B at Ser-9, resulting in inhibition of its kinase activity. Phosphorylation
of GSK3 isoforms by AKT is also thought to be one mechanism by which cell proliferation is driven. AKT regulates
also cell survival via the phosphorylation of MAP3K5 (apoptosis signal-related kinase). Phosphorylation of Ser-83
decreases MAP3KS5 kinase activity stimulated by oxidative stress and thereby prevents apoptosis. AKT mediates
insulin-stimulated protein synthesis by phosphorylating TSC2 at Ser-939 and Thr-1462, thereby activating mTORC1
signaling and leading to both phosphorylation of 4E-BP1 and in activation of RPS6KB1. AKT is involved in the
phosphorylation of members of the FOXO factors (Forkhead family of transcription factors), leading to binding of 14-
3-3 proteins and cytoplasmic localization. In particular, FOXO1 is phosphorylated at Thr-24, Ser-256 and Ser-319.
FOXO3 and FOXO4 are phosphorylated on equivalent sites. AKT has an important role in the regulation of NF-
kappa-B-dependent gene transcription and positively regulates the activity of CREB1 (cyclic AMP (cCAMP)-response
element binding protein). The phosphorylation of CREB1 induces the binding of accessory proteins that are
necessary for the transcription of pro-survival genes such as BCL2 and MCL1. AKT phosphorylates Ser-454 on ATP
citrate lyase (ACLY), thereby potentially regulating ACLY activity and fatty acid synthesis. Activates the 3B isoform
of cyclic nucleotide phosphodiesterase (PDE3B) via phosphorylation of Ser-273, resulting in reduced cyclic AMP
levels and inhibition of lipolysis. Phosphorylates PIKFYVE on Ser-318, which results in increased PI(3)P-5 activity.
The Rho GTPase-activating protein DLC1 is another substrate and its phosphorylation is implicated in the regulation
cell proliferation and cell growth. AKT plays a role as key modulator of the AKT-mTOR signaling pathway controlling
the tempo of the process of newborn neurons integration during adult neurogenesis, including correct neuron
positioning, dendritic development and synapse formation. Signals downstream of phosphatidylinositol 3-kinase (Pl
(3)K) to mediate the effects of various growth factors such as platelet-derived growth factor (PDGF), epidermal
growth factor (EGF), insulin and insulin-like growth factor | (IGF-I). AKT mediates the antiapoptotic effects of IGF-I.
Essential for the SPATA13-mediated regulation of cell migration and adhesion assembly and disassembly. May be
involved in the regulation of the placental development One of the few specific substrates of AKT2 identified
recently is PITX2. Phosphorylation of PITX2 impairs its association with the CCND1 mRNA-stabilizing complex thus
shortening the half-life of CCND1. AKT2 seems also to be the principal isoform responsible of the regulation of
glucose uptake. Phosphorylates C2CD5 on Ser-197 during insulin-stimulated adipocytes. AKT2 is also specifically
involved in skeletal muscle differentiation, one of its substrates in this process being ANKRD2. Down-regulation by
RNA interference reduces the expression of the pho

AKT3 AKT3 is one of 3 closely related serine/threonine-protein kinases (AKT1, AKT2 and AKT3) called the AKT kinase,
and which regulate many processes including metabolism, proliferation, cell survival, growth and angiogenesis.
This is mediated through serine and/or threonine phosphorylation of a range of downstream substrates. Over 100
substrate candidates have been reported so far, but for most of them, no isoform specificity has been reported.
AKT3 is the least studied AKT isoform. It plays an important role in brain development and is crucial for the viability
of malignant glioma cells. AKT3 isoform may also be the key molecule in up-regulation and down-regulation of
MMP13 via IL13. Required for the coordination of mitochondrial biogenesis with growth factor-induced increases in
cellular energy demands. Down-regulation by RNA interference reduces the expression of the phosphorylated form
of BAD, resulting in the induction of caspase-dependent apoptosis.

ATM
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Serine/threonine protein kinase which activates checkpoint signaling upon double strand breaks (DSBs), apoptosis
and genotoxic stresses such as ionizing ultraviolet A light (UVA), thereby acting as a DNA damage sensor.
Recognizes the substrate consensus sequence [ST]-Q. Phosphorylates Ser-139 of histone variant H2AX/H2AFX at
double strand breaks (DSBs), thereby regulating DNA damage response mechanism. Also plays a role in pre-B cell
allelic exclusion, a process leading to expression of a single immunoglobulin heavy chain allele to enforce clonality
and monospecific recognition by the B-cell antigen receptor (BCR) expressed on individual B-lymphocytes. After
the introduction of DNA breaks by the RAG complex on one immunoglobulin allele, acts by mediating a
repositioning of the second allele to pericentromeric heterochromatin, preventing accessibility to the RAG complex
and recombination of the second allele. Also involved in signal transduction and cell cycle control. May function as
a tumor suppressor. Necessary for activation of ABL1 and SAPK. Phosphorylates DYRK2, CHEK2, p53/TP53,
FANCD2, NFKBIA, BRCA1, CTIP, nibrin (NBN), TERF1, RAD9 and DCLREIC. May play a role in vesicle and/or protein
transport. Could play a role in T-cell development, gonad and neurological function. Plays a role in replication-
dependent histone mRNA degradation. Binds DNA ends. Phosphorylation of DYRK2 in nucleus in response to
genotoxic stress prevents its MDM2-mediated ubiquitination and subsequent proteasome degradation.
Phosphorylates ATF2 which stimulates its function in DNA damage response.

CDK1 Plays a key role in the control of the eukaryotic cell cycle by modulating the centrosome cycle as well as mitotic
onset; promotes G2-M transition, and regulates G1 progress and G1-S transition via association with multiple
interphase cyclins. Required in higher cells for entry into S-phase and mitosis. Phosphorylates PARVA/actopaxin,
APC, AMPH, APC, BARD1, Bcl-xL/BCL2L1, BRCA2, CALD1, CASP8, CDC7, CDC20, CDC25A, CDC25C, CC2D1A,
CSNK2 proteins/CKIl, FZR1/CDH1, CDK7, CEBPB, CHAMP1, DMD/dystrophin, EEF1 proteins/EF-1, EZH2, KIF11//EG5,
EGFR, FANCG, FOS, GFAP, GOLGA2/GM130, GRASP1, UBE2A/hHR6A, HISTIH1 proteins/histone H1, HMGA1,
HIVEP3/KRC, LMNA, LMNB, LMNC, LBR, LATS1, MAP1B, MAP4, MARCKS, MCM2, MCM4, MKLP1, MYB, NEFH, NFIC,
NPC/nuclear pore complex, PITPNM1/NIR2, NPM1, NCL, NUCKS1, NPM1/numatrin, ORC1, PRKAR2A, EEF1E1/p18,
EIF3F/p47, p53/TP53, NONO/p54NRB, PAPOLA, PLEC/plectin, RB1, UL40/R2, RAB4A, RAP1GAP, RCC1, RPS6KB1
/S6K1, KHDRBS1/SAM68, ESPL1, SKI, BIRC5/survivin, STIP1, TEX14, beta-tubulins, MAPT/TAU, NEDD1, VIM/vimentin,
TK1, FOXO1, RUNX1T/AML1, SIRT2 and RUNX2. CDK1/CDC2-cyclin-B controls pronuclear union in interphase
fertilized eggs. Essential for early stages of embryonic development. During G2 and early mitosis, CDC25A/B/C-
mediated dephosphorylation activates CDK1/cyclin complexes which phosphorylate several substrates that trigger
at least centrosome separation, Golgi dynamics, nuclear envelope breakdown and chromosome condensation.
Once chromosomes are condensed and aligned at the metaphase plate, CDK1 activity is switched off by WEE1- and
PKMYT1-mediated phosphorylation to allow sister chromatid separation, chromosome decondensation, reformation
of the nuclear envelope and cytokinesis. Inactivated by PKR/EIF2AK2- and WEE1-mediated phosphorylation upon
DNA damage to stop cell cycle and genome replication at the G2 checkpoint thus facilitating DNA repair.
Reactivated after successful DNA repair through WIP1-dependent signaling leading to CDC25A/B/C-mediated
dephosphorylation and restoring cell cycle progression. In proliferating cells, CDK1-mediated FOXO1
phosphorylation at the G2-M phase represses FOXOT1 interaction with 14-3-3 proteins and thereby promotes FOXO1
nuclear accumulation and transcription factor activity, leading to cell death of postmitotic neurons. The
phosphorylation of beta-tubulins regulates microtubule dynamics during mitosis. NEDD1 phosphorylation promotes
PLK1-mediated NEDD1 phosphorylation and subsequent targeting of the gamma-tubulin ring complex (gTuRC) to
the centrosome, an important step for spindle formation. In addition, CC2D1A phosphorylation regulates CC2D1A
spindle pole localization and association with SCC1/RAD21 and centriole cohesion during mitosis. The
phosphorylation of Bcl-xL/BCL2L1 after prolongated G2 arrest upon DNA damage triggers apoptosis. In contrast,
CASP8 phosphorylation during mitosis prevents its activation by proteolysis and subsequent apoptosis. This
phosphorylation occurs in cancer cell lines, as well as in primary breast tissues and lymphocytes. EZH2
phosphorylation promotes H3K27me3 maintenance and epigenetic gene silencing. CALD1 phosphorylation
promotes Schwann cell migration during peripheral nerve regeneration.

CDK4 Ser/Thr-kinase component of cyclin D-CDK4 (DC) complexes that phosphorylate and inhibit members of the
retinoblastoma (RB) protein family including RB1 and regulate the cell-cycle during G(1)/S transition. Phosphorylation
of RB1 allows dissociation of the transcription factor E2F from the RB/E2F complexes and the subsequent
transcription of E2F target genes which are responsible for the progression through the G(1) phase.
Hypophosphorylates RB1 in early G(1) phase. Cyclin D-CDK4 complexes are major integrators of various
mitogenenic and antimitogenic signals. Also phosphorylates SMAD3 in a cell-cycle-dependent manner and
represses its transcriptional activity. Component of the ternary complex, cyclin D/CDK4/CDKN1B, required for
nuclear translocation and activity of the cyclin D-CDK4 complex.

CNKSR1 connector enhancer of kinase suppressor of Ras 1

CTNNBH1 Key downstream component of the canonical Wnt signaling pathway. In the absence of Wnt, forms a complex with
AXIN1, AXIN2, APC, CSNK1A1 and GSK3B that promotes phosphorylation on N-terminal Ser and Thr residues and
ubiquitination of CTNNB1 via BTRC and its subsequent degradation by the proteasome. In the presence of Wnt
ligand, CTNNB1 is not ubiquitinated and accumulates in the nucleus, where it acts as a coactivator for transcription
factors of the TCF/LEF family, leading to activate Wnt responsive genes. Involved in the regulation of cell adhesion.
Acts as a negative regulator of centrosome cohesion. Involved in the CDK2/PTPN6/CTNNB1/CEACAM1 pathway of
insulin internalization. Blocks anoikis of malignant kidney and intestinal epithelial cells and promotes their
anchorage-independent growth by down-regulating DAPK2. Disrupts PML function and PML-NB formation by
inhibiting RANBP2-mediated sumoylation of PML (PubMed:17524503, PubMed:18077326, PubMed:18086858,
PubMed:18957423, PubMed:21262353, PubMed:22647378, PubMed:22699938, PubMed:22155184). Promotes
neurogenesis by maintaining sympathetic neuroblasts within the cell cycle (By similarity).

DNMT1 Methylates CpG residues. Preferentially methylates hemimethylated DNA. Associates with DNA replication sites in
S phase maintaining the methylation pattern in the newly synthesized strand, that is essential for epigenetic
inheritance. Associates with chromatin during G2 and M phases to maintain DNA methylation independently of
replication. It is responsible for maintaining methylation patterns established in development. DNA methylation is
coordinated with methylation of histones. Mediates transcriptional repression by direct binding to HDAC2. In
association with DNMT3B and via the recruitment of CTCFL/BORIS, involved in activation of BAG1 gene expression
by modulating dimethylation of promoter histone H3 at H3K4 and H3K9.

MAP2K1 Dual specificity protein kinase which acts as an essential component of the MAP kinase signal transduction
pathway. Binding of extracellular ligands such as agrowth factors, cytokines and hormones to their cell-surface
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receptors activates RAS and this initiates RAF1 activation. RAF1 then further activates the dual-specificity protein
kinases MAP2K1/MEK1 and MAP2K2/MEK2. Both MAP2K1/MEK1 and MAP2K2/MEK2 function specifically in the
MAPK/ERK cascade, and catalyze the concomitant phosphorylation of a threonine and a tyrosine residue in a Thr-
Glu-Tyr sequence located in the extracellular signal-regulated kinases MAPK3/ERK1 and MAPK1/ERK2, leading to
their activation and further transduction of the signal within the MAPK/ERK cascade. Depending on the cellular
context, this pathway mediates diverse biological functions such as cell growth, adhesion, survival and
differentiation, predominantly through the regulation of transcription, metabolism and cytoskeletal rearrangements.
One target of the MAPK/ERK cascade is peroxisome proliferator-activated receptor gamma (PPARG), a nuclear
receptor that promotes differentiation and apoptosis. MAP2K1/MEK1 has been shown to export PPARG from the
nucleus. The MAPK/ERK cascade is also involved in the regulation of endosomal dynamics, including lysosome
processing and endosome cycling through the perinuclear recycling compartment (PNRC), as well as in the
fragmentation of the Golai apparatus during mitosis.

MAPK1 Serine/threonine kinase which acts as an essential component of the MAP kinase signal transduction pathway.
MAPK1/ERK2 and MAPK3/ERK1 are the 2 MAPKs which play an important role in the MAPK/ERK cascade. They
participate also in a signaling cascade initiated by activated KIT and KITLG/SCF. Depending on the cellular context,
the MAPK/ERK cascade mediates diverse biological functions such as cell growth, adhesion, survival and
differentiation through the regulation of transcription, translation, cytoskeletal rearrangements. The MAPK/ERK
cascade plays also a role in initiation and regulation of meiosis, mitosis, and postmitotic functions in differentiated
cells by phosphorylating a number of transcription factors. About 160 substrates have already been discovered for
ERKs. Many of these substrates are localized in the nucleus, and seem to participate in the regulation of
transcription upon stimulation. However, other substrates are found in the cytosol as well as in other cellular
organelles, and those are responsible for processes such as translation, mitosis and apoptosis. Moreover, the
MAPK/ERK cascade is also involved in the regulation of the endosomal dynamics, including lysosome processing
and endosome cycling through the perinuclear recycling compartment (PNRC); as well as in the fragmentation of
the Golgi apparatus during mitosis. The substrates include transcription factors (such as ATF2, BCL6, ELK1, ERF,
FOS, HSF4 or SPZ1), cytoskeletal elements (such as CANX, CTTN, GJA1, MAP2, MAPT, PXN, SORBS3 or STMN1),
regulators of apoptosis (such as BAD, BTG2, CASP9, DAPK1, IER3, MCL1 or PPARG), regulators of translation (such
as EIF4AEBP1) and a variety of other signaling-related molecules (like ARHGEF2, DCC, FRS2 or GRB10). Protein
kinases (such as RAF1, RPS6KA1/RSK1, RPS6KA3/RSK2, RPS6KA2/RSK3, RPS6KAG/RSK4, SYK, MKNK1/MNK1,
MKNK2/MNK2, RPS6KA5/MSK1, RPS6KA4/MSK2, MAPKAPK3 or MAPKAPKS5) and phosphatases (such as DUSP1,
DUSP4, DUSP6 or DUSP16) are other substrates which enable the propagation the MAPK/ERK signal to additional
cytosolic and nuclear targets, thereby extending the specificity of the cascade. Mediates phosphorylation of TPR in
respons to EGF stimulation. May play a role in the spindle assembly checkpoint. Phosphorylates PML and promotes
its interaction with PIN1, leading to PML degradation Acts as a transcriptional repressor. Binds to a [GCJAAA[GC]
consensus sequence. Repress the expression of interferon gamma-induced genes. Seems to bind to the promoter
of CCL5, DMP1, IFIH1, IFITM1, IRF7, IRF9, LAMP3, OAS1, OAS2, OAS3 and STAT1. Transcriptional activity is
independent of kinase activity

MAPK3 Serine/threonine kinase which acts as an essential component of the MAP kinase signal transduction pathway.
MAPK1/ERK2 and MAPK3/ERK1 are the 2 MAPKs which play an important role in the MAPK/ERK cascade. They
participate also in a signaling cascade initiated by activated KIT and KITLG/SCF. Depending on the cellular context,
the MAPK/ERK cascade mediates diverse biological functions such as cell growth, adhesion, survival and
differentiation through the regulation of transcription, translation, cytoskeletal rearrangements. The MAPK/ERK
cascade plays also a role in initiation and regulation of meiosis, mitosis, and postmitotic functions in differentiated
cells by phosphorylating a number of transcription factors. About 160 substrates have already been discovered for
ERKs. Many of these substrates are localized in the nucleus, and seem to participate in the regulation of
transcription upon stimulation. However, other substrates are found in the cytosol as well as in other cellular
organelles, and those are responsible for processes such as translation, mitosis and apoptosis. Moreover, the
MAPK/ERK cascade is also involved in the regulation of the endosomal dynamics, including lysosome processing
and endosome cycling through the perinuclear recycling compartment (PNRC); as well as in the fragmentation of
the Golgi apparatus during mitosis. The substrates include transcription factors (such as ATF2, BCL6, ELK1, ERF,
FOS, HSF4 or SPZ1), cytoskeletal elements (such as CANX, CTTN, GJA1, MAP2, MAPT, PXN, SORBS3 or STMN1),
regulators of apoptosis (such as BAD, BTG2, CASP9, DAPK1, IER3, MCL1 or PPARG), regulators of translation (such
as EIF4EBP1) and a variety of other signaling-related molecules (like ARHGEF2, FRS2 or GRB10). Protein kinases
(such as RAF1, RPS6KA1/RSK1, RPS6KA3/RSK2, RPS6KA2/RSK3, RPS6KA6/RSK4, SYK, MKNK1/MNK1, MKNK2
/MNK2, RPS6KA5/MSK1, RPS6KA4/MSK2, MAPKAPK3 or MAPKAPKS5) and phosphatases (such as DUSP1, DUSP4,
DUSP6 or DUSP16) are other substrates which enable the propagation the MAPK/ERK signal to additional cytosolic
and nuclear targets, thereby extending the specificity of the cascade.

MTOR Serine/threonine protein kinase which is a central regulator of cellular metabolism, growth and survival in response
to hormones, growth factors, nutrients, energy and stress signals. MTOR directly or indirectly regulates the
phosphorylation of at least 800 proteins. Functions as part of 2 structurally and functionally distinct signaling
complexes mTORC1 and mTORC2 (mTOR complex 1 and 2). Activated mTORC1 up-regulates protein synthesis by
phosphorylating key regulators of mRNA translation and ribosome synthesis. This includes phosphorylation of
EIF4EBP1 and release of its inhibition toward the elongation initiation factor 4E (eiF4E). Moreover, phosphorylates
and activates RPS6KB1 and RPS6KB2 that promote protein synthesis by modulating the activity of their downstream
targets including ribosomal protein S6, eukaryotic translation initiation factor EIF4B, and the inhibitor of translation
initiation PDCDA4. Stimulates the pyrimidine biosynthesis pathway, both by acute regulation through RPS6KB1-
mediated phosphorylation of the biosynthetic enzyme CAD, and delayed regulation, through transcriptional
enhancement of the pentose phosphate pathway which produces 5-phosphoribosyl-1-pyrophosphate (PRPP), an
allosteric activator of CAD at a later step in synthesis, this function is dependent on the mTORC1 complex.
Regulates ribosome synthesis by activating RNA polymerase lll-dependent transcription through phosphorylation
and inhibition of MAF1 an RNA polymerase lll-repressor. In parallel to protein synthesis, also regulates lipid
synthesis through SREBF1/SREBP1 and LPIN1. To maintain energy homeostasis mTORC1 may also regulate
mitochondrial biogenesis through regulation of PPARGC1A. mTORC1 also negatively regulates autophagy through
phosphorylation of ULK1. Under nutrient sufficiency, phosphorylates ULK1 at Ser-758, disrupting the interaction with
AMPK and preventing activation of ULK1. Also prevents autophagy through phosphorylation of the autophagy
inhibitor DAP. mTORC1 exerts a feedback control on upstream growth factor signaling that includes
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phosphorylation and activation of GRB10 a INSR-dependent signaling suppressor. Among other potential targets

mTORC1 may phosphorylate CLIP1 and regulate microtubules. As part of the mTORC2 complex MTOR may regulate
other cellular processes including survival and organization of the cytoskeleton. Plays a critical role in the

phosphorylation at Ser-473 of AKT1, a pro-survival effector of phosphoinositide 3-kinase, facilitating its activation by
PDK1. mTORC2 may regulate the actin cytoskeleton, through phosphorylation of PRKCA, PXN and activation of the
Rho-type guanine nucleotide exchange factors RHOA and RACIA or RAC1IB. mTORC2 also regulates the

phosphorylation of SGK1 at Ser-422.

Phosphoinositide-3-kinase (PI3K) that phosphorylates Ptdins (Phosphatidylinositol), Ptdins4P (Phosphatidylinositol

4-phosphate) and PtdIns(4,5)P2 (Phosphatidylinositol 4,5-bisphosphate) to generate phosphatidylinositol 3,4,5-
trisphosphate (PIP3). PIP3 plays a key role by recruiting PH domain-containing proteins to the membrane, including
AKT1 and PDPKI1, activating signaling cascades involved in cell growth, survival, proliferation, motility and

morphology. Participates in cellular signaling in response to various growth factors. Involved in the activation of
AKT1 upon stimulation by receptor tyrosine kinases ligands such as EGF, insulin, IGF1, VEGFA and PDGF. Involved
in signaling via insulin-receptor substrate (IRS) proteins. Essential in endothelial cell migration during vascular

development through VEGFA signaling, possibly by regulating RhoA activity. Required for lymphatic vasculature
development, possibly by binding to RAS and by activation by EGF and FGF2, but not by PDGF. Regulates

invadopodia formation in breast cancer cells through the PDPK1-AKT1 pathway. Participates in cardiomyogenesis in
embryonic stem cells through a AKT1 pathway. Participates in vasculogenesis in embryonic stem cells through PDK1
and protein kinase C pathway. Has also serine-protein kinase activity: phosphorylates PIK3R1 (p85alpha regulatory
subunit), EIF4EBP1 and HRAS.

Phosphoinositide-3-kinase (PI3K) that phosphorylates Ptdins (Phosphatidylinositol), Ptdins4P (Phosphatidylinositol
4-phosphate) and Ptdins(4,5)P2 (Phosphatidylinositol 4,5-bisphosphate) to generate phosphatidylinositol 3,4,5-
trisphosphate (PIP3). PIP3 plays a key role by recruiting PH domain-containing proteins to the membrane, including
AKT1 and PDPK1, activating signaling cascades involved in cell growth, survival, proliferation, motility and

morphology. Involved in the activation of AKT1 upon stimulation by G-protein coupled receptors (GPCRs) ligands
such as CXCL12, sphingosine 1-phosphate, and lysophosphatidic acid. May also act downstream receptor tyrosine
kinases. Required in different signaling pathways for stable platelet adhesion and aggregation. Plays a role in
platelet activation signaling triggered by GPCRs, alpha-lib/beta-3 integrins (ITGA2B/ ITGB3) and ITAM

(immunoreceptor tyrosine-based activation motif)}-bearing receptors such as GP6. Regulates the strength of
adhesion of ITGA2B/ ITGB3 activated receptors necessary for the cellular transmission of contractile forces.

Required for platelet aggregation induced by F2 (thrombin) and thromboxane A2 (TXA?2). Has a role in cell survival.
May have a role in cell migration. Involved in the early stage of autophagosome formation. Modulates the

intracellular level of PtdIins3P (Phosphatidylinositol 3-phosphate) and activates PIK3C3 kinase activity. May act as a
scaffold, independently of its lipid kinase activity to positively regulate autophagy. May have a role in insulin
signaling as scaffolding protein in which the lipid kinase activity is not required. May have a kinase-independent
function in regulating cell proliferation and in clathrin-mediated endocytosis. Mediator of oncogenic signal in cell
lines lacking PTEN. The lipid kinase activity is necessary for its role in oncogenic transformation. Required for the
growth of ERBB2 and RAS driven tumors

Serine/threonine-protein kinase that performs several important functions throughout M phase of the cell cycle,
including the regulation of centrosome maturation and spindle assembly, the removal of cohesins from
chromosome arms, the inactivation of anaphase-promoting complex/cyclosome (APC/C) inhibitors, and the
regulation of mitotic exit and cytokinesis. Polo-like kinase proteins acts by binding and phosphorylating proteins are
that already phosphorylated on a specific motif recognized by the POLO box domains. Phosphorylates BORA,
BUB1B/BUBR1, CCNB1, CDC25C, CEP55, ECT2, ERCC6L, FBXO5/EMI, FOXM1, KIF20A/MKLP2, CENPU, NEDD1,
NINL, NPM1, NUDC, PKMYT1/MYT1, KIZ, PPPIR12A/MYPT1, PRC1, RACGAP1/CYK4, SGOL1, STAG2/SA2, TEX14,
TOPORS, p73/TP73, TPT1 and WEET. Plays a key role in centrosome functions and the assembly of bipolar spindles
by phosphorylating KIZ, NEDD1 and NINL. NEDD1 phosphorylation promotes subsequent targeting of the gamma-
tubulin ring complex (gTuRC) to the centrosome, an important step for spindle formation. Phosphorylation of NINL
component of the centrosome leads to NINL dissociation from other centrosomal proteins. Involved in mitosis exit
and cytokinesis by phosphorylating CEP55, ECT2, KIF20A/MKLP2, CENPU, PRC1 and RACGAP1. Recruited at the
central spindle by phosphorylating and docking PRC1 and KIF20A/MKLP2; creates its own docking sites on PRC1
and KIF20A/MKLP2 by mediating phosphorylation of sites subsequently recognized by the POLO box domains.
Phosphorylates RACGAP1, thereby creating a docking site for the Rho GTP exchange factor ECT2 that is essential
for the cleavage furrow formation. Promotes the central spindle recruitment of ECT2. Plays a central role in G2/M
transition of mitotic cell cycle by phosphorylating CCNB1, CDC25C, FOXM1, CENPU, PKMYT1/MYT1, PPP1IR12A
/MYPT1 and WEE?. Part of a regulatory circuit that promotes the activation of CDK1 by phosphorylating the positive
regulator CDC25C and inhibiting the negative regulators WEE1 and PKMYT1/MYT1. Also acts by mediating
phosphorylation of cyclin-B1 (CCNB1) on centrosomes in prophase. Phosphorylates FOXM1, a key mitotic
transcription regulator, leading to enhance FOXM1 transcriptional activity. Involved in kinetochore functions and
sister chromatid cohesion by phosphorylating BUB1B/BUBR1, FBXO5/EMI1 and STAG2/SA2. PLK1 is high on non-
attached kinetochores suggesting a role of PLK1 in kinetochore attachment or in spindle assembly checkpoint
(SAC) regulation. Required for kinetochore localization of BUB1B. Regulates the dissociation of cohesin from
chromosomes by phosphorylating cohesin subunits such as STAG2/SA2. Phosphorylates SGOL1: required for
spindle pole localization of isoform 3 of SGOL1 and plays a role in regulating its centriole cohesion function.
Mediates phosphorylation of FBXO5/EMI1, a negative regulator of the APC/C complex during prophase, leading to
FBXO5/EMI1 ubiquitination and degradation by the proteasome. Acts as a negative regulator of p53 family
members: phosphorylates TOPORS, leading to inhibit the sumoylation of p53/TP53 and simultaneously enhance
the ubiquitination and subsequent degradation of p53/TP53. Phosphorylates the transactivation domain of the
transcription factor p73/TP73, leading to inhibit p73/TP73-mediated transcriptional activation and pro-apoptotic
functions. Phosphorylates BORA, and thereby promotes the degradation of BORA. Contributes to the regulation of
AURKA function. Also required for recovery after DNA damage checkpoint and entry into mitosis. Phosphorylates
MISP, leading to stabilization of cortical and astral microtubule attachments required for proper spindle positioning
(PubMed:8991084, PubMed:11202906, PubMed:12207013, PubMed:12447691, PubMed:12524548, PubMed:
12738781, PubMed:12852856, PubMed:12939256, PubMed:14532005, PubMed:14734534, PubMed:15070733,
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PubMed:15148369, PubMed:15469984, PubMed:16198290, PubMed:16247472, PubMed:16980960, PubMed:

17081991, PubMed:17351640, PubMed:17376779, PubMed:17617734, PubMed:18174154, PubMed:18331714, PubMed:
18418051, PubMed:18477460, PubMed:18521620, PubMed:1

PRKACA Phosphorylates a large number of substrates in the cytoplasm and the nucleus. Regulates the abundance of
compartmentalized pools of its regulatory subunits through phosphorylation of PJA2 which binds and ubiquitinates
these subunits, leading to their subsequent proteolysis. Phosphorylates CDC25B, ABL1, NFKB1, CLDN3, PSMC5
/RPT6, PJA2, RYR2, RORA and VASP. RORA is activated by phosphorylation. Required for glucose-mediated
adipogenic differentiation increase and osteogenic differentiation inhibition from osteoblasts. Involved in the
regulation of platelets in response to thrombin and collagen; maintains circulating platelets in a resting state by
phosphorylating proteins in numerous platelet inhibitory pathways when in complex with NF-kappa-B (NFKB1 and
NFKB2) and I-kappa-B-alpha (NFKBIA), but thrombin and collagen disrupt these complexes and free active PRKACA
stimulates platelets and leads to platelet aggregation by phosphorylating VASP. Prevents the antiproliferative and
anti-invasive effects of alpha-difluoromethylornithine in breast cancer cells when activated. RYR2 channel activity is
potentiated by phosphorylation in presence of luminal Ca2+, leading to reduced amplitude and increased
frequency of store overload-induced Ca2+ release (SOICR) characterized by an increased rate of Ca2+ release and
propagation velocity of spontaneous Ca2+ waves, despite reduced wave amplitude and resting cytosolic Ca2+.
PSMC5/RPT6 activation by phosphorylation stimulates proteasome. Negatively regulates tight junctions (TJs) in
ovarian cancer cells via CLDN3 phosphorylation. NFKB1 phosphorylation promotes NF-kappa-B p50-p50 DNA
binding. Involved in embryonic development by down-regulating the Hedgehog (Hh) signaling pathway that
determines embryo pattern formation and morphogenesis. Prevents meiosis resumption in prophase-arrested
oocytes via CDC25B inactivation by phosphorylation. May also regulate rapid eye movement (REM) sleep in the
pedunculopontine tegmental (PPT). Phosphorylates APOBEC3G and AICDA. Isoform 2 phosphorylates and
activates ABL1in sperm flagellum to promote spermatozoa capacitation. Phosphorylates HSF1; this phosphorylation
promotes HSF1 nuclear localization and transcriptional activity upon heat shock (PubMed:21085490).

PTPNM Acts downstream of various receptor and cytoplasmic protein tyrosine kinases to participate in the signal
transduction from the cell surface to the nucleus. Dephosphorylates ROCK2 at Tyr-722 resulting in stimulatation of
its RhoA binding activity.

RAF1 Serine/threonine-protein kinase that acts as a regulatory link between the membrane-associated Ras GTPases and
the MAPK/ERK cascade, and this critical regulatory link functions as a switch determining cell fate decisions
including proliferation, differentiation, apoptosis, survival and oncogenic transformation. RAF1 activation initiates a
mitogen-activated protein kinase (MAPK) cascade that comprises a sequential phosphorylation of the dual-specific
MAPK kinases (MAP2K1/MEK1 and MAP2K2/MEK?2) and the extracellular signal-regulated kinases (MAPK3/ERK1 and
MAPK1/ERK2). The phosphorylated form of RAF1 (on residues Ser-338 and Ser-339, by PAK1) phosphorylates BAD
/Bcl2-antagonist of cell death at Ser-75. Phosphorylates adenylyl cyclases: ADCY2, ADCY5 and ADCY®, resulting in
their activation. Phosphorylates PPP1R12A resulting in inhibition of the phosphatase activity. Phosphorylates TNNT2
/cardiac muscle troponin T. Can promote NF-kB activation and inhibit signal transducers involved in motility
(ROCK?2), apoptosis (MAP3K5/ASK1 and STK3/MST2), proliferation and angiogenesis (RB1). Can protect cells from
apoptosis also by translocating to the mitochondria where it binds BCL2 and displaces BAD/Bcl2-antagonist of cell
death. Regulates Rho signaling and migration, and is required for normal wound healing. Plays a role in the
oncogenic transformation of epithelial cells via repression of the TJ protein, occludin (OCLN) by inducing the up-
regulation of a transcriptional repressor SNAI2/SLUG, which induces down-regulation of OCLN. Restricts caspase
activation in response to selected stimuli, notably Fas stimulation, pathogen-mediated macrophage apoptosis, and
erythroid differentiation.

SOD1 Destroys radicals which are normally produced within the cells and which are toxic to biological systems.

SOS1 Promotes the exchange of Ras-bound GDP by GTP (PubMed:8493579). Probably by promoting Ras activation,
regulates phosphorylation of MAP kinase MAPK3 in response to EGF (PubMed:17339331). Catalytic component of a
trimeric complex that participates in transduction of signals from Ras to Rac by promoting the Rac-specific guanine
nucleotide exchange factor (GEF) activity (By similarity).

XPO1 Mediates the nuclear export of cellular proteins (cargos) bearing a leucine-rich nuclear export signal (NES) and of
RNAs. In the nucleus, in association with RANBP3, binds cooperatively to the NES on its target protein and to the
GTPase RAN in its active GTP-bound form (Ran-GTP). Docking of this complex to the nuclear pore complex (NPC) is
mediated through binding to nucleoporins. Upon transit of a nuclear export complex into the cytoplasm,
disassembling of the complex and hydrolysis of Ran-GTP to Ran-GDP (induced by RANBP1 and RANGAPI1,
respectively) cause release of the cargo from the export receptor. The directionality of nuclear export is thought to
be conferred by an asymmetric distribution of the GTP- and GDP-bound forms of Ran between the cytoplasm and
nucleus. Involved in U3 snoRNA transport from Cajal bodies to nucleoli. Binds to late precursor U3 snoRNA bearing
a TMG cap. Several viruses, among them HIV-1, HTLV-1 and influenza A use it to export their unspliced or
incompletely spliced RNAs out of the nucleus. Interacts with, and mediates the nuclear export of HIV-1 Rev and
HTLV-1 Rex proteins. Involved in HTLV-1 Rex multimerization.

CELZOTT HATOANYAGOK

FORGALOMBAN LEVO GYOGYSZEREK (75): ABEMACICLIB, ACALABRUTINIB, AFATINIB, ALECTINIB, ATEZOLIZUMAB, AVELUMAB, AXITINIB,
BELINOSTAT, BEVACIZUMAB, BORTEZOMIB, BOSUTINIB, BRIGATINIB, CABOZANTINIB, CARFILZOMIB, CEDIRANIB, CERITINIB, CETUXIMAB,
COBIMETINIB, COPANLISIB, CRIZOTINIB, DABRAFENIB, DARATUMUMAB, DASATINIB, DURVALUMAB, ELOTUZUMAB, ENASIDENIB,
ERLOTINIB, EVEROLIMUS, GEFITINIB, IBRUTINIB, IDELALISIB, IMATINIB, INOTUZUMAB OZOGAMICIN, IPILIMUMAB, IXAZOMIB, LAPATINIB,
LENALIDOMIDE, LENVATINIB, METFORMIN, MIDOSTAURIN, NECITUMUMAB, NERATINIB, NILOTINIB, NINTEDANIB, NIRAPARIB, NIVOLUMAB,
OLAPARIB, OLARATUMAB, OSIMERTINIB, PALBOCICLIB, PANITUMUMAB, PANOBINOSTAT, PAZOPANIB, PEMBROLIZUMAB, PERTUZUMAB,
POMALIDOMIDE, PONATINIB, RAMUCIRUMAB, REGORAFENIB, RIBOCICLIB, ROMIDEPSIN, RUCAPARIB, SORAFENIB, SUNITINIB, T-DM1,
TEMSIROLIMUS, THALIDOMIDE, TRAMETINIB, TRASTUZUMAB, VANDETANIB, VEMURAFENIB, VISMODEGIB, VORINOSTAT, ZIV-AFLIBERCEPT
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KLINIKAI VIZSGALATBAN ELERHETO HATOANYAGOK (445): 17-AAG, 45C-201, 45C-202, 45C-203, AAL881, AB-010, ABBV-221, ABT-414, ABT-
494, ABT-700, ABT-767, ABT-806, ABTL0812, ACOO10MA, AC-480, ACE-041, ACP-319, ACY-1215, ACY-241, ADU-623, AEBO71, AEE788, AG-
014699, AG-120, AG-881, AGI-5198, AKN-028, ALLITINIB, ALRN-6924, AMG208, AMG-232, AMG319, AMG337, AMG595, AMUVATINIB,

ANLOTINIB, AP26113, AP32788, APRINOCARSEN, AR-42, ARGX-111, ARQO87, ARQ736, ARRY-380, ARRY382, ARX788, AS-703026, AS703988,
ASP2215, ASP3026, ASP5878, ASP8273, AT13387, AT7519, AT9283, AUY922, AV-412, AVX901, AZ628, AZD0156, AZD1480, AZD2014,

AZD2461, AZD3759, AZD4547, AZD5438, AZD6094, AZD6244, AZD6738, AZD-7762, AZD8055, AZD8186, AZD8330, AZD8835, B-701,

BARICITINIB, BAY1000394, BAY1082439, BAY1163877, BAY1179470, BAY1187982, BAY1436032, BAY54-9085, BAY87-2243, BEZ235, BGB-283,
BGB-290, BGJ398, BGT226, BI-2536, BI6727, BI847325, BI-847325, BI860585, BIIBO21, BIIB0O28, BKM120, BLU-285, BMN673, BMS-599626,
BMS-690514, BMS-777607, BMS-906024, BMS-911543, BMS-986115, BRIVANIB, BRONTICTUZUMAB, BYL719, CAL-263, CANERTINIB,

CAPMATINIB, CC-223, CEP-32496, CEP-37440, CEP-9722, CG200745, CGM097, CH5424802, CHIAURANIB, CHIR-124, CHIR-265, CHR-2845,
CHR-3996, CLR457, CM-082, CP-724714, CPI-1205, CRA-024781, CRENOLANIB, CT-707, CT-P6, CUCD-101, CUDC-101, CUDC-907, CXD101,

CYCO065, CYC116, DACOMITINIB, DANUSERTIB, DCC-2618, debio0932, debio1347, DECERNOTINIB, DEMCIZUMAB, DOVITINIB, DS-2248, DS-
3032b, DS-6051b, DS-7423, DS-8201a, E6201, E7016, E7050, E7090, E7449, EDO-S101, EGF816, EMD1204831, EMD1214063, ENMD-2076,

ENMD-981693, ENTRECTINIB, ENZASTAURIN, EPITINIB, EPZ-6438, ERTUMAXOMAB, EZN-2968, FAMITINIB, FEDRATINIB, FILGOTINIB,

FLUZOPARIB, FLX925, FORETINIB, FPAO08, FPA144, FRUQUINTINIB, FS102, GANDOTINIB, GC1118, GDC-0084, GDC-0425, GDC-0575, GDC-
0623, GDC-0941, GDC-0980, GF109203X, GLESATINIB, GLPG-0555, GOLVATINIB, GS-9820, GSK1059615, GSK2126458, GSK2636771,

GSK2816126, GSK-461364, HDM201, HEMAY022, HGS1036, HM61713, HMN-214, HMR1275, HS-10241, HSP990, ICOTINIB, ICRUCUMAB,

IDH1R132H, IDH305, ILORASERTIB, IMC-CS4, IMGN289, IMU-131, INC280, INCB039110, INCB040093, INCB047986, INCB050465, INCB052793,
INCB054828, INCB-47986, INIPARIB, INO-1001, IPI-145, IPI-493, IPI-504, IPI-549, ITF2357, JNJ-26481585, JNJ-26483327, JNJ-26854165, JNJ-
38877605, JNJ-42756493, JNJ-61186372, KA2237, KAI-1678, KOS-1022, KTNO158, KU55933, KW-2478, LBT613, LDK378, LESTAURTINIB,

LGX818, LINIFANIB, LOP628, LORLATINIB, LUCITANIB, LXS196, LY2606368, LY287445, LY-2874455, LY2875358, LY294002, LY3023414,

LY3039478, LY3076226, LY3164530, M344, MASITINIB, MATUZUMAB, MC1568, ME-344, ME-401, MEDI4276, MEHD7945A, MEK162,

MFGR1877S, MGAH22, MGCDO0103, MGCD265, MI-773, MK0752, MK-1496, MK-1775, MK-2461, MK-7965, MK-8242, MK-8776, MLN0O128, MLN1117,
MM-111, MM-151, MM-302, MOMELOTINIB, MOTESANIB, MPC-3100, MPTOE028, MR1-1, MRX34, MSC2156119J, NIMESULIDE, NIMOTUZUMAB,
NMS-1286937, NMS-E973, NMS-P937, NS-018, NS-398, NVP-BEP800, OBP-801, ODM-203, ON-01910, ONARTUZUMAB, ORANTINIB, OSI-027,
0SI-930, P1446A-05, P276-00, P7170, PACRITINIB, PARECOXIB, PCI-34051, PD-0166285, PD0325901, PD184352, PD98059, PEFICITINIB,

PEGDINETANIB, PELITINIB, PEPIDH1M, PEXIDARTINIB, PF-00337210, PF-02341066, PF-03084014, PF-03446962, PF-04217903, PF-04691502,
PF-04965842, PF-06459988, PF-06463922, PF-06747775, PF-477736, PHA-793887, PHA-848125AC, PKI-166, PKI179, PKI-587, PLX-5622,

PLX8394, PLX-9486, POZIOTINIB, PQR309, PRT062070, PU-H71, PWT143, PWT33597, PX-478, PX-866, PYROTINIB, QUIZARTINIB, R547,

RAF265, RDEA119, REBASTINIB, RG1530, RGB-286638, RIDAFOROLIMUS, RILOTUMUMAB, RINDOPEPIMUT, R03280, RO4929097,

RO4987655, RO5045337, RO5083945, RO5126766, RO5212054, RO5503781, RO6839921, ROCILETINIB, RP6530, RUBOXISTAURIN, RXDX-
101, S-222611, S49076, SAIT301, SAPITINIB, SAR125844, SAR260301, SB939, SCH-900776, SEMAGACESTAT, SEMAXANIB, SF1126, SGX523,
SHP-141, SIMOTINIB, SNDX-275, SNS-032, SNX-2112, SNX-5422 mesylate, SOLCITINIB, SOTRASTAURIN, STA-9090, SU-014813, SU-11274,

SU9516, SULFATINIB, Sym004, TAK-165, TAK-285, TAK-733, TANDUTINIB, TAREXTUMAB, TAS-120, TASELISIB, TELATINIB, TEPOTINIB,

TESEVATINIB, TEW-7197, TG02, TG100-115, TG100-801, TG101348, TGR-1202, TIVANTINIB, TIVOZANIB, TSA, TSR-011, TSU-68, U0126, UCN-01,
VARLITINIB, VATALANIB, VELIPARIB, VER155008, VER-49009, VER-50589, VS-5584, VX-970, WP1066, WX-037, WX-554, X-396, X-82, XL019,
XL147, XL-281, XL647, XL765, XL-820, XL888, XL-999, ZALUTUMUMAB, ZD4547, ZM336372, ZSTK474

A gének funkciondlis leirdsa a UniProt (Universal Protein Resource) adatbazisbél szarmazik.

Ez a riport a Realtime Oncology Molecular Treatment Calculator segitségével késziilt. Minden jog fenntartva. A Molecular Treatment Calculator Riportot csak orvos hasznélhatja és értelmezheti.
Az orvos véleményét nem helyettesiti. Az orvos mérlegelheti, vagy figyelmen kiviil hagyhatja a riport dltal nyujtott informdacidkat. A Molecular Treatment Calculator Riport a tudomanyos irodalom
felhasznéaldsaval informacidt szolgéltat a tumorok és a molekuléris profil kozti 6sszefliggésekrél. A szakirodalom teljességéért és azok tartalméért sem az Oncompass Medicine, sem a Realtime
Oncology nem véllal felelésséget. A feltiintetett gydgyszerek az adott tumortipusban lehetnek térzskdnyvezettek és/vagy finanszirozottak, annak viszonylatadban, hogy a riportot melyik orszagban
hasznaljak.

Istvan Petak, MD, PhD
Molekuléris farmakoldgus, Igazgaté
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