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Abstract 
Background: A novel link between oncogenic KRAS signalling and WT1

We sought to investigate the role of WT1 and KRAS in proliferation and apoptosis. Methods: 
KRAS mutations and WT1 (cMyc) expression were detected using Sanger sequencing and 
real-time PCR in 77 patients with non-small cell lung cancer (NSCLC). Overexpression and 
knockdown of WT1 were generated with plasmid and siRNA via transient transfection 
technology in H1299 and H1568 cells. MTT assay for detection of cell proliferation, and 

luciferase reporter assay and ChIP-PCR were performed to validate the effect of WT1 on the 
cMyc promoter. Results: KRAS mutations showed a negative impact on overall survival (OS). 
High expressions of WT1 and cMyc were associated with poor OS in KRAS mutant subgroup. 
The potential mechanisms that WT1 promotes proliferation and impedes apoptosis through 
affecting multiple apoptosis-related regulators in KRAS

WT1 could activate cMyc promoter directly in KRAS mutant cells. Conclusion: The results 
suggest that WT1 and c-MYC expression is important for survival in KRAS mutant tumors as 
opposed to KRAS wild-type tumors. For treatment of KRAS mutant NSCLC, targeting WT1 and 
cMyc may provide alternative therapeutic strategies.
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Introductionn lung cancer atients, i e ear sur i al rates still re ain l , a r i atel    e ar a le e rt as een a e t  i r e t e utc e  t ese atients an  r ising results a e een ac ie e  using target t era ies irect against tu r s ri er utati ns  n ee , atients ar ring utati ns  t e e i er al gr t  act r rece t r ) ene it r  treat ent it  t r sine inase in i it rs s) targeting   ince KRAS is a nstrea  target  , increasing clinical interest as een s n in KRAS utati n as a re icti e i ar er r targete  t era ies  KRAS utati ns are resent in    ,  ecent clinical trials a e e nstrate  t at KRAS utant tu rs res n  rl  t   in i it r erl tini  r ge itini ) eing a re ict r  innate resistance  uncti ns as an u strea  acti at r   ell r li erati n an  sur i al are regulate    t r ug  se eral at a s inclu ing ,  an   signaling casca es  e il s  tu r gene WT1) as recentl  un  as a e  regulat r  t e genetic net r   nc genic KRAS  e er, t e recise ec anis s r utant KRASrelate  signaling at a s re ain elusi et least  is r s   are generate   a c inati n  alternati e translati n start sites, alternati e  s licing an   e iting  ns  a a in aci  inserti n) an   inclusi n r e clusi n  t ree a in  aci s, l sine, t re nine an  serine )) are su ecte  t  alternati e s licing, generating ur i erent a r s lice is r s esignate  as  ),  ),  ) an   )  ese ur is r s are als  t e est stu ie  nitiall , WT1 as escri e  as a tu r su ress r gene in il s  tu r  n clear cell renal carcin a cc ), e a e e nstrate  t at WT1 can act as a tu r su ress r ia ulti le at a s lea ing t  nregulati n  hTERT  re er,  as un  t  in  irectl  t e r ters  t e nstrea  targets hTERT, cMyc an  SMAD3 r ters  ccu ulating e i ence a e e nstrate  t e uncti n  WT1 as an nc gene in t er t es  cancers inclu ing leu e ia an  reast cancer re ie e  in )  us, t e WT1 gene as recentl  r se  t  act as a c a ele n gene in u an alignancies e a e recentl  re rte  t at WT1 e ressi n as c rrelate  it  clinical stage, etastasis, an  sur i al rate in  atients   in vitro e eri ents, e s e  t at  can r te  in asi n t r ug  irect in ing t  t e CDH1 r ter  urt er re,  as un  t  r te  cell r li erati n  u regulating clin  an   e ressi n in vitro an  in vivo   e resent stu  ai e  t  in estigate t e uncti nal lin  et een WT1, KRAS utati n an  a  nstrea  target cMyc) in  e re rt ur e aluati n  t ree ar ers in relati n t  clinical utc e in  an  escri e  uncti n in cell r li erati n an  a t sis in KRAS utant cells
Materials and Methods

Patient and tissue samplese stu  as er r e  n a t tal    atients,  ic   ere a en carcin as an  t e re aining  s eci ens ere s ua us cell carcin as  ese atients ere treate  at t e e le s s ital  iangsu r ince et een e te er,  an  ct er,  e s eci ens ere c llecte  un er a r t c l a r e   t e u an t ics ittee  an ing e ical ni ersit  ac  atient artici ate  a ter r i ing in r e  c nsent  e e ian age  t e atients as  ears range    ears) an  e ian sur i al ti e as  nt s range    nt s)   t tal   tissue s eci ens ere inclu e , it  ne tu r sa le an  ne c rres n ing a acent sa le it in  c   t e incise  argin) r eac  atient  ll res  tissues ere cut int  t  arts an  ne as r en in nitr gen until  an   e tracti n, t e t er as e e e  r at l gical c n ir ati n  ese s eci ens ere ist l gicall  classi ie  acc r ing t  t e ati nal re ensi e ancer et r  ) gui elines r   
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DNA and RNA preparation an  t tal  ere re are  r  res  r en tissues as re i usl  escri e   c  as s nt esi e  using re erse transcri tase it , , a an)
Real-time quantitative PCR for WT1 and cMyc RNA expression

WT1 an  cMyc  le els ere easure    using  re i   a  , , a an)  WT1 transcri ti n alues ere n r ali e  against t e e ressi n  -actin t  a ust r ariati ns in  an  c  s nt esis  li icati n c n iti ns, ri ers an  r es r WT1 ere re i usl  escri e   tan ar  cur es ere generate  using a series  iluti ns  las i   carr ing t e WT1 r -actin gene it  c  nu ers r   t   e ean  tri licates  t e WT1 gene c  nu ers as i i e   t e ean  u licates  c  nu ers  t e -actin gene  ri ers r cMyc ere use  as re i usl  escri e   alues  target gene e ressi n ere calculate  it  te late an  n r ali e  t  t e -actin gene
e ri ers s anning c n  an   in e n   t e KRAS gene t  etect utati n status ere use  as re i usl  escri e   e uence anal sis as er r e  n  ris    nal er lie  i s ste s, ster it , )  e eri e  se uences ere i enti ie  using en an  ) searc es tt nc i nl ni g gen an )

Cell culture, WT1A and WT1D plasmid and siRNA transfection cell lines,  ) an    ,  tan ar s, i lese , ) ere e l e  in trans ecti n e eri ents  ells ere culture  acc r ing t  t e anu acturer s instructi ns  e  is r s  an   a e een e nstrate  t  in uce r l gical c anges in arian cancer cells  an  in ste sarc a cell lines  acting as an nc gene  ese is r s ere t ere re selecte  in t is stu  c  ) ect rs n itr gen) ligating it  WT1 ariant  r  ere c nstructe  as escri e  re i usl   n r er t  in uce WT1 ere ressi n, cells ere transientl  trans ecte  using i ecta ine  n itr gen) it  g er ell  WT1A r WT1D c  ) ect rs in si ell late    cells) r it  g er ell  WT1A r WT1D c  ) ect rs in ell late    cells)  c  ) ect r it ut insert  WT1A r WT1D as use  as c ntr l  r su ressi n   e ressi n, le  si   l WT1 si  n , a ac n, icag , ) as use  r trans ecti n  ells ere c llecte  at ,  an   urs a ter trans ecti n r urt er anal sis
Protein extraction and western blot analysistal r teins ere e tracte  using  l sis u er  r tein e ressi ns   an  c c ere e aluate  using estern l t as re i usl  escri e   e anti ies use  ere t e ll ing      a , l stru , en ar ), c c   , ell ignalling ec n l g  nc  an ers, , ), cl    , ell ignalling ec n l g  nc ), actin    , a ) an  er i ase c n ugate  anti use r anti ra it anti ies   , a )
MTT assayrant  ell r li erati n ssa  it n itr gen) as a lie  t  easure cell r li erati n  ells ere c llecte  at ,  an   urs a ter WT1 si  r las i  trans ecti n ere la ele  an  incu ate  it   s luti n, i e  it   s r ance as rea  at n  n a s ectr eter  e e eri ent as er r e  in tri licates   
Immunocytochemistry t s ins ere re are  r  culturing  an   cell lines an  i e  in acet ne r  inutes a ter air r ing n sli es, l c e  it    l een  in  s ate u er s luti n) r  inutes an  treate  it  r gen er i e r  inutes t  inacti ate en gen us er i ase  e i  staining, it  n cl nal anti    , ca , a ri ge, ) su lie  in its n l c ing s luti n, as er r e   a ull  aut ate  sli e re arati n s ste  entana e ical ste s, ri na, )  r eac  sli e,  cells ere anal e
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Terminal deoxynucleotidyltransferas dUTP nick end labeling (TUNEL) analysis staining using n itu ell eat  etecti n it,  re  c e iagn stics , ann ei , er an ) as er r e  t  etect lig nucle s al  rag entati n  t  urs a ter trans ecti n, cells ere i e  in  ara r al e e  ter er ea ili ati n it   rit n  in  s iu  citrate, cells ere staine  r  stran s rea s it   re  e staining as anal e  in a ali ur  l  c t eter using  c annel r etecti n   re   i sciences, an se, )
e r te e r iler  u an t tic rra  it  ste , r , ) as a lie  t  eter ine t e relati e le els  r teins r inases relate  t  a t sis  e assa  as er r e  in e i c  ste  i a ) using uantit  ne  nal sis t are  g  r teins ere use  n eac  e rane an  s ts ere isuali e  using c e ilu inescent etecti n s ste   ealt care)  

Luciferase reporter gene assaye il t e an  utant cMyc r ters ere cl ne  using erla   et  as re i usl  escri e    an   cells ere c trans ecte  using i ecta ine  n itr gen) an  t e ll ing trans ecti n i   ng  t e re rter las i  c ntaining r ter res nse ele ents,  ng   enc ing Renilla luci erase c  an   ng  t e c  ect r eit er e t  as c ntr l r c ntaining WT1A an  WT1D ariants  uci erase acti it  as easure   a ual luci erase re rter assa  s ste  r ega) an  t e trans ecti n e icienc  stan ar i e  against Renilla luci erase acti it
Chromatin immunoprecipitation (ChIP) analysiss ere er r e  using t e r atin un reci itati n it state illi re, illerica, , )  r i atel       cells ere cr ss lin e  it   r al e e, ll e   gl cine t  uenc  unreacte  r al e e  r atin as s nicate  n ice t  s ear cr ss lin e   t  a ut     ase airs in lengt  using a ni ier ultras nic cell isru t r rans n, an ur , , ) it    s ulses  e s eare  c r atin as resus en e  in iluti n u er an    t e c r atin as re e  as in ut, ll e   i un reci itati n using r tein  agnetic ea s it   g  eit er anti  ) anti  anta ru  i tec n l g  nc, anta ru , , , ) r n r al ra it g  ell ignalling ec n l g  nc, an ers, , ) at  ernig t it  r tati n  ter t e re ersal  cr ss lin s  incu ati n in  eluti n u er c ntaining r teinase  at  r  ,  as uri ie  using s in c lu ns   reacti ns c ntaining  l  t e i un reci itate   r in ut c r atin, ri ers an  li a  l  lie  i s ste s) in a  l lu e ere er r e  it  initial enaturati n at  r  in, ll e    c cles  r  s,  r  s an   r  s) an  a inal e tensi n at  r  in  e ri er se uences r cMyc r ter ere escri e  re i usl    r ucts ere racti nate  n  agar se gel, an  et i iu  r i e staine   as isualise  n ltra i let ransillu inat r ectr line, est ur , , ) cell line it  un etecta le en gen us  r tein as use  as an a iti nal negati e c ntr l in t e e eri ent

 an   cells ere see e  at a cell ensit      cells c , gr n n c ersli s r  urs  e t, t e  ere as e  nce in , i e  in  r al e e, er ea ili e  it   rit n , an  t en l c e  in  ine seru  al u in  ncu ati ns it  anti  anti ies , ) an  anti c c , ca ) ere er r e  ernig t at  en, sec n ar  anti ies le a lu r  an   n itr gen) ere a e  e re arati ns ere unte  it  c ersli s in unting e iu  it   acc r ing t  t e anu acturer s rec en ati ns  ages ere ca ture  using a i n  icr sc e ce cienti ic, ra  u it, , ) an  i n ca era lan  ecti e, i n, el ille, , )
Statistical analysistatistical anal sis as er r e  using  ersi n ,  nc , icag , , )  e annitne  test as use  t  calculate i erences in t e e ressi n  t  in e en ent aria les  is er s 
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e act tests en cell si e as  ) ere use  r c aris n  r rti ns  e  test as use  t  test t e signi icance  ser e  i erences in r rti ns  e a lan eier et  as use  t  esti ate t e istri uti n  erall sur i al )  i erences in sur i al istri uti n et een gr u s WT1, cMyc e ressi n le el an  KRAS utati n status) ere c are  using t e l g ran  test
Results

Correlation of KRAS mutations with patients’ clinical and pathological characteristics in 
NSCLC
KRAS utati n as i enti ie  in    tu r s eci ens )  ingle a in  aci  su stituti ns in c n  ere etecte  in  sa les, ereas utati ns in c n  ere un  in  sa les a le )
KRAS utati n status an  clinical an  at l gical c aracteristics in atients ere su ari e  in a le  KRAS utati n as less re uentl  etecte  in at l gical stage    )   signi icant i erences c ul  e un  in atients it  an  it ut KRAS utati ns it  regar  t  age, se  an  ist l g
Overexpression of WT1 and cMyc in NSCLCigni icantl  ig er  le els  WT1 an  cMyc ere etecte  in tu r s eci ens it  KRAS utati ns r KRAS il t e t an t eir aire  a acent tissues ig   an  ), 

Table 1.  utati ns at c n  an   in   atients

Table 2. rrelati n et een 
KRAS utati n status an  clinical an  at l gic c aracteristics in atients it   at l g  tage as ase  n  ati nal re ensi e ancer et r ) ui elines   ersi n  nall ell ung ancer
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in icating u regulati n  t  genes in  re er, a signi icant c rrelati n as un  et een WT1 an  cMyc in tu r sa les it  KRAS utati ns as s n in ig   ut nl  a tren  in KRAS il  t e tu rs ig  ), suggesting a uncti nal lin  et een t e  a  e ist in KRAS utant tu rs  t is  n te t at t e c e icienc  as il  ut it a  e e laine   s e t er act rs t at a  a ect t ese gene e ressi ns ecause t  genes act as nc gene in  in ur li ite  sa le aterials
Impact of KRAS mutations, WT1 and cMyc expressions on overall survivalatients it  KRAS utant tu rs a  s rter  c are  t  atients it  il t e 

KRAS   , ig  )   using cut s at a e ian  WT1  le el e ian  ) an  a e ian  cMyc  le el e ian  ), atients ere i i e  int  su gr u s   r  as e nstrate  in atients it  t  KRAS utati n an  a ig  WT1 e ressi n   , ig  ) ut n t in atients it  il t e KRAS   )  nterestingl , a si ilar attern as etecte  in t e cMyc  e ressi n su gr u  ur i al anal sis s e  n  signi icant i erences in c aris n it  a cut  at a e ian cMyc  le el in all  su ects   ) r t e il t e KRAS su ects   )  e er, atients it  utant KRAS an  ig er cMyc e ressi n a  s rter  c are  t  t se it  l er cMyc e ressi n le els   , ig  )  urt er anal sis as er r e  c ining WT1 an  cMyc  e ressi n le els  e un  t at atients it  utant KRAS, an  ig er WT1 an  cMyc e ressi n le els t   e ian) a  rse    , ig  ) ut n  i erences ere un  in il t e KRAS atients   )  e results in icate  t at r gn sis r clinical utc e as a ecte   tu rs it  KRAS utati n itsel  an  t get er it  u regulate  WT1 an  cMyc  e ressi n

Fig. 1. ressi n  WT1 an  cMyc transcri ts an  c rrelati n et een e ressi ns  t ese t  genes in n n s all cell lung cancer ) atients  ,  e ressi n  WT1 in aire  tu ur an  a acent tissue sa les  , cMyc  le els in aire  tu ur an  a acent tu ur ree tissues  , rrelati n et een  e ressi n  WT1 an  cMyc in KRAS utant tu ur sa les. , rrelati n et een  e ressi n  WT1 an  cMyc in KRAS il t e tu ur sa les. 
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WT1 promotes cell proliferation in KRAS mutant NSCLC cell line urt er in estigate t e tential ec anis    WT1 an   KRAS uncti ns, KRAS utant cell line  an  KRAS il t e cell line  ere use  t  er r  transcri ti nal e eri ents  WT1  silencing e nstrate  a ar e  ecrease  e ressi n   r tein in t  cell lines ig  )  e e ect   silencing n in itr  r li erati n as e a ine  using  assa  e  cells r li erate  at a signi icantl  l er rate it  
WT1 si  c are  t  c ntr l ig  )  e  silencing i  n t signi icantl  a ect  cell r li erati n  re er, a cellular ar er r r li erati n, i , as staine  n t  cell lines c llecte  at  urs  n  cells, uc  less siti e i  staining in WT1 si  ) as s n c are  t  c ntr l   cells it  siti e i  staining, ig  )  e er, t  WT1 si  an  c ntr l  cells s e  intense staining atterns it ut ar e  i erences  s , ig  )  iti nall , trans ecti n e eri ents using las i s carr ing WT1 ariant  r  as er r e  t  c n ir  t e e ect   an  KRAS n cell r li erati n  ig  e ressi n le els   is r s  an   ere e nstrate  in t  cell lines ig  )  ell r li erati n 

Fig. 2. act  KRAS utati ns, WT1 an  cMyc e ressi ns n erall sur i al  , erall sur i al ) using t e a lan eier anal sis in atients it  KRAS utant tu urs c are  t  atients it  il t e 
KRAS  , ur i al anal sis in t e su gr u   atients it  KRAS utati n an  WT1 e ressi n at a cut  it  e ian   )  , ur i al anal sis in t e su gr u   atients it  KRAS utati n an  cMyc  e ressi n at a cut  it  e ian   )  , ur i al anal sis in t e su gr u   atients it  KRAS utati n an  t  WT1 an  cMyc e ressi n le els  
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as signi icantl  increase  in  cells c are  t  c ntr l ut n t in  cells ig  )  ese results in icate  t at WT1 r tes cell r li erati n in KRAS utant tu rs ut n t in KRAS il t e

Fig. 3.  a ecte  cell r li erati n in t e KRAS utant  cell line  ,   silencing enstrate  a ar e  ecrease  e ressi n   r tein in  cell lines  KRAS utant) an   KRAS il t e) at  an   urs a ter trans ecti n  , e e ect  WT1 silencing n cell rli erati n as e a ine  using  assa  in  cells an  in  , i  siti e staining in i  ) an  in c ntr l ) in  ells ere c llecte  at  urs a ter trans ecti n  , i  siti e staining in i  ) an  in c ntr l ) in  ells ere c llecte  at  urs a ter trans ecti n  , e e ect   n cell r li erati n  trans ecti n e eri ents using las i s carr ing WT1 ariant  ) r  )   is r s  an   ere resente  at  urs a ter trans ecti n in t   an   cell lines  , ect n cell r li erati n  rce  ere ressi n   in  an    cells
Fig. 4. WT1  silencing inuce  a t sis in KRAS utant  cells  ells ere c llecte  at  urs a ter trans ecti n  ,  anal sis in KRAS utant  cells an   in KRAS ilt e  cells
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WT1 RNA silencing induces apoptosis in KRAS mutant NSCLC cellssing  anal sis, WT1  silencing in uce  an increase  a t tic cell ulati n in  cells ) c are  t  c ntr ls , ig  ), ereas in  cells, WT1 si  an  c ntr l i  n t i er n ticea l  an  s e  nl  a s all a t tic cell ulati n  r WT1 si  an   r c ntr l, ig  )urt er re, a t tal   genes relate  t  a t sis ere anal e  using u an a t tic r tein arra  ltere  r tein e ressi ns ere signi icantl  c ange  in  n c n cells in  ut  t e  a t sis relate  genes in  cells ut nl  ne gene in  cells c are  t  t eir c ntr ls a le )  n  cells, t  siti e regulat rs, 

Table 3. ilencing  in uce  l  c anges in t e e ressi n  a tsis relate  regulat r genes  rte e r iler anal sis in  an   cells tatistical signi icance   )  tatistical signi icance    )

Fig. 5. cl  e ressi n using estern l t analsis in  n c n cells using silencing  i )  c are  t  c ntr ls in  an  
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Fig. 6.  can irectl  increase cMyc r ter acti it  an  in  t  t e cMyc r ter  in ing cite in KRAS utant  cells  , ucierase re rter gene assa  in t e t  cell lines  an   t get er it  t ra n s e c t i n e eri ents  e  an   c  e ressi n las i s ere eac  c trans ecte  it  cMyc c nstruct il  r utant t e)  ells ere c llecte  at  urs a ter trans ecti n  e alue taine   c ntr l transecti n as aritraril  set at  e results ere s n it  t e l  c ange in luci erase actiit   e eriental cells ersus c ntr l cells  eans an   c n i ence inter al ere calculate  a ter at least t ree in e en ent trans ecti ns  ,  in ing   r tein t  t e cMyc r ter  e l cati n an  si e r eac   r uct are illustrate  n t e rig t  , transcri ti nal start site  ,  trans ecte  in  cells  , c c r tein e ressi n  estern l t in  an   trans ecte   an   cells  ells ere c llecte  at  urs a ter trans ecti n   ecrease  e ressi n  c c  estern l t in  cells ut n t in  cells a ter   silencing  ells ere c llecte  at  urs a ter trans ecti n  , re inant nuclear l cali ati n  en gen us  re ) an  en gen us c c green)  u le i un lu rescence in  an   cells  uclei ere isuali e    lue) staining  
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as  an  clea e  as ase , ere signi icantl  u regulate  i e negati e regulat rs, inclu ing ur i in, lusterin, , c  an  c , an  ne siti e regulat r, , e nstrate  ecrease  e ressi n  lterati ns in t  ual uncti n genes ere s n as ecrease  e ressi n  las in an  increase  e ressi n  cl  n c ntrast, ecrease  cl  e ressi n as s n in  cells  lterati n  cl  e ressi n at r tein le el as als  eri ie  using estern l t anal sis ig  )  e results e nstrate  t at WT1 as a tential antia t tic uncti n t r ug  a ecting ulti le regulat rs in KRAS utant cells
The cMyc gene is a target of WT1 in KRAS mutant NSCLC cells siti e c rrelati n et een WT1 an  cMyc e ressi n as resente  in clinical  KRAS utant tu r s eci ens as escri e  a e   e nstrate t e uncti nal lin  et een WT1 an  cMyc, e er r e  luci erase re rter gene assa  las i s carr ing 

WT1A r WT1D ariants ere eac  c trans ecte  it  cMyc c nstruct  s s n in ig  , t e a ilit    t  acti ate t e cMyc r ter as ser e  in  cells ut n t in  cells   urt er e nstrate t at t e  r tein in s irectl  t  t e r ters  t e cMyc gene, e er r e   e eri ents  s s n in ig  , a single an  as ser e  en c r atin r   cells an   trans ecte   cells ere i un reci itate  it   anti  is as n t ser e  in negati e c ntr ls en ra it g  anti  an   cell line ere use  n  cells an   trans ecte   cells, n  s eci ic an  c ul  e s n c are  t  negati e c ntr l  sing , e c ul  e nstrate irect in ing   t  t e cMyc r ter in  cells ut n t in  cells  estern l t s e  u regulate  c c r tein in  an   trans ecte   cells c are  t  c ntr l an  n  i erences in e ressi n  c c in  cells ig  )  iti nal e eri ents ere er r e  t  ali ate t e e ect   n cMyc using WT1  silencing  ecrease  e ressi n  c c as s n in  ut n t in  c are  t  t eir c ntr ls ig  )  e results e nstrate  t at t e cMyc r ter is a target  t e  r tein in KRAS utant cells  u le i un lu rescences ere er r e , s ing re inant nuclear l cali ati n   an  c c in  an   cells ig  )
Discussionn t e resent stu , KRAS utati n as less re uentl  etecte  in stage  tu rs an  atients it  KRAS utati n a  s rter  c are  t  t se it  il t e KRAS   eta anal sis er r e   unc are  et al  as re i usl  re rte  t at KRAS utati n as ass ciate  it  s rtene  sur i al in    str ng ass ciati n et een KRAS utati n an  ecrease  sur i al in  atients as e nstrate   els n et al  an  t e c rrelati n as s eci icall  signi icant r atients iagn se  it  stage  tu rs  ese in ings in icate t at KRAS utati n anal sis can e use  as a r gn stic lecular ar er  ecent stu ies a e s n t at  atients it  KRAS utati ns are resistant t  s an  a e signi icantl  rer utc e ,  an  suggest t at KRAS utati n s ul  e a e  t  t e anel  resistance ar ers r s in   is is su rte   a recent eta anal sis s ing t at  c n  utati n is ass ciate  it  a rer res nse t  a u ant   e er, sa  et al  un  t at KRAS utati n status a  n  r gn stic i act n sur i al r ene its r  a u ant c e t era   utati ns in 

KRAS i  n t signi icantl  a ect utc e in  il t e  atients, acc r ing t  ac an et al   ere ressi n  WT1 as e nstrate  in   de novo   nterestingl , l  WT1 e ressi ns re icte  r  in t e entire c rt an  a s rter isease ree sur i al in a su gr u   atients it  stage  an     n t is stu , WT1 ere ressi n a  a signi icant negati e e ect n  in atients it  utant KRAS tu rs ut n t in il t e KRAS tu rs  ur ata suggest t at WT1 a  a ect tu r r gressi n nl  in KRAS utant tu rs
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e cMyc gene as een stu ie  as a r t nc gene in u an alignancies  ere ressi n  cMyc as s n in u an lung cancer cell lines   recent stu  un  t at r gressi e lung cancer c ul  e i enti ie   se eral genetic at a s, inclu ing a 
myc centere  transcri ti n net r   e e nstrate  t at cMyc as ere resse  in  tu r s eci ens an  ig  cMyc e ressi n in KRAS utant tu rs a  negati e c rrelati n it   e c llecte  ata su rt t e t esis t at altere  myc signaling is in l e  in isease r gressi n  nsi ering t e li ite  atient aterial, t e sur i al anal sis in t is stu  as e l rat r  an  ur results nee  t  e c n ir e  in larger stu  ulati nssing in itr  e eri ents, e un  t at cell r li erati n ecrease  ue t  l ss  
WT1 in KRAS utant tu r cells  rce  ere ressi n  WT1 in KRAS utant tu r cells in uce  signi icantl  increase  cell r li erati n  agner et al  s e  t at in i iti n  
WT1 re uces cell r li erati n, igrati n an  ascular r ati n t r ug  transcri ti nal acti ati n  t e r t nc gene    c inati n strateg   WT1 gene silencing an  c e t era eutic agents cis latin an  ru icin as un  t  a e a s nergistic e ect n in i iting cell r li erati n in  urine elan a cells  n u an elan a,  r tein e ressi n as un  t  e ass ciate  it  s rter erall sur i al   reat ent using  rte i ) n a ega ar lastic cell line as a le t  retain , in i it cell gr t  an  nregulate WT1 e ressi n  e ucti n  WT1  c ies as teste  in itr  as a re ict r  sensiti it  t  i atini  in c r nic el gen us leu e ia  us, a c un  t at nregulates WT1 e ressi n ul  e  great interest in t e treat ent  KRAS utant 

WT1 is n n t  e a transcri ti nal act r in l e  in t e regulati n  a t sis an  cell c cle r gressi n re ie e  in , )  n t e resent stu ,  silencing in uce  a ig er a t tic cell ulati n  is e ect as ser e  nl  in KRAS utant  cells  e er, a stu   icent  et al  i  n t s  an  i erence in a t sis using a gr u    cell lines it  an  it ut KRAS utati n inclu ing  an   urt er re, e e nstrate  signi icant l  c anges in ulti le a t sis relate  genes using r te ic r iler assa  n KRAS utant cells, t e  generate  e ect n t e r cess  a t sis see e  c le , as  silencing cause  re uce  e ressi n  se eral negati e regulat rs suc  as ur i in, lusterin, , c , an  c  e e ressi n le els  tential siti e regulat rs, suc  as as  an  clea e  as ase , ere increase  e cl  gene as signi icantl  u regulate  an  t e e ressi n  las in as ecrease  ese results suggeste  t at t e WT1 gene c ntri utes t  su ressi n  a t sis  a ecting ulti le a t sis relate  genes  nsistent it  ur in ings, a ra ila et al  e nstrate  t at l ss   r tein e ressi n increase  cas ase  an  lri se l erase acti it , as ell as a t tic  r ati n, c r atin c n ensati n an   rag entati n in t e  urine elan a cell line  lgar et al  un  t at  antisense nucle ti e re uce  cell r li erati n, in uce  a t sis an  a r gate   r tein e ressi n in el i  leu e ia cell lines   s targete  n c n  
WT1, resistant leu e ia cells ere sensiti e  t  t e cancer t era eutic agent tu r necr sis act r relate  a t sis in ucing ligan  ) t  in uce  cell eat   e serin r tease tr  as i enti ie  t  e a le t  clea e  at ulti le sites an  as s n t  e an i rtant regulat r   un er r a t tic c n iti ns, suc  as c t t ic rug treat ent  e c llecte  ata suggest t at WT1 as an antia t tic uncti n an  acts an nc gene in s e tu rs as escri e  a e  n c inati n it  c t t ic rugs, targeting WT1 a  r i e a n el t era eutic alternati e against cancer cells resistant t  regular c e t era  treat ent  t is n n t at nc genic KRAS can lea  t  eit er cellular senescence un er ig  nc gene signaling c n iti ns r tu rigenesis en t e negati e ee ac  l s are l c e  as re ie e  in lla   WT1 as recentl  i enti ie  as a critical regulat r  senescence an  r li erati n nstrea   nc genic KRAS signaling  n a use el  KRAS ri en lung cancer, l ss  WT1 ecrease  tu r ur en an  le  t  senescence  use ri ar  cells e ressing si l gical le el  nc genic   ese e ects 
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ere als  un  in u an lung cancer cell lines  urt er re, WT1 ig  signature c ul  e use  t  strati  lung cancer atients t at e ress KRAS signature genes int  a r r gn stic su gr u   n acc r ance it  t eir in ings, ur ser ati ns  clinical ata s e  atients it  ig  e ressi n  WT1 an  KRAS utati n a  s rter sur i al ti e  n itr  e eri ents, cell r li erati n an  a t sis ere n ta l  a ecte  in nl  
KRAS utant  cells  e er, t e recise lecular ec anis s r utant KRASrelate   uncti n re ain unclear  urt er stu ies are nee e  t  in    regulates utant KRAS ri en nc genic uncti n  ince  r teins a e r en i icult t  use as a irect t era eutic target, a recent ase  stu  n  atients it   utant tu rs assesse  t e c un  selu etini , targeting  nstrea  e ecter  it  r ising e icac  ut a ig er nu er  a erse e ents  ere re, WT1 a  r i e a ne  in irect target t  in i it in uce  nc genesis   re i us stu  e nstrate  t at  can in  t  t e ric  gr  site ) in t e cMyc r ter  e  in ing site near t e sec n  a r transcri ti n start site ust u strea   nucle ti es   an    as e tensi el  in l e  in t e regulati n  cMyc  tu ies   e ect n t e cMyc r ter a e gi en i ergent results, inclu ing sti ulat r  uncti n in reast cancer  an  su ressi e uncti n in cc   icent et al  e nstrate  t at t e e eri entall  eri e  in e en ent gene sets r Myc at a  genes ere u regulate  in KRAS utant tu rs c are  it  c ntr l an  enric ent  c target genes as urt er un  t  e u regulate  in KRAS utant tu rs, suggesting a r le  Myc as a ssi le target   in KRAS utant cells  sing 
cMyc r ter ri en luci erase c nstructs an  , e c n ir e  in t is stu  t at  can irectl  in  t  cMyc r ter  an  act as a siti e regulat r  cMyc in KRAS utant  sing s all lecule in i it r   eter i eri ati n, , cell eat  as e icientl  in uce  in el a cell lines as ell as ri ar  el a cells  in uce  a t sis an  i erentiati n c ul  als  e ser e  in acute el i  leu e ia  a en t get er, an in irect a r ac   targeting cMyc a  e a t era eutic alternati e in KRAS utant s  n su ar , e un  a c rrelati n et een ere ressi n  WT1, cMyc an  r sur i al in  atients it  KRAS utati n  e results in icate  t at easuring WT1 an  cMyc e ressi n a  ser e as use ul i ar ers t  i enti  su gr u s it   utati n r in i i uali e  t era  urt er re, in itr  e eri ents e nstrate  t at in KRAS utant cells,  r tes cell r li erati n an  as antia t tic uncti n  a ecting ulti le a t sis relate  genes an   irectl  targeting t e cMyc r ter  n agree ent it  in ings  icent et al  , ur results su rt t e t esis t at WT1 acts as a e  regulat r an  as an nc gene in KRAS utant  get er it  re i us stu ies n t era eutic alternati es , t is stu  suggests t at WT1 an  cMyc a  e use ul targets in KRAS utant s  ese in ings a  arrant urt er in estigati n n t e e ects  WT1 an  cMyc in i it rs in vitro an  in vivo. 
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