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Critical role of Myc activation in mouse hepatocarcinogenesis induced by the activation of 

AKT and RAS pathways. 

(AKT:t:J J:: lJRASi!il!mffl1t1{t; f;: J:: 0 v 17 7- ~f36~J&if.fil f;: :;f3 ft 0 MycJl:{~-Tffl1t1{t; O);fi;t'§1J) 

;#;: * 1'f 1:i 
0-r*~*' Jiijj:¥J!l'7k, *:Mii!t-T, ~t~, IMJS3~-T, i!l31'tt=, .=:{-1\:Jll~:Z, 

J:'.lJlltf:Z, WJilfti'§J 

Oncogene (cj:j'lJ<:p) 

MYCJl:{ii-f-O)fi!f'f1{t;f:t l:: r O)~ < O)ijj~JHc:;f3v\--Clt~ft~t1J :a:-*tc L --Cv\ 0:. ~ iM~JJ G:h --Cv\ 0. l:: 

r HH!llH§mi (hepatocellular carcinoma, HCC) --Cl:tMYCJl:{ii-f-O)fj'::{:E-9 0 8q24 ~)JjJZO) rl'bltO)~~liiiJ~~60 

G :h0 ;!IE{~'tll'i4-24%fC ~ <1::~ 0 iJ~, 44% O);ilE{Ytl--C2""'6{-j'.fO)if!£1tO)~~liiiJ~ Jll:H 6 :h --Cv \ 0. ~ tc, MYCJI 

fii-f-0)3flmr:tHcc361:.1JlM tc:t:Jv\--C7°i=z-=c~?r ~O)JfilJ 71Htfc J: VJ m'r11t 6 :n0. 6 G tcMYcJtfii-T 

1¥:*1 (MYC* s) l:iPI3K-AKTmtnz.iRAs-MAPKiJilnO)m1t!fU;: J: VJ {~il(fi 6 ;fl,, 't2/E1r!iJ~~1JOT Q:. ~ 

t ~ G:h --Cv \ Q. LiJ> L, HCC0)361:_:;f3 J: V~7ttc:;f3v \ '"( MYCJl{ii-TiJ~'%~tc <1:: 0) J: 5 ft~t1J :a:-*tc L 

'"( v \ Q iJ> l:t/F ~ --r <lb 0. 

Sleeping Beauty (SB) r '7 / 7. ~ ~/ / '/ 7. TA ~hydrodynamic tail vein injection (HTVi) :a:-*J..llf.if :b 

1±-fcmiJl{ii-f-O)HH!llH§•Jdc J: 0 -Y? 7.Hf36mi*iJ~:l:ili/Ir,fl36 6 :h, Hf36Stc:t:J rt 0fik O)SJl:fii-f-O);HI 

1L f'fJtJ :a:-:s<::JJ$afJtc~)ijj~0:. ~ iJ~J:JJfil§tctt 0 re. *1iJF~--r1:tm'ri~AKT:t3 J: v~t~m,ri~HRAsJl:fii-f-0)• 
Jdc J: 0HCC0)361:_:;f3 J: V~7ttc~t L, i7'JIE! 1f!Myc ( l:: r MYCO)-Y? 7.ortholog) ~ ~*U36m 61±-tc 

MyciJ~ <1::0) J: 5 ft~~:a:-4X. 0 O)iJ>:a:-:fffiwtLJc. 

~r7/7.~Y/~HT~~-~ir:b1ttcv?7.ff•~~O)··~T·A* 

p,IG~~~'f1C57BL/6J-Y? 7. ~'%~tcfflv\fc, In vivofc:;f3v\--CHH!llH§¥f,~'UfJtcSJl{ii-T:a:-'t2JE'.~tc36m 6 

1t0fc61:i, SB13 r7/7.~Y/7Jty Hc*J..l~Jb!vtcmiJl{ii-T (myristoylated AKT [AKT], HRAsv12 

[HRAS], Myc) :a:-sB r7/7-~it~;A.3flm~:7?<'~~¥~i!L, fiU~Jl/KiJ>Gl@JIB:t~ff:Lfc. J::~cO)SJl:{ii 

-r:a:-fik O)*J..l~i!:b1t--r•A -9 0 ~ ~ t tc, i7'JIE! 1r!Myc0)3flStc:t:Jrt 01~t1J:a:-:fffiwt-9 0 tcoo, Myc* s 



~.tti'fi¥Jlc~J3.~T 0MadMyc~ S ~5Effl,T 0 SB13~:7 31 - t~.A LJc. -if!)O)~Jyfrn:l'i, doxycyclinelc 

J: ~ 5flffl,il~~~-c~ 0Tet-Onv AT A~ ffl v\ MadMyc0)58ffl,~Hm•5fl±O);f)ik 0)~~1&-C~~ LJc. 

*ll.-~i¥J • :#.~*ll.•1t~i¥J~M, /E:iiRT-PCR 

HHJl~l'i4% paraformaldehyde-C*i¥JIEl£l!l/EL-, /~7 7 -1 /-\WJl~{''f~ L-tc. Jfilm-O)m~*Jl~~a"J~M~ 
:ff 5 .!:'. .!:'. t le, *-!BH?l.~M~Ki-67:#.~*Jl~it~-C, 7~ r -v :A O)fi.lt~cleaved caspase-3:#.~*Jlff~it~ 

-Ct~M L- fc. ~ tc, HHJl~il" GRNA~:Jill/±l L-, ;fik O)Ji1ii+O)mRNA5flffl,~!E:iiRT-PCR-C1lftil~tc. 

cDNA "? -{ :7 a 7 v-{ M1R:to J: Ogene set enrichment analysis (GSEA) 

MadMydc J: 0 Myc ~_[~ii~ HHm• 0) Ji 1ii+5Bm t= -1} x_ 0 ~· ~ iflUU"J t= ~Jlil ~ 0 tc (/)' Hm•*Jl~ZJ" G 1* 

JU( l,, fc.RNA ~one-color microarray (3D-Gene Microarray, TORAY)-C/9~1Jf l,,, 1~ G .h tc. 7'- 31 ~ 2: G lCGSEA 

-C/9~tJT l,, tc. 

t r HCCO)~M 
1@Jil 12fr4*~m~JG-C-¥~if 2: .hfc.HCC 33;Jlff'.9ij0)/~ 7 7 -1 /-\WJl~m~*Ul!R~i¥Jl=~M l,,, MYC:#.~*Jl 

~1t~~1T0 tc (f#B~~ffel~iJ\jf;g:i:% : 14004). 

k4KT, HRAS, AKTIHRAS~J\l= J: 0 )ff)Jl·~~jO J: 017'1 lz~H1MycO)[jlf•~1t 

AKT¥3!R, HRAS¥3!R-Cl'i~}\f&20-28J!1!!-C$5E•t1:0)ijfijm•il~%J1X:~.hfc. *Jl~~i¥JlCHCCO)f~-C, Hi 

•*-!BH?l.17'1 tcij~JljjO)]tffjlfZl~;f;gbb G.hfc. AKT.!:'. HRAS~ IRJ~lc~}\ T 0 .!:'. (AKTIHRAS), Jff5E•il~~~lc{Jf: 

.ii§ 2: .tt, 4J!1!lri'li-c$5E·t1:0)ijf·il~%PX: 2: .hfc. AKTIHRA~~Hm•*Jl~f!Rlcl'iH~Jjjj~fift L,, tdm•*-!BH@.lc?J:B 

1± L-, H~Jljjtcz L- < ~M·tiO) r'"ll" \Hm•*-!BH?l.il~~~rJ> Gn, :_ n Gt= l'i:#.~*Jl~f!R1t~i¥J tcMyc~ s O)~J.tO) 
5flffl,Zl~1it~~ 2: n tc. 
MadMyct= J: 017'1 tzg·~MycO) ~_[ ~ t= J: 0 Jff5fl•1J:ilffj!J~* 

?Xlc, AKTIHRASHm•tc:toft 017'JIE!·t1MycO)~~~t~ML-fc. AKT, HRAS.!:'. IRl~lCMadMyc~~}\ T0 

.!:'.' Hm•%PX:il~fil~:f7'G:fro:lc1J:j]f!llj 2:.hfc. ~ tc, Tet-Onv :A 7 A~ fflv\, AKTIHRAS~}\f&2J!1!Irl'li-cMadMyc 

~~~ L-tdf1titt= tHm•%PX:il~~~t=1J:ilf!liJ 2:.htc. 2: G tcAKTIHRAS~.A1&4J!1!!rl'li-cMadMyc~2J!1!!rl'li~~ 

"90.!:'.,JJt••~O)mJ]jjltfftffi*~L-,~Mttffi~~~~TL-fc."?-{:7o7v-iMtlT~1T0tc.!:'.:_~, 

MadMydc J: ~ HHm•t=!l~'f1~(l"Jfd6'Yr.~ . ~)f±._l,1[1.~Ji1ii+0)5flffl,ii~;jJ!Jf!iiJ 2: .h0 :_ .!:'. il~llf! G ZJ"(Cft 0 fc. 

~ tc, GSEA-CMadMycil~Myc0)1J/t(J~ ~~_[ ~ l,, --Cv \ 0 :_ .!:'. il~1Jtjf;g 2: .h 0 .!:'. .!:'. t tc, ij~ij:JH-\;ID]f, ~ Si'f J1X:lc 

S~v\~V~&ff'-t:_ .!:'. il~llf! Gil>lcft0fc. 

M~~-5Effl,~J:0Jff5E.~.i1§:toJ:0~0)ji1¥J~* 

Myc~AKT/HRAS.!:'. .!:'. t t=~.A T 0 .!:'. ')ff58·0)~~il~~~Lf.ta~ n, ;bfi1>2J!1!lrl'li-cJff:&::f4s:il~{E;)j-{tftHCC 
tc J: ~ti:~ 2: .hfc. Myc~~JU5flffl, 2:ittdt•-c1'i, H~JjjjO)f;ffjlfiJ~~dr L-, ;j:;P<1H4s:il~llf!lltHcft 0{~rtiJZI~ 

imrJ> G ntc.. /EART-PCRtc J: ~ , ~t=HRAs .!:'. Mycii~ 1RJaift=m·t11t 2: .n 0 .!:'., H~Jljj!ieftif PX::to J:-a B Ntt1t 

tc~J!F;L-fdW*O)Jifii-1-5Effl,il~{E;T"t0 :_ .!:'. il~llf! Gil>lcft0fc. ~tc., MycO)~J\A~3)j-O)Hc~G L­

--Ct Hm•%PX: t=~Vl'iJ;. G n ft ZJ"-::> tc.ii~' 3{if t=~1JO 2: ittd~it' 7 ~ r -v A 0)~1JO ~{-¥ v \Ht•%PX: 

il~~~l=1J:ilf!llj 2:.hfc. 

1:: rHCCO)*ll.•ft.!:'.MYC'.mS5Effl,O)~j!l 

I::: r HCC0)*13)j-O)llC:}3v\--CHm•*-!BH§;J:;P<tc:to ft 0MYC0)5Effl,Zl~1it;f;g 2: .hfc. MYC~Jh·tiHCClCl'iHm• 



*-aJDfili:kJ ICB!~!l1JO)ll:tfl{ L--Cv\ 0 t O)fj:~6Q G.tLi", ;f~;J,{:<$:ii~liEJVlflcDi::k L- -Cv\ 0 2:'. ~ t IC, MYC~F36m 

HCCIC~~, ~7llH'.:Eii~:fr~lcil11iii>0 tc. 

PI3K-AKTitlI~ ~ RAS-MAPKiflI~O)ffi't'.:E{Uc J:: tJ ~~ ~ .tLtc?? .AHCC0)36~i&JfJIHC:t3v\-Ci:kJ[z9'f'.:E 

Mycii~:m1~1!:tt;f!;ttlJ:8::·t!l 0 -cii \ 0:::. ~ ii~FY'.l G ii>tcft 0 tc. Myd:t36~i&Jf£0)1vJM tc J:: tJ ~ < ~:b 0 -cii \ 0 

~:fl~~ .tL0 ii~, Hi~*-aJH§O)~~tc:tov\-C tMyd:t:i;~ft~~:8::<f~"::l:::. 2:'. ii~~~~ .tLtc. 'i. tc, MycO) 

5<}]:1JIH:tDi~*-aJDfilO){~~tt~f!jg, tf,lflcH~J({~~t, ~ f:'=l{~~t ~ ~ < ~:b0 -Cv\ 0 2:'. ~ ;t G.tLtc. 

MyciJ~Di~fJI:~5<jJ*:a:-36:JiJ--t 0tc601ci:ttl:;~i¥JfE:v\3flm v~;v-c:+5t-c:lb tJ, -J:E'O)~fi:a:-m;t -c r1i'll 

36m L-tc~fdcf:t, 7~ r ~/.A :a:-~~ L-, Di~%PX;ii~:tJllf!5U ~.h0 2::. ~ ii~FY'.l G ii>lcft0 tc. 

~ G IC, -Y 7 .AHCC-tr';v-C:;f~ G.tLtcfffl*O)d,i'ft < ~ t-1'!'Bf:t l::'. r HCCIC tJ!-f!¥-C:'2- 0:::. ~ ii~~u~ ~ 

.tLtc. 4-1~, l::'. rHCC0)1it~IC:}31t\-C tMYCO)ffi't'.:Ef!5U1~ii~ll!~ft77°P ~7 2:'. ft 0 2:'. ~ ;t G.tL0. 

::$::/iJfJ'E IC J:: tJ HCC0)361:_:}3 J:: lf ~~ tc :to v \ -c J;[:;~J3";{E; 1t \ V~JvO) MYC (Myc) 0)3flm:to J:: lfffi'f'.:E{t ii~ 

:i:~ft~~:a:-:f'if0 -Cv\ 0:::. ~ ii~~u~ ~ .tLtc. 

1. Nagahama Y, Sone M, Chen X, Okada Y, Yamamoto M, Xin B, Matsuo Y, Komatsu M, Suzuki A, 

Enomoto K, Nishikawa Y. Contributions of hepatocytes and bile ductular cells in ductular reactions and 

remodeling of the biliary system after chronic liver injuries. Am J Pathol 184:3001-3012, 2014. 

2. Chen X, Yamamoto M, Fujii K, Nagahama Y, Ooshio T, Xin B, Okada Y, Furukawa H, Nishikawa Y. 

Differential reactivation of fetal/neonatal genes in mouse liver tumors induced in cirrhotic and non-cirrhotic 

conditions. Cancer Sci. 106:972-981, 2015 

3. Yamamoto M, Tanaka H, Xin B, Nishikawa Y, Yamazaki K, Shimizu K, Ogawa K. Role of the BrafV637E 

mutation in hepatocarcinogenesis induced by treatment with diethylnitrosamine in neonatal B6C3Fl mice. 

Mol Carcinog 2016 Jun 2. doi: 10.1002/mc.22510. PMID: 27253992 



Critical role of Myc activation in mouse hepatocarcinogenesis induced by the 

activation of AKT and RAS pathways. 
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