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LIN28/let-7 pathway bbrt~1~f171i.'1-:J~q]q]7ru1 'Wb61lrtci'JJ~b~-:J 1~tJ*bif'Wfln'l'.:l-71~bB:WV!eJ{?leJ-:J (m TORC2 

signaling pathway) 'WeJn'<il1n'l1 ~-:J{,leJ-:Jf1711bf117~'1'1A17:W?l:W~'W51~Vl17-:J m TORC2 signaling pathway 

1 'Wb61lrtci':w~b ~-:i?lJJeJ-:inu 8'W~-:im~111~ t.11 'Wrn1fin'l'.:l-1'111~v'hrn1b'\J~t.1ub vit.1ur1ru?lJJU~61JeJ-:Jb61lr1ci':w~ b ~-:in~t.110m 
' 

rn1bb?l~-:i00rn.1eJ-:i 8'Wbbr1~rn1bb?l~-:i00n61J0-:i 1 '\J1~'W~ bMt.11oif 0-:i 61i-:i'Wu11 '\J~mrurn1bb?l~-:i00n61J0-:i 1 'lb~'W 

LIN28B bbrt~1~~'Un'<ilm1JJ61Jel-:J 1 'U1~'W 1 'Wi~ m TORC2 1 'Wb61lrtci' U87MG iJm1:W?lel~Aii'0-:inum7JJ?l7JJ71fl 

1 'Wf171bfl~el'W~ bbrt~m1:wi1ti'n'l'.:l-ru~r1ii'1t.1 mesenchymal cells 'WeJn'<il1n'l1 ~-:J'W'U17~7bbVl'W-:J61JeJ-:Jntj:w 1 '\J1~'W 
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Abstract 

Glioblastoma multiforme (Glioblastoma; GBM) is the most common type of malignant 

primary brain tumors. It is classified as a Grade IV astrocytoma, and also one of the most 

aggressive types of cancers with low survival rates. The median survival has not been much 

improved even though there are many new generations of therapies. GBM patients usually 

have few treatment options with high recurrence rates. Therefore, the knowledge about the 

cellular and molecular biology of GBM still need to be more elucidated to increase the 

understandings and opportunities for treatment development to improve patients' quality of 

lives. This research aims to study the relationships among aggressiveness of glioblastoma and 

sternness-related gene expressions, especially LIN28/let-7 pathway, and the signal transduction 

in GBM cells specifically the mTORC2 signaling pathway. In this study, high-grade glioma cell 

line (U87MG) is used as a representative of GBM. In comparison to GBM, we used the low-grade 

glioma cell line (H4). Characterizations of cell proliferation under different culturing conditions, 

cell migration, and expressions of genes and proteins involved with LIN28 and mTORC2 

pathways were performed. In addition, the association between activities of mTORC2 and 

invasive characteristics was investigated. The results showed that LIN28B protein level and 

mTORC2 activity of U87MG are associated with cell migration ability. From our results, U87MG 

cells seem to acquire many stem cell-like properties such as loss of cell-cell adhesion, highly 

migratory, and expressions of the sternness-related genes that correlate with the highly 

aggressive behavior. Besides, membrane localization of mTORC2 in U87MG might also be one 

of the supportive properties for the cells to have enhanced aggressiveness. Moreover, we 

further investigated whether the heterogeneity of U87MG has any effects on its invasive 

phenotype by sorting cells by their sizes into large and small populations using FACS. 

Comparing between two populations being cultured together or separately, our results showed 

that when large and small U87MG cells were cultured together, the proliferation rate is higher. 

The expression of three sternness-related genes (OCT4, SOX2 and LIN288) and mTORC2-related 

gene (RICTOR) was found to be significantly higher. Therefore, it is supposed that the 

intercellular and intracellular regulations of the cancer cells are important to their 

characteristics. Ultimately, the knowledge from this study might apply to other deadly cancers, 

and become beneficial for the improvement of current therapeutics or the development of 

new treatments focusing on reducing the aggressiveness of cancer cells by promoting cell 

differentiation. 
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'U'Vl'W1 (INTRODUCTION) 

lJ~b ~-:J?llJB-:J'IJ'Ll~nfi't.1 faum?l b\9llJ1 b 'U'WlJ~b ~-:i?lue:i-:i'IJiJ~~-wumn~?l~ bb&'l~ilm1m'W bb 1-:imn~?l~ 
' ' ' 

'IJ'U~Vl~-:J 'Vl11 Vlfl'W 1m~mu~l:Jb~t.l~1\91Jl1t.J1 'W1~t.l~b16'll'U1~mruhhn'W 18 b~el'W ~-:i~ 15fl111'mrnr-:iilhlmn 

bb&'l~lJ~ b ~-:Jllfl\911'WV11'W~Bfl11f mnv111 vf m11'mn 1jj11ilr-rn ~-:iiru b 'U'WUruV11V11-:i?11u11ru?l'lJ~\91B-:Jfl11fl11bbnl 'lJ 
., ' ., 

lil1t.lfl11lJ~1flt1j'lJel-:JlJ~b~-:J'IJ'Ll~'W National Research Council of Thailand Grant (under the Research 

University Network Initiative) ~-:i11i1?1'WU?l'W'Wbfl1-:Jfl11fl11lJ';;1lJiJB~il'<il~j.J,:i'VllJ1l:Jb~elfl11bflU11u11lJ 
' ' ' 

\911elcJ1-:J'lJel-:JlJ~ b ~-:J?llJel-:J'lJel-:Jfl'W1 m V1 t.l b~t.l'<il~'V11fl11'U1~bil'Wlil1t.l Molecular classification ci1?1~'lJel-:J WHO 
' 

lil1t.l markers ~bb'W~'W1 l~\~lJ 'Ue)fl'<i)1fl~ b~el 1mBm?l\ii'-:inci111 Vlb'U'U'UJ~ bt.l'IJ'Ll?l-:J?l~ r-'.i'1~t.J~-:j\9le)-:Jfl11~elt.lel~ 
'lJ ' 'lJ 

'lJB-:J b61l&'l~lJ~ b ~-:i vflnGlbfl t.1-:inum~m61l&'l~V111 'lXbb 'W1fl~ 1 Vlj.JeJci1-:i differentiation therapy zj-:JAelfl11b Vl~t.l1'W1 

1 Vlb61l&'l~lJ~b ~-:i ~ilfl11mmb 1-:J?l-:Jbb&'l~ilflru?llJu~1nii'bAm fl11lJb 'U'W?lb~lJ b61lmfllilb'U~t.l'Wbb 'U&'l-:J?lm'W~'lJB-:J 
' 'lJ ' ' 

b61l&'l~lJ1 b 'U'Wb61l&'l~ ~i1 b'W1~ b'<il1~'<il-:imnt'W'el'W'<il~'V111 VllJ~b ~-:iilm1lJ1'Wbb 1-:i (aggressiveness) bb&'l~llelfl1?lmfo 

b 'U'W61r1&'l~&'l-:J b'U'W15~ b ~lJfl11lJ b'U'W 11J1m 'Wfl111'mn 1 Vl'Vl1 t.l'lJ1~Vl~elfl1UfllJfl11lj'j'Wbb 1-:J'lJel-:J b 11"1 '<il'W 1jjm~V1U 
' ' 

'lJB-:Jb61l&'lGl (differentiation) 1~mu'W1~ LIN28/let-7 pathway zj,:iv\'1-:i1'U1'W1~\ii'U'llel-:J?lJl11~b'Vl'Wel~'W~m1lJ 

bb&'l~b~'W11fl111i small interfering RNA (siRNA) ilflnt.1m-w~-:ilwm1'11111J1ifm111~\ii'ufl~'Llfl 

~-:Jb~'Wfl11lJ~1flqj~'<il~'V11fl11lJ b'V11'<iln&'llfl'llel-:J LIN28/let-7 pathway bb&'l~Vl~?le:JU'U1~~V15Jl1'W'llel-:Jfl111 'ti 

differentiation therapy 1 'Wm11Jfu b 'U~t.l'W?lJl11~ b'Vl'Wel~'W~m1lJ bb&'l~&'l~fl11lJ1'Wbb 1-:i 1 'Wb61l&'l~lJn ~-:J?llJel-:J 

'IJ'Ll~flfi't.1 bBUm?l b\9llJ1 zj-:Ji;.J&'l~11il'<il~b'U'Wbb 'W1V11-:JB'W'W11 'Ui:1fl11U1 siRNA therapy b 'V16'1fl11'U1~t.lfl\9lb 'ti 
'lJ 'lJ ' 
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d d 21 

n11V1'1.J'VITW11-arum1a.i'VlbnEJ1'lJ&:i 

Glioblastoma (GBM) 

n~!:.l 1eJumi.'l1~:mb'U'Wa.J~b ~-:ii.'l:weJ-:i'lJ'LlM1'Wbb 1-:i 'V-l'IJ 1\il:mn~i.'lM¥1m11 15% 'l.lel-:J:W~b ~-:imJe:i-:iJ-:ivi:wM 
' ' 

f mnvh 1 V1n11f mn1:wl\91~6'1 fl'Wl in~umb'U'W:W~b ~-:i 1 vi:iJvi~-:in11f nt11m !:.l 1 'W1~!:.l~ b 1mefo~'W vh 1 Vlfl'W l mM!:.l 

bu~m~!:.l~?3~m!:.l1'Wviil-:itlbb6'l~iJr1'Wli~1e:iM~1~lul\ilm'Wfi-:im:wtlb~!:.l-:i 3-5 % b'Vl711'W (Gallego, o., 2015) 

:w~ b ~-:Ji.'l:We)-:J'lJ'LlM,d' bf1M:W1'·il7nb61ll;'l~ bn~!:JVl~elb6/ll;'lj;i(i)'tJf17b'LlM'lJel-:Jb6/ll;'li;i bn~!:.l 1 'Wi.'l:Wel-:J?f'J'Wnm-:i fl17&-J'a'Wbb ';i,:J 
' 

~-:ii'.ir111:W1'Wbb 1-:i (aggressiveness) mn ?i-:i~6'J(;le:J beln7i.'l~"ll~f nt11l111~6'11~i1t1)t1)1illbb6'l~m~u1'Wm11 m61l6'1~ 

~'U"\l~'U'W'V-le:J'Vl17'\Jfl'W17iJ'U'Vl'IJ7'VI 1 'W:w~ b ~-:J'lJ'LlM,d' l111bbf18'W~b~!:.l16lle:J-:Jfl'IJ cell cycle, aging bb6'1~ 

morphogenesis (Serao, Nicola VL, et al., 2011) 1Mmu'V-l7~8'W~b'U'W\9l1Vl~n1'W:w~b~-:JVlG'n!:.l'lJ'LlM b'ti'W RAS, 

TP53, PIK3 bb6'1~ CDKN2AIB b'U'W\il'W (Appin, Christina L., and Daniel J. Brat.; 2014) 

bM!:.l8'W~iir111:w'V-l!:.l7!:.l7:W~"ll~1-il'mfnt17bb'IJ'IJ:W-:Jb'\J7Ae:J EGFR zj,:i'V-lu11,in amplified mn5-:i 40-50% 
' " 

1'W:W~b~-:J'lJ'UM,d' (Parsons, D. Williams, et al., 2008) bb6'l~Vlil-:i1 'Wl~G1t1Jt1)7ill~~nm~~'W bM!:.l 1 U'a~'W EGFR 

Ael PI31</ AKT /m TORC 1 zj-:J'V-l'IJ17G1t1Jt1)1ill-d'~nm~~'W 1 'W:W~ b ~-:in~!:.l bel'IJG'ni.'l 1~m n5-:i 90% "\l7n\il'Wb Vl{,J(;l1-:J 1 

fl'W'Vl71Vl'ti1-:JVl~-:ii'.im1i'Wmflnt11fi-:i~6'l'l.le:J-:Jn111i inhibitor 'lJe:J-:J mTOR b'ti'W rapamycin 

1 'Wn7'a8'\Jt-:i:w~b ~-:i n~!:J be)'IJG'ni.'l 1~m b ~:W~'W\111!:J e)~7-:J hn~ .f17!:JVl~-:J'V-l'IJ17:W'~ b ~-:J'U7-:Jn~:wm U'a~'W EGFR 
' 

rapamycin l:iJl111i'.i~rui.'l:w'U&11'Wn118'1Jt-:i mTORC2 (Cloughesy, Timothy F., Webster K. Cavenee, and 

Paul S. Mischel., 2014) 

Differentiation therapy 

fl17:Wb61J7h~i'.i:mn.ffm~!:.l1fl'U cancer stem cells bb6'l~n'a~'IJ1'Wn71b"ll~ru"\l'Wi.'l:W'IJ1ru'lJe:i-:Jb61l6'1rA (cell ., " 
differentiation) v'i11 V1i'.im1:wvm1 !:.l7:W~"\l ~ b Vl~!:.l1'Ll71 VI b 61l6'1Gi~i'.i flilli.'l:W'U&11n~ bA!:.l-:Ji.'lb~:W b61l6'1Gi1!'Wii flilli.'l:W'U&1 

' ' 
b 'U'Wb61l6'1Gi'<il7 b 'V-l7~ (differentiate) b~e:J6'1Mfl17:!J'a'Wbb 1-:J'l.le:J-:J b61l6'1Gi:W~b ~-:J6'1-:J zj,:i1 'W'ti1-:J l:iJ~tl~~1'Wmiin111-il' 

' 
r111:wjvi11 bone morphogenic protein (BMP) mm1mV1~!:.l1'Ll7n71bU~!:.l'WbbU6'1-:Ji.'lb~:Wb61l6'1rA 

'lJe:i-:i1~'\J'UU1~i.'l1V1 b 'U'Wb61l6'1rA bbe:Ji.'l 1V11161!~'1111 m 1-il'b 'U'Wbb 'W1AM 1'Wm11 VI BMP bbf1b61l6'1Gi:W~b ~-:in~!:.l 1e:i'Umi.'l 1~m 

b~el'Ll7:w716Ub'U'Wn71fnt111 Vl:W e:i~1-:ihn~'V-l'IJ17n711 -if BMP 1!'W8-:JiJ6lle:J'<il7flM b'V-l17~bb~b61l6'1rAffi111fu BMP 

"ll~b~:wi'.ir1rui.'l:w'U&1Vlm!:.le:i~1-:i1n~bA!:.l-:J differentiated cells bb(;lt18-:ii'.ir1rui.'l:wu&1'lJe:i-:im~m61l6'1rAV16'1-:JbVl~e:Je:i~ 
' ' " 

n7'a'Vl7-:J7'W'lJe:J-:J phosphodiesterase 4 (PDE4) 'V-l'IJ17n711 mm6'1~6'1,d'bbflb61l6'1~8'1Jt-:in11b"\l~t\)b&1'1J b~'lJe:J-:J 

b61l6'1rA:w~b ~-:i bb6'1~ bVl~!:.l1'Ll7 differentiation 1111 zj,:ib~e:J 'Ll7b61l6'1rA:w~b ~-:J'lJe:J-:J:W'Wt1tJl UU6'lnri11:J 1 'WVl'W tl'V-l'U17 b61l6'1Gi 
' " " 

:W~b~-:J1!'Wb"\l~t1)lUb'U'Wb61l6'1rAu1~i.'lTVlb~:W11:Jl111 (Kang, Tae-Wook, et al., 2014) ~-:Jbi.'l~:!Jbb'W1AM1'Wm11i 
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differentiation therapy h1rn1fmn €Jci1-:ihn~rn11i BMP Vl~'e) bJ-lbl;'l~mVl~1i1n!'J-:ii1imhn~ 

b~B-:i'<il1mb tnfi~i1!'J-:JB !'.Jb t11~cJ~b~JJ\?i\1 l(j-:il9i'B-:ii1rn1fi f1'et11'<ilcJ~B b ~B-:i~-:im1ii b tlu 1 tJ11il bbl;'l~At1Vl11ii bl;'l nl;'l 
'IJ ' 

'/J'Ll~~t1Vl~mt11V1mcJ~'U b~Bn11i1iiiB'iil1n~~1-:i 1 ~Blu 

LIN28/let-7 pathway controls differentiation and metabolism through epigenetic 

mechanisms 

1t1-:i1t11'<ilcJlil1'U?fb~JJb6/Jl;'lr;1i]f111A'U'VfU11 LIN28/let-7 pathway b'U'UVl~-:i1 'U1~~A1'U~W:l.f111~ 

m1JJb'U'U?fb~JJb6/Jl;'li;1bbl;'l~fn1JJb'U'Ub6/Jl;'lr;1'iil1b'W1~ (undifferentiated vs differentiated states) LIN28 

b€J-:J1!'Ubtl'U RNA binding protein ~i1uviu1V1A1'Uf)mt-:irn1b'<il~qJb~'Ub\9lbJJ\911'U€J~66JJ bbl;'l~1Dlilm'IJ€J-:Jb6/Jl;'lr;1 

1utl 2008 'Wf11\ilcJA'U'W'U11 LIN28 1!m-11m1t1'<il'Un'U microRNA ~zj€J11 let-7bbl;'l~!'J'UJ-:im~'U1'Uf111'1{1-:i 

mature let-7 11il bbl;'l~fovi1-:in~unt1 let-7 microRNAs !l!'J'Ut-:i LIN28 lil1cJf111'<il'Un'U 3'UTR bbl;'l~'V111~ 

mRNA ~nciBcJ'1mcJVl~B1li~mbtlmtlt1hh&it1 (Viswanathan, Srinivas R., George Q. Daley, and Richard 

I. Gregory., 2008) f11J~ LIN28/let-7 '\ll1Vl'Ll1~\91J-:J6LJ1J-lbbl;'l~!'J'UJ-:in'Ubbl;'l~nt11!t1 '\1111 ~b6/Jl;'lr;1(11JJ1Jt1~1J-:J'el~ 

1 'U'1.fl11~ 1~Ml11~Vl~-:J 11il f1~11fl€J 51 LIN28 '1-:J !l'<il~!'J'Ut-:i let-7 bbl;'l~'\1111 ~b6/Jl;'lr;1€JcJ1 'U'1.fl11~'1J€J-:J'1b~J-lb6/Jl;'lr;1 
'IJ 'IJ 

LIN28 ~1 n11V1~l;'l€J-:J'WU11V11n1?i let-7 1um~iib6/.!l;'lr;1tl~mrummbl;'l~l;'l1?1 LIN28 n'<il~mm1mVl~cJTw11~ 

b6/Jl;'lr;1 differentiate 11il (Melton, Collin, Robert L. Judson, and Robert Blelloch., 2010) 

'UVl'U1Vlf11W11-:J1'U'IJ'e)-:J LI N28/let-7 1 t1f111rl1'Urlilbil\911'U€J~61iiii111m1t1tl ~b~'U11 'UVl'U1Vl'IJ'e)-:J 
' V , V , V 

LIN28 tl't1?i1t1Vl'U-:J~1'Uf111!'J'U!'J-:J let-7 66-:J!'J'U!'J-:J IGFlR, INSR, IRS2, PIK31P1, AKT2, TSCl and RICTOR 

B'Ub'Ut1?i1t1Vl~-:J'IJ€l-:J1~~qjqj1W lnsulin-Pl3K-mTOR (Zhu, Hao, et al., 2011) 1~mu'W1~ RICTOR 

1!mtlt1?11t1Vl~-:J'IJ'e)-:J m TORC2 lil1cJzj-:JVlJJ1cJfl11JJ11 LIN28/let-7 'e)1'<iJ!'J'UJ-:ir11€J'Urli;'lJJ11ilJ-:i m TORCl bbl;'l~ 
' 

mTORC2 'U€lf1'<il1f1Vli11ffit1n11mur1ii let-7 microRNA bbi1 LIN28 !l!'J-:J'11JJ11t1\il'Un'U mRNA 
' 

' ' 
lil-:JiJe-Jl;'l'Vlrl1€l'Urll;jilf111-:Jf111e-!l;'l'Vl~1t!Vl1-:J let-7 b'WcJ-:J€Jci1-:ib~m (Shyh-Chang, Ng, and George Q. Daley, 

2013) b~cJVl~-:i1t1 mRNA target 'IJB-:J translational regulation 'IJ€J-:i LIN28 !lfl€J IGF2 zj,:ibtlt1?11t1Vl~-:J'/J€J-:J 

Insulin signaling b6U'Un'U ~1~~d ~1\ilcJ'W'U11f111rl1'UflilbJJ\911'LJ'e)~6/lii'IJB-:J LIN28 ni1e-il;'l~'e)(l.f111~ 

r111mtlt1m~m6/Jl;'ll;'lb~cJf111fl1'Uflil'<il1f1 LIN28 i1?11t1~1li11i1~1'U let-7 bb~b'U'Uf111'.il'Un'U mRNA target 

b~Bfl1'Uf)JJJ~lil'U'IJB-:J protein ~i1w1'.11~bMm'IJB-:inum~u1t1rn1 oxidative phosphorylation (OxPhos) 

?i-:ie-il;'l 1 ~b6/Jl;'ll;'l1'tim~u1t1f111 glycolysis mnn11 OxPhos zj,:ii]e,il;'l~€J'1t11'U~'IJB-:Jm~JJb6/Jl;'lr;1 (Zhang, Jin, 

Ratanasirintrawoot, Sutheera et al., 2016) zj-:Jf111b'U~cJ'U'<il1f1f1111.ff OxPhos 1tlb'U'U glycolysis 1!t1 

b'U'U'U11f1Df11Jill~'W'U1'UJJ~b~-:Jb6U'Un'U~b~cJf111 Warburg Effect lil-:J11'U'<il~b~'U11i111 differentiate state bbl;'l~ 

metabolic state 'IJ'e)-:Jb6/Jl;'lr;jiJm1mMm 1mn'U b~cJ LIN28 pathway b'U'U~1~rl1'UAJJJ-:iri f111ll-:itH'Ub'U~cJ'U 
' 'IJ ' 
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n7'J'V11-:J1'W'LJe:J-:J LIN28 ~e:i1\9711~1'W epigenetic mechanism L'WVl611cJ'J~lilU
1

bJ1T'il~bU'W~1'Wfl1'J 

cJu5-:im~U1'Wfl1'Jfl1'J6'1{1-:i microRNA (microRNA processing/maturation) ~1'Wfl1'Jfl1Ufj:Wn7'Jbn~ 

translation -ue:i-:i mRNAs ~bU'Wb'U1Vl:lJ1cJ zj-:iiJi-:im'JcJu5-:ibb6'1~fl1'Jm::.:rli''W bb6'1::.: L 'Wfl1'J'Vl~6'1e:i-:i1 'WG'lb~:Wb61l6'1~ 
' 

'WU11fl1'JcJU5-:i LIN28 61-:J~6'1L~bn~ hypomethylation 'LJe)-:J H3K9 and H3K27 bb6'1::.:'WU11'J::.:\91U'LJe)-:J 

H3K9me3 bb6'1::.: H3K27me3 ~ promoter 'LJe:J-:J8'W~G'l1flqjl 'WG'l.fl11::.:'W~11 'Wb'Vl'W'Vl'LJe:J-:J6'lb~:Wb61l6'1~6'1~6'1-:J 

bb6'1::.:bde:i 1:wm'Umi1 lJ'J1cJ-:J1'W11 LIN28A 6'11:!J1'Jtl'<iJUnU~be:J'Wbe) 11ii't~cJ'V11-:J1'W~1:Wnu TET1 L'Wfl1'J 

b'U~cJ'Wbb'U6'1-:J DNA methylation 1~c.1m-:i (Zeng, Yaxue, et al., 2016) zj-:Jn7'J'V11-:J1'W1mrrn~ru~d 

cJ-:iilbvlc.1-:i'J1 c.1-:i1m~m~-:icJ-:irli'e:i-:i'Je:im'J'WG'l'<il'Wbb6'1~Pi n~1 b~m~:w'<il1nm1:wi-{)c.1~'W 61 rnrni'l u\971c.1 b ~e:i~'WcJ'W\9ie:i 1 u cu , I cu 

LIN28/let-7 pathway in cancer 

1 'W\971'W:W~b ~-:Ji!'WlJ'J1 cJ-:J1'Wb~c.11nUU'VlU1'Vl'LJe)-:J LIN28/let-7 b 'ti'Wfl'W 1~cJ611'W:lJ1nbU'WA11JJG1JJ'v~,'Wfi'LJe)-:J 

LIN28B (LI N28 para log) nu:w~b ~-:i'VlmcJ6li'W~ b 'U'W 1 'W:W~ b ~-:i bM1'W:W :wn ~-:JG'l:We:J-:J6li'W~'W1 humG'l 1\9\m 

:W~b~-:i~11it :W~b~-:i\9ie:i:w~n'Vlmn bU'Wrli''W (Zhou, Jianbiao, Siok-Bian Ng, and Wee-Joo Chng., 2013) 

i;i16'1~ 1 'WD 2014 -:i1'W1'<il c.11 'W:W~b ~-:i\9lu-ue:i-:i nl;1:w b~:W'LJe:i-:ii;Yi-{)c.11\9l'J1cJ-:J1'WVJJmi1'W~Vl'Wnbb 'W'W'LJe:J-:JU'VlU1'Vl-Ue:i-:i 
'I 'I 'U ~ 

LIN28B 1'Wm~U1'Wfl1'J bf1~bb6'1~~1b'W'W1tJ-ue:i-:i:w~b~-:J bb6'1~cJ-:J'WU11n7'JcJU5-:i LIN28B \971cJ fl1'J1~ siRNAs 

~1'Wrn'J5~ b<LJ1bii'm~e:i~Vl~mtmJ-de:i-:ivf e:i-:ii!'W 1 ~~6'1ITT 'Wf n~1:w~b ~-:i 1 'W'Vl'W 'We:Jn'<il1ni!'WcJ-:J 1\97A'W'WU11 RNA 
S V 

binding protein Bn\911Vl~-:i~e:i IGF2BP3 (!MP3) bU'W8'W~~nrnuri:w 1~c.1 LIN28/let-7 bb6'1~lJU'VlU1'VlG'l1flqj 

1'Wn7'Jbf1~:W~b~-:J\91U'<il1nn7'Jbb6'1~-:ie:ie:in -ue:i-:i LIN28B Bn\971cJ (Nguyen, Liem H., et al., 2014) 

'<il1nA11:WG1:W~'Wfi~b ~-:Jrl'W'WU 1 Vl:Wb'Vll;11'l1be:i-:J~1'<il cJ~-:J\91e)-:Jn7'J~'<il~Pin~111 LIN28 bb6'1~ !MP3 
V 

i!m U'W8'W~G'l1flqj 1 'Wn7'Jbf1~:W~ b ~-:imrc.11e:ium6'11\9lm bb6'1~lJA11:W b~cJ16LJe)-:Jflufi'n~ru~~,'Wbb 'J-:J (aggressive) 

'LJe)-:J:!J~b ~-:inti' cJ 1e:ium6'11\9lm'Vl~e) 1:iJ '<il1nfl1'J~Url'W'WU b vlc.1-:iG'le:i-:J'J1cJ-:J1'WbV11i1'Wffi\9l'W~'1-:JU'VlU1'Vl'LJe)-:J LIN28A 
V 

1 'W:w~ b ~-:infi' cJ 1e:ium6'11\9lm 1~cJ'WU11'J~\91U'LJe:l-:J LIN28 1 'W\911e:l81-:J b tlm~e:iilm1:WG1JJ~'WfinU'J~ cJ~b1611'Je:l~ 

~1\9l'LJe:J-:JA'W1-u bb6'1::.:bb6'1~-:i1 ~b~'W11n7'J6'1~ LIN28A 1 'Wb61l6'1~l6'1'W6'1~tJ1mrum'Jbn~ 1r1 fati-ue:i-:ib61l6'1~:W~b ~-:i (Qin, 

Rong, et al., 2014) bb6'1~0m1c.1-:i1'W'Vl'W-:J'WUfl1'Jbb6'1~-:ie:ie:in'LJe:i-:i LIN28A bb6'1~ LIN28B 1'WJJ~b~-:J 

nti'c.11e:ium6'11\9lm bb6'1~'WU11 nl'Jb~:W fl1'Jbb6'1~-:Je:Je)n'LJe:J-:J8'Wffi 'Wb61l6'1~ 6'11:!J1'Jtl61-:Jb6'11:Wfl1'Jb~U 1\9\'LJe)-:J:lJ~b ~-:i 

L'WVJ'Wbde:itl1b61l6'16'1l'UU6'1nci1c.1 bb6'1~'WU11G'l1Vlfom~:wb61l6'1~'J::.:uutJ'J~6'11'Vl (neural stem cells) ~il P53-
v V 

/KRAS/TERT fl1'Jbb6'1~-:ie:ie:in-ue:i-:i LIN28A '<il~61-:i b6'11:wrn'Jbn~JJ~ b ~-:i lil-:J'<il~ b~'Wl\9l'<il1neJ\9l'J1 m'J'Je:i~~i\91~~1 

bde:i'U1b61l6'1~:W~b~-:J1utJ6'1nci1c.11'WVl'W (Mao, X. G., et al., 2013) 
V V 

1 'W611'W'1le:J-:J !MP3 i!'W ~UA'W'WUb'V1c.1-:imm1c.1-:i1'W i'Wbb'Jn'Wu11 !MP3 bU'WVJ~-:i1 'W\911'U-:J~~bb6'1~-:ifi-:i 

gender-dependent association -ue:i-:i progression and survival -ue:i-:i:w~b~-:inti'c.11e:ium6'11\9lm (Serao, 

Nicola VL, et al., 2011) ;ff'W~G'le:J-:J'J1c.i-:J1'W'1-:JA11:WG'l1flfil'1le:l-:J !MP3 1'Wm'Jm~rli''W PI3K/MAPK ~1'W IGF2 
. V 0 

bb6'1~fn1:W6'11J-11'Jti 1 'Wfl1'JbU'W\91TU-:J~'LJe:J-:J:W~b ~-:inti'c.11e:ium6'11\9lm (Suvasini, Ramaswamy, et al., 2011) 

bb6'1~;ff'W~6'11:w'J1cJ-:J1'W'1-:Jfl1'J'V11-:J1'W'LJe:J-:J miR-129-1 1'Wfl1'JcJut-:i !MP3 61-:J~6'11~bn~ cell cycle arrest 
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' ., 
1m61J6'l~:1J::;b~-:in~t.1le:ium?11\9lm (Kouhkan, Fatemeh, et al., 2016) nT~'VlA11:wil':w~t15'1lm'Vl-:i 

LIN28NLIN28B, !MP3 bbG'l::; let-7 ilm"Jflff\.'}1'UeltJbb6'l::;~-:i'l:w1~rinflrn.'}7eJ~1-:J6'l::;bBtWl bUt11e:immru~ 
'U 

~ b "JT'1::;'Vl1r111m i1 h b~ t.11num"J'Vl7-:J7t1'LJeJ-:Jm::;u1t1n1"Jb Vl~1d 1 u:w::; b ~-:in~t.11e:ium?t 119lmbb6'l::; 1e:im?t~~tl 

1 ti n~:wd Ii)::; b 'Ut!~1U-:J~Vl~el~hvm1 mru 1 "JflVl~el~1'VW1 mru fl11:Wfi11tl'Vl1tl n7 'J-rmn ~il'lh::;~'V]fiJl1'1"1 ~ 
' 

6'17Vl'fo 1 .;fl tln7'J1'Ulil~fo:w::;b~-:Jn~t.l 1e:ium?t119lm 'J1:W'1-:Jn7"J16Ufl17:Wb'LJ11'<ilb~t.11fl'U?fb~:Wb61JG'\Jbb6'l::; LIN28/let-7 

mflrn.'}7fl17:IJb'Ut!1'1.J11ii''lleJ-:Jn7"J1'U differentiation therapy b~m111'\.J~m"J1-u siRNA treatment 

-rmn:w::;b~-:in~t.11e:ium?t119lm 

RNA delivery methods 

b 'Vlfl 1u 16'l~fl11:1Jfl11Vl'U11 tln7'J'W1~-:J RNA b 'LJ1~b61JG'IJ:W~b ~-:i'1t1"J~Vl'U11 '\.Jmn 'LJel~'LJe),:j RNA ~b~n 
'U ' 

:W16'l 1:Wb6'l~6'l'Uelt.l bb6'l::;iJ'\.J"J::;~ 'Vl71vfm"J'W7G'l-:Jlil1t.l liposome, nanoparticle vt~el n7'J'Vl7 conjugate "J::;w:h-:i 

RNA nu 1m6'ln6'l'l11G'i-:i1~t.1m-:iil~nt.1m'l"l?f-:J m"J1-u RNA 1t1m"J-rm111!t1il~b'LJ7G'I clinical trial bbii'1mnmt.1 
' 'U 'U 

vY-:i microRNAs b'lltl m"J1-U miR-34 1t1m"J-rm11:w~b1-:i~u~-:ie:itj Phase I (Farooqi, Ammad Ahmad, et 

al., 2016) bb6'J::;m"J1-U siRNAs ~ihi1fi-:iJ-:i Phase I bbG'l::; Phase II bb6'l::;iJVJ~-:J~1~el Patisiran ~ 1-u GalNAc 

conjugate fl'U siRNA 1~t.1\9l"J-:J6i1-:J'LJru::;'l1b'LJ7~ Phase Ill trial bbii'1 (Zuckerman, Jonathan E., and Mark 

E. Davis., 2015) tleln'<il1nt1m"J1-U gene therapy niJA11:Wfl11Vl'U1bb6'l::;\~fom"Jt.1eJ:Wfomn:ffm'lit1nt1 

"J1:wJ-:iilm"J'Vl~6'lel-:J'<il~-:J 1t1r1t11'1flt1 clinical trials 'llmVlmt.11 bm'liu hr1'llm"J::;'LJ'Ub~el~ bb6'l::; bA~'U 

bbii'1b'Mmmm"J-rmn~~ (Naldini, Luigi., 2015) 611-:iVlln 1r1"J-:im"J1~t.1du-:i(11m"Jb'U~t.1'\.Jbb'UG'l-:Jb'U7Vlmt.1 

m"J-rmm Vl~1dlii'1t.1 RNA 11ii't:-J6'l~ nil1'<il::;?11m"Jm 'Ut1~Tu1~0-:i 1 vf nu 1A"J-:Jn7"J~m tie:i-:i~'<iJ::;fl mn 

'\.J'J::;~'Vl5Jl1'1"1'1Jel-:Jn7'J'W7G'l-:Ji'I.Jbb'U'U~7-:J1 b'llt!n7"J1-U nanoparticles Vl~el lentiviral vectors 

b~el'Vl~?feJ'U1 tl'J::;~'Ui\'\911'Vl~6'lel-:J b 'Ut1.ff t1\9leltl~el 1 'I.J 
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Vl~el'VH'.11 mruf11'J~1'Llf11'a"rf1tl1'lJel-:J:W::: b ~\)?f:lJel-:J'lJ'Ll(YJ nJcJ bel'\J6'11?f b\9l:lJ1 b ~elb'lJ1Vl:lJ1 c.l 1 'Llf11'Jb 'U'WM1'1hm{1wru 

f11'J1'Ll'<ilQc.l'lJel-:J bb'l"l'Vl~ bbl;'l:::Pintl1f1f1cJ.fl1'l"J'lJel-:Jf11'J 1 -if differentiation therapy 1 't.Jf11'JcJ'\J ~W/ll;'l~:W::: b ~-:i 

f1~c.l bel'\J6'11?f b\9l:lJ1 b(YlcJ'<iJ:::o/11fl11:lJb•ih hb~cJ1n'\J LIN28/let-7 pathway zj-:JU'J:::f1el'\J\911c.l RNA binding 

proteins bbl;'l::: microRNAs ~iJ'U'Vl'\J1Vl1'Llf1i;'l 1nf11'Jbf1(Yl 1 'Jflbbl;'l:::f11'JIY11b'Ll'Ll'l U'lJel-:J 11r1:w:::b~-:J?f:Wel-:Jf1~c.l bel

'\Jm?f b\9l:lJ1 ~1'WVl1-:J m:::'\J1't.J f11'J fl1'\Jfl:W?f m1::: b Vl'UelvJ'tJum'J:W bbl;'l :::'Vl (Yl?f el'U f11'J 1-il' small RNA treatment 
' ' 

b ~m u~cJ'Wbb 'Ul;'l-:J pathway 191-:imh1 b(YlcJ'<iJ:::1 bm1:::~f11'Jb u~cJ'Llbb'Ul;'l-:J~-:i 1 tJ'J:::\91'\Jf11'Jbb?f(YJ-:Jelelf1'lJeN 8'W 

bbl;'l:::'J:::\91'\J 1 U'J~'Ll b 'VleJo/\'1m1:wb -v1 h bfl~el'll1c.l b zjel:W bcJ-:J'lJel-:Jf11'Jfl1'Ufl:W 1bm1:::~ epigenetic profile 

'lJelW/li;'l~zj-:J'<il:::?f :::'Vlel'Ll~-:J fl11:lJ?f:lJ'\J'jUJ1 'LI f11'j b 'U~c.l'Ll bb 'Ui;'l-:J?{m'\.J:::'lJelWIJi;'l~ 'j'J:lJ ~\)\9l 'j1'<iJ?f el'\J fl ru~ f1'el'ill::: 
~ ' 

"l.leJ'Ub "l.l\9l"l.leM bfl1.:im-a1~c.1 

1r11.:in111~cJ'l1'<il:::Pintl11 '\.Jb6/ll;'ll;'l1l;'ltl:w::: b ~-:i?f:weJ-:izj-:i'll9i'bbn U87 MG bbl;'l::: H4 bbl;'l:::o/\'1m1'Vl(YJ?feJ'\J 

differentiation therapy 
., 

Vli;'l 'eJ (Y)Vl (Yli;'l 'eJ.:J b 'Vl1'U't.J 

'Vlq~~ ~:W:W~i1'W bb'6'1:::f1'aeJ'\Jbb'W1f1~"l.leJ.:j bfl'a.:!f11'a1~c.l 

1 'W'U'<il'<il'U'LliJr111:w b ·ih hmn~'Wb~cJ1n'\Jflt\J?f:lJ'U~'lJe)\) b6/li;'l~ ~n~i;'l~e)f11'jb'<iJ~W,b~'\J b\91 m1m'Wbb 'j\) 
'I 'I .... 'I 

b ~el.:J'<il1f1:W:::b ~.:j?f:lJel.:J'lJ'Ll(Yl nJcJ b'eJ'U6'11?f b\9lmi1m1m'Llbb 'j\)?{\) bbl;'l:::iJr1ru?f:W'U~ffinii\~cJ.:jn'\J?fb~:lJb6/li;'l~ ~.:in 
' ~ ' 

bb 'W1A (Yl11 f11 'J b 'U~ c.l'W bb 'Ul;'l.:J?f m'W::: 1 VJ b 6/li;'l~'<i11 b 'l"J1::: b '<il1:::'<il.:J:lJ1 f1~'t.J '<ii::: b 'Ut!Vli!.:i 1 tJ15f11'J{f1tl1~iJ f1 f1c.l.fl1'l"l?f.:J 
~ 

"' cl '<il1 f1f11'j\"l f1tl1?fb\9l:W LIN28/let-7 pathway 

?f1:lJ1'Jblfl1'\Jfl:Wm:::'\J1'Wf11'J differentiation 11ill(YlcJ~1'Ll epigenetic mechanisms \91.:J1!'t.JVl1f1 LIN28/let-7 

pathway iJ'UVl'\J1VlG11flqJ 1 tJ:w:::b ~.:J?f:Wel.:J'lJ'Ll(Ylf1~c.l bel'\Jm?f b\9l:lJ1'<il~-:J f11'Jb'U~c.l'Llbb Ul;'l.:im:::'\J1'Wf11'Jffi 'Llb61m~ 

ii:::b~.:i b(Ylc.lf11'J16U small interfering RNA (siRNA) treatment b'Vlell;'l(Y)Vi~elb~iJ8'Ll~iJ'UVl'\J1'VlViJn 

'<il:::mm1m V1tic.ml1l;'l (Ylfl ru?f:wu~ r111:w b 'U'W?fb~m 6/ll;'l~ bbl;'l:::l;'l(Ylfl11m'Llbb 'J-:J'lJeJ.:J b 6/ll;'l~iJ::: b ~-:i '<il'LliJu 1:::~Vlfim'l"l 
' ' 

1 't.Jf1111-il'{ f1tl1119i' 't.Jelf1'<il1f1i1m1iib-u1 h 1 'Llnl;'l1f1f11'Jt'l1-:J1'Ll 'lJ'eJ-:J LIN28/let-7 pathway cJ-:J'<iJ:::o/\'11vf?f1:lJ1'Jbl 

fl't.J'l"l'\Jb'U1Vl:lJ1cJ5'Ll 61 ~.:i1 't.J pathway 'l1bbl;'l::: pathway 5'1.J~bzjeJiJ bc.l-:Jf1't.J~~nm:::~'Ll 1 'Wb6/ll;'l~:W:::b~.:J'lJ'Ll(Yli1 

'e)'t.J'<iJ:::'W1:lJ1zj\)f11'jVi1 b 'lJ1Vl:lJ1cJf11'j{f1tl11 Vlj.]11ii'Bf11il1c.l 
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15~1b'W'Wn111i~ (MATERIALS & METHODS) 

1. 16'~ (Materials) 
' 

1. Automatic pipette: (0.1-0.2 µl), (0.5-10.0 µl), (2.0-20.0 µl), (20.0-200.0 µl) and 

(100-1,000 µl) (Eppendorf, Germany) 

2. Micro centrifuge tube: 1.5 ml (ExtraGene, USA) 

3. Parafilm (Plastic Packaging, USA) 

4. Petri dishes: 100 mm, 150 mm (Thermo Scientific, USA) 

5. PCR tube: 0.2 ml and 0.5 ml (Bioline, USA) 

6. Pipette tip: 10 µl, 20 µl, 200 µland 1,000 µl (Thermo Scientific, USA) 

7. Plate: 6 and 96 Well Plate (Thermo Scientific, USA) 

8. Polypropylene conical tube: 15 ml and 50 ml (ExtraGene, USA) 

9. Real-Time PCR tube (Kisker Biotech, Netherlands) 

2. ~tlmcl (Equipments) 

1. Autoclave (Hirayama, USA) 

2. BD FACSAria™ II (Becton Dickinson, USA) 

3. Q Exactive Orbitrap Mass spectrometer (Thermo, USA) 

4. LSM800 confocal microscope (Zeiss, Germany) 

5. Centrifuge Universal 320r (Hettich Centrifuge, UK) 

6. Class II Laminar Airflow (Thermo Scientific, USA) 

7. Electrophoresis chamber set (Major Science, USA) 

8. SOS-PAGE chamber set (Bio-Rad, USA) 

9. Freezer -20°C (Sanyo, Japan) 

10. Freezer -80°C (Panasonic, Japan) 

11. Heating block (Bioer Technology, USA) 

12. Microwave oven (Sharp, Japan) 

13. Nanodrop spectrophotometer (NanoDrop 2000c, Thermo Scientific, USA) 

14. StepOnePlus™ Real-Time PCR (Thermo Scientific, USA) 
95 q . 

3. 'W1~1bb6'1~61'1'abfll~ (Reagents and chemicals) 

• tl1m~Tl-'lf'ULm'Wn11&1n~ RNA 

1. Absolute ethanol (Mere, Germany) 

2. Chloroform (RCI Labscan, Thailand) 3. Nuclease free water 

3. DNase I (Cat. no. M0303S, New England Biolabs, England) 
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4. · QIAzol Lysis Reagent (Cat. no.79306217004, Qiagen, Germany) 

5. miRNeasy Mini Kit (Cat. no. 217004, Qiagen, Germany) 

• cDNA reverse transcription kit 

1. miRCURY LNA RT kit (Qiagen, Germany) 

• J11:11&f1V1-ru1-u'l:wnTa'Vl1 agarose gel electrophoresis 

1. Agarose molecular grade (AMRESCO, USA) 

2. EDTA Tetrasodium Dihydrate (USB, Hongkong) 

3. RedSafe Nucleic Acid Staining Solution (INtRON, USA) 

4. 100 base pair DNA ladder (Thermo Scientific, USA) 

• J11:11&f1V1-rut-ul:wnTa'Vl1 Real-Time PCR 

1. 2X Luna® Universal SYBR Green/ROX qPCR Master Mix (Cat. no.M3003, New 

England Biolabs, England) 

2. Specific primers (Integrated DNA Technologies, Singapore) 

• J11:11&f1V1-rut if!. 'WnTHi1:1.:ib"116l&1 

1. 0.25% Trypsin EDTA (Gibco) 

2. Antibiotic-Antimycotic (Gibco) 

3. Dulbecco's Modified Eagle Medium (DMEM) Low glucose (Hyclone) 

4. Fetal Bovine Serum (FBS) (Hyclone) 

5. DMSO (Sigma-Aldrich, USA) 

• J11:11&f1V1-ru1ifl.'WnTa'Vl1 Cell proliferation assay 

1. CellTiter 96® AQueous One Solution Cell Proliferation Assay (MTS) 

(Cat. no.G358c, Promega) 

• tl11:11&f1V1-rutifl'Wn1'a'Vl1 SDS-PAGE, Western Blotting analysis bb6l!:: IP 

1. Polyacrylamide (Thermo Fisher Scientific, USA) 

2. Sodium dodecyl sulfate (SDS) (Affymetrix, USA) 

3. Tris (Affymetrix, USA) 

4. Tris-HCl (Affymetrix, USA) 

5. Sodium orthovanadate (Sigma-Aldrich, USA) 

6. Ammonium persulfate (APS) 

7. EDTA (Affymetrix, USA) 

8. Glycine (OmniPur, USA) 

9. Dithiothreitol (DTT) (GE Healthcare, USA) 
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10. N,N,N',N'-Tetramethylethylenediamine (TEMED) 

11. Triton-X-100 (Affymetrix, USA) 

12. EDTA-free Protease Inhibitor Cocktail (Roche, USA) 

13. Tris-buffered saline (TBS) (Affymetrix, USA) 

14. ~-mercaptoehanol (Sigma-Aldrich, USA) 

15. Tween 20 (Affymetrix, USA) 

16. Bromophenol blue (Sigma-Aldrich, USA) 

17. Coomassie Brilliant Blue (Thermo Fisher Scientific, USA) 

18. Bradford reagent (BIO-RAD, USA) 

19. Blocking buffer (LI-COR, USA) 

20. Methanol (Sigma-Aldrich, USA) 

21. Ponceau S (Sigma-Aldrich, USA) 

22. Hepes (Merck, USA) 

23. Protein A and protein G magnetic beads (BIO-RAD, USA) 

24. CHAPS (Sigma-Aldrich, USA) 

25. Sodium chloride (Merck, USA) 

• tl1t:.11cl'1'llli'Ubm'Wn1"Hiel:Wb61l6l61 (lmmunofluorescence staining) 

1. Anti-fade solution (lnvitrogen, USA) 

2. Bovine serum albumin (BSA) (Sigma-Aldrich, USA) 

3. DAPI (lnvitrogen, USA) 

4. Ethanol (Merck, USA) 

5. Paraformaldehyde (Sigma-Aldrich, USA) 

• mTOR inhibitor 

1. AZD8055 (STEMCELL Technologies, Canada) 

2. Rapamycin (STEMCELL Technologies, Canada) 

Jf Jf 
• bbel'W\?l'Uel~ 

1. Alexa Fluor 488, anti-rabbit lgG (Life Technologies, USA) 

2. Anti-Alexa Fluor 568, anti-mouse lgG (Life Technologies, USA) 

3. RDye 680RD Goat anti-Rabbit lgG (LI-COR, USA) 

4. IRDye 800RD Goat anti-Mouse lgG (LI-COR, USA) 

5. AKT (pan) antibody (Cell Signaling Technology, USA) 

6. pAKT (Ser473) antibody (Cell Signaling Technology, USA) 
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7. RICTOR antibody (Abeam, England) 

8. 56 antibody (Cell Signaling Technology, USA) 

9. p56 antibody (Ser235/236) (Cell Signaling Technology, USA) 

10. LIN28A antibody (Cell Signaling Technology, USA) 

11. LIN28B antibody (Cell Signaling Technology, USA) 

• J1ml;l1V1iunT~1b~11~~~1rm:w1;1m'l.Jn b'Vl'H:W'VI~ 

1. Acetonitrile (Honeywell) 

2. Formic acid (FA) (Sigma-Aldrich, USA) 

3. Triethylammonium bicarbonate buffer (TEAB) (Sigma-A,ldrich, USA) 

4. Trifluoroacetic acid (TFA) (Merck, USA) 

5. Trypsin: molecular grade (Promega) 

• Cell lines 

U-87 MG, H4, LN229 (ATCC, USA) 

4. 15~1bfrWfl1'a1ic.J 
lf ~ 

4.1 fl1'ab'V'l1~b6lc.J-:Jb611616l 

bic.J-:ib61lfl~ U87MG H4 bbfl~ LN229 1'wtl1mbic.J-:Jb61lfl~ Dulbecco's Modified Eagle Medium 

(DMEM) low glucose ~th~ne:iu~,.m 10% Fetal Bovine Serum (FBS) bbfl~ 1 % Antibiotic-Antimycotic 

brim61lflflb\9lbb1.i'Wm'/J'W~bi c.J-:J b61lfl~th~mru 80-90% \?le:J-:J'Vl1 n11tJ1 cJ b61lmfl tfl6'!1 'Wm'1J'l..i~bic.J-:i b61lflfl1 'Vljj b ~e:i 

b~:W"ll1'W1'W1~m'\l'l1~bimb61lflfl1'W\?l'U:W CO2~ 5% e)t\J'Vf.fl:W 37 e)-:J\Z11b61lm61ic.J6'! 
~ ' ~ 

4.2 fl1'a1~fl1Wil~~61.leNb61lfil~ Cell proliferation assay 

'Vl1nTHic.J-:Jb61lfl~ U87MG bbfl~ H4 1m11mbic.J-:Jb61lfl~ Dulbecco's Modified Eagle Medium 

(DMEM) low glucose 1~ c.J:Wn1'ab~:Wtl1 AZD8055 1 'Wmru~\?le:J-:Jn1'aG1-:J bn\9lfl11:W6'!1:IJ1'afl 1 'Wnl'atJ'Ut-:i b61lfl~ 

brim61lflflb\9lbb1.i'Wm'1l'W~ bi c.J-:J b61lfl~tJ1~mru 80-90% "ill m!'W'Vl11 Vlb61lfl~'Vlfl~ e:ie:in"il1nm'/J'W~ 1~m~:w 0.25% 
' 

trypsin tJ~m\911 5 ml 1'Wfl1'1J'W~bic.J-:ib61lfl~bblA'1'1111tJti:w1'W\?l'U:W ~e:Jru'Vl.fl:W 37 e:J-:J\Z11b61lm"lic.J6'! b'U'Wb1fl1 4 'WTVJ 
~ ' ~ 

"il1m!'W 1~J1mbic.J-:i b61lflfl1 'Vljj b ~e:icYut-:im'a'Vl1-:J1'W'l.le:J-:J be:J'W 161l&J trypsin (neutralization step) 

bbfl~llbtJ\9l~'Wfl-:Jb'U1 1 bvie:i1vfb61lfl~bbc.Jn~1b'U'Wb61lfl~b~c.J1 (single cell suspension) 'U'U"ll1'W1'Wb61lfl~~,.m 

Hemocytometer bblA'1~~fl-:J1'W 96-well plate "111'W1'W 2,000 cell/well "il1m!'W 'Vl1n1'a1~ proliferation 

~1c.J MTS assay 1~c.JV11n1'a1~~ 24, 48 fl~72 -a'11:w-:i m:wr;11191u b~:W\9l'W~1c.Jn1'a1JbU\91 CellTiter 96® 

AQueous One Solution tJ~mm 20 µl/well bblA'1tim'lJm1m 3 -a'11:w-:i 1'W~'U:WeltWVIJJ:W 37 e:J-:J1'11b61lm61ic.J6'! 

b'U'Wb1fl1 30 'WTvi brie:i~1unmv\'1n111~ cell proliferation ~-:ir11m1~~n~'WG'l-:J~ 490 nm "il1m1'WA1'W1ru 

%viability b~e:i'l11m1 '1ft 'Wnl'abU~c.J'Ubo/ltl'U 
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4.3 Wound healing assay 

v\'1nT~bit.1-:ib61ll;'l~:W~b~-:J?l:WB-:J'U'Wlil(;11-:J 1 lwtl1t.11bit.1-:ib6'/Jl;'l~ Dulbecco's Modified Eagle Medium 

(DMEM) low glucose blilmit.1-:i1'W 6-well plate b~Bb6'/ll;'ll;'lb\9lbbit'Wfl1'U'W~bit.1-:ib61ll;'l~'lli~:1J1ru 80-90% 

'Vl1n7Ji:1{1-:i'lie:i-:i11-:iJ~'Vl11-:Jb6'/Jl;'l~1?11t.l tip 'V'W11il 200 µl 1~ilm1:wn-11-:i'IJJ~:1J1ru 1 mm 

'<il1m1'W'Vl1n7Ji-:Jbn\9lbbl;l~b'U~t.l'Ubvim.Jm1:Wff11-:J'1Je)-:Jbb(;)l;l~'UJ~'U1mvin 67 4 -&11:w-:i bti'Wb1m 24 -&11:w-:i 

4.4 nTrnnlil RNA ~18 miRNeasy Mini Kit 

chloroform 'U~:IJ1\9lJ 140 µl 

b~e)~e)t.Jb6'/Jl;ll;l1~bti'Wbdm~t.11n'W (homooenized) bb~Tu:wvie:iruvi.nil~e:i-:i bti'Wb1m 5 'Wlvi 
::, ' 'U 

'<il7mTmJ1tl111J~'Wb'Vl~t.1-:Jblilt.11-ii' centrifuoe J-:im1:wb11~ 12,000 Je:J'LJ(;)e:J'W1vi btl'Wnm 15 'Wlvi e:iruvi.nil 4 
::, ' 'U 

B-:JAlb61lm6/Jt1i:l bb~1~1ilbB1 upper aqueous phase 1'\J1i:11'W micro- centrifuge 'Vll;'Je:Jlil1vi:iJ '<il1mTm~:w 

absolute ethanol 'U~:IJ1\9lJ 600 µl t:-m:w1~b'LJ1n'W bb~1tl1tl111J~'Wb'Vl~t1-:Jblilt.11-ii' centrifuge J-:ifl11:Wb~1~ 

14,500 Je:l'LJ(;)e)'W1vi bti'Wb1m 15 'Wlvi ~ru'VlJJil 25 B-:JA1b6'/ll;lb61Jtli:l '<il1m1'W~1-:J pellet 1?11tl RWT buffer 

'U~:IJ1\9l1 700 µl of RWT buffer bb~1tl1tl111J~'Wb'Vl~t1-:Jblilt.11-ii' centrifuge J-:im1rn~1~ 14,500 Je:J'lJ(;)e:J'W1vi 

bti'Wnm 15 1'W1vi ~ru'VlJJil 25 B-:JA1b°llm6/Jt1i:l bbl;'l~~1-:i pellet Bnflf-:i1?11t1 RPE buffer 'IJ~mm 500 µl 

bb~1tl111J~'Wb'Vl~t.1-:Jblilt.11-ii' centrifuoe J-:im1rn11~ 14,500 Je:J'lJ(;)e:J'W1vi btlm1m 15 1'W1vi e:iruvi.nil 25 
::, ' 'U 

V 

B-:JA1b61lm6/Jt1i:l '<il1n'll'W'Vl1n7Jl;'l~mtl pellet 'Vm RNA 1?118 RNase free water 'U~:IJ1\9lJ 30 µl bbl;'l~b~:W 

DNase 'U~:IJ1\9lJ 3 µl '<il1rnTmnuH~e:iruvi.nil -80 °( 
' 'U 

4.5 Reverse transcription (RT) and bb~~ real-time PCR 

'Vl1 Reverse transcribed blilt11'if~lilfl'Vl miRCURY LNA RT kit (Qiagen, Germany) b~:WJi''Wl?l1t.l 

n7Jb\9l~tl:W~1e)~1-:JB11B'Wbe) ~i:lnlil'll?l'<il1n'LJB 4.3 blilt11-ii'm1:Wb'LJ:W'LJ'W 10 ng 'Vl1n7Jb~:W RNA template 

'U~:IJ1\9lJ 11.5 µl bbl;l~'U:IJ~e)f;UVJ.flil 65 B-:JA1b6'/ll;lb61Jtli:l bti'Wb1m 5 'Wlvi '<il1rn1'W'W1:IJ1'U:W1'Wtl1bb~-:J bti'Wnm 2 
' 'U 

'Wlvi b~BflJ'Ub1m'Vl1n7Jb~:W master mix RT 'U~:IJ1\9lJ 7.5 µl 'Vm master mix RT 

bbl;l~'U:W 1 'WJi'u:w~e:iruvi.nil 3 7 B-:JA1 b61ll;lb6/Jt.li:l b tl'Wb 1m 1 -&11:w-:i bbl;l~'Vlt.llil'U nn~m blilt.l'U:W~ 70 e:i-:im b6'/ll;lb6/Jtli:l 
'U 'I 'U 'I d..l 

bti'Wb1m 10 'Wlvi b~Bll?l cDNA bb~1ntl1mv\'1 real-time PCR blilt.11-ii' temperature-cycling program ~e:i 

initial 15 1'W1vi ~ 95 B-:JA1b61ll;'lb6/Jt.li:l b~ml1'W1'W DNA J-:ivi:wlil 45 Je:l'U 1'W-fr'W\9lB'W denaturation ~ 10 

1'W1vi e:iruvi.nil 95 e)-:JA1b61ll;lb6/Jtli:1301'W1vi e:iruvi.nil 60 e)-:JA1b6'/ll;lb6/Jtli:l bbl;l~ 2 'Wlvi e:iruvi.nil 72 e)-:JA1b61ll;lb6/Jtli:l 
'I 'U 'I 'U 'I 'U 

bbl;'l~ 1'W-fr'W\9le:J'W final elonoation 1-ii'nm 3 'Wlvi ~e:iruvi.nil 72 B-:JA1b61lm6/Jt.1i:l 
::, ' 'U 

~111{l'Vi 1 Primers J1vifu real-time PCR 

Name and Nucleotide Sequene (5'-3') No. of Tm 
No. 

positions Sequene 

1 hlRICTOR F 5073-5092 AAATGCATGAAGAAGCAGAG 20 54 
- -

h lR/CTOR R 5270-5249 AACAGTGTACAGAAGATACTC 21 52 
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2 hOCT4 F 595- 615 TATTCAGCCAMCGACCATCT 21 57 - -

hOCT4 R 697- 678 TCAGCTTCCTCCACCCACTT 20 60 

3 h50X2 F 919- 941 GCACATGAACGGCTGGAGCAACG 23 67 
- -

h50X2 R 1124- 1101 GCTGCGAGTAGGACATGCTGTAGG 24 65 
- -

4 hLIN28B F 279- 301 CATCTCCATGATAMCCGAGAGG 23 58 

hLIN288 R 443- 423 GTTACCCGTATTGACTCAAGG 21 56 

5 GAPDH F 86-105 GTGAAGGTCGGAGTCAACGG 20 60 - -

GAPDH R 192-171 TCAATGAAGGGGTCATTGATGG 22 58 - -

4.6 Agarose gel electrophoresis 

bde:i 1~ PCR product ·"nnm'a'\111 real-time PCR bb6l1 'W1:JJ1(,)'a'Jlil?le:JU'tl'W1~vfl~'<il1nfl1'a(9)'a1'<il?lffU 

1'WJi1'W'Ve:l\ji;'l NCBI (National Center for Biotechnology Information) 1~m~iJ~'W'<il1nfl1'ab\,l~cliJ agarose 

fl11iJb'ViJ'V'W 2.0% 'Vl1fl1'ab\,l~cliJ buffer l~clr-.J?liJ 40 mM Tris, pH 7.8, 5 mM sodium acet~te, 2 mM 

EDTA, lX RedSafe Nucleic Acid Staining Solution '<il1rn!'Wb'tl81bbi;'l~'W1b'V11iJLfl'ab'J'VJ 

b ~e) 1 vfo~mm U'Wb dm~cl1fl'W bb6l1b '\11 b'<ili;'li;'l~ 1 'W.fl1'1l'W~i;hVJ1'ut'W'a'U b'<ili;'l '<il7rn!'W'Vl7fl1'aG'\e)~.f11cl 1~bb?l~cl1 (UV; 
'U 'U 

ultraviolet) b~e:J(,)'a'J'<il?le:JU'tl'Wl~'tle:l~ PCR product ~1~ 

4.7 fl1'ab(,)~!:Ja.Jb61l&1~1;l1'Vliubbt:Jnb61l&1~~1t:J Flow cytometric b~!:.lb°lll-JW&l:l.l'U~ side scatter bb&l~ 

forward scatter 

'Wl b 6/li;'li;l~ b 'W1~ bi cl~l 1m'\ll1 nT~~ ~J1 m bi cl~ b 6/li;'ll;le)e)n'<ill nm'll'W~m ,rr b 'Wl~ bi cl~ b 6/li;'ll;l bb6l16l7~~1 cl 
'U 

phosphate buffered saline (PBS) 1 ri-f ~ '<il7n11'W'Vl71'Mb6/ll;'l6l'Vli;'j~Be:in'<iJ1nm'1l'W~ 1~m~iJ 0.25% trypsin 

tJ~m(,)'a 5 ml 1um'1l'W~bicl~b6/li;'l6l'tl'W1~blKti~1'WA'W~nm~ 100 mm vi1e:i'We:i1'Mvi1JJ~1b6/ll;'l6lbb6l1'W1hhJiJ 
'U 

' V 

inverted b 'We:l \91 'J1~"1€ltJ11 b 6l1r;l~Vi~~€lelfl'C\11 n'Wu~1fl16U1.J~Vf:W (?l bb~1 
' 

b~mY.ut~m'a'Vl7~7'W'tle:J~be:J'W161ltl trypsin (neutralization step) 'U~lJl(,)'a 5 ml bbl;'l~Ub'LJ\,lt'Wl;'l~bU7 6] 

b~e:i1'Mb6/ll;'l6lbbcln\;(1b'U'Wb6/ll;'l6lb~cl1 (single cell suspension) bbi;'l~UU~7'W1'Wb6/li;'l6l~1cl Hemocytometer 

l~cl1-U 300,000 b6/li;'l~cl1vi1''\Jbbt:Jnb6/li;'l~~1mr1~e:i~ flow cytorrieter '<il7n11'W'W7b61!61~'W7b61l616l suspension 

'ltJ~'Wb'Vl~cl~~ 1,300 'ae)'\J~B'Wl'Vl b'U'Wb'Ji;'ll 3 'W1'Vl bbi;'l~~~J1mLit:J~b61li;'l~e)e)n 1'Mb'Vl~e:lbu'W1~b61li;'l~ pellet 

bbl;'l~1G'IL'W1~ 10% Fetal Bovine Serum (FBS) 1'W0(9)'a7G'l1'W 1:10 '<il7n11'W'W7b61l6161b'U'Vl1fl1'abbclnb61l61~~1cl 

Flow cytometry 1~mbcl n~1W1l'W7~ bb'U~ b U'W'U'a~'1!1n'a'tl'W7~ 1 viqj bb61~'U'a~'1l7 n'a'tl'W7~ b~n b~e:J 1 'lib 'Wfl1'a 

'\ll7fl1'a'Yl~i;'le)~~e) 'l tJ 

4.8 m-aw~·1lil&tel'I.Jbtl1~'W~'l!:.lb'VIFl'WFI Western blotting analysis 

• fl1'ab(,)~tiJJ?l7'ai;'l1tl l 'U'a~'Wi1B87~ 
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'V11n711!){11el1'Vl1'Hic.1-:ib61l~~'V1-:i "111m!ui\'1-:ib61l~~~1c.1 lX PIC (lu PBS) b&l:W lysis buffer 'lh~mru 70 
2J I I I ~ 

µl 1u plate bbii'11j{11b6/l~~e:ie:inmb&l:w~-:i1u'Vl~eJ(11 "117ffU'l.J um'Vlit.1-:i'Vl 16,000xg b'iJunm 15 'l.J7'Vl 

bbii'1tl11:hu1G1m b~:w~-:i 1 u m icrotube Btl 1 'Vl:u 'Vl7n711{11f117:J.Jb 'V:W'V'l.J'1Je:J-:J?l11~~mc.11 'lh~w,11e:i~1-:i~1 cJ 

Bradford reagent 1{11m~e:J"\17-:J1'lli~'l.Ji11e:i~1-:i 1 µl n'\J Type I H2O 9 µl ~-:i1u 96-well plate "117m!m&l:w 
' ' 

Bradford reagent 200 µl /well 'Vl7n71U:W 5 'l.JTVl bbii'11{11fl7n71{11{11n~mb'G'l-:J'Vl OD595 ~1mr1leN 
'U 

,., 
m icroplate reader b 'V1 cJ'\Jfl1A17:W b'V:W'V'l.J 1(11cJ 1 'V 1 mg/ml BSA b 'U'l.J?l11mm~1u "117ffW'l.J 

'Vl1n71Uf'l.JA11:J.Jb'V:W'U'l.JG'l11i;i~mc.11u1~u1m~ 25 µg protein ~le.I Type I H201m~u~:J.J1(91111:W 20 µl 

b&l:w 5x Laemmli U~:J.J1(911 5 µl 1u microtube bbii'11vfr111:w-'.i'e:iu~ 95 °C b'Ut!blm 10 mvi ~lcJ heat box 

tl1m~1.J(,lnl?1lmr1~e:i-:i centrifuge bde:JA1'\Jb1m fleJ'l.Jt!7(111eJ~7-:i1u1ifm"II~ 

• n71b(9l~cJ:W Tris-glycine SDS-PAGE 

b(9l~cJ:W6'11tl~G'l:W'1lmb"ll~1u~1tl separating gel 1e:iu1~mru 20 mvi bde:i separating gel 

bb~-:J(l1lbbii'1 b&l:w stacking gel 1{11t.1tl1iu gel comb m16'1~7tl'\J'l.J'Vltl'Vl 1e:iBnu1~mru 15 m'Vl 

• n11fo SDS-PAGE 

b~:W lx running buffer 1vf~-:i1~\i1'\J~f17'Vltl(111'l.JbA~el-:J western blot tank "117m!u b&l:W marker (4-

6 µl/well) bbi;i~(i)le:J~1-:i1u1~uu1~mru 35 µl/well ~-:ifi1 voltage ~ 95V bbii'1 run 1vf band b~c.1.ffu 

staking ~-:Jb~:J.Jb'U'l.J 130V b'U'l.Jb1mu1~mru 1 -&11m 'Vl~el~Umin'l.Jn7';ibfl~e)'l.J~'1Jel-:Jbbt:1'\J1U';i~tl'\J'l.Jb"\]~ 
'U 

• t'r1c.11u1~u6'1 membrane 
'U 

tl1 nitrocellulose membrane ~e:i-:iJ1 b~el:J.J111:Wll'\J cassette 6'11'Vlf'l.JU1~n'\Jb"II~ b(,l~cJ:W transfer 

buffer 1{11t.1i16'11tl~?l:WAeJ 10x Towbin buffer+ 20% methanol+ Type I H2O 'Vl1n71 transfer ~G'l.fl11~ 

30V ~ 4 °C overnight 'Vl.g-:J"ll7n transfer b'G'l~"llbbii'1 V11n11m1"\l?le:J'\JU1~~'V15.fl1'1"ln71 transfer 1{11t.1ii'1-:i 

membrane ~lcJ Type I H2O bbii'1t're:i:w ~1c.1m1~~mc.1 Ponceau S i-:ibn(,l band 1u1~u~bn(11t'l.J i\'1-:i 

Ponceau S ~lcJ wash buffer (lx Towbin + 0.1% tween 20) 

• Blocking 1u1~1.J'\Jt! membrane 

~G1:wtl1m blocking buffer (Odessey buffer) ll'\J lx TBS 8(91176'11'1.J 1:1 10 ml b'Vli;i-:J'\J'l.J 

membrane 1 Vlf11el'\JA~:W~-:J'Vl:W{11 u:wmu 1 -&11:w-:i ~eJUJ'Vlflilvfe:i-:i 'Vl~eJU:W'V1:WA'l.J~eJUJ'VIJlil 4 °C 
'I 'I 'U 'I 'U 

• Probe antibody i;i-:J'\J'l.J membrane 

b(,l~cJ:W primary antibody A17:J.Jb'V:W'V'l.J 1 : 500 µl b~el"\17-:J1tl blocking buffer "117m!u u:w primary 

antibody 1u membrane ~'QUJ'VIJJilvfe:i-:i b'Um1mu1~mru 2 -&11:w-:i 'Vl~e:JU:W'V7:WA'l.J~ 4°C i\'1-:i antibody 

~1c.1 wash buffer u1~mru 4-5 1e:J'\J 1e:i'\J~~ 5 mvi bde:ir11rn1m 'Vl7n71b(9l~cJ:W secondary antibody 

m1mi:w-u'u 1 : 10000 µl ~'<il7b'l"l7~\9lel primary antibody 1u blocking buffer U:W~'QUJ'VIJJilvfe:i-:ibtlm1m 

1 -&11:w-:i bb~~i\'1-:i antibody ~lcJ wash buffer u1~mru 4-5 1eJ'\J 1el'\Ji;i~ 5 'l.J1'Vl tl11 U(9111"11?leJ'\J~1mA~eJ-:J 

Odyssey® Clx lmager 
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4.9 n11Am~1f111:wi:w'W'l.Jfi'l.lel.:Jb'U1&i'l.J~'Jl:H'Vlfl'Ufl immunoprecipitation (IP) 

b'V'l1~b~\:.1-:ib6'/J'G'l'G'lb'W?lm1~~1-:i '1 b\?lt.lt!1b6'/J'G'l6h'V'l1~bicM'G'l-:J1'W 150 mm
2 

cell culture dishes 

1 vfihJ"hnrub6'/Ji;'l~~ b'Vl1fl'W b'V'l1~btt.J-:i 1 m~A11:WVl'W1 bb 'W'W'U"a~mru 90% ''inrn!'W \91\?le:J1Vl11bit.J-:i b6'/Ji;'l~~-:i 
'\J 

bbii'1i11-:i~1t.J 1X PIC (protease inhibitor cocktail) ~'G'l~mt.J1'W PBS bbii'1bfl'IJ cell 1'W -80 °C 'Vl1n1'ab\9l~t.l:W 

lysis buffer (40 mM HEPES pH 7.5, 150 mM NaCl, 1 mM EOTA, 10 mM pyrophosphate, 10 mM 

glycerophosphate, 50 mM NaF, 1 mM sodium orthovanadate bb'G'l~ 0.3% CHAPS) '<il1m!'W Ub'U\91 

Protein A magnetic beads u~m\911 40 µl fl'IJ RICTOR antibody 4 µl bbii'1b(91:l-J lysis buffer 

1 Vl:W'U~:l-J1\91111:W 1 ml bbii'1U:W~8U!Vl.f1:i'JVJ8-:J 3 '8'1 b:W-:J 'IJ'W rotatino mixer b~8A'a'Ub1'G'l1bbii'1'Vl1fl11ii'1-:J 
' '\J ::, 

antibody ~1:i.i~'IJ bead b\?lt.11i magnetic bar '<i11rn!'W tl1~1'W1?1e:ie:imbii'1ii'1-:i~1t.1 lysis buffer 3 A~-:J b(il:l-J 

lysis buffer 1 ml 'G'l-:J1'W plate bbii'1'Vl1n11%)\?lb6'/J'G'l~~·;1t.1 scraper e:ie:in'<il1nm6/J'W~b'V'l1~bit.J-:i bbii'11~'G'l-:J1'W tube 

'Vl1n1'a~'W\9ln\9l~m:im~e:i1Vll~ lysate ~ 16,000xg bbii'1tl1~1'W1?11?11'WVl'G'l8\91~:W Protein A fl'IJ antibody · 

u:wvlm1m.ni1vfe:i-:i 3 '8'1 tm Vl~e)U:l-J'LJ1:WA'Wvl 4 °C 'Vl1n1'abbt.Jn tu1&i'Wffi:W~'Ufl'IJ antibody b\?lt.J1'li magnetic 
' '\J 

bar bbii'1bfl'IJ~1'W\9l~m:J'W11 '<il1m!'W ii'1-:i beads ~1t.1 wash buffer 500 µl (b\?lt.J1-il' wash buffer ~:w 150 

mM NaCl 3 'ae:J'IJ bb'G'l~ 300 mM NaCl 1 'ae:J'IJ bb'G'l~1-il' magnetic bar b~e:Jt!1b81 wash buffer eiein.Jf-:iVl:W\91 

bbii'11~ lx Laemmli buffer vJ:w 5% (3-mercaptoethanol u~mm 40 µl tl1i1mh-:i1u~:wvJ 95 °C 10 

'WTvi b~elbbt.ln antibody, (,l1el81-:Jb'U1&i'W bb'G'l~ beads e:ieim11nn'W '<il1rn!'W tl1i1eici1-:i.Jf-:iVl:W\?l:l-J1~'W'IJ'W SOS

PAGE bbii'18el:W Coomassie Brilliant Blue b~el1brld1~'\'11:-.mm-a'Vl\?l'G'lel-:J~1t.l MS 1'W.fr'W\9lel'W~eJ1u 

4.10 fi11An'M1f111:wi:w'W'W5'1.1eJ.:J 1'll1&i'W~11:H'Vlfl'Ufl mass spectrometry b\911:.115 in-gel 

tryptic digestion 

Vl~-:J'<il1n'Vl1 SOS-PAGE bbii'1 8el:Wb'U1&i'W~1t.l Coomassie Brilliant Blue bbii'1{,l\91 gel 

'IJ~b1ru'l.l'W1\?lb'U'a~'Wvl?1'Wlii tl1i'Wb'<il'G'l~(il\?lbbii'1mii'1-:i~1t.J 100 mM ammonium bicarbonate fl'IJ 
V 

acetonitrile A11:l-Jb'V:W'V'W 1:1 bbii'1 Oestain ~1t.l 100% acetonitrile bbii'1tl1m-a~bVlt.1'W1~1t.l 

bA~el-:J~'WbVl~t.1-:ivlr11'1J~:WA11:Wlil'W (vacuum centrifugation) '<il1m!'W tl1hh~'W:1.J1'G'l\?l~'Wfi~ disulfide 

b\?lt.ln1'Jb{il:l-J 10 mM Oithiothreitol (OTT) bbii'1u:w~ 50 °C b'U'Wb1m 1 -ti'1tm bb'G'l~1~ 50 mM 

iodoacetamide vl 45 °C b'U'Wb1m 45 min b~ei1vfbn\91 alkylation bb'G'l~J1-:i~1t.1 100 mM ammonium 

bicarbonate fl'IJ acetonitrile A11:l-Jb'V:W'V'W 1:1 ,\91\?leleln bbii'11~ 100 mM ammonium bicarbonate ~-:iH 
'\J 

10 'W1vi bbii'1~\?lelelnb61!'Wfl'W 'Vl1b61!'Wi15n 2 A~-:J 8elt.l t 1J-a&i'W~1t.l trypsin b\?lt.l 1 VlA11:l-Jb'LJ:W'LJ'W'l.lel-:J trypsin 1:i.ibn'W 

300 ng \,le)b'<i)i;l 1 tube bbii'1u:w~ 37°C 'LJ1:WA'W ?lfl\91 peptide ~1~eieln'<il1nb'<il'G'l b\?lt.Jb(il:lj 50 % acetonitrile 

fl'IJ 1 % Trifluoroacetic acid (TFA) (1: 1) bbii'1~\91 peptide 1~ LoBind tube 'Vl1b'li'Wi15n 2 1el'IJ Peptide 
, V V 

vi~1'Wfl1'a?lfl\?lbbii'1. t!1:IJ1b(91:W 0.1 % formic acid 30 µl '<il1n'W'W'Vl1fl11 desalting ~1t.J C18 column '<il1rn1'W 

'W1buu1'Vl~(,l1el81-:Jb'V11bA'a1~Vlb 'WbA~el-:J LC-MS/MS 1brld1~'1'1t:-!'G'ln1'a'Vl\?l'G'lel-:J'<il1nbA~el-:J LC-MS/MS 
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~1c.J 1 'U~bbm&-1 Proteome Discoverer™ Software b~el~~T'll?lel'Ufl17&-l;;r&-l~'W1h~Vl17..:J 1 tl~~'W RICTOR 

l,l,1;1~ 1 'U~~'W~'W 1 ~'W1?1'W h 1 'W&J~b~..:J?l&-lel..:J 

4.11 n1-afin~11?11bb'Vl'U.:J"l.lB.:J b'lhITTJ~~tWilb'Wb61161rA'~1m'Vlfl'Wfl imm unofluorescence 

staining (IF) 

bic.J..:Jb61l1;1~tl1~mru 5,000 cells/well 1'W 8-well chamber slide 1,1,i11umic.J..:i 24 -B'11&-1..:i (9lel&-l7 

'Vl7n7~1;1\916/i1'mtlm1m 24 -B'11m ''il7m!mtl~c.J'Wel7Vl7~'Un&i (10% FBS) ~ii AZD8055 fl17&-lb6V&-l6V'W 2 µM 

Vl~el 1:i.Jii (control) b'U'Wb1G'17 24 -B'1 b&J..:J ~\9lel7Vl7~v1..:i 1,1,J1ii'1..:ib6/li;1~~1c.J PBS 3 rif ..:i "ll7m!'W 1,&\&-1 fixing reagent 

(4% paraformaldehyde) 1'W chamber slide 1,1,il1u&-1 1 -B'11&-1..:i ~qruV1t;ii1vf0..:i b~eW'l~..:Jb61l1;11;11vf&i\9ln'lJ slide 
., ' ' 

l;17..:Jl,6/li;1~~1c.J PBS 3 r11'..:i 1,1,J11,&i&-1 0.2% triton X-100 1,1,il1u&-1 15 'W1'VJ VlelWVl.f1i1VleJ..:J b~elb"ll7~'al,6/li;1~ 
' " " 

ii'7..:J\911c.J PBS 3 rif ..:i "ll7n~'Wb'U'Wolf'W Blockino Hf 1 % BSA 1 'W PBS U&-l 1 -B'1 b&-l..:J~elWVlJliJ'VIB..:J Vl~BU&-l6V7&-JA'W~ 
:::, ' " 

4 °( 1,&\&-1 primary antibody fl17&-lb'd&-l6V'W 1 : 200 1,1,il1u&-1 3 -&11m ~qru'Vlt;ii1vfeM Vl~elU&-l'd1&-lA'W~ 4°( 

1,1,il1ii'1..:ib61li;1~~1c.J PBS 3 rif..:i 1,&\&-1 secondary antibody b\9lc.J1vfiir111&-1b6V&-l'd'W 1 : 200 1,1,il1u&-1 1 -B'11&-1..:i 

d a. 9.1 ~ I V .c:I d V '1.1 6'V ~ 2.1 ()'V I ~ 
'VlelWVlJl&JVlel..:J Vl~el'lJ&J'U7&-lfl'W'Vl 4 °C bbi;11i;11..:Jb6/li;1i;1\911c.J PBS 3 fl'a..:J c.Jel&Jb6/li;1i;1\911c.J DAPI (1:500) 'lJ&-l 10 'W7'Vl 

' " 

EtOH 0~1..:i1,~1 "ll7fi~'W~B1Vlbb'Vi..:J Vlc.J\91 anti-fade solution 1,1,il1u\91 cover slide 1vfmi'W bll'lJ~ 4 °C 1'W~ii\91 

\91~1"1l?IB'lJ~1;1 b\9lc.J'W7?111;119l~119lm?i0..:imc.J 1\,1 confocal microscopy 
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nT'jPiff\~7rr:rn.J?l7:W1'H11 'WnTWil~t\J'l.lel-:J b61ll;l~'/.leM b61li;'li;'lb~cJ15 MTS proliferation assay 

b61ll;l~:W~b ~-:Jr,'f:WeJ-:Jr,'{eJ-:J'll'W~~b~eJn1m 'W-:J1'W1-.trc.1-d' 1~bbfl U87MG bbl;l~ H4 bU'W:W~b ~-:Jr:f:Wel-:J~:i'1r111:w 

1'Wbb1-:J~7-:Jfl'W 1~m61li;'l~:W~b~-:Jr:f:Wel-:J'll'W~ H4 '<il~bU'Wb61ll;l~:W~b~-:Jmfofambm~~7 (low-grade glioma) 
' 

1'W'l.lru~~ U87MG bU'Wb61ll;l~n~c.1fambm~~-:i (high-grade glioma) Vi~el n~c.11ffumr:f1l?lm (Glioblastoma; 

GBM) zj,:ibtl'Wm1-.tr~mi:Wl?l7:Wi5'1.leJ-:J WHO J-:id bdml1b61ll;l~J-:ir:feJ-:J'll'W~mblJ~c.1'\JbV1cJ'Ufl11:wmm1i;i 
' 

1'Wfl11b'<il~qJ1~c.11if15 MTS proliferation assay bbi;'l~b~:W~1bb'U1bU'Wfl11b~:WcJ7tJ'Ut-:i mTOR kinase activity 

(AZD8055) ~r111m'U:W'U'W~1-:i 1 e-Ji;'l'U17nff;h b61ll;l~J-:ir:feJ-:J'll'W~:i'10l?l11n11b'<il~11J tnii'bfic.1-:in'W 1~mdm-.h'W1 lJ 

bU'W1~c.1~nm 72 -B'11:w-:i 'V'l'U17b61ll;l~ U87MG mm1m'<il~t111~mnn11 eJ1'<ilbU'Wb'V'l11~b61ll;l~:W~b~-:i~:i'1r111:w 

1'Wbb 1-:J'WelcJ t1'-:i:wm~'U1'Wfl11 contact inhibition ~-:J'Vl71Vlb61lm{~1l?lbbe-lbtlm~'W1'U hir:f1m1i;i 1wS'eJ'Wn'W1191 
' 1f 

'WeJn'<il7fl'W 
' ' 

(U87MG) 
I ,:;::,I ~~ ~ .c:::::I 

r:f 1:l-J11'1Vl'Wl?lelr:f .fl1'V'lfl11:W bfl';i cl ~'/.lel-:J b 61li;'li;'l61l-:J bfl~'<il1 n fl1';iVI pH 

i;'l~l;l-:J~1 bdeJ:W'<il7'W1'Wb61ll;l~r,'f-:J 1~~fl17 H4 'Welfl'<il1fl-Q b~el:Wfl11tJ'Uc1-:im1'Vl7-:J7'W'/.leM m TOR kinase \911m:n 
'U 

AZD8055 'V'l'U11 fl1';jb'<i)~f;U'/.lel-:Jb61ll;l~:Wbb'W11 'W:WG'l~l;l-:)bdmVJcJ'Ufl'Ufl~:W control ~hl:wn111vi'c.11 el~1-:ihnl?l7:W 
., ' 

'<iJ~b"M'W119111fl1';itJ'Uc1-:Jfl1';j'Vl1-:J1'W'/.lel-:J mTORC1 bbG'l~ mTORC21~mmW'Vl11'Vlb61ll;l~:W~b~-:Jr,'f:WeJ-:J\?11cJ1~eJ~1-:J 

:W'U';i~~Vl5.fl1'Wb'Vl1~fl1';i (';i'U~ 1) 
'U 

H4 cells treated with AZD8055 U87MG cells treated with AZD8055 
AZDB055 (µM) 

200 200 ca, 0 
CE 0,008 
i:::::i O.Q16 
O::C 0.031 
tzZl 0.063 

150 150 s:s:sl 0.125 
a:c 0.25 
li.!::ll::I 0.5 

~ :s 100 " 5 

~ tc:! 1.0 
CZI 2.0 :;; 

100 
c:::E 4.0 

" 5 
~ ';/!. 

50 50 

0 
24hr 48hr 72hr 24hr 48hr 72hr 

Time (hours) Time (hours) 

1u~ 1 fl11:W&l1:W11f;'lb'Llfl1'Wil~ru6lleJ-:Jb61JG'ltlaJtb~-:imrn-:i H4 bb&lt U87MG 1u condition ~:i'1cJ1 
'U V 

AZD8055 fl11:Wb6V:W6V'Ll\911-:J 61 (0-4.0 µM) 

fl11Pifl~7fl17~.J'~'Wbb 1-:J'/.lel-:J b61ll;l~:W~b ~-:i (cancer aggressiveness) 

1 'Wfl1';j'LJ-:Jt11 b61ll;l~:W~b ~-:J:Wfl11:W';i'Wbb ';j,:j:l-J1fl'Vi~el'Welc.l 1~c.1vi'11 u'<il~~'<iJ1flflUJr,'f:WiJ~VimcJ 61 \b~fl1';j 
it 'U 'l I 
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#1'-:i 1m61JmhJn~ ~-:iil~n~ru~m1:1Jr1i11:.1 mesenchymal cells zj-:J'Vl11 "M?l1:lJTH1bfl~eJ'W~11ii'eitl1-:i11~b ~1 #1'-:iiT'W 

b ~el b tffou b 'Vll:.IUfl11:lJ bb(iln(,11-:J'lJel-:Jfl11m'l1m'at:l 1 'Wn1'abfl~el'l,!~'llel-:J b6/Jl;l~:lJ~ b ~-:J?l:lJeJ-:Jn~ 1:.1 leimtJ<a~ bJl'Vl (911-:J 1 

~-:illii'iln11bt.l~1:.1rnvi1:.1ub6/Jl;'l~ H4 U87MG bbl;'l~ LN229 1~m6/Jl;'l~ LN229 b'U'W:JJ~b~-:in~1:.11eim.ff'W?l-:J 
" 

~Jn'lJ'U~Vl'l!-:i 1~1:.116ii'115 wound healing assay J-:id i;,mm<a'Vl~l;'lel-:J 'V'lU11 m1:JJ?11m1t:11'Wn1'abfl~el'W~ 

'lleMb6/Jl;'l~J-:i?11:JJ'lJ'U~ilm1b~m611#i'u #i'-:ii1 b6/Jl;'l~ U87 MG mm1mr1~ei'W~tl~6tiei-:i11-:i 11ii'11~b ~1~?1~ 
' 

<aeJ-:Jl;'l-:Jmfiei LN229 bbl;'l~ H4 zj-:Jb'U'WltJ(,]1:JJ~ri1~H 'WeJmnn-d' t1'-:iil·ifo~-:ibn(,]BnVl'l!-:ieitl1-:ifiei U87MG il cell 

adhesion fl el'W'V1-:J'Wel 1:.1 '\lll;l~ elelff<il1 ff<il1'Wb 'V'l1 ~ b 6/Jl;l~fl el'W'V1-:J~11:.1 n11 b6/Jl;l~ B n?leJ-:J'lJ'U~ zj,:i n b 'U'W fl tW?l:lJ'U~ Bn 
' ' 

eici1-:iVli1-:i~mm<at:1'1J-:JUeJnllii'11b61Jl;'l&i'lJ-u~i1ilJn~ru~m1m'U'W mesenchymal cells b~:JJmn'l1'W (~t.l~ 2) 

H4 

LN229 

U87 

JU~ 2 Wound healing assay "llel·W1.IG'l6'l:lJ~b~~6!:lJB~6!1:W61J'U~ l~bbfl H4, LN229, bblil~ U87MG 

flUn1Wil~t\j'lJel-:Jb61Jl;'l&i:lJ~b ~~bbl;'l~fl11:lJ?l1m1t:11'Wn1'abfl~el'W~ 1~mu'V'l1~ m TORC2 191~1T'W ~-:J'Vl1n1'a(il'aT'il?lelU 

n1'abb?l~-:ieiein'lleJ-:J 1tJ<a~'W 11:JJltJ~-:i mRNA 'lleJ-:JbU'a~'W~b~miei-:inu mTORC2 signaling pathway llii'bbfl 

RICTOR bbl;'l~ AKT bbl;'l~1tJ<a~'W~b~miei-:inu mTORCl 11ii'bbn S6 #1'-:i<atJ~ 3 e-mm1P1n~1 
" 

'V'lU11b61Jl;'l&i'J-:im:lJ'lJ'W~ilm<abb?l~-:Jeleln 'llel-:J 1 tJ<a&i'U RICTOR 1 'W'a~l91u1nibfll:J-:Jfl'W bb\,l'a~\91U mRNA 'llel-:J~'W 

R!CTOR 1'Wb61Jl;'l&i H4 bbl;l~ LN229 iltJ~mrubl:.leJ~n11flel'W'V1-:Jmn zj-:Jb61Jl;'l&i'J-:i?leJ-:J'lJ'U~i1 'WT'il~ilnl;'l1n1'Wn1'a 

muri:JJt.l~mru mRNA b~i:.115(911-:J 61 'Vl11 mj_)i;imbUl;'leleln:lJ1b'U'W 1tJ<a&i'W11i1 zj-:JeJTillil~b~l:.l1'Vel-:JflU let-7 mi RNA 
' I " 

22 



I I I I I 

\9le:J-:J~'Vln11bf1~ phosphorylation 'Vl(,)1bbVlU-:J6'11At!J U'UAe:J S4 73 6/J-:Jbi1e:J\9111'<il?le:l'U 'v'JU11 U87MG 

i11::;197ufr<ilm1JJ6Ve)-:J mTORC2 mn~?l~ zj-:J\911-:J'LJ1JJflU1::;\97Uf1'<ilm1JJ6Ve)-:J mTORCl zj-:J\9111'<il?le:JU'l~'<il1n 
' 

u~mru pS6(S235/236) zj-:Jb61Jm{ H4 i1m1bb?l~-:Je)e)nmn~~~ bbl;,::;'<i)::;'v'JU11 mTORC2 activitiy 

1!'Ui1fl11iiJii-w'UBnum1ii?t1m1fl 1 'Um1bfl~e:J'U~6Ve:i-:i b6/J'1~JJ::;b ~-:i?tiie:i-:i mh-:il 1n\911ii b ~e:i 1 vfi1fl11iii~ b'<il'U 

ti-:it'U ~,:j(,le)-:J'Vl1n11\9\J1'<i!?le)Ub~JJ b&iii~e:il U 

H4 . LN229 U87 H4 1 LN229 U87 H4 LN229 U87 

RICTOR mRNA 29.777 24.145 1.000 AktmRNA 1.087 6.341 · 1.000 l Total S6 

RICTOR TotalAkt --- pS6(S235/236) ~-

pAkt (S473) -
]U'Yi 3 1~ium1bb61~-:ie:ie1n6VeM mRNA bb&1~b'U1&l'U 'VibfiEJ16neJ..'.lfl'U mTOR signaling pathway 

197,:i~mi11 l ui1-:i\9l'U 1 'W6'f1'U6VeN'U'Vl'W1 LI N28 b 'U'U t u1~fo~i1u'VlU1'Vl'11At!J 1 'Un11bb?l~-:ie:ie:infi-:im1ii 

b'U'U?lb~JJb6/J'1'1b 'UiJ::;b~-:J61l'Ll~~1-:i 1 197-:J1!'U vi1n\911T<il?te:iunT'abb?l~-:ie:ie:imm-:i~mb1;,::; t u1~'U'l1 '<iJ::;vh 1 Vlb~JJfl11JJ 

i~ b '<il'Uti-:it'U 1:i-:i?tiiii&\~1'U11vi1 n b 61l'1~i1fl ru?tiiu&ifl11ii b 'U'U?l b~ii b 61!'1~ b ~iit'U 1iJ::;tl1ii 1611-:ifl ru?tiitY&i~ bb?l~-:i e:ie:i n 
"" ' ' 

fi-:ifl11JJJ'Ubb1-:J6Ve:J-:JJJ::;b~-:J ~-:ivhm1m11il?te:iu1::;197u mRNA bb'1::;l'U1~'U6Ve:J-:J LIN28 ~-:i 2 isoforms l~bbfl 
' 

LIN28A bbl;,::; LIN28B bb'1n~e:J-:Jlil1n mRNA 6Ve)-:J L/N28A hi?t1JJ11fl\9\J11il'v'JU 1'U6Vru::;~tJ~mru mRNA 6Ve)-:J 

LIN28B (1u~ 4) 'v'JU11 LN229 i1mn~?l~ 1e:i-:i1;,-:imfie:i U87 bb'1::; H4 \911JJ1;11197u 'Ue:inlil1n'l1 
" ' 

bde:i\9111'<il?le:iu1::;197utu1~'UnljJ?t1m1fl'v'JUhh~'U uN2sA 1m61J'1~~-:imii61l'Ll~ bb~'v'Ju uN2ss 1'U us1MG 

l~l'Jmjjmm1fl detect l\?ll'Ub6/J'1~61l'U~~'U 1 bbl;,::;bde:J\91111il?le:JU1::;\9lu let-7 miRNA l~t.115 real-time PCR 

n~-:iljj'v'JUn11bb?l~-:Je)e)n e:icl1-:ihn\911JJ 1'Umru6Ve:J-:J let-7 miRNA 'l1m1v'i16111b~m&iiib'rie:i1v\'J'Uh11 

(',.Jl;,n11'Vl~'1e)-:Ji1fl11JJU1b ~e)~e)VJ~e) ljj 

LIN28B mRNA 

LIN28B 

LIN28A 

H4 

0.411 

LN229 

2.567 

U87 

1.000 · 

.1d ., "' 'i'.1"' 'I ""' ]-u'VI 4 1~Wl'Un11bb61Wl..'.leJeJn61.leJ..'.lE.l'U LIN28B bb&l~ b-u1~'U LIN28NB b'Ub6116l&l:lJ~b 1..'.l61:lJeJ..'.l 

m1~rn~1fl11:lJ61JJ'W'Ufi6Ve)-:J LIN28 mTORC2 bbl;,::; fl11JJ?l1m1fl 1 'Un11bfl~e)'U~6Ve)-:Jb6/J'11;1 

lil1nm1'VlW1'1e:J•m1e:i-:i111'U ~1~E.1~-:iv'i1m1~1b 'Ll'Un11'VlW1'1e:J-:J 1 'UJ1197u~e:i 1, tl~1E.1 b6/J'1~aJt b ~-:J?laJe:i-:i?te:i.:i 
" 

'IJ'U~ l~bbfl U87MG bb'1t H4 b~e)-:JliJ1nb'U'U(i11bb'Vl'U6VeJ-:Jb6/J'11;1:}Jtb~-:J?{:lJe)-:J,rr'U~-:Jbb'1t~1 ~1JJ1;11\97U b'U'lJt:Wt~ 

LN229 i1flru?laJD&ie:icl1tvi11.:i nm.:i vi'11 vf ITT~tJjj.:ibiJ'U~lilt~rn~1m1aJ1'Ubb 1.:i6VeMb6/J'1i;1aJt b ~.:i1 'Ub6/J'1~ U87MG 
q \.I \.I q q 
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bbr!~ b'U~!:JUb 'Vlf'.IU nu b6/Jr!6l:W~ b ~-:J'J~ !:J~~'\.J H4 1~!:J bdel b'U~!:JU b 'Vl!:JUfl11:W6'11:lJ1'Jt11 'l.Jfl1'JbA~el'\.J~'/.lel-:J b6/Jr!6lJ-:i6'lel-:J 

'/.l'W~ 1~m'VlA'LlA live cell imaging 1~!:J]'U~ 5 bb6'1~-:im'Y'lb6/Jr16lbd01~!:J~b1mb~:W~'\.J bbrl~'<ilU~ nmtJ1~:w1ru 

16 '/.1:W. 1~!:J'<il~b'M'l.J1~0~1-:J'li~b'<il'\.J11 U87MG 11'\.J l!fl1'JbA~el'l.J~1~'J1~b~1ffJ1 1~'J~!:J~'V11-:J mnn11 H4 

Vlmmvh 1~!:J U87MG bA~eltJ~l~mnn11 200 µm 1tJ1~f'.l~b1m 16 .rr11:w-:i 

H4 U87 

0 hr 

16 hr 

J'U~ 5 Wound healing assay b'U~1:J'Ubvi1:J'U1~Vl11.:Jb611~~ U87MG bb~~ H4 ru .g'11:w.:i~ 0 bb~~ 16 

b~f'.115 Western blotting analysis (]'U~ 6) e-irim1Arn.11'\l'lu111J~mru11J1~'\.J RICTOR ilmnn11b~f1'Welf'.11tJ 

U87MG bbm:lK-:ibf1\)']'\l'lU extra band ~\911bb'Vlil-:J6'1-:Jn1111J1~'\.J RICTOR 1.Jn~ (zj-:i1tJm'Jfob'<ilrl Vl1f11°lib'<ilri~ii 
" 

acrylamide % i;'l,:J '<il~ him:w11m'M'\.J bands irl~) zj-:Jel1'<il'<il~b'U'\.J b 'U'J~'l.J~iim'Jb~:lJ'Yfom'l"l\)'] Vl~elel1'<il'<il~b'U'\.J " . 

isoform ~'\.J 67 '/.lel-:J RICTOR '\.Jeln'<il1nd bdm~:W\911tJu5-:i mTOR zj,:i010 rapamycin '<il~b'MtJ1~111J~mru pAKT 

iitJ~mrutJn&i 6'lel~A~el-:J~ru6'1:W'U~'/Jel,:J rapamycin ~ljJ6'11:lJ1'Jt'ltJU5-:in'<ilm'J:W'/.lel-:J mTORC2 1~ 1tJ'l.lru~~ 

AZD8055 m:w11t1tYu5-:im1v\'1-:i1tJ'/.leJ-:J mTORC2 lJi'~ '\.JeJn'<il1nd tY-:i1~m1'<il6'10utJ~mru11J1~'\.J LIN28A 

bbri~ LIN28B 1m61Jr16lJ-:i6'l0-:J'/.l'Ll~ n'<il~'Y'lu111J~mru1tJ1~tJJ-:iirn-:i'/.l'Ll~'Y'lu1tJ U87MG mnn11 H4 bbri~ 

LIN28A 'Y'lU1~'Welf'.lf111 LIN28B 

b'U'\.J\911bb'U'J~i:11AtlJ1'l.Jfl1'J'Vl11vf U87MG 
w.{ cl •~OJ 

f1el1'<il'<il~:We-lr!b '/.l'\.Jb~f'.11f1'\.J 

LIN28B 

RICTOR 
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U87MG H4 

Normal 
+Rapamycln +AZD8055 

100nM 2 M Normal 
+Rapamycln +AZD8055 

(100nM) 2 M 

RICTOR ► """""·" __ ,_ 

pAKT • 
otalAKT 

111•■--• ·--NI--· ... 5 . t 
LIN28A 

LIN28B 

iu~ 6 Western blotting analysis 61.le'J-!l 1'1.l1&l'l.!6U'W~~1.:i 61 ~b~~1-b'e1.:inu m TORC2 U61~ LIN28 

'vfh:i hi (1'1.lv! 7) fl'ii)~~'IJ11fl11v!b61lG1~i1'1.l~mru RICTOR ifmm,:i vh 1Vi?f,:J~61\91Bfl11:W611:IJ1'at11tlfl1';ibfl~eJ'Llvi 
'U 

';j'"JJJt),:Jfl1';jtJ'LJt.:Jn'iiJm1JJ'1Je),:J mTORC2 b\9ltJ1'ti mTOR inhibitor AZD8055 'V111Vlb61l61~bfl~e)'Llmii1G1.:J 

1 'Ll'1lru~vl rapaymcin himm1t1 tTu t.:irn1bfl~B'Llv1'1lm b61lG1G1'1ie:ici1.:iil'lh~i°i'Vlfim~ 

U87MG Migration Assay 

au~ 7 Wound healing assay b'l.!~i11'Vm1"abi~.:ib61161i U87MG uurnh.:i 61 
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hJ-u'~b'1'W1Jn ~1~uili-:ivi'1nT~Pim-n~11 bb'VltJ-:J'llei-:i1tJ';j~'W.fnu1m61m~ L~eiP!m~1m1:w~:w~'Wfi';i~V111-:i~1bbV11-J-:i 
" 

'llel-:J 1 U';i~'W m TORC21 'WL"ll"~ btiei-:i'11rn!1~mr1u1-1'U'l'fU11~1bb 'VltJ-:J'llel-:J m TORC2 ?f1:IJ1';itl'U-:J~fl11m11:IJ1';itl 
" 

'llel-:Jb"ll""1 'Wn1';ibfl~el'W~1~ ( Chantaravisoot, Naphat, et al., 2015) 

immunofluorescence staining b~el~~1bb'Vl1-J-:J'llel-:JbU';i~'W RICTOR bb"~ Filamin-A (FLNA) ~u11 

~1bb 'VltJ-:J'llel-:J 1 U<;i~'W RICTOR bb"~ FLNA 1 'WL"ll"~ U87 MG lm 1 'Vlru'1~el ~U~b 1ru 1rn\\~ei~m"ll"~ 
., " ' 

immunofluorescence staining 

c:t dd v v a ~ 
bbi;l\Jl{leleln"llel{ll:J'L!'Vlbnl:l1'l.lel{ln'lJi;lb\Jlllb6ll~~ 

n1';ibWnb611"~ U87MG elelnb'U'WU';i~·1nm'll'W1~~1-:i ~ 

b tiei-:i'11n:w~ L 1-:i?1:wei-:i n~u faum?I 11,1:w1 i1r111:wV1mnV1mu'Vl1-:i~ru\i1'W'lleJ-:i b"ll"~1-1ei'U-u1-:i?1-:i ';i~V111-:i 
"' " 

ili-:ivi'1n1';ibbUnb"ll"~ U87MG elelnb'U'WU';i~6ll1n';i'lJ'W1\Jl1'Vlajbb"~b~n 'Ueln'11nb"ll"~ U87 wild-type (U87 WT) 

~1~u1~1.J1b"ll"~ U87MG ~~1'Wn1';i knockdown ~'W RICTOR (U87 RICTOR KD) ~1U15 CRISPR-Cas9 
" 

Western blotting analysis 
-;- o ,., d 

9) b~U'V11n1';ibbUnb"ll""~1mmei-:i Flow cytometer 

b\JIU~'11';itlJ1fltlJ?l:WiJ&i side scatter (SSC) bb"~ forward scatter (FSC) 1~UU';i~6ll1mb"ll"~J-:i'Vl:W~ 
' 
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~tl11tJvT1nTrnt1m•1m~ (cell sorting) i,rn.J"1l'U1111 (~tJ~ 10) lil1fl'11'U1'Ub61J'1~1JY.:i!Jl'U 300,000 b61J'1~ 

~1~1'H"\bbtlflelelflb'U'U tJ1:::61l1fl'H61J'1~"1J'U1\11b~fl ('U~b'Jru Pl) 13.6% bbl;l:::'\J1:::61l1mb61J'1~"1J'U11111Vlaj ('U~b'Jru P2) 

53. 8% li7.:Ji!'U'V'l'U11'11'U1'UU 1:::61!1 m b 61J'1~~:W"1J'U11111 Vlaj:w '11'U1'WLJmJ n11tJ1:::61l1 m~:w"1Jm111 b~ mh:::~1 ru 4 

b'Vl1 'Uelfllil1fl-d' b~el~li111ru1b61Jl;l~~c.J1'Ufl11'1\11U~mru RICTOR protein liJ:::'V'l'U11:Wb6/Jl;l~"lJ'U1\11b~flfl11'U~b1ru 

Pl b~~:iJ'U bbl;l:::b6/Jl;ll;l1'U'U~b1ru P2 '1111'1.:J bb\91.fl1'V'l11~ ~\11~1'U"lJel.:Jb6/Jl;l~"lJ'U11111Vlajbbl;l:::b~rnJ.:ifl.:Jb~~ 

RICTOR 

pAKT 
(S473) 

TotalAKT 

U87MG 

Control RICTOR KD 

Jtl~ 9 Western blotting analysis "lJeJ,:lb6116'1i U87 WT bb61::: U87 RICTOR knockdown 

0 

""' 

0 

U87MG WT 
.. 

: . ' : . •, 

... •' .·· ··.•,, 
: .. 

. · ... c';,;\€1 ;c~£i.tt&tf ~i'.>it, 

0 

0 

c( -
0 
Cl) 
Cl) 

0 

U87MG RIC TOR Knockdown 

60 100 160 200 260 60 100 160 200 260 

FSC-A (X 1,000) FSC-A (x 1,000) 

"atl~ 10 n1"abbl:lflb6116li~1mfl~el..:i Flow cytometer 11111:JL"UflW~l:lJ'U~ SSC bb61::: FSC " . 
11111:1~ bbl11..:i bb~ 111..:i,.h:::-u1 fl'a"U'U1111 b~ fl bb61:::~J1b~'Ubb~111..:itl"a:::"U1fl'a"U'U11111 vmJ ., 

"" cl cl l/ .., ..,.,. fl d !'I • I I 

fl11bbMl.:Jelelfl"lJeJ..:jl:J'\J'Vlbfll:J1"1Jel.:Jfl'U~ru~~'U\Jlfl11~ b u'Um\Jl~b61J'1'1 b 'Uu1:::-U1m U87 MG "1J'U1i;J\Jl1-:J ~ 

er1~1:JV11fl11\Jl111il'1el'Ufl11bb?l\11-:Jelelfl"/Jel.:J~'U'11'U1'U 4 61l'Wl111(;1 bbfl R!CTOR, LIN288, OCT4 
" 

SOX2 zj-:Jb'U'U~'l.l~b~EJ1ie:i.:inu mTORC2 '11'U1'U 1 ~'U 
.d tlQ.I v.c:::i. 

(RICTOR) bb'1:::bfltl1"1lel-:Jfl'Uflru~~'U\Jl 
' 

(LIN288, OCT4 brn::: SOX2) ~'1fl11'Vli;J'1el.:J (1'\J~ 11) 'V'l'U11 
" 

tJ1:::-u1m"1JeMb6/Jl;l~ U87 WT bbl;l::: U87 RICTOR KO bb'Vl'U1:W:Wfl11mb\Jlfl\911-:Jfl'U"/Jel-:Jfl1'Sbb~(;l.:Je)e)fl"lJe).:J~'U 

RICTOR bblJ111il:::Vl1fl1'S'1111fl1'Sbb?l\11-:Jelelfl"1lel-:J~'U(;)1tl15 Crispr-Cas9 bb'1:::\Jl111il?lel'U(;111:J qRT-PCR bb'1::: 
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western blot b~c.1u{mJbblK1 bbl91bdmtc.1--'.lb61l&1&11'1JbthJ'<il'1tJ1'WV1mc.1 passage 'V'l'U11b61lmfr1~umilm1 

bb6'1~--'.Jele)fl'LJel--'.l ~'Ll~--'.lb~:W ::5'--'.lf11~11el1'<il'<il:::: b'U'Llb'V'l11:::: 1 m61Jff~- U87 MG 'U1'<il::::ilr111:w~~'UflM'LJeNfl1'Hb6'1~--'.Je)e)fl 

'LJe)--'.J~Wil1'V'l1fl gene amplification zj--'.lb'U'Ll6'11bVl~1vi'bffW161l:w Cas9 hJmm1fl'V111vi\n~ gene knockout 1Ji' 

100% bb&1::::bdmtc.1--'.lb61Jmil91e:J:w1b~e:ic.1 1 b61l&1ti~il'IJ~mru1'1J1~'Ll RICTOR 'w'e:ic.1 '<il::::1:w6'11:m1t1 

b'<il~q/lJi''Vl'Llb6/ll;,Gi~'Ll 1 ::5'-:iv\'11'Vlfl1';ibb6'1~--'.Je)e)flfl~'U:w11fliKbAcJ-:J'UflM~-:Jb~:W el~1-:ihnl?l1:W il~l;, fl11Vl~l;,el--'.l~ 

'Ll16'1'Ll h fl~11Ael 'IJ1::::'li1mb61l&1ti U87 MG ~il'V'Ll1~ bb\?lfll911-:Jll'Llfl~uilm1bb6'1~--'.le:Jelfl'Vel--'.l ~'Lll911'11fliKbAcJ-:Jll'Ll 

b~cJ'U1~'li1flJb6/ll;,Gi'LJ'Ll1~ 1 Vlaj bbl;,::.; b~fliJfl11bb6'1~-:Jelelfl'LJel-:J ~'Ll SOX2 bb\?lfll911-:Jll'Llb~fl'Welc.iel~1'11:wiJtl'c.1J1fi'qJ 

FACS :!J1Vl~6'1el'U'V'l{el:Wll'Ll 

i1i1 m1 bb6'1~-:i elel fl'LJ el--'.l 8'WVl fl'li'W ~~\?111'<il6'1 el'U 6'1-:i:w 1flfl11'1J1 ::::'li1 mfl~:w~:w 1 '<il1 fl m 1 bbc.l fl'LJ'Ll1~el ~1-:iiltl'm·h ri' ru 
'l 'IJ 'i V 

m '<il'Vl:W 1 c.1 r111 :w11 b 61rnti ~'16'1 e:i-:i 'lJ 1::.::6/n fl 1il fl 11~ e:i 6'111 n'Llzj-:i 6'1-:i ~61191elfl11 bb6'1 ~ -:i el el fl 'LJ el-:J 8'Ll 1911-:i 1 

b~c.11'Vel-:Jll'U6'1b~:wb61l&1Gi'<il~-:J zj,:imm1m zjel:W 1c.1-:i 1~nuriru6'1:W1.JMm1:wr1lK1c.1 mesenchymal cells bb&1::::m1:w 

6'11:w11fl 1 'Llfl11bA~el'Ll~ 

(U 

Ol 

8 

fa 6 
s: 
<.,) 

'C 4 

~ 
2 

0 

RICTOR gene expression in U87 

All Big Small All Big Small 

SOX2 gene expression in U87 

All Big Small All Big Small 

•wr 
ts.'SI KD 

•wr 
ts.'SI KD 

15 

(U 

g> 10 
ell 
s: 
<.,) 

'C 
5 

~ 

0 

20 

C1l 15 
g> 
ell 
£ 10 

'C 

:§ 5 

0 

OCT4 gene expression in U87 

, ' 
' 

; 

All Big Small All Big Small 

LJN28B gene expression in U87 

All Big Small All Big Small 

•wr 
~ KD 

-WT 
bSS1 KO 

tl .,j o,I 21 "' • .,I 0 

1 'VI 11 bb~~.:ifl'a1Y'l°llel:l.J~n11bb~~.:ie1e1fl°llel.:i~'U RICTOR, OCT4, SOX2 bb~~ LIN28B, b:l.Jel'Vl1n1'a 
~ ~ 

b tl~ffU b vi ~'U1~V111.:i mfa.1tl1~"ll1 n-ai.:i'Vl:l.J ~ tl1~"ll1 fl'a°ll'U1~ b Vlru bb~~tl 'a~"ll1 fl'a°ll'U1~ b~ fl ~1flb61J~i 
1 V 

U87 WT bb~~ U87 RICTOR KD (*, p < 0.05) 
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fl11:W?l1:W1';H;11 'Lln1'Jb"ll~UJ'IJel-:Jb6'/fG'i~ U87MG "111n'U1~'1l1ff'J'IJ'Ll1~~1-:i 1 

b~el-:J"ll1nb6'/!G'i~ U87 RICTOR KO cJ-:i1:iJmm1mb6'f~-:Jeleln~bb\?ln~1-:i'IJeJ-:J8'Ll RICTOR tri~tl~-:Jb'W'Ll 
'U 

'W"l!11ru1bu'V'l1~b6'/!G'i~nzj:w U87 WT b'U'WV!Jn bbG'i~bdmt\'1m1¥lmn cell proliferation 1~ti15 MTS 

proliferation assay '1Jel-:J'lh~'1l1m U87 WT J-:i 3 nzj:w ('lh~'ll1m11:w th~'ll1nWllG'i~'IJ'Ll1~1m1i 

bbG'i~'lh~'ll1mb6'/fG'i~'IJ'Ll1~b~n) ~-:iTtJ~ 12 n'V'lu11 bdm~mimib6'/!G'i~~tl~mrubvi1n'Ll ru -&11:w-:i~ o 
'U 

I .:::::,j I I .:::::,jQ.J' 0 V' -=::.= 
mnm1Bn6'feJ-:JnG'i:weJc.11-:i:w'Llc.1?11r1ruvn-:im1\?l 

S V 

;-:i"l!1ne-.JG'in11'Vl~G'ieJ-:Jd 'V'lu11 b6'/!G'i~nzj:w 1 Vlq)bbG'i~ b~n iJbb 'Ll11 'W:w~"ll~iitlfjil:w~'Ll5'i1:wn'Ll~"ll~6'11m11:1-d1c.16'1{1-:i 
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n1'iAm~r, 1 th~'Ll~ihJlj~:w-w'Wfill'U m TORC2 

bdeJv\'1m1ffrn~11tl1~'Ll~iim1:wi:w~'Llfifl'U mTORC2 1'Llb6'/!G'i~ U87MG bbG'i~ H4 1~c.11rl affinity

purification coupled with mass spectrometry 1~c.1v\'1m1~-:ihhM'Ll~iitlfji:wi'Llfifl'U RICTOR eJeJnm 

mass spectrometry 
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611'Ue-J6ln111~~ (CONCLUSION) 
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bb'W1'V11.:in11~1b'W'W.:!1'W1~~b'WB'W1fl~ (FUTURE DIRECTIONS) 

i\j,:ig-:ililiJ~6'ln71~n'et11 'WG11'W'1Je:J-:JnT~ 1 'U differentiation therapy \911tl small interfering RNA 

b~mY.u t-:i b61lmh-1~ b ~-:irnrt.11mJmG'l 1191:IJl sg,:iliJ~ l\91~1 b 'W'Wn71b 'U'W6l1\9l'Ut:1~l 'll 
., 

mh-:ibihnw -:i1'W1~t1'W 

'l19111-:J11nJl1'Wbb6'l~b~:Wfl11:IJb'U1l'<ilb~tl1fl'Ufl11:IJbzje:J:W1t1-:J'1Jel-:J mTORC2 signaling pathway bb6'l~ LIN28NB 
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