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yiiansngs (USTMG) uaminsasn (HA) léun momuanunselunisiady awanunselunisindoud
nsuanIvanvesiularMsuanseenvaslusiuifendes  Fawud1  Uhinanisuansesnvelusiu
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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
stemness-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 (UB7MG) 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 USTMG are associated with cell migration ability. From our results, US7TMG
cells seem to acquire many stem cell-like properties such as loss of cell-cell adhesion, highly
migratory, and expressions of the stemness-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 U887TMG 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 US7MG cells were cultured together, the proliferation rate is higher.
The expression of three stemness-related genes (OCT4, SOX2 and LIN28B) 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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Glioblastoma (GBM)

ndelovanalaundunsSiavesiaguuse wuldinntgafiosn 15% vesuzieauesiomn
mssnuiagiuiuldnisiide auglutunmsléfluuasnisnessd eddlsifusSainduniusenis
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8aflnnuguuss (ageressiveness) 1N dawasslonanaysnwlanaitdaainuarnszuunisluead

dagtunensuiuindunumluuzdeiet  ldunBuiifeadesiu  cell cycle, aging uay
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morphogenesis (Serao, Nicola VL, et al., 2011) TngiamgdudiidusfmdnlunziSwvianguiia 1wy RAS,
TP53, PIK3 uwax CDKN2A/B vHug (Appin; Christina L., and Daniel J. Brat, 2014)
Tngguiiinrumerowiogldondnvuuujathfe EGFR Gawmuiign amplified annda 40-50%
Tuuseuiinil (Parsons, D. Williams, et al, 2008) warwishifdynnadignnszdulaslsiu EGFR
fB PI3K/AKT/mTORC1 %awudné’ngwmﬁgﬂﬂszﬁuiuuzL%Wé’a‘laumaimmrﬁa 90% NGFULUAAI 9
Auvihlitesaadinsiunfnwiiswavesnsld inhibitor w99 mTOR  WW  rapamycin
Tumstudmziendelovmalauifivtuieg  ogwlsii  nendmuinisdannduilusiu  EGFR
Fnanertugyhliendudslaildng Snvimuinusiwiadindnisuanseanves mTORC2 Waduse Feen
rapamycin ‘lﬁlﬁﬁﬂmamﬁmum’iﬁugﬂ mTORC2 (Cloughesy, Timothy F., Webster K. Cavenee, and

Paul S. Mischel., 2014)

Differentiation therapy
AudnlanfiunnTuiendu cancer stem cells uagnIBUIUNTRTYIVENYTITRUYRE (cell
differentiation)  vililruweneuiezmienilieadniguanialndlfesadugadiuiinnauds
Wuwadduwiz  (differentiate)  teanruguuswonsadusias  Fdludilifdiisiuangnisld
AMU37AI1  bone  morphogenic  protein  (BMP)  enunsawdlnhmsilAsunUasadiuiead
) '3 1% [V a LY 1 '3 3 [y}
vpaszuvlszambuwaduaalnsladle wnliduwuifnlunishi BMP unwaduziSesndslovanalnun
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wansfansindeaniiliauysel (Carén, Helena, et al,, 2015) usnanil dudlmsfnulanananduds
n15%11971uv83  phosphodiesterase 4 (PDE4) wudhmshiluanailufiwaddugainsiasyiiivlnves
waduziSwazmilynd differentiation 16 Fadle WiwadunSweswyudluugnanelumy fnudnead
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differentiation therapy Tun1ssnw  egndlsidnisld BMP  wde luanawalfidsdlidediin
Wossnunaeidieglussesdusiy - Jededinisfinuidesdeidiodinnudululd  wasdumluana
wiinduniatmnedy Weitadadingg 9 Aaly

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

mechanisms

TusAdefuaineadinisfunuin  UN28/let-7  pathway  humilduiifimauauanie
anuduaduwaduazanuduiwadsuniy  (undifferentiated vs  differentiated states) LIN28
st RNA binding protein #iffunumauautsnisiaiadulamnued@y waziginsvessad
i 2008 nIdedunudn LIN28 duaunsaduiu microRNA 7iedn let-7Tuasdudanssuaunisasng
mature let-7 I warlumanduiy let-7 microRNAs Aguds LIN28 daenisduifu 3’UTR uawiily
MRNA gnéasaatevse lignuvaiiulusiiu (Viswanathan, Srinivas R., George Q. Daley, and Richard
|. Gregory., 2008) A7 LIN28/let-7 vivtinfinsedunas Sudadunas iy Viligadauisaan sy
Tuanm#laanmzuiield nannfte &1 LIN2Z8 g fazduda let-7 wagvinliieadegluannyvosafuiad
nduflmeasTS Iz silseiy let7 g9 way let7 wiahilfeeduda LIN2s vilssduves
LIN28 #in nsnaaesnudnnnld let-7 luadumadusunaannuazan LIN28 fagansamilenili
waa differentiate 1@ (Melton, Collin, Robert L. Judson, and Robert Blelloch., 2010)

unummseures LIN2e/let-7 Tummsmunuiunuedfufienudliiiuin unimves
LIN28 Sudaunidmiunisiiuds let-7 Fadfudls IGFIR, INSR, IRS2, PIK3IP1, AKT2, TSC1 and RICTOR
Sududumilwedfdyyias Insulin-PI3K-mTOR (Zhu, Hao, et al, 2011) lagiawiz RICTOR
dududunilsves mTORC2 fedamneanirit LIN28/let-7 snadudinsounquldvis mTORCT uaz
mTORC2 wonanwihillumseugy let-7 microRNA udd LIN28  fifsaunsaduiy  mRNA
wazmuaumsaselusiuan  mRNA - Adudssnemdild  ensBeuuaswes  LIN2S
%qﬁmaﬁmavﬂqm"mﬂdmﬁﬁmuma let-7 1WeI089LAY7 (Shyh-Chang, Ng, and George Q. Daley,
2013) Tnewiislu mRNA tareet 981 translational regulation ve4 LIN28 fife IGF2 Jafuduwiaves
nsulin signaling wufu  dngeil  FIfewuihimsmunuumUeATIves LIN28  fiflnastoanioz
anuduasigadlnoniseuauain LN28 Sldwithildin let7 udumsdufu mRNA target
Lﬁaﬂwﬁusxé’wm protein 7w ifeavesiunszuIuns oxidative phosphorylation (OxPhos)
daaliimagldnszuiunis elycolysis 31nn31 OxPhos Fafikaseaouzvesadiuwad (Zhang, Jin,
Ratanasirintrawoot, Sutheera et al, 2016) FsnsUdsuainn1sld OxPhos luidu glycolysis Ty
JuusngmsalinulusiSaguiuiiiiond Warburg Effect faduazifiuldn differentiate state waw
metabolic state vouwadiiaunioalosiy lag LIN28 pathway usfiaususisg nissjsuiuivdeu

LIN28 Tuaauzisefaunazinad mazaisUsuilasunatenssuiunissanan Wludemadeatu



M3¥euves LIN28 faldiiwu epigenetic mechanism lunangseaulaiinagidusiunis
5U§Qﬂizuaunﬁiﬂﬁiﬁ§wxi microRNA  (microRNA  processing/maturation) Bhum'iﬂ’mﬂumalﬁﬂ
translation 89 mRNAs fdudimng Faienssudaazmansedu uadlumamaseduadiuead
wunsduds LIN28 dwaliiin hypomethylation wes H3K9 and H3K27 wazwuinsysuves
H3K9me3 uay H3K27me3 i promoter wosBuiiddnluanmzngilmmuvivasaiueadonas
wasdflolivnd  fswewdn LN2sA  awnsaduiuieweldlnevhawsiuiu TETL Tunns
WasuuUa: DNA methylation Taense (Zeng, Yaxue, et al, 2016) Famsvauludnuasd
fafiflsansauifiondediessemsigatiaz@nuiisnfivannguidedun mm—j‘mﬁ'galﬁaﬁué’uddﬂ

LIN28/let-7 pathwa\) in cancer

Tuguudaiuiisenuieaiuunumuss LIN28/let-7 wuiilasdrusnniduauduiusves
LIN28B (LIN28 paralog) fuugiiwaewin wu lunziSady  uwibsauesdadalsuanalnun
LRIk mﬁwfamgﬂﬁmﬂ Wuduy (Zhou, Jianbiao, Siok-Bian Ng, and Wee-Joo Chng., 2013)
agalul 2014 wAdelunziSeduesnguiiiesfidulamsnundnguiminuiuesunumves
LIN28B lunszuauns isnassiiulivomeids uasdmuinmsduds LIN28B #ae n1sld siRNAs

Hun1siadudeavseieydesinain  Wkadlusnwunsduny  uenaniudilddunuin RNA

o

binding protein Sn#milafie IGF2BP3 (IMP3) WuBufigneuaulng LIN28/let-7 wasiiunumnd sy

U 1

lunsiinuziSedivannsiansesn ¥a4 LIN28B 8ndae (Nguyen, Liem H., et al., 2014)

mﬂmmé’mﬂ’uéﬁLﬁqﬁuwﬁwajméwﬁm;ﬁ%’aﬁﬁaqmaﬁ%ﬁﬂmdw LIN28  waz  IMP3
ﬁuLﬁuﬁuﬁﬁwﬁ%ﬂumﬂﬁmzL%‘ﬂﬂﬁaiaumaimmu,azﬁmmLﬁﬂﬁ%@ﬂﬁuﬁﬂwmzﬁquuw (aggressive)
vowpFandelovaralanviels mnnsdudunuifissaesenumibiuildnafounumuss LINZBA
TunziSendelovataloun leowuinseduves LN28 lushedhadeideiimnuduiusiussovinaisen
Finvoeruld uazuandsiifiuinnsan LIN28A TuwadlatianuSinamsiialalativeswadusise (Qin,
Rong, et al, 2014) uasdnsieaumiswunisuansesnues LIN28A way LIN28B luugids
ndelovatalann  waznuInIsiunIsuanseenvesiuiluwad  aunsaduasunsiiulnvesuite
lunyidlevwadludgnane wasnuhdmivaiueadszuuuszam (neural stem cells) #ifl P53-
JKRAS/TERT msuandoanvas LIN28A azduaSumsiauzde dsiiuldansnsnissendingis
LﬁaﬁwLszjaéum%ﬂﬂﬂqﬂmaiuw (Mao, X. G., et al, 2013)

Tuduwes IMP3 T Audunuiipsanuseay Juusnwuin IMP3 Wunilslughuifiuansd
gender-dependent association 483 progression and survival vewziianadelouaalaun (Serao,
Nicola VL, et al, 2011) Suflasssssuisnmddnyes IMP3 Tun1snsedfu PIBK/MAPK H1u IGF2
wazauaunsalumsidiufdvomedandelovanalan (Suvasini, Ramaswamy, et al, 2011)

UL TUTEINIBNURINTINUIBY MiR-129-1 Tunsdugs IMP3 dwwalsia cell cycle arrest



Tuwaduzdandolovanalpan  (Kouhkan, Fatemeh, et al, 2016) nnsfinudfusvei
LIN28A/LIN28B, IMP3 uaz let-7 finsfnunieauazdililigndnuwietvaziden ulomasud
Msvhmudile Weafunsvieuvesnssuunsvent uusdandelevanalauaslonadidu
lunduil  andusdsdviesmennsallsaviodmeinsairuiumunsing  Aidussansnma
dwsuldlunsifeduusdendelovanalawn saudansldanudlafertvadueduas LIN28/let-7
inAnwaranduldldvesnisld  differentiation  therapy Lﬁaﬁﬂﬂémﬂ‘i’f SIRNA  treatment
SnwuzSandulovanalaun

RNA delivery methods

welulaBaruinmitlunisinds RNA Whgwadusiafugamiilinn dofves RNA fidn
waluanaey uaviusey vilvinisdidee liposome, nanoparticle %5 N15%11 conjugate 5131
RNA fu Tuianathdstnsnseidnenings n1sld RNA Tumsfnwduiifidng clinical trial udannune
%3 microRNAs 11 msld miR-34 iunWi%ﬂwﬂuzggqﬁuﬁaaej Phase | (Farooqi, Ammad Ahmad, et
al,, 2016) uazn sl siRNAs Aiflidfiata Phase | waz Phase Il uaviiwilsfaie Patisiran 71 14 GalNAc
conjugate iU siRNA Iﬂﬂmﬁwmwfﬁ’]qj Phase IIl trial u&2 (Zuckerman, Jonathan E., and Mark
E. Davis, 2015) uenaninsld gene therapy filarudrmiwesldsunmseonunntumuiy
suviiinsnaaesass Tuauldly clinical trials vemaneq Tsmu Tsavesszuuidon way Tsadu
wduRanssnendia  (Naldini, Luigi., 2015) Famnlasensideivdnmsasuwland g
MsSnwmanidae RNA  ldkad  Auerassadudmiseddiulassmsreiesdiavdne
UsgdnSanvesmsihdeguuuudngg  wunasld  nanoparticles w38 lentiviral  vectors
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viengnsainmIiunsinyvesziSsauesyiiandelovanalan Wiomanglunsdufitedmsu
msifladuvenmd  wazAnudnenimueansld  differentiation therapy lunsduduvaduzide
ndelavanalauilasazyhanudilafiontu LIN28/let-7 pathway BaUszneusne RNA binding
proteins  Ua¥ microRNAs  fiiunumlunalnasiislsawasnmsaidiuluveslsausiSsannindele-
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Wowdsuulas  pathway  denan  Iegesdessinsdsuulasisussfunsuanseanvestu
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YBUWNVBILATINITIAY
TrssmsidetazAnuluwadladus Seauaa@alann  USTMG Wway HA  wazyiinisviaasu

TinmsSnwwingds  differentiation therapy  daripsisinisviauveanguguiaulalusedu
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#@190AIUANNTEUIUNIT differentiation alneri1u epigenetic mechanisms Fatumn LIN28/let-7
pathway SlunumddglunziSausedandalovatalannads nswasuuUasnssuiumsiluead
uziSdaensld  small interfering RNA (SIRNA) treatment ifieanudelfiuBuiidunuinudn
gannsnimbenianauandiruduadinead warannaguLsweNYaduzSs Juiiusyansaw
Tun1sldsnuals venaniimnudilalunalnnisyienu ves LIN28/let-7 pathway Stazvilifananse
funuidmnedu q ey pathway iuas pathway ’3uﬁL%auiaqﬁuﬁgﬂﬂizéju’i,umaémL"%Wﬁ@‘t‘f

Fuazihunganisuthvunenissnu nulasnee
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A5ailun15798 (MATERIALS & METHODS)

1. 9da (Materials) ,
1. Automatic pipette: (0.1-0.2 pU), (0.5-10.0 pU), (2.0-20.0 ul), (20.0-200.0 ul) and

(100-1,000 pl) (Eppendorf, Germany)

Micro centrifuge tube: 1.5 ml (ExtraGene, USA)

Parafilm (Plastic Packaging, USA)

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

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

Pipette tip: 10 pl, 20 pl, 200 pl and 1,000 pt (Thermo Scientific, USA)

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

Polypropylene conical tube: 15 ml and 50 ml (ExtraGéne, USA)

R A A R

Real-Time PCR tube (Kisker Biotech, Netherlands)
2. Q‘Uniiﬁ (Equipments)

1. Autoclave (Hirayama, USA)
BD FACSAria™ Il (Becton Dickinson, USA)
Q Exactive Orbitrap Mass spectrometer (Thermo, USA)
LSM800 confocal microscope (Zeiss, Germany)
Centrifuge Universal 320r (Hettich Centrifuge, UK)
Class Il Laminar Airflow (Thermo Scientific, USA)
Electrophoresis chamber set (Major Science, USA)

SDS-PAGE chamber set (Bio-Rad, USA)

D A A S R A

Freezer -20°C (Sanyo, Japan)

[
o]

. Freezer -80°C (Panasonic, Japan)

—_
—_

. Heating block (Bioer Technology, USA)

—
N

. Microwave oven (Sharp, Japan)

Joy
SN

. Nanodrop spectrophotometer (NanoDrop 2000c, Thermo Scientific, USA)
14. StepOnePlus™ Real-Time PCR (Thermo Scientific, USA)
3, ﬁf'lmu,azmimﬁ (Reagents and chemicals)
o dhendmiuldlunisain RNA
1. Absolute ethanol (Merc, Germany)
2. Chloroform (RCl Labscan, Thailand) 3. Nuclease free water

3. DNase | (Cat. no. M0303S, New England Biolabs, England)
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4. "QlAzol Lysis Reagent (Cat. n0.79306217004, Qiagen, Germany)
5. miRNeasy Mini Kit (Cat. no. 217004, Qiagen, Germany)

cDNA reverse transcription kit
1. miRCURY LNA RT kit (Qiagen, Germany)
thendwusuldlunisiin agarose gel electrophoresis
1. Agarose molecular grade (AMRESCO, USA)

EDTA Tetrasodium Dihydrate (USB, Hongkong)

2.
3. RedSafe Nucleic Acid Staining Solution (INtRON, USA)
4. 100 base pair DNA ladder (Thermo Scientific, USA)

wrgndmsuldlunisvin Real-Time PCR

1. 2X Luna® Universal SYBR Green/ROX gPCR Master Mix (Cat. no.M3003, New
England Biolabs, England)

2. Specific primers (Integrated DNA Technologies, éingapore)

thendmiuldlunsideavnd

1. 0.25% Trypsin EDTA (Gibco)

Antibiotic-Antimycotic (Gibco)

Dulbecco's Modified Eagle Medium (DMEM) Low glucose (Hyclone)
Fetal Bovine Serum (FBS) (Hyclone)

DMSO (Sigma-Aldrich, USA)

SSRGS

174

Ugdmsuldlunisyvia Cell proliferation assay
1. CellTiter 96® AQueous One Solution Cell Proliferation Assay (MTS)
(Cat. no.G358¢, Promega)

thendusuldlunisyin SDS-PAGE, Western Blotting analysis uaz IP
1. Polyacrylamide (Thermo Fisher Scientific, USA)

Sodium dodecyl sulfate (SDS) (Affymetrix, USA)

Tris (Affymetrix, USA)

Tris-HCL (Affymetrix, USA)

Sodium orthovanadate (Sigma-Aldrich, USA)

Ammonium persulfate (APS)

EDTA (Affymetrix, USA)

Glycine (OmniPur, USA)

Dithiothreitol (DTT) (GE Healthcare, USA)

e N o 1 kRowN
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10.
11
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

N,N,N’,N"-Tetramethylethylenediamine (TEMED)
Triton-X-100 (Affymetrix, USA)

EDTA-free Protease Inhibitor Cocktail (Roche, USA)
Tris-buffered saline (TBS) (Affymetrix, USA)
R-mercaptoehanol (Sigma-Aldrich, USA)

Tween 20 (Affymetrix, USA)

Bromophenol blue (Sigma-Aldrich, USA)

Coomassie Brilliant Blue (Thermo Fisher Scientific, USA)
Bradford reagent (BIO-RAD, USA)

Blocking buffer (LI-COR, USA)

Methanol (Sigma-Aldrich, USA)

Ponceau S (Sigma-Aldrich, USA)

Hepes (Merck, USA)

Protein A and protein G magnetic beads (BIO-RAD, USA)
CHAPS (Sigma-Aldrich, USA)

Sodium chloride (Merck, USA)

Ugdwmsuldlunisdontwad (Immunofluorescence staining)

1.

2
3
4.
5

Anti-fade solution (Invitrogen, USA)

Bovine serum albumin (BSA) (Sigma-Aldrich, USA)
DAPI (Invitrogen, USA)

Ethanol (Merck, USA)

Paraformaldehyde (Sigma-Aldrich, USA)

mTOR inhibitor

1.
2.

AZDB8055 (STEMCELL Technologies, Canada)
Rapamycin (STEMCELL Technologies, Canada)

X X
LBURUan

1.

2
3
4.
5
6

Alexa Fluor 488, anti-rabbit 1¢G (Life Technologies, USA)
Anti-Alexa Fluor 568, anti-mouse IgG (Life Technologies, USA)
RDye 680RD Goat anti-Rabbit IgG (LI-COR, USA)

IRDye 800RD Goat anti-Mouse 1gG (LI-COR, USA)

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

pAKT (Serd73) antibody (Cell Signaling Technology, USA)
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7. RICTOR antibody (Abcam, England)

8. S6 antibody (Cell Signaling Technology, USA)

9. pS6 antibody (Ser235/236) (Cell Signaling Technology, USA)

10. LIN28A antibody (Cell Signaling Technology, USA)

11. LIN28B antibody (Cell Signaling Technology, USA)
o dherdmiunisiiassidasusaauninsams

1. Acetonitrite (Honeywell)

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

3. Triethylammonium bicarbonate buffer (TEAB) (Sigma-Aldrich, USA)
4. Trifluoroacetic acid (TFA) (Merck, USA)
5

Trypsin: molecular grade (Promega)

® Cell lines

U-87 MG, H4, LN229 (ATCC, USA)
4. Aanllun1sIve

4.1 MswaziEsaad

Foawad USTMG Ha waz LN229 luthendeawad Dulbecco's Modified Fagle Medium
(DMEM) low glucose fiUsenoudag 10% Fetal Bovine Serum (FBS) wae 1% Antibiotic-Antimycotic
deowadlnuunmunisasaduszna  80-90%  fowhnistrewasluldlunsusidesvadlnsiite
windulaimnzdenradlugus CO, 7 5% guugll 37 ssriwaldua

4.2 NM3IAN5LSEYYeaa Cell proliferation assay

Fnsidoamad USTMG war He luthendeawad Dulbecco's Modified Eagle Medium
(DMEM) low glucose Taefinsiiuen AZD8055 lunsdifisesmsdunaauaansalunisdudaged
lowadlauunvusdsasaduszana 80-90% mnturiliadngn senannivurlaedu 0.25%
trypsin V31103 5 ml lunwusidsssadudniloaluguy fgamad 37 ssmeaidea Wunan 4 wiil
nntldhendovadlmiitedudimsioweneuled  trypsin (neutralization  step)
wartivntuaan o uieliwaduondauuwadifen (single cell suspension) Tusiuiuwadae
Hemocytometer uimanaadly 96-well plate 91U 2,000 cell/well 1Nt s proliferation
e MTS assay laevinisiadi 24, 48 az72 $alue ewddu Budusenistn CellTiter 96®
AQueous One Solution U3H1a5 20 pl/well uduanduiian 3 $alus Tugungamadl 37 osrnwaidea
Juan 30 widl Wersunanhnisda cell proliferation G‘T’qmmigmﬂﬁumﬁ 490 nm mﬂﬁguﬁwmm

%viability et lglunisissuiisy
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4.3 Wound healing assay

Fnsiasaraduieneniaig q luhewdsasad Dulbecco's Modified Eagle Medium
(DMEM) low slucose Tapidsddu 6-well plate lewadluiunvusiasavaduszana 80-90%
Mnsaseresineseinawaaniy  tp  aum 200 pl o WAflewndedszanal 1 mm
ntuwhnmsdanauaziiaudisuanunieeusiasUssrnayn 4 4 43l e 20 99T

4.4 n5ann RNA f28 miRNeasy Mini Kit

Yiwadumhnsatnenfiuwediensiin . chloroform  U3unas 140 ul

o

dodoniwadliifuiofieonty  (homogenized)  udwuflgamgivios Wunan 5w
i dumislagly centrifuge damnuida 12,000 sousioundt Wuna 15 unit gampd 4
sarwaIded udigalen upper aqueous phase LWldlu micro- centrifuge waenalni Pt
absolute ethanol U31as 600 pl wasdlsidriy udnihlududedaeld centrifuge fannnuigai
14,500 sousioudt unan 15 il guugfl 25 ssmiaiBea antud pellet day RWT buffer
U311@15 700 pl of RWT buffer wdaiiiluthuniaslagld centrifuge sanmuidaft 14,500 sousteund
Hunar 15 Jundt gumgfl 25 asrigaidea wazdns pellet Snafsing RPE buffer U3u1ns 500 pl
il tumdedaeld centrifuge Remuidait 14,500 seusiewndt Wura 15 Jundt gaungdl 25
perwailed Intwhnisavane pellet 484 RNA 28 RNase free water Usums 30 pl uasifiy
DNase U33ms 3 pl 9 ntuifulifigamail -80 °C
4.5 Reverse transcription (RT) and lag real-time PCR
91 Reverse transcribed Iﬂﬂ‘é’jjﬂ;mﬁw miRCURY LNA RT kit (Qiagen, Germany) Sususe

mMawseufegetsiue fataldnds 4.3 Tngldanududy 10 ng vinnsifin RNA template
U3ms 11.5 pl uaztfigangd 65 ssrwaiea e 5 uiit wntuiuualuiud Wuoe 2
Wil deasunaviininfil master mix  RT USi@s 75 pl ves master mix  RT
wazUaluduuiigamnd 37 esmwaldea e 1 Falus uasvgaufAzenlagvuil 70 ssmwaldea
Wuaan 10 und dlolé cONA udafimnvia real-time PCR Tngldy temperature-cycling program #9
initial 15 3w it 71 95 esrniwaifoa Rusuau DNA sivua 45 seu lutuneu denaturation # 10
i gaumadl 95 seriwaida30 gl eamgil 60 sseuwalliva uag 2 Uil gungll 72 eerlwalTYd
uazlutumau final elongation MHiian 3 Wil figangd 72 ssmeaifea

15199 1 Primers @5 real-time PCR

Name and Nucleotide | Sequene (5’-3") | No. of | Tm
o positions Sequene |
1 h 1RICTOR F_5073-5092 | AAATGCATGAAGAAGCAGAG 20 54

h1RICTOR R 5270-5249 AACAGTGTACAGAAGATACTC 21 52
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2 hOCT4 F 595- 615 TATTCAGCCAAACGACCATCT 21 57
hOCT4 R 697- 678 TCAGCTTCCTCCACCCACTT 20 60
3 hSOX2 F 919- 941 GCACATGAACGGCTGGAGCAACG 23 67
hSOX2 R 1124- 1101 GCTGCGAGTAGGACATGCTGTAGG 24 65
4 hLINZ28B_F 279- 301 CATCTCCATGATAAACCGAGAGG 23 58
hLINZ28B_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

dleld PCR product 91nM5¥1 real-time PCR & Wsnasinaeuuwiadléiannisnsiadey
’Lugmﬁﬁay}a NCBI (National Center for Biotechnology Information) ToeBuduannismies agarose
ANUINTY 2.0% viasiaSea buffer Iagreu 40 mM Tris, pH 7.8, 5 mM sodium acetate, 2 mM
EDTA, 1X RedSafe Nucleic Acid Staining  Solution ntagaziudlulasig
ielvaranafuilodeonty wdumeaadunvugdmiviuguaa mmiwhnsdesnigliuad Lv;
ultraviolet) \ilems9aauuLIATEY PCR product ity

4.7 nMawspawaddmsuLEnYadalg Flow cytometric Tngldanaudd side scatter uaz
forward scatter

ieadiineided nvhmagaiendsagedesnainmeusiltinzidsamed uddredae
phosphate buffered saline (PBS) 1 a%q mnﬁ?uﬁﬂﬁmaéwq@aaﬂmﬂmmuﬂmLam 0.25% trypsin
Y3195 5 ml ’LumsuuzLﬁymwaéﬁummﬁumu@uéﬂma 100 mm wsewslivuRwaduatnluun
Tuguu fioamnd 37 esawwaidoa Wunan 4 wifl ntuhmsusanagiendasganssavia
inverted ilensnaeuiieadnaneenInuinIuEIIALE) aniiuldienisasadlul
Wedudansvienmasiewles] trypsin (neutralization step) Y3uias 5 ml warfiunTuaaun 9
dielnwaduaniiduwadinen (single cell suspension) wazluIWIULAAAIY  Hemocytometer
Tngld 300,000 waddwmSuRsnITadMBIAe flow cytometer Induiusadiiuead suspension
Wiuwdesit 1,300 seudoundt Wuna 3 Wit wazgmbedsasadesn Windsiawiziead pellet
wazlding 10% Fetal Bovine Serum (FBS) Tudhsndan 1:10 snmanineadluvinisuenisadse
Flow cytometry lagugnseaun  wiadudssnnsaualvguazussonsuwadn weldlunis
inmsvaasssely

4.8 nmsnsrvdoulusiuniemailn Western blotting analysis

*  mswsuansanelusRuAIDEg
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yhmIgnomnsiAsuTadie Mntudamaddae 1 PIC (lu PBS) iy lysis buffer Uszanal 70
pl Tu plate wiyawadoanuiivadiuvasn iy Jusidesit 16,000xg Wuwan 15 wdl
wauhaulanfinadlu  microtube  Sulwmi  vinisieaududuvesasazatslusiudIeg19neY
Bradford reagent Insideaslushiusnetne 1 ul du Type | H20 9 ul aglu 96-well plate iy
Bradford reagent 200 pl /well ¥imsus 5 wifl udriaAinisgandunasil OD595 Feinaq
microplate reader isuranududulesld 1 me/ml BSA  WWuaisuiasgiu NNty
msusuanududuasazaalusiulila 25 ug protein dae Type | H20 Tlau3unssan 20 ul
W 5x Laernmli U319 5 pl lu microtube w&rldmnudoudt 95 °C iunan 10 wdt #7e heat box
Wnduandeades centrifuge Wionsunan newthfmegdlUld3uiea

®  n19e38L Tris-glycine SDS-PAGE

B uNaNvedaaludIu separating gel 58UsEIN 20 U \dlo separating gel
udesaudn i stacking gel Tnatdu gel comb wnldmuuwiud sesnUssunm 15 undl

®  n155U SDS-PAGE

Wil 1x running buffer Tiaesssuiitmusluedes western blot tank 910t ia marker (4-
6 ulwell) wazagslusiuuszann 35 plwell darn voltage 71 95V w&m run W band Laedu
staking Saifisndu 130V Wunaszana 1 $2lue wiedusgfumaiedeuiivesaulusiuuuian

*  dreldshiug membrane

11 nitrocellulose membrane Woe a5 cassette d3UUsENULEA WS transfer
buffer Tneildunanfe 10x Towbin buffer + 20% methanol + Type | H20 ¥i1n3 transfer fidniz
30V i 4 °C overnight %8N transfer L@5auds vhnsasaeuUszansamns transfer Tneda
membrane ¢18 Type | H20 udidou seansavaty Ponceau S duns band TUsiufiintu &
Ponceau S §18 wash buffer (1x Towbin + 0.1% tween 20)

® Blocking TUsAUUU membrane

Hefaien blocking buffer (Odessey buffer) fiu 1x TBS #ms1diu 1:1 10 ml wasuu
membrane liiAsaunquitavin vuum 1 Hlue figamgiivies vieundhwduiigamadl 4 °C

® Probe antibody @3Uu membrane

w3 primary antibody AL 1 : 500 pl 1Foa1elu blocking buffer anntiu Yu primary
antibody 11 membrane ﬁqmmﬁﬁm WunaUseung 2 9l wevudiududl 4°C 19 antibody
f8 wash buffer Uszaings 4-5 5 seuaz 5 unil leAsunan ¥msw3en secondary antibody
ATIMLTNTY 1 : 10000 pl ﬁaﬁ’nmwia primary antibody Tu blocking buffer ﬁuﬁqmmﬁﬁauﬂunm
1 4T119 wazd1a antibody #ae wash buffer Uszaneas 4-5 50U sevay 5 wiit tluasinaoumetnies

Odyssey® ClLx Imager
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4.9 nsAnwIAUduRUsSveslUsAUR8wmalla immunoprecipitation (IP)

wnzasTadluanzang o tnstwadinzdsaddy 150 mm’ cell culture dishes
Iisnaneadivniy  wnededildmmumudulszion 90% ity gremnsidsuadiis
W&IEn3se 1X PIC (protease inhibitor cocktail) iazanelu PBS udufiu cell Tu -80 °C vinsiney
lysis buffer (40 mM HEPES pH 7.5, 150 mM NaCl, 1 mM EDTA, 10 mM pyrophosphate, 10 mM
glycerophosphate, 50 mM NaF, 1 mM sodium orthovanadate Wag 0.3% CHAPS) 9 niiu Yiun
Protein A magnetic beads U3ums 40 pl AU RICTOR antibody 4 pl ududin lysis buffer
TiUSmssm 1 ml uduilgumniivies 3 4alus uu rotating mixer WoAsURAMEIATE
antibody #li§U bead Tagld magnetic bar iy tharnlananudadnedae lysis buffer 3 ada iFy
lysis buffer 1 ml aslu plate udvhmsgaadie scraper panaNATUEMIZIABS uialdadly tube
wmstlunnmznowdielils lysate 7 16,000xe udnhdulaldluaenfifl Protein A fu antibody |
Undigaumgiivies 3 42l videvudhwdnud 4 °C vnsusalusiufilidufy antibody Tagld magnetic
bar udnfvudiunzneuld 910tk &19 beads #e wash buffer 500 pl (ngld wash buffer 7151 150
mM NaCl 3 58U U@z 300 mM NaCl 1 50U wazld magnetic bar 1ot wash buffer aansavan
W&l 1x Laemmli buffer 7l 5% B-mercaptoethanol Usums 40 pl whdeenslugud 95 °C 10
W7l Witeuen antibody, freg1alusiu waz beads sananiu iy e aunLn UL SDS-

PAGE udaéfau Coomassie Brilliant Blue titeinszsiuanisnaassias MS lusuneusely
4.10 nsAnEAMUFNRUSTaslUsAudewalln mass spectrometry 1nads in-gel

tryptic digestion

N899 SDS-PAGE  uar  deulUsAusie  Coomassie Brilliant Blue uwdadin  gel
Whamuelusiufiauls iueadifaudundiseng 100 mM  ammonium  bicarbonate iU
acetonitrile pundudu 11 W& Destain #aw 100% acetonitrile udaihunsevetdae
wostuvisfinuauanudiu (vacuum  centrifugation) 9 i tlusiusnaniusy disulfide
Tasnsiy 10 mM Dithiothreitol (DTT) wéuufl 50 °C unan 1 Halus uagld 50 mM
iodoacetamide 7 45 °C \Juian 45 min WisliiAa alkylation wazanssae 100 mM ammonium
bicarbonate 11U acetonitrile AILTLTY 1:1L§]®aaﬂ udld 100 mM ammonium bicarbonate ﬁgﬂl’i
10 W91 udIneeanuiY viwuiian 2 ads deslusiuge trypsin Taglianududunes trypsin laiiu
300 ng fotaa 1 tube WaIUNTl 37°C Frwfiu af peptide fildpanainiaa Tneiiu 50 % acetonitrile

fiu 1 % Trifluoroacetic acid (TFA) (1: 1) uda9n peptide Td LoBind tube Fauilan 2 sou Peptide

)
= b v o

eunsaiaud dudiy 0.1 % formic acid 30 pl 9ntuYiInTg desalting e C18 column AN

Yndulnadregnadimseiluesas  LC-MS/MS  As1eitan1snaaadanndsans  LC-MS/MS

19



elUsinsy Proteorne Discoverer™ Software tiaasavdauauduissevingdusiu RICTOR
warTushudy q funaulalusSeaes

411  nrsanwiuvdsvesiusiufisuloluvaddaemaiia immunofluorescence
staining (IF)

Boswaduszanm 5,000 cells/well Ty 8-well chamber slide udauidass 24 alus sosn
vimsandsudune 24 $alus :ntuuBsusmsund (10% FBS) 71l AZD8055 Audiudy 2 UM
w3olaifl (control) iuwaan 24 Falus @mmmiﬁq W wadans PBS 3 At 91niu 1w fixing reagent
(4% paraformaldehyde) lu chamber slide udaus 1 2lus figumniivies ilerSaadlyifniu slide

=i

A9wadaIe PBS 3 ASY WALAL 0.2% triton X-100 waUN 15 W flouunnivied Lelsswas

9 Y U

1
=i

&19/78 PBS 3 A5a annuuiludu Blocking 14 19 BSA Tu PBS Un 1 Frlusfioamniivies 3ouuduaud

4 °C @i primary antibody asddu 1 : 200 wéavy 3 $lue Agumgiivies wSevutwAud 4o
Wddawadiie PBS 3 ASe i secondary antibody Teaglvidarandud 1 : 200 wén 1 Flus
Tgnumgiivies wiuutruAudl 4 °C udrdraadae PBS 3 ads doviwaddan DAPI (1:500) Uy 10 il
flgnmniivies udrdawadde PBS 3 ads 91ntdu nen chamber venaInda slide Jualadly 100%
EtOH athaiir antiuselviuds uen anti-fade solution wérla cover slide Wiy 1fiudt 4 °C Tuiidin

asradeunalnsialandlandesnels confocal microscopy
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NANISIVYUAZAATIZIINANTTIVY (RESULTS AND DISCUSSION)

nsAneAuENtfne o veuvasusssauesiandslavandlaun

N3ANEIANNANINIUNISIISIBIYAGUBILAGLABAS MTS proliferation assay

waduzSsauedesiinfidenldlumdded Wun USTMG waz H4 Hunsdeauesiiiiany
suuswietu TaowaduzSsauoswda He anduwaduziSendeloninsam (low-grade glioma)
Tuvauefi USTMG Duwadndeleninsngs (high-grade glioma) 3o ndglauatalaun (Glioblastoma;
GBM) Fudunisdnnduaniives WHO il dlethwadvisaesiinuiFouifieuanuanngn
lumsiasalngldis MTS proliferation assay uagiiufauusifunisiugnduds mTOR kinase activity
(A7D8055) fimmududusne 9 waUsngdn wadigesiiaddnmnisaiylndifestu Tnedoruly
uszozina 72 Filue wuduwad USTMG anunsaasaldinnndn enadumsewadusdedifinny
suusetfen Saiinszuiuns contact inhibition dwvinlwadlausifuszuny liansnsaladouduls
dewadinsyfuiuiifonsuinefiusnulosas wenenil  oradunsswadusss
naslauatalaun (UBTMG) AUSOVUADANTHATILLASEAYBITARTNANIINNST] pH
amawﬁLﬁaﬁﬁfmqumaéqqlﬁﬁn"jw Ha wenanil Wefinistiudsmsviauues mTOR kinase Faeen
AZDBO55 Wud1 msisirenvadiitlivanaailoisuiungy control flsifinslven oeslsfam
sziiuleinistudanisinaures mTORCL wag mTORC? luanunsavilifwadus Ssauasmeldodna

TUsrdvSnwwinnans (3Ua 1)

H4 cells treated with AZD8055 UB7MG cells treated with AZD8055
AAZDBOSS (M)
200 200~ oo 0
©ma 0008
[ == 0.016
wr 6.031
@z 0.063
1 £ - 8
150 i 150 =5 02
2 : i z =
& 1004 ;F ANHHGHY Hi g ANHRNU s 10044
2 AU IANEENPN BREIARERNY] 2
= Rt SN RN PN TS
AP INEENGE R NN
THREIENRA grHl | INHENG] BHE|IANERNY 507
SMEIANEANGE e b ONEENK] BNE TARERN
HREANHANAY BRElANEGRY] EXE ANB KNG
HEEINANEANGE HUHHAREUNR] BEWBIIANHENN
(JitHE ANEANAE ERENANAANG] HEEIANHENG o
24hr 48hr 72hr
Time (hours)

Time (hours)

¥

JUR 1 aruaansalunisioiyvenvaduziiedues He waz USTMG T condition 7iflen

AZD8055 AL tudufg ¢ (0-4.0 pM)

nsAnwIATINFULSIBITAAULL5Y (cancer aggressiveness)
TunsusdineadusiSadianuguusannviotes  Inelvszganaaeaudivane 9 Yszns

o

FanialupaudfnddyUssnsviisfiomsindouiivessas  nanfie  WwadusSWllamuls

21



anunsoananylaunnd sedflenuansolunsiedeudivanndy  lesnlidesms  cellcell
eluwaduni Saiidnuaizanundis mesenchymal cells Saviliannsawndeudiliodrssings daiu
iWoSeuifiaurnuuansavesanuaunsalunsedeuiivewadusiiiaueindelouuseian fag o
FldTnnusudioumad HA USTMG uar LN229 Tesiwad LN229 1Hunsiendelesnduge
Snuflanils Tael43% wound healing assay Wil manisneaes wuin eanuawnsalunsAaeud
vonwadaaulafinatoddy  fuil  wad  UsTMG  amnstuafeuiiliadesinsldsiniaiian
seaande LN229 uaz Ha dadulumuiianaly uenani Seiidedunadniiiedreite USTMG 1l cell
adhesion euthatios mameonInIUINzIwadrsuisinIITadBnaewila FetidunmuaidAsn

o
a ol es

agnilsnannsavsvenliiwaduiiniidnuazaiundu mesenchymal cells Wuunu (FUA 2)

H4

LN229

ug7

gﬂﬁ 2 Wound healing assay vaawasusisaauasauviia laun Ha, LN229, uaz USTMG

AnasRsomfannsalifasaneuuusoavaduziieanos liud sedumsuansoonuas
nisvhamesngulusiy mTORCT uwaz mTORC2 iflesanndulusiuisansuiiadimmnieatos
funsiesueseasusiuazauainsalunsindeud lnganiz mTORC2 Fofu Sovhnsnsaeu
mMuanieanuad TUsAu 5auluds mRNA geslusiufiiedestiu mTORC2 signaling pathway Liu
RICTOR war AKT waglusiudiioadestu mTORCT ldud S6 dsguil 3 wamsfinwn
wuinwadiauiiainsuanieen vaslusiiu RICTOR Tussiulndifiosty ursediu mRNA vy
RICTOR luwad HA waz LN229 SuSinanepznivdoutnannn Suesadnsaesilnd wrezdnalnlunis
AUANUINIAL MRNA TagAssng 9 silsilignudasenunfulusiuld dee1eazifeadaaiu let-7 miRNA

wana Nl WeAnwinisuanseanvaddu AKT wull LN229 HU3unas mRNA gefian usiiladnsedu
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TUsAunaulndlAesiu USTMG uwar H4 o13lsfeny nisegmsivdausyeu  nanssuveslusiudl
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d3Unan13398 (CONCLUSION)
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PRESENTATIONS

Poster Presentation, “The mTOR complex 2 promotes glioblastoma migration via the interactions
with multiple actin-binding and microtubule-associated proteins”, AACR Annual Meeting
2019, Georgia World Congress Center, Atlanta, USA, April 2019.

Oral Presentation, “Defining the roles of mTORC2 in Glioblastoma migration by systems biclogy
approaches”, Cancer Precision Medicine Academic Conference 2018, Siriraj Hospital, Thailand,
December 2018.

Poster Presentation, “The mTOR complex 2-associated interactome and cell migration ability
determination in brain cancers”, AACR Annual Meeting 2018, McCormick Place Convention
Center, Chicago, USA, April 2018.

Oral Presentation, “Systems biology for studying mTORC2 signaling pathway in brain cancers”, 2 cu
FPhS-RIKEN €DB and IAMPS34, Arnoma Grand Hotel, Bangkok, March 2018,

Oral Presentation, “Systems Biology for Studying mTOR Signaling Pathway in Cancers”, Research
University Network — Cancer Precision Medicine meeting 2017, King Chulalongkorn Memorial
Hospital, Bangkok, November 2017.

Poster Presentation, “Identification of the Mechanistic Target of Rapamycin Complex 2-associated
interactome involved in brain cancer cell motility by affinity purification-mass
spectrometry”, AACR Annual Meeting 2017, Washington Convention Center, Washington
D.C., USA, April 2017.

Oral Presentation, “Studying Roles of mTOR Complex 2 Signaling Pathway in Brain Cancer Cell
Migration”, MDCU Congress 2016, Bhumisiri Building, King Chulalongkorn Memorial Hospital,
Bangkok, August 2015.



Oral Presentation, “Characterization of mTORC2 Signaling Pathway in Brain Cancer”, Chulalongkorn
University-Nationat Chung Cheng University Workshop on “Cancer Biology and Signaling”,
Chulalongkorn University, Bangkok, June 2015.

HONORS AND AWARDS
Sidney Rittenberg Award for Ph.D. candidates, MIMG Department, University of California, Los Angeles,
December 2014.
Qutstanding Academic Record Award from The Professor Dr. Tab Nilanidhi Foundation
{The Tab Foundation), Faculty of Science, Chutalongkomn University, August 2008.
Gold Medal from Chulalongkorn University (highest cumulative GPA in Department of Biology), July
2008,

TRAININGS
Participated in the 7" AOHUPO/ 9" PST Sympaosium 2014 Young Scientist Program, Chulabhorn
Research Institute, Bangkok, Thailand, August 2014.

OTHER ACTIVITIES
Volunteered as a campaign creator of the CU Immunotherapy Fund, a fundraising project supporting
cancer immunotherapy research in Chutalongkorn University.
Volunteered as an MC for the cancer exhibition in the CUSB Day event, KBank Siam Pic-Ganesha
Theatre, November 2017.
Volunteered as an interpreter for student finalists from Thailand in the Intel International Science and

Engineering Fair 2014, LA Convention Center, Los Angeles, May 2014.
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