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Abstract

Project Code: MRG5180134

Project Title: Proteomic analysis of leukemic cells

Investigator: Usanarat Anurathapan, M.D. Department of Pediatrics, Faculty of Medicine
Ramathibodi Hospital, Mahidol University, Bangkok, Thailand

E-mail Address: usanarat.anu@mahidol.ac.th

Project Period: 2 years

Introduction: Acute lymphoblastic leukemia (ALL) is the most common malignancy in children
and classified into standard, high and very high-risk groups according to age at the time of
diagnosis, presenting white blood cell count (WBC), and genetic abnormalities of leukemic cells.
Recently, the treatment outcome of patients with ALL treated with multi-agent chemotherapy
was very good, approximately disease-free survival rate of 80%. However, relapsed diseases,
especially in very high-risk group of ALL patients, remained a major problem, approximately
20% of ALL patients, resulted in the reduction of 5-year survival rate, approximately 40%. From
our knowledge, there is no biomarkers to predict relapsed diseases in such patients. Proteomics
is a bio-informatic techniques widely used for identification of potential proteome biomarkers,
which might be targeted to relapse ALL. So, we would like to use this technique to identify the
potential biomarkers in the differences of proteomics profiles between relapsed versus newly
diagnosed leukemic cells especially in very high-risk group of ALL patients, to look for novel
biomarkers to predict risk of relapse diseases in those patients.

Objective: 1. To analyze the proteomic expressions of leukemic cells from newly diagnosed
and relapsed samples of ALL patients and compared these differentially expressed proteomes
with genomic array expressions.

2. To identify the differences of the proteomics profiles of relapsed leukemic cells with newly
diagnosed leukemic cells in a very high-risk group of ALL patients and to analyze the correlation
of proteomics profiles to clinical information of relapsed very high risk ALL patients.

Methods: Phase I: a pair of newly diagnosed and relapsed bone marrow samples from children
with ALL aged less than 15 years was studied. Mononuclear cells from leukemic samples were
separated by the Ficoll gradient separation method. These separated mononuclear cells were
disrupted by detergent lysis technique, cleaned and quantitated by 2-D Clean-up Kit and 2-D
Quant Kit, respectively. Proteomic studies were conducted by two-dimensional polyacrylamide
gel electrophoresis technique. Proteomic maps were stained and analyzed by the MELANIE
software. Protein spots were detected, compared and picked to identify by mass spectrometry.

Peptide mass fingerprints were searched in database to find the most compatible proteins. The



RNAs were also extracted from these same leukemic samples. The synthesized cDNAs from
these RNAs were labeled and hybridized with probes on microarray chips. These chips were
stained, scanned and analyzed for gene expressions.

Phase II: Pediatric ALL patients diagnosed during 2008-2014 at Ramathibodi Hospital were
enrolled. Very high-risk ALL patients whose bone marrow samples had collected were included,
while those with poor quality of bone marrow samples were excluded. Clinical information,
including dates (birth, diagnosis, relapse and last follow up), disease status (initial WBC count,
serum lactate dehydrogenase, immuno-phenotype, molecular genetics, cytogenetic and organ
involvement) and chemotherapy protocols was collected. Samples of the very high-risk group
ALL patients were categorized into two groups (relapsed vs. newly-diagnosed) and then
submitted to proteomic analysis, consisted of 2-D gel electrophoresis (2-DE), protein spot
matching, in-gel tryptic digestion, MALDI-TOF/TOF protein identification and validation using
Western blot analysis.

Results: Phase I: Two ALL patients who had relapse during maintenance phase of treatment of
ALL were enrolled. Both were diagnosed with early pre-B ALL and classified as non-standard risk
group due to high initial WBC (>100,000/mcL). The cytogenetic abnormalities were t(9;22) and
t(12;21). A comparison of protein maps from newly diagnosed and relapsed ALL samples of two
patients with a sample from normal marrow subject was analyzed. Fourteen protein spots that
had significantly differences between normal marrow subject and leukemic samples were
identified by mass spectrometry. The only significant compatible protein that presented in
leukemic samples was ACTB protein, actin beta protein. This protein interacts with
phospholipase D (PLD1) to regulate cell proliferation, vesicle trafficking and secretion .Whereas,
the RNA microarray study revealed one statistically significant (p = 0.00000614) up-regulated
gene that was found in both patients. Olfactomedin 4 (OLFM4) is a gene that locates on locus
13921.1. The protein encoded works as an antiapoptotic action binding to potent apoptosis
inducer, GRIM-19.

Phase II: A total of 195 ALL cases were enrolled. Among these, fourteen samples were classified
as the very high-risk group. Only eight BM specimens were qualified for proteomic analysis,
which then divided into relapsed and newly-diagnosed groups (2 relapsed and 6 newly-
diagnosed). Proteomic analysis showed 22 protein spots had significantly different intensity
between relapse and newly-diagnosed group (p<0.05) but there were only 3 protein spots (i.e.,
ATPB; ATP synthase subunit beta, TUBB1; Tubulin beta-1 chain and PHB; prohibitin) had pattern
of protein expression same as previous reports, related to leukemia. Of these, the decreased

expression of ATPB was validated by western immunoblotting.



Conclusion and discussion: Proteomic expression of leukemic cells had some protein
differences from normal marrow cells, for instance ACTB protein. OLFM4 that involves in
inhibition of apoptotic pathway had shown up-regulated expression in relapsed leukemic cells.
The further study in another cohort of very-high-risk ALL patients supported ATPB as the
candidate biomarkers of relapsed disease.

Future plans: Further validation study using an independent cohort is required to demonstrate
clinical applicability of OLFM4 or ATPB in the very high-risk gsroup of pediatric ALL.

Keywords: Proteomic analysis; very high-risk acute lymphoblastic leukemia; ATP synthetase
subunit beta (ATPB); Olfactomedin 4 (OLFM4)



S%alASINS: MRG5180134
P = a A v a A a & I3 2 & A
IBIATINTG: NSANYIIATITIUSAUMEWALALUSALlaTNdvauraduLtSLdndanv?
Yatin3y: WIewNNg guTal pUSTIUS NAIYINUITNVANENT AUSUNNEFAATLIINEIVIATINITUR
UNINYIALURNE
E-mail Address: usanarat.anu@mahidol.ac.th
=

segganlasanng: 21

Y3 & & A = o a ¢ & < o ' ~ = o
nann1suazmana: uvisudaiienvridsundudnliuaaniidunssainudeenanluwn n1ssnw
wianquilurdnauainudsiniizlsanau fe Anudesunf PRI LRT, T BT R I BRGRG IR
mmmqmmﬂﬁ%’umﬁﬁaﬁ'& Furuindenrnuazlasunisitdads WarANURAUNANISAUENTIUYY
WadUELS ﬂﬁ]ﬁ;ﬁ’umﬁﬂm;ﬁﬂwimmﬁuﬁmﬁamnLﬁ&m‘wé’uEMIWUmaﬁé’wmmﬁﬂ’]ﬁwmmﬁm
enafun Wnedidnsvasnlsaiosas 80 egnslshnunnizlsanduiinulauinluirenguainudesgadn
o =1 [ F2N] F 2N I3 I3 = a v a ff YV a
fanadudynmanveitie lnedirelsaussuliadenvrideundudulnuananisdesay 20 In1iglsa
nau warensasalspanauvieiiessesay 40 whily andeyanillutagudeldfidedyianiaginme
a11150A N1 lsAndUleR adelusaleiindidumatianldadraunsvateluniseumilusauniady
v ado =~ = 2 & a a ¢l v A awv v v a
fuTTAN19310n FeoranululsaugSadaidenvnaulnuatannidlsandu Auddedeanisitmaila
FINALNEMIATTTIALUNITVINUIEANMULASINISIAANIEITANAUIINANLLANAIINITLaRID8NYBI LU AU
meluasuzsadadenvninisitadelmiduwaduzisadadonvnfianelsandulaganzludioe
IsauzSufindorvrduliuaaivilaanudedsandugean
o ¢ A = a & a fY o a 2 & a a ~ ) ¢ v
guszasd: 1. Wednwidaseilusiunisluwadduindausiiadafenvidiouiisuiuwadiu
o a A an 1 & 2 & & o a a5 a ¢ PR 2 & A& a v a
Minduiliidungisadlabonvismemaialusalelindvesiielsaussudatenuideunaudulny
aansnansUwas
2. LﬁaﬁummmmeﬁmﬂmmmaaﬂsuaﬂﬂiaumﬂumaémL%aLﬁmﬁammmﬂ;ﬁﬂwﬁlﬁ%’umﬁﬁaﬁa
Tndfuaduzisadadonvnangtienlisunsidadennzlsandumewmaiialusifindlulsruzisada
denvnidsundudulnumanviinaudesianisialsanauadan wazmauduiusvesteayalusaud
Aunuiuanvzdeyanadiinvetheniinnglsandu
FNeans: szee 1 adunisiiuwaduzisadiadenvndeundudulnuaitaniuginisidadendias
Frmaitadelsanduludiiennergtosndt 15 U sedeaiuld antuviniswenwasdadonvivia
TAAALRY799NINFIBL19IAETT INADE LWAATILYNLANYINNISEANY YINAMUALDIN kasInUSUaIe
YavANazeInkazyninUsinalusiy nduaLlunmadeuaig siusaleindlagyinnisuenyie
TsfukuuaassuIvaInIuInUsEkasuuInlusiy antuiuruilsiuilaundenduasdnseime
Tsunsuwanil galusaunlaanuaunlsiugvitnsseuiiey udafauiesisisngiswaaunlngy
3 ndudinananadalaagdiludundeyalugruteyaiienviialusiu vazifigiiueisiouiagn



afmoenuIInfegaierfuudivhnmsuandudufieuediedluasvaeunisuanieanvesdusingg
meglulasensisd

spoed 2 dulumsnundeyanseainvesitiednlsausiasindensnudeundudulnuatavivde
anudsdlsandugeandilasumsitadelutasd we. 2551 fa 2557 w lsmeiasunsud Adedly
nszgniifigaunimiuly Tnedeyaiisusiuldun fufoutifin Yuildsunsitiads Yuiln emwedagaiine
anwagnenalinvedlsa 1w Suaudadonvniuiniu seaunanenilelasiua slawazszezilingon
11 mRaUnAseAuiugnIsare Toriietes saEisnsinufiguaelatu fedufinanazgn
waduaeandy fo naulsanduiazngunifiteduadusn vntudnidunsinneiseislusilefing
FeUszneuse mausnulialsfuaesssunumelsyauazuuin mlnngimumieusinsegelusiu
nsingalusiu nsleszvivilalushumeuuaanlnsiuns wazn1snsiadudumeafisuuaey
nan1sMAaes: szoxil 1 fielsauzifadadenvideundudslnuaraisiuiuasssenilsandutae
ms¥nuluszeraainegnidgdisumsfinu Tnedihevisaesduuzien oiin early pre-8 cell uaglalld
oglunguauideslsanduinasgruiiosand uiudiaidens1usniuannndt 100,000 wad/una waz
A5 1(9;22) Tugvaeseusn uazwy 1(12,21) lufviesiefiass nsidsuiisuunudlusiuain
waduzinmsitafundusnifeuiumadunsanmAidadelsandu uaswadanlunszgnuosay
Uninudniigelusiiudy 14 eediflmnaunneisfuegrsiddfameatalagnitsesiuasnuindifies
TWsfudeafinulusiegeainwaauziiafie actin beta protein (ACTB) Imaiﬂiauﬁﬁw’m@jﬁﬂﬂiau
phospholipase D tilamuaumsiiinduaueasd nsvudsnieluwad ainsanisinsgioniousain
fhagnafeatunuindiiu olfactomeding fiifiunisuanioenagsditoddynisadalugiaefisaessne
Tnefuileguulaslulsudil 13 dumis 21.1 vuwausny hwdhilunisdudainismeveasadinefuiu
GRIM-19 Geviwmihildusnsedunisnevessad

=

szeed 2 fUhedinlsruzisadndenvnndounduduliuataidiua 195 seldsunisidedelugael we,
2551 §i4 2558 fUreduu 14 egnintneglunguadinuidesgeianisiialsandu uwailiiles 8 faeee (2
U8 1991LIANGU wag 6 T1eLiufieg1again1sitadeln) Neglununmfaiuisaiiasiziie
wallalusaledindla nudngalusAudiuau 22 yeiinnuuand1segralteddysenitaiiegingulse
nau wavsegnguidadelval ualllusiuiies 3 yilalldnuurnisuanieenaaignisdnuneuningly
TsAugSafindonyny Ao ATP synthase subunit beta (ATPB), tubulin beta-1 chain (TUBBL) uay
prohibin (PHB) ms#inidelaaen ATPB unsiadudunisuanseanvedlisiumiegdsnafisuuasn

a ¢ A I3 2 2 A = a oA | I3
ajduaziansalnanisveass: WUsiuiuanseanvedsaduzsudnidenyiiiuilusiuiiunnineas
lunsganun@ 1wy TUsiu ACTB usnatntugu OLFM4 Mifgadesiun1sdudiuuiunisnieveseas o
wun1swanseaniintulugaduzisadindenviluniglsandu wagannisfnulungudielsnueiss
< A a v oA ¢ a = ! a [ 0 ' a <
diadenvrndsundudulivataiviinanudesienisiinlsandugegaatuayuiilusiu ATPB 1Ju
sudenfianunsalddududyinnsdinmdmsunnglsandu



Forauauuzdmivauidslusunan: msfnwBusunanisinyiifiouansnsuszgndlinisedinges
OLFMa vide ATPB Tugthelsauzidasinidenuadounduduluataivianuidssdonisiialsandy
a9an

fman: wadelusaing; lsauzifafiadenvadounduaninuaaiviannudeienisinlsandy
ga3gm; ATP synthetase subunit beta (ATPB); Olfactomedin 4 (OLFM4)



Executive summary
Folasans
(mwlne) nmsanwIeszilusiumewmaiialusilolindvoavasuziSudindenan
(Mw1dangw)  Proteomic analysis of leukemic cells

1. anaddguaziinvasdymiviin1side

Tuthgiulsaunsadulsaiinuldvesinniudeny uasiulsedifuauvanismefifiatulunn
wekaznnTe FadmsnafelseusSdudtasindunliuifiatuieny wuwdeitu Tnglsauseding
veeiigaluinlnede lsauzifadaidesundoundudulnuaa® Tnsamylungudiseny 20 fe 59 4
wuidisnsnsidalsauziadaidenunndeundugsiian dsanmsAnuluiagiudlifideyaiiuansii
HadelatafondaduiadoddgiviliiAnlsadandntunlugtasdn winuidinasnizuasras
Jasuuandeusngg Aifldruierdestuniainlsn wu nslésunieduiatuasinivdesuiwdn ns
l@sun1snnesed wazanuiinunfivesansiugnssuvselastuleuvesithe [usu®?

nnananilaludeseadduiuialudiagiu iliinsduivgiuinnmainlsauzisanazanain
wadsuindeluszuunisaadadesiifianuinundlusinliwadsuduiadsnanliamisaiam
nanendueadifiadenunviaundls udwadduridaunsadindonuntuiinnuaniffdfysn aes
ogaegfe aunsauvsialdides waraunsausialildieadifudnads Ssannisesuedinanisil
maééfuﬁwLﬁmwL%QLﬁ@LﬁamnizjﬁﬂmﬁaglﬁﬂmiﬂLﬂumaaﬂ,ﬁmLﬁamnsﬁﬁ@ﬂﬂﬁLLazé’qmﬁmﬁLLﬂqﬁaﬁ'
liannsamuaaldaunseialdiwadfiinunidiuiusnnvidenifondt waduzSufiadonvnlulunszgn
vosffiae® Tnefiauyfigiuvesnszurunsiiliifnanuiinnfveawadsusninounareifuieadsiu
AudiauziSadadenuniey 2 dunoufe nmainnrufindndluarsiusnssuvielasluluueseadsy
Audaueia wazmsdudanienisladuiadonseduuisedsivinliAnanuiaundlunszuiunis
Wsiulavensyuaunsiudinsudshveseadiuindamdudohlfnaedueadiuiiinuzse
SHadenunluiign® Medradunmaifelsauzidadindenunudeundudiinuaiast aediad wuinde
waddusudeiinnnuunniadunsruiunisudsanasmsedydvlnludunsunisasuanisadsu
Alladindenvndulvataivianidwad lluwadliadenvndulilevidigeu swuduldsunse
dufaanseiviednszdusisainanannzuindon lrwaddananliaunsonaraiduwadidabon
rmedadulileiiuiuntuld widdnsusihegnasnisinlmanlsrusadnadonndounduan
Trluanavidasn

a 1 I

NNSANITRILLINUIT N1swsgadidiaidonsnduridacieg uanainudelaenisgain

[y

dnwzraLgaRLAITIE TRl lAlg o AEIATRIMNNENINeTANAY (Immunologic marker) #18¢
a sl ' . Lo a a v ) ! ' ¢ @ & a ¢ a
YURLwaansenin Cluster of differentiation %158 CD 9nene frag1urumadiinaanvlaulnlaisin
T adeA9ilATRMMINEUURITAE Ao CD19 wazwaddundaindonazfoiliASoInuIgULRILYad
Ao CD34 usu® Fuibianusanensinvesgadanslulunszgnliesgndaauinfiwaddinidensn

a v i o, A A a A a a a & s & AR aa o 2 &
ﬂu@l@ﬂ’]ﬂu@ﬁuﬁlwu Wurdanunavsanaune Wﬁ@LUUL%aaﬂJSLiQﬁi@lN @QUUIUﬂqiﬁuﬂﬁﬂiﬁﬂllgLﬁ\ullm



Fonvusnanazannsaifadeldlaenisgainduiunazdnuarveawadfiiaundlul unsegnudad
anunsalrnsitadelasganduiunasaiinvonradaniaiesinsuuiiwadanme® uazainausly
FesfananiniliannsaesuieliisadduiuiausSudindonvndulnivata msoiiniemny
vuRIwadAe CD 34, HLA-DR, TdT uagliiil CD 19
Tudagtunssnulsauzifaiiadonvidounduduliuaaidiolilinanissnundiaign 3o
mmﬂqﬁﬂ’mﬂuﬂdmmm 3 ﬂdmmm’mmﬁaﬂumiﬂé’uLﬂuiim?'] k) ﬂa'uﬂ’mm?imﬁ"w ﬂa'mmwm?ﬁ'm
SITUA Uy nauANEsIge Tnensldinasivarssnulunsuszdiu fogratu orggiaedeldiuns
Fadadusn Sunudadenunlunssuadeniisvnsfiumuunndadusn uaganufinuninieans

v

wusnsnmdelashiluuvesvaduzSudiadenvrudeundudlnuatan iudu teduuuimslunig
AndankuImslunssnwgtidinaldenaivntartnla vuinwilvg wasdsnsuinmsemedsle us
I =3 o Y 1 = o o [y [ Y () =~ aa [y ) o X

aealsimudalginslunguanudswinnagnduidulsagregduiunienininduidulsagduinlagly
wougdlfelifitsnsouwmislunisnsiaidaduiuduiieainnilonialunisndudulsagilug Ul
lsnuziSafindonuudeundudulnuaarisinmige

Hegedus wazatg lAvinsAnelaszRlusaumeIslusileding TnaluTauliouauuaneIg
voslUsAusymInawaauzSaladenudsunduduliuanayt waauzSadadenvudsunduludanes

13 & & a a Y} a ¢ = I A ! Y] a a N
wazwaauziiudadenvrndsunauludlalululey FamuirdanuuwanasiuvessdatazUsunalusiy

& A % a ada o v A A aAaa . . . "

melusadunazsiaduiandanud1dyae TUTAUNNYI C-terminal truncated version of ubiquitin
Tnelusfiuriintionvaziunumlunszuiunisiianseamguanisiinlsruzisudadonuidoundu
yindulnuaaila® wazainnsAnwued Ota kazAme NVNsAnwIIATIZUTAUMeISIUsAleling
TneSeuifisuamnuunnansveslusauseninasadsuiiiaeaduzisadndonuidsunduiulnvaiad
waanuiLlawasuziSadadonvideunauludacen waddusdawaalulsa Myeloproliferative
disorder waglwaanunilawaalulsa Myelodysplastic syndrome NU3NHANNUANAIIAUTERING
TUsAuveswadduiidawaduziSwurazyinlnevinfilnnuduiusiuainuinunivesla luleuedis
aaududoude TUsAUNTIFI1 Nuclear protein that associates with the mitotic apparatus®

PMNAITNUNIUITIUNTTUAR UL IR UIANS AN A TIEAlUSA U878 L USALelind s ning
wasnuidawaduzSudadenniuwadruiidarindunlilvwadusSadndonsndiauddey
lun1svenfiemuuanstssernavaasuinilneaessdaiisaylaiduuuinsdunisanuseliluses
msfumidinlumidadelsauzsadadensaritunsidedediasmelnduasnsidadedUaelse
nausie wananifeaunsaldduuwuimslunisinanunissnemseiiidudmnglunisaunnisnis
Snwsieluld Joibigadesianuaulaludesdindrwasdunuivesnsd@nuluassiliodnszilsiu

sY o a & & = a Y] fY o a A avy 1 g & & & v

neluwaasuniilaugidadadenuussuiisuiuwaanuniinduinldiduns S aladenv1inie
wallalUsiledindvesiUaslsrussadindenvnideunduduinuaavivdanidisad

2. QUszaIATaslATINIg



1. ilofnwiinnzsilusiunelusadduiiiauifadaideavnivisuiisufumadduiniady
AliduuzSadiaidenvsemaialusilefindvesitaslsauzifadadonvndounduanlnuanast
yianIUiwad

2. WleAumanuansensuanseenvedlusiunglumaduzdasindonynangtaeildiums
Aadulmifuwaduzifafinidonsnnngiedlisunsitdedennglsandusomaialusafindly
srnzidafindonvideundualnuaasivinmnudssionainlsandugean uazmanuduiusues
ToyalusAuiidunuiudnvazdoyananainvesihedifinnglsandy

3. su1Uaulaie
JunauwazIslumsiiudaya
Jeeeil 1

a8

¥

1. iudeyafiuguiisuduanitiouasiunasesiigndndendisslassnsn
2. fiumegradenainnisianglunsegn Iﬂﬁlﬂ%’jﬂLLiﬂLﬁUﬁ’Jaﬁi’NLaaﬂﬁ]’]ﬂﬂ’]ilﬁ]’wi“ﬂﬂiz@ﬁﬁﬁ’]
diolilamsitedundausn wavadsit 2 Lﬁué'haEJ'NLﬁammﬂmiLmz"lmﬂizg]ﬂﬁﬁ’nﬁamﬁﬁaﬁa
illsandu ethegadenanlunszgnivasaidimsameiosjifniadeds alals
w3 (Flow cytometry) Tneasausniniievinisideseindulsauz Gadindensnaiale
LasaSaTigesiniiotuduiniilsanduass ﬁ]’m‘lfuﬁ’]ﬁ’saamLﬁammﬂlﬂﬂix@ﬂﬁﬂﬁ@ﬂﬂ%ﬁlﬁlﬂﬁﬁ
msfinuenadussadndonyandenanlansegn
3. ANIASIVIATITVNSIERINBIlUSAUMEITIUSALodind
1) digasuzSafilduinisuenlusiivesnainwadlaeiliigasuandeds Sonication
wazyinistesiunisuanaansveslusiulaeldanssudinisinauvestingeslsiu
meluwas
2) lusiuildluinmsinssinnuuansisewidawasUsinalusiunmeluswadiages
YA A1835 two-dimensional polyacrylamide gel electrophoresis 1a & First
dimensional gel electrophoresis Yinn1suenwsiinlusaulaunsly isoelectric point
vodlusiuniazydn ud11n eel 913 uiniau v Second dimensional gel
electrophoresis Tag/la Molecular weight Tunsueneialusiudnade
3) Uk gel Aananu1vinn1sgeulusAunl8d Fluorescence Lazyinn1sius8uLTIEU
ANukAnA1svesrlanarUsualusiulaglusunsuaeufinmesdiiagy (Image
Master Platinum 6.0)
8) hlusaufinuiiianuunndisesrinuas/MieUSnassrinasadduiiasaewin
ThmsTeseiviinveddusiudaewdes Mass spectrometry
4. A1TNTIVIATITINTUEAIDDNVBIEUAILITILUTNG
1) dhwaduzifeiilduyinsdanenasiugnssuia RNA soninisadsanan
2) 11 RNA filgunvhnnsiuaswdu cONA @dia double strand



(%
a |

3) 111 Double-strand cDNA 1tasuwdu cRNA wazinlulofiu anduinlhdududqu
RN

4) 1 biotimylated cRNA #ildiunviinns Hybridization aau GeneChip

5) 1 GeneChip Alduminsdaazdond arnduhlusuderiesiuna

syl 2
1. nuynuUseiagislunguussrnsnuiildiunasinsdansessineg  Afmualiludredu
dovhnadutoyatiugiu T Swie fuilldsunsiteds Swudadonurudleusniiady v
%19 immunophenotype, molecular genetics ua cytogenetic Wiausnifiads afeazfilsanszansds
Sufiinanglsandu Snvaznng immunophenotype, molecular genetics ILa¥ cytogenetic dlofiAn
amielsAndu JuiiasvineuTugare wazgnseaiiiite
2 rntufeshaeadusnidulinssgngnuisesndu 2 ndufie nquifinniglsandy (relapsed
group)  wagnguiilaifin1nglsandu  (non-relapsed  group) Imﬁ”’aaaaﬂdmgﬂﬁwiﬂﬁwmsﬁﬂmxﬁiaﬁw
ASEUILNNINS proteomics Usznauludetunausnag loun
1) Two dimensional gel electrophoresis (2-DE)
2) Protein spot matching and analysis 2-D gels
3) In-gel tryptic digestion
4) Protein spot identification by matrix-assisted laser desorption/ionization- time
of flight/time of flight (MALDI-TOF/TOF) mass spectrometer analysis
5) Validation of the proteomic data using western blot analysis
3. \ilolédeyansndiin (clinical data) wazdeyalusiu (proteomics data) 7ifean1suds Yrumwi
MRy deyaatiuayuiuiy lemenuduiudvosnisuanseenvedlusiuinfeidesiuns
Antureannglsandululse ALL vieliegnals

[

TUABULAYITNTAATIEVURYA

1% A ) . . < . v

vayanilu Descriptive data 51891ULUU Frequency, median Wag range AMNANYULAIT
QEPARENRNIGHG

[ a 4 P a a o & P o 1 a

Poyan1TiaszunulUsiuldlsunsuasuimimesdsaguiiedunanuuanisessiniay
YTunalusiu Aanuunnanvedlusiulsazrliniinszilagisneataildae Fisher exact test lngdo
ANuuanANegiitedAynsadalen p value Hosnin 0.05 lagldnisAruianielulusinsy
AoNfimesdNsagURINGT?

o2



[ a

JoyariinvodlUsAunlaaInnsIiATIEmBLIAIes Mass spectrometry UnluiUSauLisuiueiin

0
s a

volusiuniloglugiuteyauruiynf 1y National Center for Biotechnology Information (NCBI)
database tilevhnsustadinveslusiugainan

YOULVAYDINITIVY

fuaediflongszminausninda 15 ¥ Aldsumsidadeiiifulsauzidadindeavnaulsuanas
BUUNSUTTSaNeUNaTBUR s2wned WA 2551 Aa 2557

Inclusion criteria:

AUreitadeindu very high-risk ALL Ailmsiiuseghawaduziiainlansegntd

Exclusion criteria:

Megagaduusnlunseaniivliivsunadiddisse vieldfinanm
4. NAUITBI509NIAININRTARUNIUATEITIVINTTEAVUIUI YR lUuRazl/
¥o1509N1A1AI19EANUN: Proteomic analysis of leukemic stem cells in childhood acute
lymphoblastic leukemia
¥91158157AAINAEANUN: Clinical Proteomics

5. 9uUsEuulASINIg

Ui 1 Ui 2 37U
1. MAAIRNDULNY
- ANDULNUTINTLATINTS 120,000 120,000 240,000
2. MIAATIER)
- gunsalifiensdausnivad 60,000 60,000 115,000

CD 34 multisort Kit

CD 19 microbeads

Column and filter for cell sorting
- gUnsaiiflonsvinlusAledind 55,000 55,000 115,000

Protein extraction kit

First dimensional gel

Second dimensional gel

Protein identification

3. UIAA MdDY
- ANSASHULONAITIIHUNANITING 5,000 5,000 10,000

FIVUZUlATING 240,000 240,000 480,000




NI

Tutagtulsauzsadulsaninuldvesunntusess  wazdulsaiduanmanismeniuaulunnmawas
[ = o a < L7 @ Y o a 49{ « 1 a [ 2 o 1 d‘
iy Fagnsnisiialsauzsdugthowniivudlduiiiuauses Wukedtu InelsausSainulesign
Tudnlvede TsmuziSadadenvadeundudnlnuatas (acute lymphoblastic leukemia; ALL) @
Tnganglungueyiseny 2 U fs 5 U Ainvindidasnmaialseussadadonvradeunausiadulnuaian

- a  wa ¢ a = i < Y A v A =
gaign laedlgUinisaliinlsnegil 28.8 snesaUszynsdningduausiel dns1senting 5 U (5-year
survival rate) agfifesay 64.5% Jagtunissnwilse ALL Tudseinalve Tdwwimenissnwiuinsgu
Javilaevusulsruzsuanuissswealve (Thai Pediatrics Oncology Group; ThaiPOG) @auuaiae
sonillu 3 nguneumsshwmuszRuAudssansiiialsandu (risk classification) o nquAIw
\desUn@ (standard risk) nauAIMLEESEs (high risk) uaznauANULEEsEeEn (very high-risk) Heusag
naugnimualreladenieedidn Wy o1gdlowsnitiedy  Tnudindenrnidllonsnitady  wasaw
ﬁmﬂﬂaisﬁ'ﬂﬂﬂﬂwLLazT,aJLaqa (cytogenetic and molecular genetic abnormality) n135nwlsa ALL
ANLLLINIYEY ThaiPOG inanissnwegluinaeia winiglsandyu (Relapsed disease) daduligm
dRyinTu Tngmglunquiilinnudssgeaanunnelsandugedielosas 20 © wenaniinisshw
nAglsAndu (relapsed) daflaugud Tulneiis i 5 9 dewieeTovay 40

g psed) Saflanududouinniulaeiidnsisenini 5 Yanaundeliivsiosay 40

= A REES =i ] Y v o= U o v a0 g va
nnnsAnwlutagludiliiiveyanuansirdadeladadeviaduladvd AynviiliaAalse

aanauinludUaesin uinuidvanennersetadawindennnag lldwdediunmsielsn Wy ns
losurseduiadiuansieiiviosnunsetn - nslasuniseiesed  wasAuRaUnAvedanTUgNIIUYSe
TastulwuvewiUae Wusu nmsfnvuiieliAnanudiladeaneidinia (pathogenesis) vadlsa ALL
Tnaamganzlsanauialudeddy  mndeyandludegiudilinsunalnmsifelsaiidamuionin
Isruzisadadonunilanuvainvalsvedoimsuaninuedin  Snvazwaduzss wazauiaunfves
Wugnssy isllannanudilaluSeasadduindalutagiu vilidinsduiivgruinnisifelsauziaiag
manwadiuiiatuszuunisaiadadenidenuiaundluvhliwadauiniafnariliaunse
WawnanaduaddndonrnuiaUndld  uswadsusudauziadadenunatudneguauiAnd iy
dnaes agwegfe anunsauusilaiey waransaulahlilneadiaudnass Fenn1sesunefngtd
JoiliwadsuiillauziSadndonsniliimsasydulaluduwadidndonvnrsilaunfuasdensingg

o Ak 1Y oy saa a o 4 Ao i ¢ 2 & A
wusdlilanunsaauatlaaunsensldwasiiaunAdnuinannrsenisend  wasussadadenvniluly
nszgnuewtie® lnelauyfgrunalnnisiialsalaenguiene  wu lseussadndenuiinanues
nszvunsiiiAnauRaUnfveswadiuiilasunaneduwadiuiilauzadndeonvney 2
TJunaums NsinANEAUNAtuasTugnIsuvselasulanvagaaauALlnueed WagnsduRavsons
losuladenseduuisegrsivilifnanuRaunAlunssuiunsesyaulanianssuIunsdugnIsw
voswaasuiladuuiwilinareduwadduiidauzsuiadenuiluiign® MoE1YUNITLAR
auzisufindenvrudeundudulvuaiay  aediwad  wuinllewadduiudaiienuunnsesy
nIEUIUNSHUIMLaMsiasAulaluturounsasunwaasuidadadonunannuaiaiviion



Fwad  Wiluwadidadenvnaulileisison  swiuldsurieduiamsiaiiviodnszdusieinan
anmzuanden lisaddinanliannsanaeduseddindonvieaulnlevifiuiuniuld uissd
mutshegnaenivhlifslseusSadndonuidoundudinumaitun  dumeisindavenis
Annmslsandutiy agUldidunasnanuanemntade 1wy m'ﬁﬁL%aéuzL%qqur}aju?TaawLﬂﬁﬂ’]ﬁ’m
(drug-resistant clonal cell) viliwaduzisandosoanasntienaividn nsnateiugiluadussy
yiadundsldfueaiiinda (de novo mutation) uaziwaduzdseglusumisiienaiivdadhislson
(sanctuary site) 19y Saumy szuvdszam udu © Fadrsnanvesmsnaneiugnaneidunduivaduzise
Adulsandu (relapse c lones) i Kunz wazAnizlivinn1sAnulunguUae relapsed T-cell ALL Wy
mﬁmm relapse clones u Patuly 2 wuude miﬂmﬂwuﬁmu relapse clone vaawaaNzSudndon
m’mmaamu (Type 1 relapse) W@z miﬂa’mwuﬁmu relapse clone GNLLm”EJ waanunwia (Type 2
relapsed)"”

domnanglsanduhlinssnulss ALL Sanudwinntu dafuuuamiemisnunlsands
Aelsandu Dlhmunedeniseuedliegluniizlsrasu (remission) Fsfianudndusesszfiulsalng
fovun lednngumunnuidssianisdumailumsin (treatment failure) wazarwdndulunisugn
sewadduiuindalafin (hematopoietic stem cell transplantation) Inetladefidesfinnsan éun
fumiswesnninlsandy  szesnmssvinmaidadvedusniminfeamislendy  warriieves
wadunds dunsleedvindedldedarusuusanniy Wenmuiemniu  wegenufntuiie
muasleglunmlsnalild Tutagtu Silifimsnndlafamsaiunenmsifinnmglsanduls 167
AN AN YT IamaTinm (biomarker) fiannsavunengRnssusnauesead (cellular
behavio)  Inednwdausssudy (genomics)  UsAU  (proteomics)  lUaudaumUoATLY
(metabolomics) ~ WuMsAnwisgdu  proteomics  dmnudduasdululfiniiaslunisesune

® 91nn1sAnen Iee Dr. Maria hazapenuldsauasiddin

woRnssusziuadvedlsaunsudadenany
a A . PN ' \ ' a a =~ [
MY (protein biomarker) vedlsa ALL 7uans1eseninnguaniidssunfuazanandesgs taun
CLUS, CERU, APOE, APOA4, APOAL, GELS, S10A9, AMBP, ACTB, CATA uay AFAM ) uslUsfu
mananidunsfnulunguussnnaifensindy warldldvavenfaimsfiannglsanduiiiosanlalad
nsAnwlungulsandu
1INAITNUNINITTUNTIUAR W LINUIEN5An w1 IR s e nlUsAume IS lUsAledndsening
3 < < A v aa o 5 3 < < A L7 [ 4{'
wasuzsuliaienulugUredladeneglmituwaduzisalagenvilugUlelsandu weldlunisuen
famuuanssseninugasuzssgesvinazladuwuimilunsdnwideluluisenisAum dviiain
naganmlunmsitadelseuzisadadenvnmdunsitdadediemelnivas nsidadedelsandusiag
wenndraansaldilunwimslunmsvinunenilsandunausnisidadeasusn N153719uAuN155NY
A 9y v ad o ' Y2 0§ Yuaw a A4 o ' &
wseldludmanglunisfuniBnissnwseluls Isilididelianuaulalusessdind nuasiduiuives
nsAnwluasitiedinsieilusiuneluwaddramadalusilefindvedUislsnuzisadiadenvn
Reundudulnuataiviianudedunmsiialsanduasan eangUlgnguiilianudesainisiialsangdu
o A a a Y = o Ao o A aa 1
wavdndmnuraunaluszaulasiulauveluiana enanudeyaiidAgiieldlunnsadtinsdely



UsTAA

1. ilefnulinsizsinsuanseenveslusiumeluwaduzisasindonvnanieildsunsidede
Tnifuwaduzifudadonvnangisildiunmidadennzlsandumemaialusileindlulsauzise
dindenvnadeundudulnuaian waziniswSeudisuiunisuanseenvesdunnwaduasuiinibon
YINEIETIELAE It

2. ulefumaruanianisuanseenvedlusiungluwaduzSasiadeaunanguaoildzunis
Aadulmifuwaduzifafinidonsnnngiedlisunsitdedennglsandusomaialusafindly
sruzidafindonvdeunduanlnuaasivinmnudssionainlsandugean uazmanuduiusues
ToyalusAuiidunuiudnvazdoyamanainvesihedifinnglsandy
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Cross-sectional study

anwazUsEUINT/AI8819NNINNISANE
AUrefiengseninausniinds 15 ¥ Aldsunisidedeniilulsausisadadensndulnvaian
RYUNSUNLSINGIUIATINNTUR S¥1I19U W.A. 2551 919 2557

WNEUNNITAALTN
A Aaa o 1 [ . . aa <@ Y I 3 I j 2
AUreiladednlu very high-risk ALL insinuseguwanuaiseanlunsegnll

LNEUNNISANDDN
|

U 1 3 I3 ] Yy A A | a
megswaduzisnlunsegniulidvsinaliiese vielifinanin

ASn15AHiuNISIY
Sy 1

a8

1. LﬂusﬁamaﬁumuﬁﬁwLﬁumﬂB’JﬂaaLLazﬁUﬂmmﬁaﬂé’mﬁamsﬁﬁaﬂmamiﬁﬂm
2. Lﬁ’umaamaammﬂmﬂmvimm #qn ImamaLLimﬂumamqLaammﬂmimvimm mﬂmm
diolilamsitedondausn wavadsit 2 Lﬂ‘Ufﬂ’JEJEJ’]\‘iLﬁEJW\]’]ﬂﬂ’]iL"\]’l‘”VL“Uﬂi‘”@ﬂVI‘I/I’]L‘W@ﬂ’li’mf\]aﬂ
MilsAnau LwammamnLaaﬂmﬂ”LSUﬂiu@fmqaaqmammmmwawgummimsnﬁ alyln
w3 (Flow cytometry) Tneaausnsiiierinisidadeindulsaudadndonviale
LazaSafigesiniiotuduiniilsanduass ﬁ]’m‘lfuﬁ’]é’aasmLﬁamfmﬂlﬂﬂix@ﬂﬁﬂﬂ@ﬂﬂ%ﬁlﬁlﬂﬁﬂ
msfinuenwadussadndonyandenanlansegn
3. ANIATIVIATITVNSLERINBIlUSAUMEITIUSALodind
1) PwaduzSedilduviniswenlusiivesnainwadlneviliiwadunndie33 Sonication
LazyhnstestunisuanaansveslusiulaeldanssudanisvihnusesigesTusiuniely
waa
2) WilusaudlgluvinnsimsginnuuansinwesrdauazUsunalusiuneluwadiaees
vian1835 two-dimensional polyacrylamide gel electrophoresis 1@ & First
dimensional gel electrophoresis ¥inn1suenainlusiulaenisly isoelectric point U3
TUsAuurazyidn ud211 gel 91nJufini w11 Second dimensional gel
electrophoresis Tngld Molecular weight Tunsuenafislusiusnads



3) iU gel mananuvinnsdeulusAunied Fluorescence LagyinnsiuTauisuaIu
wana9vesrdaunazusuialusiulasTusunsunouiiamesdnsagy (Image Master
Platinum 6.0)

8) dldsduiinuindeuuansewiauas/MieUSnassninawadduiidadao il
TUrhnshnszieiinvediusiudiewmdes Mass spectrometry

4. MIRTINAATIZANITUAAIODNVDIBUAILTSLUTINE

1) dwaduzdeiilduminsdauenansiugnssuein RNA sananieadianat

2) 11 RNA fildiunvhnsivaswdu ONA @fin double strand

3) 111 Double-strand cDNA uwUasuilu cRNA wasfnluleiiu 9ndushlfifuiudou
RSN

4) 1 biotimylated cRNA #iléin9i1n15 Hybridization a3ut GeneChip

5) 1h GeneChip Alduimsaaazdond arnthuhlusuderiesgiuna

S8l 2
1. yuynuUseiagiaslunguussnnsnudildiunasinsdansessineg  Aidvualiludredy
dovhmaufudeyaiugmy Tiun Yuia Fuiildsunsiteds Suudadessdleusnitiads dnwoe
19 immunophenotype, molecular genetics ey cytogenetic dlousniftads eersiilsanszanads
Sufinnnglsandu dnvagnng immunophenotype, molecular genetics Way cytogenetic dlofiAn

Aglsandu Juninnsaianuiuaaie wavansenaivnte

dwsugnsensnuilsa very high-risk ALL #lsanegnu1asundud edignseaiividn
Ve 2 gas lakn RAMA ALL 001 udg ThaiPOG-ALL-1303 &4 2 gnsiadnuumns1adn

o

ddfediunsivien uavszernatlunsiefsasdendeluil

RAMA ALL 001 protocol

i. Remission induction: sreziatlunsli 6 dUm Uszneuseen prednisolone,
vincristine,  doxorubicin,  L-asparaginase,  cyclophosphamide, cytarabine, 6-
mercaptopurine, mesna, intrathecal methotrexate, intrathecal hydrocortisone

ii. Consolidation: Szezraalunist 9 dUast  Usenaumisen  methotrexate, 6-
mercaptopurine, intrathecal methotrexate, intrathecal hydrocortisone

iii. Re-intensification: ~ szazalunsld 1 et Uszneumesen dexamethasone,
cytarabine, etoposide, L-asparaginase, intrathecal —methotrexate, intrathecal
hydrocortisone

iv. Reinduction: SregIalunIsi 3 dUai Useneusieen vincristine, doxorubicin,

dexamethasone, L-asparaginase



v. Continuation: SegzalunIshi 6 dUast Usenaumieen vincristine, doxorubicin,
dexamethasone,  6-mercaptopurine, L-asparaginase, intrathecal —methotrexate,

intrathecal hydrocortisone

ThaiPOG-ALL-1303 protocol
i. Induction: szezialunsti 5 dUa Useneausieen prednisolone, vincristine,
doxorubicin, L-asparaginase, intrathecal methotrexate
i. Augmented consolidation: szagiIalun1sly 8 dUa1vi Usenaumeen vincristine, L-
asparaginase, cyclophosphamide, cytarabine, 6-mercaptopurine, mesna, etoposide,
intrathecal methotrexate
ii. Augmented interim maintenance: SzpzaluMISIA 7 dUAt Usznausieen
vincristine, methotrexate, leucovorin, 6-mercaptopurine, intrathecal methotrexate
iv. Augmented delay intensification: seziiaTlunsli 8 dUavt Uszneumeen
dexamethasone,  vincristine,  doxorubicin,  L-asparaginase, cyclophosphamide,
etoposide, intrathecal methotrexate
v. Interim maintenance: szagialunsli 7 dUaut Uszneusewn  vincristine,
methotrexate, intrathecal methotrexate
vi. Augment maintenance: szezlaatunIsii 12 dUanvi Uszneusmee prednisolone,

vincristine, 6-mercaptopurine, methotrexate, intrathecal methotrexate

Tngrwneiluisaesgastuiivueilndidesiuun  Sdeuandafieadndes wu wue
903 prednisolone Miganindntoslugns RAMA 001 #n1slvien hydrocortisone ynaunludu
wadlugns RAMA 001 msdenldgnserlavuiunsdndulavesenasdunmendugguanglu
STTIEANE
& W | ¢ & | & oA | aa Y]
2. nduimegragaduzsulanszangnuusesnidy 2 nguAe nquilinnglsandu (relapsed
oA i ) & ' ° ° = v
group) Uanguiliiinnglsandu  (non-relapsed group) Iaevisaesngugninluvinisfinusene
NTEUIUAIIN proteomics Usznaulumistunausinee taun
1) Two dimensional gel electrophoresis (2-DE) fegumaduzisalulanszaniiiulsgn
Mazareliidoanas 5 Wi deionized water UwazviinivinlusAunamieisng
Bradford’s assay” wasaintuiulusaufiialaaiuau 200 g Tuusay sample Tuwas
AU rehydration buffer containing 7 mol/l urea, 2 mol/\ thiourea, 2% (w/v) CHAPS,
120 mmol/l DTT (dithiothreitol), 40 mmol/l Tris base, 2% ampholytes (pH 3-10)
waz  bromophenol blue iitebildnnududugaying 150 HU/sample 90w
asazareflaly rehydrate #28 Immobiline™ DryStrips (7 cm long IPG strips; linear

pH gradient of 3-10 and of 4-7; GE Healthcare®) ﬁqquﬁ 25°C \Juan 10 9lus

6



ﬁ]’mﬂguﬁ’] DryStrips ﬁlﬁlﬂlﬁﬁﬂéﬂismumi Isoelectric focusing %ﬂL‘fJ‘lJﬂﬁLLEJﬂﬂ%jﬂﬁ 1
(first dimension) lagldnannisnisuseglnidiily Ettan IPGphor Il IEF System (GE
Healthcare®) figauumgdi 20 °C aunsestendssnilaifindus 9083 v anifuth DryStrips
gy equilibrate adsit 110 buffer Usznaude 6 mol/l urea, 130 mmol/l DTT, 112
mmol/l Tris base, 4% (w/v) SDS, 30% (v/v) glycerol wag 0.002% bromophenol
blue Huian 15 il siese equilibrate adsit 2lu buffer Usznaushe 6 moll urea,
135 mmol/l iodoacetamide, 112 mmol/l Tris base, 4% (w/v) SDS, 30% (v/v)
glycerol wag 0.002% bromophenol blue tJutan 15 Wil mﬂﬁ?uﬁﬁwlﬂlfﬁ’wgimmaﬂ
aded 2 (second dimension) 18 12% (w/v) polyacrylamide gel using SE260 mini-
vertical electrophoresis unit (GE Healthcare®) findssulii 150 v iunan 2 Falus
fawaiildde 2-D gels fiflgalusiunszatefiuuky Tnifuthlugesd Coomassie blue
silver dye ulilueadugamall 4°C

Protein spot matching and analysis 2-D gels Mgansunsunountni tawinis
Aneidelusunsy Image Master 2D Platinum (GE Healthcare® titevinnsduguay
Y9RRnaredRalUsAuAIRINSANY) Tnevhmssaeituguresiusunsulagld
parameters ﬁﬂ@i@l‘dﬂf minimal area=10 pixels, smooth factor=2.0 &g
saliency=200.0 9niufivinsiund reference gel Imﬁwé’nmawqmﬁﬁmﬁauﬁu
Tunn gel tthinlfidugadeds wasidleligninsdanudy Jedosvinismaasiidluus
av gel Fawadnsiidosnsie ﬁ;mﬁumﬂsmiwdwmju relapsed uaz non-relapsed waii
AUIDULATANULANFANTENINNYA Solmemsusummnuiuitunds (background)
199 gel Tvhfunounndurosindarduredusiilussazaadidosnisinuiion
S

JodnAun1anm nely

o

ANULANAINYDILUTAUTENING 2 90 TnesareuuanaEns
ttest waz F-test p-value < 0.05

In-gel tryptic digestion iloldqalusfuiifesnsdnyind Whgnszuiumsanalusiu
gan9n 2-D gels 13uannsulud1adae 200 mcl of 50% (v/v) ACN (acetonitrile)/50
mmol/l NH4HCO3 buffer (pH 8.0) ﬁqmmﬁ 37°C \Hunan 15 widt vanun 2 Asa s
sedednadasne 200 mcl of 100% ACN ndwnaaasafunyiluiidie Speedvac
concentrator Mniuitly incubated sisluansazans 10 mM DTT/50 mM NHAHCO3
flgamndl 56°C 1uaan 30 Wi Adliueiigungiivies mansavaefivdefisluuasiiu
ansazanglymi 200 mcl of ACN wazhluvliuiese Speedvac concentrator 97ntiu

nseuIuns alkylate 1nen1s incubate Tuansazany 55 mM IAA/50 mM NHAHCO3



=

flgamnfivies WWunan 30 w1l Tuauiin Weasuivunfimansazansfisly uasdslu
Aaa1Tazaly 100% ACN vilwuseng SpeedVac concentrator At 2-D gels ilg
1111 rehydrate #2810 mcl of 1% (w/v) trypsin (Promega) in 50 mmol/l NHAHCO3
(pH 8.0). sude incubated figamgil 37 °C iunan 16 $lus mushenisatalusiy
Taensld 10 mcl of 50% (v/v) ACN/5% (v/v) TFA (trifluoroacetic acid) gnvnglusiu
FlgRvusde SpeedVac concentrator

Protein spot identification by matrix-assisted laser desorption/ionization- time of
flight/time of flight (MALDI-TOF/TOF) mass spectrometer analysis fagnslusaudils
MnTupaufoumI NS premix #a8 matrix solution [7 mg/ml CHCA (oL
cyano-4-hydroxycinnamic acid) in 50% (v/v) ACN, 0.1% (v/v) TFA] waziluviunas
lunauuuwsiy MTP 384 target plate ground steel %ﬂmwiawquﬁ parent ions 7il¢f
ﬁmummmmgmﬁﬁﬁ peak within the m/z 700-3000 range iU intensity above 10
countszinclude/exclude mﬂﬁ?uﬁﬂﬂvﬁ’lm%m mass spectrometry \ievinsBa laser
Tuwsiaevaudea ey 5 V erud 10 Hz Hunm 5 3l udwndudoyailifos
luinsiesgimelusunsy FlexAnalysisTM data processing software (Bruker®)
Farmadwsildfazoglusuvesind txt on Biotool (Bruker®) anifutiddsnanilusi
nsIeuliisudyu protein data base Tu search engine fififein MASCOT® Tned
szasiiemainvesisiu  anduthdeyawinvesusiuilld lUTmsgilassats
TUsfiughe STRING data base v9.1 ilovutinfinisiauvesiusfuiidunusoly
Validation of the proteomic data using western blot analysis Lﬁ@lﬁ%@ga%ﬁﬂ,
Tnssads  wasnmihfivedusiuiidesnsfinwniuds  Avinis  validate  de3inis
Western blot analysis 3ua1nilusfiufiatinesnain 2-D gels §easg nitrocellulose
membrane a1ntuiTly incubate ¢18 5% skim milk in PBS figaungiivios Huiian 1
Flus dresiedne PBS 5 unit 3 ads war incubate e antibody siolusAuTisdosns
Anwutu ATPB (Abcam®) #ismsndiuanandudu 1:1000 luansazate 1%BSA/PBS i
gaungdl 4°C 1unan 12 $alus Weasufmun tiludredne PBS 5wt 3 A iiledns
antibody findeson andwhly incubate e goat anti-mouse polyclonal
antibody conjugated with horseradish peroxidase fighsiauaududu 1:2000 Tu
ansazany 19%BSA/PBS gamgiivies Wunan 1 Halus seshensthludisne PBS 5
Wit 3 A 1itedns antibody fvEesen antuunludeuausu film wWevinsnsaam

Msuanseanuadlusaulu film Nasan1sAnwnaly
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3. dieladeyannendiin (clinical data) wavdayalusiu (proteomics data) FeINITUET W9
MyATzkaztayaatuayuiiugy Wemeanuduiusveinisuanseanvedsiuinfeitesiunis

WnTuraanzlsanaululsa ALL wsaliagnals

gunsainld
gunsaindnlulunsise

Ettan IPGphor Il Isoelectric Focusing System
Ettan DALTsix Large Vertical System
Matrix-assisted laser desorption ionization time of flight mass spectrometry (MALDI-ToF MS)
Affymetrix GeneChip Microarray
gunsafideniegud

Ettan IPGphor Il Isoelectric Focusing System
Ettan DALTsix Large Vertical System
Matrix-assisted laser desorption ionization time of flight mass spectrometry (MALDI-ToF MS)

Affymetrix GeneChip Microarray



NAN1SANEN
szl 1

Tutsseninanisinunide ileusunay 2550 fv ieusunnau 2551 Tamnanisay 12 dou &
fhefidnasinsinuniodu 2 918 Tasideyafiugiudel

fUa3109 1 inudalneeny 5T 1 1feu 165un1538aded1u acute lymphoblastic
leukemia (ALL) ¥iln early pre-B cell la¥uil 18 uns1ax 2549 ynizdiguaeiiony 3 U 8 ifou lneil
presenting white blood cell count 205 x 10%/L, hematocrit 13% a platelet count 36 x 10%/L wa
real-time polymerase chain reaction (RT-PCR) wu t(12:21)(p13;q22) #5e TEL/AMLI fdaglasunis
$nwidneg At ALL standard risk protocol ftaeiilsanduiileiuil 12 fiquisu 2551 vazdidang
loguasivndnniu protocol Aana1ey

fUqe3189 2 Winvnelneety 13 6 ey lé3un1sidadeindu acute lymphoblastic
leukemia (ALL) 4ila early pre-B cell Wlofufl 23 wwiou 2551 variigUaedeny 13 U 4 ey Taeidl
presenting white blood cell count 140 x 10%/L, hematocrit 37% a platelet count 42 x 10°/L wa
RT-PCR WU 1(9;22)X(q31;q11) w38 BCR/ABL fUrelasunisinuwisiggnaivida ALL standard risk
protocol gtheilsanduidieTuil 14 wne 2551 vaurfidandldonaivninn protocol fandaet

mMsmsTiesgivdiauaznsuanseenveslusiuveadenainlunsygnuesnuuni (sUd 1) e
107 1 nnevidtelildmsidaduasiusn (Uil 2) mnmsiifiensidadeiilsandu (Uil 3) fuae
107 2 Mnmeidelildnsidadeadiusn U 4) uazannsiuiemaidadeinflsandu Uil 5)

nmswIeuifisudviuwaznisuantesnvewilalsiulaenisldiusunsudnsagy MELANIE
waz annsfadentaegidesiudu ldnwuirfinnuuandiawesnisuanteonveddusiuseninaunui
Tushurestheianseanmehidielildnsitadendiusn warannisviuiionsitadeiilsandy

JUN 1 anunuilusiiuvesdenanlunseanvesruuni
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UM 3 amunuillusivresdenainlunsegnuesithesed 1 Mviniensiladeindlsandu
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JUN 4 nnunuinlusiivrendenanlunsegnuesthesed 2 Mviuielilanmsitadeasausn

JUN 5 nnunuilusiiuvresdennlunsegnuesithesed 2 Mviuiensiladeindlsandu

nmsIeuiisuduiuwaznisuantesnvewilialsiulaenisldlusunsudnsagy MELANIE
uaz annsAmdenlaefitesauiu nuirfianuunndnstuvesnisuantesnvedlusiuseninauaud
Tusfurasfiheraesnefuunuiilsiurosnuund Sannsiing3deldvinnisdnidongelusfuiifaaiu
uansafudaudiu 14 gaufieninsinssinvinlusiusely Tasgelusudiumisi 1859
Hugalusiufivnngluwnuiilustuvesautnfudliuanseanluuwuiilusiuesiiaeisasssts 90
Tusiusiumisedl 10 8¢ 13 Bugalusfuiivsmngluwuillusfuresisnuunfuasuniilsiuvostae
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IngngalusiuluaudnfdaiauduveinmswantsanuinningalusiulugUiensasssy 1nndn 2 wi
wazgalusiusumlan 14 1 Jugalusiuiusnglunsuilusfiuresiaelaefilivansonlunauiily siu
YoIAUUNR Aauanslugui 6 uag 7

JUN 6 nnunulusiuvendennlunsegniasrulnfnasiansgalusiunianuunneeain
P a DX & = A vaw Y Yo o A 4 o a ¢ a a
wHulUsAuvesEUensaeseimnaingidsliinnsAndenuieinmsliasgviviiavedsiu
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JUN 7 amununlusiuvedenainlunsegnuesyUiglazianigalusiunininuwanm191nkNy

~ A ad A Yvaw VYo o oA A o a ¢ a a
MusAuvaspuunannanuidelavinsAndenuiveinisieseiviinvedusiu
1N15AT1ERTUAV0TUTAUAIULATEY Mass spectrometry 989119 La peptide mass

fingerprint A9lUsAULAALAILMUS WHBU1 peptide mass fingerprint 11%11A153LAT 1ERATUTUATY
MASCOT peptide mass fingerprint Wuana@msavensinvaslusiudinissingslanaianslunised 1
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A1919% 1 LansriaveslusAumunusineg ilanaainnsiiasziviiaveddusiusieiniod Mass
spectrometry wazlusunsy MASCOT peptide mass fingerprint

FuuslUsAY wiavolUIAU p value
1 RAD50 protein NS
2 PREDICTED: similar to hCG2038355 NS
3 PREDICTED: similar to forkhead-associated (FHA) NS

phosphopeptide binding domain 1
a4 Chain A, cysteine protease Atgda NS
5 CD 36 NS
6 SLP-1 NS
7 Glutaredoxin (thiotransferase) NS
8 MXRA5 NS
9 Myosin VA NS
10 Chromosome 17 open reading frame 85 protein NS
11 Coiled-coil domain containing 93 NS
12 LIM domain only 7 NS
13 Protein inhibitor of activated STAT, 4 variant NS
14 Actin, beta (ACTB) protein <0.05

a ddl

PMNNTIATIZIRATUTAUNS 14 Aursagnuniiissumiasen A @]WLL‘WUQ‘V] 14 NUAIAIYU

=

vdAyN19adia Falusauailatuiie ACTB

¢ a

mL%aa%wumiﬂwumlmmﬂma’smsﬂ“mﬂumm%mﬁ it
protein

N19ATIIATIE wmmamaamawumm%%‘luﬁﬂémﬂﬁﬂwﬁqaaﬁm WUINI1NNTT
L‘LJTEJ‘UL‘I/lEJ‘Uﬂ’]iLLﬁ(N@’e]ﬂ"UENEJ‘IﬁuWJ’NL"?IaaiJ Liﬂﬁ]’mﬂ’]ﬁﬁﬂ]ﬁﬂﬂiﬂLLiﬂﬂU L%aau Liﬂﬁ]’]ﬂﬂ’li?ﬂﬁ]ﬂﬂ?’lu
Iiﬂﬂﬁ‘uuu WUNTTUTIUIY 1 EJL!‘VllIﬂ’]iLLﬁ@\‘l’e)EJﬂGUENEJuL‘WlI“U‘LlEJEJ’N@JU‘EJE“!’]@@UV]’NZ“IOG]IUNUDEJ‘VNﬁENi"IEI

uuﬂaau OLFM 4 58 Olfactomedin 4
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NANISANY
Szazi 2

UsgnsfUae ALL ihsaunisTufinenivedy 195 au dnsnudiegasadussslunsegnld
102 A 1ulsa ALL ngu very high-risk 14 Ay ngudw 88 aw luduiudiie ALL ngu very high-risk
14 au §i 8 aulildnsiiuimediuadusdlulanssgnegnadinann waglu 8 aulhilunquilldsunis

AadeTny (newly diagnosed group) 6 Au LLazﬂajuﬁLﬁﬂIiﬂﬂﬁu (relapsed group) 2 AU (gﬂ‘ﬁ' 8)

Study population =195

No BM samples collected =93

h 4
BM samples collected = 102

Other risk group = 88

Poor quality of BM samples = 6

\ 4
Very high risk with well collected BM samples =8

/ AN

2 samples, 6 samples,

Relapsed group Newly diagnosed group

| |

Proteomic analysis

JUN 8 urunmNsANTNWIdY A ulsEnnTiinsmnwddy  Iuiudssannsingu

INANAN LA ARDDN UIUUTEVINTVRINGULIANSULAENNTITITLATILINAUTINTIATIZIINS
Proteomics
Jayanenain

i
a o

ToyanpdiinuesiUlsngu very high-risk ALLRMAUseEaduzseliog1@ing 8 au 3
swazdeafsialull

na Relapsed

ghesien 1: winvgeny 9.3 U lasumsifiadedinlunsisadiaionun ALL vlia B cell Aaus
Fui 13 wwiew 2550 waudadonsn 29,600 waddelilasans {Ueselgnineglunguainudes
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geaniilesannmy Philadelphia chromosome (46,XY, 1(9;22)Xq34;q11)) wagléifunsinuide RAMA
ALL 001 (standard and high risk) protocol gheldfunsitadeiniflsandululunszgnilotud 12
511AN 2555 Lﬁamq 15 U wansnsaanuindu ALL via B cell uag wu cytogenetic fanuAnun
BOXY,+X,+5,-9,+21,+2/46 XY=5.71%/94.29% fiheldsumssnulasenaiivindnedmilslsnasy
uazlidumsugnanewadsuiniiniialainaininsailotuil 25 Suneu 2556 fUhedeTinasienny
Anidauiloany 17.6

Fihesen 2 dinviseny 4.2 U Idumsitedeinfunsdadiadonum ALL 4in B cell daus
Fuit 1 nuanius 2552 wustuaudiaienyn 7,400 waddelulasans diheseignineglundguen
L?%mqqqmﬁaamﬂwu Philadelphia chromosome (46,XY, 1(9;22)(q34;q11)) uwazlasunissnwiaie
RAMA ALL 001 (standard and high risk) protocol faglaunsitadeiniilsandululunsegniileiui
30 Wiy 2553 Kleeny 5.3 U uazsansasanuindu ALL wila B cell udlimunuRnunfives
cytogenetic ka¥ molecular genetic Q’ﬂmLﬁﬂ%ﬁmaqaéwmmﬁamq 5479
nga Newly diagnosed

fuhesei 1: inveeny 1.2 B Tdumsitadeinduusdadiadonyna ALL i B cell daus
fuil 5 wqunau 2553 Sunuidadentm 8500 waddelulasans fhenetgnineglunduaudes
Qqqmﬁaamﬂmwwu Philadelphia chromosome (46,XY, t(9;22)(q34;q11)) uwazlasunissnwinig
RAMA ALL 001 (standard and high risk) protocol aunsu antufitheldsumssnulagnsugndie
waasuidndalainaninsailetud 19 fuew 2557 Yagtufieeglunnslsnam

fheed 2: Wnmdseny 11 Wou Iisumsitaduindunsifadaidensn ALL vlin B cell
Fausifudl 30 fquieu 2552 Swnudadestm 216,000 wadrelulasans {Uaeseigninedlundy
mmLﬁaaqqqmﬁaamﬂmmwu MLL rearrangement (46,XX, t(4,11)(q21,q23)) uaglasun1sinwinaey
RAMA ALL 001 (standard and high risk) auAsU mﬂﬁ?urzﬁﬂwiﬁ%umi%’ﬂmimmi‘UQﬂdwmaéé{u
AufiadielafinainunsaideTuil 15 naiau 2557 Jaguugitaeglunnizlsaas

fhesrei 3 Wandseny 17 Weu ldsunmsideduinduusSaiiadensnn ALL wia B cell
Fausifudl 17 e 2550 wudnnuidaidonun 55,800 waddellasdns fUaeseilgninedlundy
mmLﬁaqqaquﬁaqaﬂﬂmiaawu MLL rearrangement (46,XX, t(4,11)(q21,23)) uwaglasun1ssnwnieg
RAMA ALL 001 (standard and high risk) Uaguugtheegluniiglsaaaundsaunising

{iaesei 4 Fnvdeony 14.8 B lEumaideduindunsdaiadonun ALL wiin B cell daud
Sufi 10 Feman 2553 wa shuaudinidenann 24,000 waaselilasans wansaralaslulauund 46,XX
ﬁﬂaaawaﬁgn%’maﬁiumdmmmLﬁaqqqquﬁaQQWﬂmsaawuwaémﬁwé’ﬂﬁmLﬂﬁﬂ'}ﬁmj"m induction
phase 989 RAMA ALL 001 (standard and high risk) A5U (MRD > 0.01%) Uagtugtheegluniizlse
AIUNIUANTINGT

fhesef 5: ifinteeny 4 e ¥suniteduiuduumSadadonsn ALL 4ia B cell Ko
i 1 WOAIN1BY 2555 dwudadenun 201,000 wadselulasdns wansaalasiulouny MLL
rearrangement  (46,XY, t(11;19)X(q23;p13)) ;:JﬂaUiﬁaﬁgﬂ%’mag’lumjummL?quqqmlﬁaamﬂmnwu
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waduzSmaslieaiivaUagag induction phase ¥83 RAMA ALL (standard and high risk) asu (MRD
> 0.01%) Flhodetinamnameiadosswinlioneitidadeny 20 dou vusdulsadilias
(refractory lymphoblastic leukemia)

Fihee 6 dinudeony 115 U I¥sunsiiadeindunsdadnienn ALL vin B cell daus
Fufl 9 wwiey 2557 ua Srunudialdenum 136,000 waddelulasdng nansaalastileuny E2A-PBX1
(G6,XX, t(1;19Xq23;p13)) Q’ﬂ’mswEJﬁVQﬂ%’@a&ﬂuﬂzjmmmL?‘imqqqmLﬁaqmﬂm’mwuL%aémzﬁwé’ﬂﬁm
wIUNUAY9 induction phase 89 RAMA ALL 001 (standard and high risk) AsU (MRD > 0.01%)
Jagtugtheeglun1islsnasundaunisinm

Mndeyansndiinvositiefiomn agufuandunsd 2

A13197 2 Jayadiugiuveafiielsauzisadadenunvinaiuidesgean (very high-risk ALL) 7ifily
nzgniiuliegamnzaniieseilasunisinwnlsmeuiasiunsuanawet 2551-2557

Relapsed group Newly diagnosed group

n=2 n=6
Age of Diagnosed, y (Median) 6.7 7.1
Time to relapse, y (Median) 34 N/A
Initial WBC, x10%/L (Median) 18.5 96.1
Induction failure 0 3
Flow cytometry
B-cell 2 6
T-cell 0 0
Cytogenetic/Molecular genetic
Normal 0 1
MLL arrangement 0 3
E2A-PBX1 0 1
Ph-chromosome 2 1
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%’ayjama Proteomics
9131 2-DE einadwnseonundu 2D gel visiun 8 Tu ATANYALNIINTZALMIVDIGARNUT
WsAuilnalAeeiu widune 2-0 gel Midnvazdudulusfuunnnindugalusiiu (Ui 9)

q

Relapsed group Newly diagnosed group
80 ug|kDa : 80 ug 80 ugkDa
- ——— =75 b A:‘ P | = e s - 75
v ?.“_ - 50 Wt | 5 =5 - 50
- —37 = e 2 e El
- 25
— . =25
20 T = =20
- .- .
» 5 Casel Casel : . - Case?2
80 ugkDa 80ug|| -~-.— >80 ug
e L - = R - 75
= =1°° A = = -
b 37 — % Y
25 : = ot g - 25
=20 = ] P - 20
Case2 Case3 . - I - |Case4
pH 3-10, non linear = 80 ug -3 80 uglKDa
o j .:: i = -{75
= - - T e Rt -
[ ‘L * . B e >0
- t - 37
s —{25
E, -20
.. &TH
Case5 ‘ Case6
pH 3-10, non linear pH 3-10, non linear

JUN 9 wnuilusfuveasaduzsdulunszgnuesiiengulsanduwaznsitadunsisniikiiu
N3¥UIUNTT 2-DE Mf3deladnidonunvinsiinsgiviinveddusiu

o w

IINUUIATILAUNUNIUSAUALG  nugalushundanuwanssivegsitudAgynsadifiaun

o

22 99 @ﬁ’mamslugﬂﬁ 10
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: MW
rRelapse group Newly diagnosed group >
» % - =y - = —{ 100
S A * — % — 7 S
w " £ 13 - 2 . i
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20
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153
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pH 3-10, nonlinear pH 3-10, nonlinear

U 10 wawiilusiuvonsaduzddulunszgnuosiiondulsanduiarnsitadoatusnlag
wansuialUsAuAiiasuanesueeildeddymaaian 22 gandianTinszidelusunsa
Image Master 2D Platinum

mﬂﬁ?uﬁmﬁaﬁ’mmiﬂiﬁuﬁﬁmmLLmﬂﬁmﬁ’uasmﬁﬁaﬁw Soyyneadifivie 22 A 88NN 2-D gel
diovhnmswedelusiiu (ans1edi 3)

Wilusiuianun 22 wied WavAuiemanuidonlssiulseuSadadonun wuidialusiu
3 adeidnmsunuienimiudenles waviimsuanseenvedusiuiiduldlumadensutunmised
laun ATPB (ATP synthase subunit beta)'®, TUBB1 (Tubulin beta-1 chain)'! uag PHB (Prohibitin)'®
(m319i1 4) TneTusiuvia 3 wliauu 2-D gel (3UT 11)

Mntuthedalsiuild eieseilasaddusiude STRING data base v9.1 iitemmiindinng
vauvedlUsiu FanunszuIuns oxidative phosphorylation process anag (g‘d'ﬁ 12)

9niuvig Validation of the proteomic data #1835 Western immunoblotting Felufitvin

11, 20, 21, 22, 23, 24)

wnzlusiu ATPB lesandndngiunisanwifdanudululsunniian’ HANUILNTT

wanseanitanasiungy Relapsed taieuiulusauuinsgIu GAPDH (3U7 13)

20



A5 3 1UsAu 22 vlieniinsuanseanuanaisiusgnsiivedAgnisadfseninaraduzisdu
lunszgnuesiiiengulsanduiasngunsidadeaseusnudinsinsgilusausiglusunsy

Master 2D Platinum Wag Mass spectrometry

Spotnumber Gene name Protein name
1 C1QBP Complement component 1 Q subcomponent-binding protein, mitochondrial
2 ATPB ATP synthase subunit beta, mitochondrial
3 TBB1 Tubulin beta-1 chain
4 PHB Prohibitin
5 MDHM Malate dehydrogenase, mitochondrial
6 HCDH Hydroxyacyl-coenzyme A dehydrogenase, mitochondrial
7 QCR2 Cytochrome b-¢1 complex subunit 2, mitochondrial
8 FUMH Fumarate hydratase, mitochondrial
9 EFTU Elongation factor Tu, mitochondrial
10 AATM Aspartate aminotransferase, mitochondrial
11 NPS3A Protein NipSnap homolog 3A
12 RAN GTP-binding nuclear protein Ran OS
13 HCD2 3-hydroxyacyl-CoA dehydrogenase type-2
14 SODM Superoxide dismutase [Mn], mitochondrial
15 PRDX1 Peroxiredoxin-1
16 VDAC2 Voltage-dependent anion-selective channel protein 2
17 GBLP Guanine nucleotide-binding protein subunit beta-2-like 1
18 ECHM Enoyl-CoA hydratase, mitochondrial
19 ATPA ATP synthase subunit alpha, mitochondrial
20 PDIA3 Protein disulfide-isomerase A3
21 H2A1A Histone H2A type 1-A
22 CAPZB F-actin-capping protein subunit beta
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msedl 4 TWsfu 3 wlalnumnuuandisenisuaneanseninueasuzslulunsygnues
dUrengulsandusazngunsitadeasawsniiivangiunuldenedesivlsauzialindonsn ndeu
WiuLguransuanseanvaalusiudina1seninenuidslueinuasuideil

Expression in Expression in

Gene name Protein name Biological function . i i
literature review this study
ATPB ATP synthase subunit beta ATP biosynthetic process Decreased Decreased
TuBB1 Tubulin beta-1 chain Microtubules regulation Increased Increased

Negative regulation of

. i Increased Increased
cell proliferation

PHB Prohibitin

Relapsed group Newly diagnosed group

- (kDa)

4 L R o
ATPS 1881 : BB . 37
- '.' e
: 4
? i
38 - PHB
PHB - > m— | 25
. — 20
»
O

Uit 11wilusiuvensadundulunssgnuesiinendgilsandy  wasnsiliadunausnlng
wansiuviislsiy 3 9efiindngruniddoifodeaiulsausiadadenun Idun ATPB (ATP synthase
subunit beta), TUBB1 (Tubulin beta-1 chain) uaz PHB (Prohibitin) (dosans 1 vnedsding
LLamaaﬂsuanUsauﬁmﬂ%uiuﬂdm Relapsed PR0IIINY ¢ Tneidinsuanseonvedlusiufianasly
n&y Relapsed)
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Decrease oxidative
""""""" RDX11 phosphorylation process
— |

HIST1H2AA

SOD2

1 Up-regulation

& Down-regulation
~. Neighborhood
= Gene fusion
~~. Co-occurrence
=~ Co-expression
~ Experiments
~~. Databases

~~_ Textmining

AZU1 ~~ Homology

JUN 12 wamsliaszsilusiumelusunsy STRING v9.1 WUN1SanadwednszuIunis Oxidative
phosphorylationlu Mitochondria &Aga83iuns Apoptosis az Energy metabolism vasiad

& & iy b o s > >
& 5 s S s % $ &
5 & 5 5 & & g I

ATPR 5211 e —| g ———— m——
GAPDH (37 kDa) _—( }—l—-——‘—-———-‘

Relapsed group Newly diagnosed group

JUN 13 wamsuanseenlusiu ATPB #2878 Westemn immunoblot wuinnisuansesnlusiu
ATPB anaslungulsanduilliaiUTeumesuiungun1sitiadenseusnuaslusiuunnsgiu GAPDH
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Y a 4
VIV

MNNsANIIRTIzRrlauasnswanseanveslUsiuaneasuesweadiennlsauzisade
Wonwndvunduduliuatanilasunisidadeindlsanau Sruiudessslunisfinwiaield wuan n1s
LanIeaN YT UIANTENINUNUN USRIV U IetEae9 189 1NN S e AN T TdeATINSN Wagan
nsrien1sidadeniilsanduldinnuunnareiuededivedidanisana elonsaslunaiiinuain
nsnflUsAudgayuiuluiiegrwisaassne

= g & ' = A A« a & ¢ @ P = = =

NNsAnwATInuIlUsAustianiinisuanseaniindulugaiueiiwesUlsdlowsauioy
fulwadvesauUnfedelived1Agynisaiffe 1UsAY actin, beta (ACTB) Fuilulusiufivirduiu
phosphotlpase D (PLD1) wag actin microfilaments mm’miumimuﬂummmmaa NIVUALAY
N157A4 vesicle miﬁ/l’lqmmmiﬂsmmmmumaﬂ’ﬁ oncofetal protein ZBP1 Fagyhwthidesiuniside
translation vaslusiu ACTB Aeufmuslaenistiudsnsiinnis translation lu cytoplasm TUsiuaiini
gnivualagdusiumis locus 7p15-p12

= . @ =< o = 12 & & A = U a ¢

PNNNSANEIT0T Verrills wazaug ¥ GuinisAnwigaduzisudaionuudsunauauliuaian
Anerown vincristine Jaulusioangnddudinisvinaures microtubule Tulwadsyni1anITLUIRINN
nsuanaglunynaass NOD/SCID lag35lusiledind nuindinnswisuudasisuanseanvedlusiuiimh
NUNLABIAY actin cytoskeleton f 11 via lAgNUILNITaNBIVBINITHAAIDDNVOILUTAL gamma
actin eg198idsdAYNIEds waldwuindinsivasuudasvesnisuaniseanuedlUsiu beta actin ALEUT
wulunsfinwasell Mslensazduan nalnlunsifealsanduluwadusiswnazaieiudenaazuansng
Aula

INMSANYIY Cui wazaug © nuitnsuanseenvedlusiulumasuziSudndenvnndeundu
aultuanandiuau 10 seiinsianseeniintuegeited1An1eaia Ao Heat shock 27kda protein
1 Geo1qazidiudrdglunisuenviavesuziSuindonynuiiagie) Tuvagiinsane1ves Yocum ag

(9) ' a . oA X ¢ & &

Az ¥ nuIn1uanIeenveslusAy heat shock protein 90 alpha ndululwaduziifialdana?
Beundudulnlevind t(4;11) translocation Faenvanunsaidusumisnldiludmnglunisinwivoe
lunquiiinisdsusasvedastulauviinile

1nA15ANWIATIHLAEAITANEINHIUNINUIINITIUAIULU B389 15 LER DN VB LU TAUYDY

3 < <@ A a v a ¢l & PN 1% = o 1 ) | I o 1
waduzisadiafenvdeunduiulnleiidnvasiaseadiulasansasusdunguluaq 1a 2 nqu
AB NauNINITUABULYaINITLANIRNYBIlUTAUMAEIT0AUNITUUHY 30 N1991191UY8Y actin
cytoskeleton waznguninisasuwlainisuanisanvadlusiuiiie1Uesiu heat shock protein fatiy
JemasinisAnwuneatunisuansesnveslusi uninaniluwaduziseailasunsidadeindlsanaunis
AU sudusiely
= = 13 @ Yo I3 @ =3 =) = v a

PNMIANINTRanteanTatduluwaduziiwesrtisnnlsauzsulaionuudeunauiulny
aannlasun1sitadeindilsandu Suiuaessglun1sAnwiasal WuIinSRNTUYEINITUENIBRNTBY
guludiuniaferiufedu Olfactomedin 4 (OLFM 4) 'O FaduBuieguulasiulougil 13 fumnis
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g21.1 Fevimtnlunsref1unIsiAnN1INNBURLYad (antiapoptotic activity) Inglusiunasnsaingu
OLFM4 agvimtifdudan15vinaIuues potent apoptosis inducer %38 GRIM-19 8437In15AUANNTS
PIUVBULARAUNITATUANT NF-KB

PMNNSANYIV0S Yang wazauz 7

) = I3 < Vo d' Yo aa [y 1 [~3
Mihnsfnwluwadueiswesgtieilasunsitadyiny
lsaugisadaidonvdeundudulnvataisiin O wiAeiwes waa (B-precursor ALL) AifilsAnau lng
MAsENEINISLAnaNURITuLUS sUWsUAUSEIawad Uil e sun1TItadeasansnAuad NS

A v yvw Y ) ' v oa vo Aa o 1 oA ) ~ =
dialasunsitiadeinlsandu wuilugUaeilasunisiladeinilsanduasiinisvinmel Uvesdu £68F1
= o v o o = Yo o & o ° ! A o )
wardu KZF1 gedisforay 25 war 35 MUE1AU TIN9EIT8AININBUNIARIUNLD1ALNLITD Y
a a a a v N I3 =3 S a % 1 a [ =
nesasTInensinlsanaulugUlelsaussadadenviduliuaianle wudeaiunisfinyizes Den
Boer wazamy 12 Mviinrs@nunluwaduziSadiadenvnaulnvalanideundusiin Precursor B-ALL
nundnsvIeeluvesdunatefkriaine1daaiun1sHaILIvee Uwad lewn U IKZF1 84 TCF3 §u
EBF1 81 PAX5 hazdu VPREBI @991nNan1sAN®IASIUNNUINEW OLFM4A Sn1SiLYUunIn1shandaan

[
v v

vosiudnan ominaniiwadus Seilddufumadunddifivamnsauazduiu Tnglunsine
A fueaduzdadndenunadlnuataviaiin early pre-B cell ALL Taassne 3wiilvnansanuitld
AAuwAneaiy

dwmsiialsandulugiie ALL Finadudgmdfaivhlisasmnissendnslaenizegieda
Tungal very high-risk a1nn1snuvudeyananadngthens 8 sefidrsaulumsdnui wuindtaenn
eldsumsidedoindulsn ALL wia B-cell uaziiiladoiilifihodunamivesngu very high-risk
lauA Philadelphia chromosome positive (3 $18) MLL rearrangement (2 $18) way Induction failure
(3 519) mﬂﬁmim%awwmju relapsed Wu31il Philadelphia chromosome positive 71 2 318 Femnu
Anunddanavinlflsadiausuusanniy - daudedesafivinuniy  dwaliileniafnlsandy
wnndu Suduseddeniidanusumnedoruiiaunisindn Wy enlunds Tyrosine kinase inhibitor™
dovanfinsandusanisnuvesiinelungy relapsed s 2 s1glunsinendl wudwanssnwAdsll
Ailosnginelddedinasta 2 evduinnne relapsed Fufudedusudsanuesnlunisguaine
Lwiﬁ”'aﬁjﬁéiﬂw 1 'iﬂsﬂumj:u newly diagnosed fifiua Philadelphia chromosome positive L¥uUi Wl
fhesontindlosnnliiumsugnanelunszgnieumainnnslsandu  andeyadsnanuandiiiiuiy
msUgnieadiuinindalafrlusrorlsnaadusninadesnsentnvesdinonduil  d@undu
newly diagnosed 7iwidedn 5 51 Wudﬂuﬁﬂmﬁﬁ MLL rearrangement wagiiuanuiinninitisns
maifin relapsed fige dnensallsadili udnamsdnwwesiaelunmsinuinduiinsmeuausssiosn
wiithdaunnsnatulaesl  wandliifiuin  MLL  rearrangement LﬁUﬂduﬁﬁﬂ’J’m%aﬂﬂ‘MaWEJsUENﬂ’ﬁ

WasunvadluseaulaslulauiAoutiaunn vinlatinnsnavaussaetaiividnnanaiaiut®

LazaAINeg
Ay induction failure wifindosfuazasralinumnufnuniivedindunduiiiarundegs wifine
ndufimsnevauesililfidenslionaiivhdaluiag induction vilidunasinsitadengy very high-
sk amedinamonailawmineuiaunivisedsiidmalitinisieresfidmealimusidusesd

nsAnwiAliemUadeuedeniinsuanseansiuiuvesslunguil
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dmiutogama proteomics nugelUsAuifianuuanssiustnaiitdoddymsafifiseninangy
relapsed uaz newly diagnosed wavn 22 sumis Wednszinmsuldfiuddaseaduazniiing
euveslUsiuan wuilUshufiuansafuiedeaiunisanaenszuIuns oxidative
phosphorylation process %qmzmumiﬁmdnL‘“ﬂuﬂizmumsﬁLﬁm%’aaﬁ’umamuaumﬂ%wé’mu
syaulwaalnedioulesl mitochondrial ATP  synthase ﬁagﬂu mitochondrial membrane 1 Jud
Fuindou wazilusiu ATPB Wudulszneufiddey Fedmariliinnisaevesyad (apoptosis) wae
nsdaATIEmEsuYenYad (energetic metabolism) e 171819 §efunisuansesnvedlusiu ATPB 3¢
Hnalun13AuAnISINIUYes oxidative phosphorylation process ﬁ’ﬂﬁlﬁmmuﬂ%uuﬂquﬁmm
sefuad TranenisAnunuiinisanasues ATPB Sanudsitestulsauside carcinoma Tuedens
e wu aldlug) du ln veonems nsznz Jem wiuw @0 2222 yasamsiedesaiividaly
lsauziSadaidonviuieda wu CML (Chronic myeloid leukemia), AML (Acute myeloid

(L 20 Judy  Fan1saneIsinanaannasifuraniIsAnstAnuIINIskantaanuadlusiy

leukemia)
ATPB dn1sanaslungu relapsed wwdeniu Jalmnadululainlusiiu ATPB eraillu protein
biomarker ﬁmmm‘ﬁWUWEJmiLﬁ@Wi]aﬂ’iiuizﬁUL%aﬁﬁEULLN (tumor aggressiveness) LuUN1T relapse
161

wonanlushu ATPB udidmulusiusdndu Aflanudeidestulsruzisasindonsn wasding
wanseenvedlUsiuiiululumadientutumsineideuntni Weud Wsiu TUBBL war TUsAuPHB g
Tusfu TUBB1 iugunuunilaveslusiu tubulin Anuly eukaryotic cells Snthiidflunisdansizs
microtubule Fufulassairaiugruvonvadvminilliisadnizy (maintenance of cell shape) vilst
wadlAnNsuusi (cell division) liAnnsindeulvivenead (cell motility) wardadnyanalusedu
wad (intercellular signaling) dmsAnwdeuniinunsuaniooniiiiuduvedusiu TUBBL "Lumjuﬁl
s CML AilFsunsshwudn® daulusin pHB WJulusfufifiniiinisyhanussduwaduaisesns wu
NMSEUATIZING WU (energy metabolism) NSWUIAT (proliferation) NsaevLYaa (apoptosis) hag
NULAYTIVBIYAA (senescence) Hn1sAnwINUIINITUERIaNUBIlUTAY PHB Lﬁuéﬁuiuﬂﬁjuim CLL
(Chronic lymphocytic leukemia) lé§uns¥nuuwd @ é’aﬁ?uawaqﬂlé”hmnﬂ?isuuﬂmmnmmaan
yeavelUsiu TUBBL way WWsiu PHB WuiilssuAnisiddsuudaswenradusismaalasunmssnuhi
Lilssuaniangfnssussduwadusesndla Sdlimanedunisthandu protein biomarker Liieviune
NOANIIUTEAULLAS FIuBMuIen1IlsAnay

dndlusfiudug SvlimuvdngunisAnuiiieiulsauzsadadenvndaay Sniaunsdady
orotein Aliiflanamang  (artifact)  faumsanwisadenlusiu ATPR fenaileniailu protein
biomarker dv3uiunenaiin relapsed 3nlgn winsBudiu (validation) #e38n1s Western
immunoblotting dmuitnisuansoonveslsiu ATPB anaslunay relapsed L.Lsiﬁgq{'i;é’fa;ﬂaﬁgwmﬁ‘]u
WeamansAneludosiy (preliminary report) Wi Lﬁaqmm‘i’lmuﬂswmﬂumju relapse U911
ﬁaammﬁmﬁwﬁ’mdu newly diagnosed fatiussmsyhnsaneisereiielildsuiulssansiiinn
Jusislundal very high-risk uarlunguauq leBusumsdunulusiuiifinisuanseaniiumnsnatilundu
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AasuTedaneal wazaganldlun1side

2-DE: 2 Dimension gel electrophoresis

ACTB: actin, beta protein

AFAM: Afamin

AMBP: Alpha-1-microglobulin/bikunin precursor

ALL: Acute lymphoblastic leukemia

APOA1: Apolipoprotein Al

APOA4: Apolipoprotein A4

APOE: Apolipoprotein E

ATPB: ATP synthase subunit beta

BCR/ABL: breakpoint cluster region/Abelson gene

CATA: Catalase

CD: Cluster of differentiation

cDNA: complementary dexoyribonucleic acid

CERU: Ceruloplasmin

CHAPS: 3-[(3-Cholamidopropyl)dimethylammonio]-1-propanesulfonate

CLUS: Clusterin

DTT: Dithiothreitol

EBF1: Early B-cell factor 1 gene

GELS: Gelsolin

GOT2: Aspartate aminotransferase

GRIM-19: gene associated with retinoid-IFN-induced mortality 19 protein

hCG: human chrionic gonadotropin

HLA-DR: Human leukocyte antigen class II-DR

IKZF1: IKAROS family zinc finger 1 gene

LDH: Lactate dehydrogenase

MALDI: Matrix-assisted laser-desorption ionization

MALDI-ToF MS: Matrix-assisted laser desorption ionization time of flight mass
spectrometry

MRD: Minimal residual disease

MXRA5: matrix-remodelling associated 5 gene

NF-KB: nuclear factor KB

NOD/SCID: Nonobese diabetic/severe combined immune deficiency mouse

OLFM 4: Olfactomedin 4 gene
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PAX5: paired box gene 5

PHB: Prohibitin

PRDX1: Peroxiredoxin-1

RNA: ribonucleic acid

RT-PCR: real-time polymerase chain reaction

S10A9: Protein 5100-A9

SDS-PAGE: Sodium dodecyl sulfate polyacrylamide gel electrophoresis
SLP-1: Synaptotagmin-like protein 1

STAT: signal transducer and activator of transcription

TCF3: Transcription factor 3 gene

TEL/AML1: Ets variant gene 6/ Runt-related transcription factor 1 gene
TdT: Terminal Deoxynucleotidyl Transferase

TOF: Time of flight

TUBB1: Tubulin beta-1 chain

VPREB1: Pre-B lymphocyte gene 1

ZBP1: Z-DNA binding protein 1
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Proteomic and Genomic Analysis of Leukemic Cells
from Relapsed Childhood Early Pre-B Acute
Lymphoblastic Leukemia with High Risk Features

Ramathibodi Hospital, Mahidol University, Bangkok, Thailand
artment of Biochemistry, Faculty of Science, Mahidol University, Bangkok, Thailand

Background

Acute lymphoblastic leukemia (ALL) is the most common malignancy
in children. With the modern therapy, children with ALL can achieve 80%
drsease free survrval Among relapsed patients, proteomic and genomic

may di novel biomarkers to predict relapse in
thrs group of patrents.
Objectives
To lyze p ic and genomic array exp ions in diagnosis and
| d leukemic p from relapsed ALL patients and also to

compare the proteomic profiles of these leukemic samples with normal
marrow cells.

Methods
Bone marrow specimens were collected at the time of diagnosis and
lapse. Leukemic cells or mor | cells from bone marrow

s were P by Ficoll®. Proteomic expression was
performed by 2D gel electrophoresis. Their protein spots were analyzed
by using MELANIE software and protein identifications were analyzed by
MALDI-TOF. Genomic array expression was done by RNA microarray chip
(GeneChip®).

Results

Two relapsed ALL patients were studied. Both patients were initially
diagnosed with early pre-B ALL. The characteristic of these 2 patients are
shown in Table 1.

Table 1. Characteristics of these 2 patients

Age at diagnosis Initial white Genetic study
(years) blood cell count
1 3 205 x 109 /L TEL/AML1
2 13 140 x 109 /L BCR/ABL

Both patients had relapse at 18 and 4 months, after diagnosis,
respectively.

There were no significant differences of spot intensity between paired
diagnosis and relapsed samples in both patients.

Fourteen protein spots were significantly different between normal
marrow and leukemic samples. However, only one protein, ACTB protein
(actin beta protein) presenting in leukemic but not in normal marrow
sample, can be identified. This protein interacts with phospholi

Figure 1 Protein maps of normal bone marrow and leukemic cells. Spot 14 is the
only one protein that can be identified.

Protein Spots Selection

Normal bone marrow Leukemic cells

Table 2. The number of genes diﬂerenﬂy expressed more than 2
folds b gnosis and

p-value Number of Genes

Up-regulated

Down-regulated

<0.05 448 103 345
<0.001 210 87 123
<0.0001 31 10 21

For le, dt lated genes; C: 1 and p gly 1
genes |nvolvrng m cellular apoplosrs and up-regulated genes AF4/FMR2
family, member 3 and epithelial membrane protein 1 genes involving in
oncogenesis, may be responsible for relapse among these patients.

Discussion and Conclusion

We will confirm our data by performing RQ-PCR of these significantly
down-regulated and up-regulated (p<0.0001) genes in a larger number
of ALL patients with high risk features especially high initial white blood
cell counts These findings may give us an information about the
biologi of ALL pati with high risk features.

Acknowledgement: Our study was supported by research grant
from the Thailand Research Fund (TRF) No. MRG5180134 and the Faculty of
Medicine, Ramathibodi Hospital, Mahidol University No.51022/ year2551

For more inf i Dr.U: t A h
Dep of F ics, Faculty of Medi ibodi Hospital
Mahidol Univeristy Bangkok 10400, Thailand Tel: 662201 1495,

(PLD1) to regulate cell proliferation, vesicle trafficking and secretion.

6681-807-4799, E-mail: rauar@mahidol.ac.th



A plausible biomarker to predict relapsed disease
in a very high-risk group of pediatric
acute lymphoblastic leukemia (ALL)
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INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most common
pediatric oncologic disease worldwide. While the incidence rate
in Thailand was 2.88 per 100,000 children per year, the 5-year
overall survival rate was 64.9%. Mortality usually related to
relapsed disease. Predictive biomarker of relapsed ALL is
therefore one of the unmet clinical needs Proteomics is a
promising technology for biomarker discovery by elucidating
differential expression of 100-1,000 proteins between disease
states and conditions. Proteomic profiling of relapsed and newly
diagnosed leukemic cells of the very high risk group may provide
predictive biomarkers of relapsed ALL in pediatric patients.

MATERIALS AND METHODS
(n =8)

(2-DE)

|

Two dimensional gel electrophoresis ]

[ Mass spectrometric protein identification I

Comparative proteomic analysis

Identifying candidate biomarker

RESULTS

Relapsed  NonRelapsea | Table 1.
n=2 n=6 Demographic data
Age of Diagnosed, y (Median) 6.7 6.4 of pediatrics
Time to relapse, y (Median) 29 NIA Df’-itlEntS ]
Initial WBC, x10°%L (Median) 185 86.1 d|agnosed WIth
very high-risk
Flow eyeamerry pediatrics acute
B-cell 2 6 lymphoblastic
Tcell [ 0 leukemia at
Molecular genetic Depariment of
Pediatrics
MLL arrangement 1 2 Ramathibodi
E2A-PBX1 1] 2 HUSpﬂal from
Ph-chromosome 1 1 2008 to 2014.
Non-relapsed Relapsed i
- . ’.-_ : ",x ? o — 75
i - - . H - - — 50
u’zﬂm i Ai.’»;mim T .
ath # adh
b \ b |
- FHE tla —={ 28
? - 20
”‘Iﬁ" phbx1
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Figure 1. Representative gels of relapsed and non-relapsed
group of very high risk childhood acute lymphoblastic leukemia
showed significant differences in 5 spots of meaningful proteins
(e, ATPB, ATP synthase subunit beta; TUBB1, Tubulin beta-1
chain; PHB, prohibitin; GOT2, Aspartate aminotransferase;
PRDX1, Peroxiredoxin-1). Blue, increased expression in
relapsed samples. Red, decreased expression in relapsed
samples.
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Table 2. Potential proteomic finding and current evidence related

to leukemia
Decrease oxidative
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Figure 2. Protein network analysis using STRING v9.1 predicted

the oxidative phosphorylation process was decreased by

decreasing expression of ATP synthase subunit beta (ATFB), the

protein involve in the enzyme complex of the inner mitochondnal

membrane, which required for apoptosis process and energy
metabolism.
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Figure 3. Validation of ATPB expression by Western blot analysis
in very high-risk childhood acute lymphoblastic leukemia shows
decreased expression of ATPB in relapsed group compared to
non-relapsed group.

The results was consistent with previous studies in AML which
showed the association between relapsed disease in acute
myeloid leukemia and ATPB down regulation. This information
defined a clinical value as a predictive marker of relapsed
disease. The limitation of this study was a small sample sizes.
Further validation study using an independent cohort is required
to demonstrate clinical applicability of ATPB in very high risk
childhood acute lymphoblastic leukemia.
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Abstract

Relapsed acute lymphoblastic leukemia (ALL) considers the most fatal
complication of the ALL disease. The aim of this study is to analyze the differences
of the proteomics profiles of relapsed leukemic cells with newly diagnosed leukemic
cells to identify pretreatment candidate proteomic biomarkers to predict clinical
relapse in the future. Bone marrow samples of a very high-risk group of ALL patients
were collected and categorized into two groups (relapsed vs. newly-diagnosed) and
then submitted to perform proteomic analysis. This study supports ATP synthase
subunit beta (ATPB) as a candidate biomarker of relapsed disease in the vey high-risk

ALL.
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Main text

Acute lymphoblastic leukemia (ALL) is the most common pediatric oncologic
disease worldwide. The incidence rate in Thailand was 2.88 per 100,000 children per
year and 5-year overall survival rate was 64.9% [1, 2]. Mortality usually related to
relapsed disease [3]. Predictive biomarker of relapsed ALL is therefore one of the
unmet clinical needs. Proteomics is a promising technology for biomarker discovery
by elucidating differential expression of 100-1,000 proteins between disease states
and conditions [4, 5]. In this study, proteomic profiling of relapsed and newly
diagnosed leukemic cells of the very high-risk group may provide predictive
biomarkers of relapsed ALL in pediatric patients.

We enrolled pediatric ALL patients diagnosed during 2008-2014 at
Ramathibodi Hospital. Very high-risk ALL patients whose bone marrow samples had
collected were included, while those with poor quality of bone marrow samples were
excluded. Clinical information, including dates (birth, diagnosis, relapse and last
follow up), disease status (initial WBC count, serum lactate dehydrogenase, immuno-
phenotype, molecular genetics, cytogenetic and organ involvement) and
chemotherapy protocols was collected. Samples of the very high-risk group ALL
patients were categorized into two groups according to their disease statuses (relapsed
vs. newly-diagnosed) and then submitted to perform proteomic analysis, consisted of
2-D gel electrophoresis (2-DE), protein spot matching, in-gel tryptic digestion,
MALDI-TOF/TOF protein identification, protein network analysis and validation
using western blot analysis.

A total of 195 ALL cases were enrolled. Among these, 14 cases were
classified as the very high-risk group. Only 8 bone marrow samples were qualified for

proteomic analysis, which then divided into relapsed and newly-diagnosed groups (2



relapsed and 6 newly-diagnosed). Proteomic analysis showed 3 protein spots; later
identified as ATP synthase subunit beta (ATPB), Tubulin beta-1 chain (TUBB1) and
prohibitin (PHB); had significantly different intensities between relapse and newly-
diagnosed group (p<0.05) (Figure 1) (Supplement material) and had pattern of
protein expressions same as previous reports related to leukemia (Table 1) [6, 7, 8].

From the protein network analysis, the function of proteins found in this study
related to oxidative phosphorylation process which decreased because of variable
protein expression (Figure 2). Oxidative phosphorylation process is the regulator of
energetic metabolism and this process requires subunits of ATP synthase to achieve
this function [9, 10, 11]. It has been documented that the decrease expression of
ATPB is associated with chemotherapy resistant in some leukemia (e.g. AML and
CML) [6, 12]. Our results show consistency with the results of a previous study which
showed a decreased protein expression of ATPB in the relapsed group compared to
the newly diagnosed group, so this protein can be the preliminary biomarker to
predicted clinical relapsed in the very high-risk group ALL. Of these, the decreased
expression of ATPB was validated by western immunoblotting (Supplement
material).

This study is the preliminary report because of small sample size and
unbalance between newly diagnosis group (n=6) and relapsed group (n=2). The result
in this study, the decreased expression of ATPB in the relapsed group of very high-
risk ALL, is same as the previous study as mentioned earlier. So, this study employs
proteomic analysis to elucidate ATPB as a candidate biomarker of relapsed disease.
Further validation study using an independent cohort is required to demonstrate a

clinical applicability of ATPB in the very high-risk group of pediatric ALL.
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Abbreviations
2-DE: 2 Dimension gel electrophoresis
ALL: Acute lymphoblastic leukemia
AML.: Acute myeloid leukemia
ATPB: ATP synthase subunit beta
CML.: Chronic myeloid leukemia
MALDI: Matrix-assisted laser-desorption ionization
PHB: Prohibitin
TOF: Time of flight
TUBBL: Tubulin beta-1 chain

WBC: White blood cell

vii



Declarations
Ethic approval

The Committee on Human Rights Related to Research Involving Human
Subjects, Faculty of Medicine Ramathibodi Hospital, Mahidol University approved
this research; 1D 05-50-16
Competing interests

The authors have no conflicts of interest to declare.
Funding

The Thailand Research Fund provides the funding for this research;
MRG5180134.
Authors’ contribution

CR: plan the experiment, performing proteomic analysis process, writing of
the manuscript and discussion of results. JP: obtaining of bone marrow sample and
performing proteomic analysis process. TV: obtaining of bone marrow sample and
performing proteomic analysis process. WC: performing proteomic analysis process
and discussion of results. SC: discussion of results. SP: discussion of results. SH:
discussion of results. UA: plan the experiment, selection of patients, writing of the
manuscript and discussion of results. All authors read and approved the final
manuscript.
Acknowledgements

The authors wish to thank the Department of Pediatrics, Faculty of Medicine

Ramathibodi Hospital, Mahidol University for providing BM samples.

viii



References

1.

Wiangnon S, Kamsa-Ard S, Jetsrisuparb A, et al. Childhood cancer in
Thailand: 1995-1997. Asian Pac J Cancer Prev 2003; 4:337-43.

Wiangnon S, Veerakul G, Nuchprayoon I, et al. Childhood cancer incidence
and survival 2003-2005, Thailand: study from the Thai Pediatric Oncology
Group Asian Pac J Cancer Prev, 2011; 12:2215-2220.

Seoyeon C, Michelle J, Edward K, et al. Relapse in children with acute
lymphoblastic leukemia involving selection of a preexisting drug-resistant
subclone. Blood 2007; 110:639-639.

Raoul T, YiHua Q, Yiling L, et al. Reverse phase protein array: validation of a
novel proteomic technology and utility for analysis of primary leukemia
specimens and hematopoietic stem cells. Mol Cancer Ther 2006; 5:2512-21.
Maria B, George I, Konstantinos V, et al. Protein biomarkers distinguish
between high- and low-risk pediatric acute lymphoblastic leukemia in a tissue
specific manner. J Hematol Oncol 2013; 6:52.

Xiao X, Yang J, Li R, et al. Deregulation of mitochondrial ATPsyn - B in
acute myeloid leukemia cells and with increased drug resistance. PLoS One.
2013; 8:83610. doi: 10.1371/journal.pone.0083610.

Raza Faizan, et al. Role of beta tubulin in leukemia progression. J Biotechnol
Biomater 2014; 3: 198.

Timothy J, Gabor B, George B, et al. Prohibitin Expression Is Increased in
Phorbol Ester-Treated Chronic Leukemic B-Lymphocytes. Blood Cells,
Molecules, and Diseases 2001;27:27-34.

Dey R, Moraes C. Lack of oxidative phosphorylation and low mitochondrial

membrane potential decrease susceptibility to apoptosis and do not modulate

ix



the protective effect of Bcl-x (L) in ost eosarcoma cells. J Bio Chem 2000;
275: 7087—7094.

10. Harris M, Vander M, Kron S, et al. Role of oxidative phosphorylation in Bax
toxicity. Mol Cell Biol 2000; 20: 3590-3596.

11. Matsuyama S, Xu Q, Velours J, et al. The Mitochondrial FOF1-ATPase proton
pump is required for function of the proapoptotic protein Bax in yeast and
mammalian cells. Mol Cell 1998; 1: 327-336.

12. Li RJ, Zhang GS, Chen YH, et al. Downregulation of mitochondrial ATPase
by hypermethylation mechanism in chronic myeloid leukemia is associated

with multidrug resistance. Ann Oncol 2010; 7: 1506-1514.



Figure legends

Figure 1. Representative gels of the newly diagnosed group and the relapsed group of
the very high-risk childhood acute lymphoblastic leukemic cells showed altered
protein spot intensities in 3 spots of meaningful proteins (ATPB, ATP synthase
subunit beta; TUBBL1, Tubulin beta-1 chain; PHB, prohibitin). Blue, increased
expression in relapsed samples. Red, decreased expression in relapsed samples.
Figure 2. Protein network analysis using STRING v9.1 predicted the oxidative
phosphorylation process was decreased by decreasing expression of ATP synthase
subunit beta (ATPB), the protein involves in the enzyme complex of the inner

mitochondrial membrane, which required for energy metabolism.
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Table legends

Table 1. Potential proteomic findings with current evidences related to leukemia and
the comparison between protein expressions in literature review and this study. There
were 3 protein expression consistent with literature reviews, i.e. ATPB, TUBBL1 and

PHB.
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Supplement material

Figure Validation of ATPB expression by Western blot analysis shows decreased
expression of ATPB in relapsed group when compared to newly-diagnosed group.
Table Summary of significant altered proteins in relapsed group compared to newly-

diagnosed group.
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Figure 1. Representative gels of the newly diagnosed group and the relapsed group of the very high-risk

childhood acute lymphoblastic leukemic cells showed altered protein spot intensities in 3 spots of

meaningful proteins (ATPB, ATP synthase subunit beta; TUBB1, Tubulin beta-1 chain; PHB, prohibitin).

Blue, increased expression in relapsed samples. Red, decreased expression in relapsed samples.
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Figure 2. Protein network analysis using STRING Vv9.1 predicted the oxidative phosphorylation process was decreased by decreasing

expression of ATP synthase subunit beta (ATPB), the protein involves in the enzyme complex of the inner mitochondrial membrane, which

required for energy metabolism.
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Table 1. Potential proteomic findings with current evidences related to leukemia and the comparison

between protein expressions in literature review and this study. There were 3 protein expression

consistent with literature reviews, i.e. ATPB, TUBB1 and PHB.

Expression in Expression in relapsed
Gene name Protein name Biological function relapsed group group of this study
of previous
studies
ATPB ATP synthase subunit beta ~ ATP biosynthetic process Decrease [6] Decrease
TUBB1 Tubulin beta-1 chain Microtubules regulation Increase [7] Increase
PHB Prohibitin Negative regulation of cell Increase [8] Increase

proliferation
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Supplement figure Validation of ATPB expression by Western blot analysis shows decreased
expression of ATPB in relapsed group when compared to newly diagnosed group.
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Supplement table Summary of significant altered proteins in relapsed group compared to newly-diagnosed group.

MS/MS . Mean + SEM Ratio
. ST % Peptides MW
Protein name identification pl Newly (Relapsed/Newly | p-value
Coverage | matched (kDa) . .
score Relapse group diagnosed diagnosed)
group
61 2 1 526 56.525 0.1087+0.0092 0.6451+0.0476 0.16853 0.00084
ATP synthase subunit beta (ATPB)
316 20 4 557 19.843 0.2748+0.0117 0.1855+0.0195 1.48089 0.04869
Prohibitin (PHB)
70 2 1 5.05 50.865 0.1058+0.0117 0.0305+0.0131 3.46117 0.02263

Tubulin beta-1 chain (TBB1)
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