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# # 5776653437 : MAJOR CLINICAL BIOCHEMISTRY AND MOLECULAR MEDICINE
KEYWORDS: AUTISM SPECTRUM DISORDER / LANGUAGE IMPAIRMENT / SUBGROUPING / PROTEOMICS /
TRANSCRIPTOMICS / BIOINFORMATICS / DIAZEPAM BINDING INHIBITOR / ISOCITRATE DEHYDROGENASE
CHATRAVEE PICHITPUNPONG: PROTEOME EXPRESSION PROFILING AND INTERACTOMIC ANALYSIS FOR
IDENTIFICATION OF CANDIDATE BIOMARKERS FOR AUTISM SPECTRUM DISORDER (ASD). ADVISOR:
TEWARIT SARACHANA, Ph.D., 147 pp.

The molecular mechanisms underlying autism spectrum disorder (ASD) remain unclear. Most
genes/proteins reported to be dysregulated in ASD cases have shown little or no reproducibility, likely due to the
heterogeneity of the disorder. Recent studies have demonstrated that subgrouping ASD cases based on their
clinical phenotypes is useful for identification of genes and pathways dysregulated in ASD subgroups. However,
this strategy has not been used extensively for identification of proteins related to ASD. In this study, we
conducted clustering analysis of ADI-R scores from 85 ASD cases and identified subgroups. Meta-analysis of
transcriptome profiles of ASD individuals in each subgroup and sex/age-matched unaffected individuals was
conducted to identify differentially expressed genes (DEGs) in ASD. Moreover, proteome analysis of
lymphoblastoid cell lines (LCLs) from these ASD cases and control was conducted using two-dimensional
polyacrylamide gel electrophoresis (2D-PAGE) followed by Nano-liquid chromatography-tandem mass
spectrometry (Nano-LC-MS/MS). Significantly differentially expressed proteins were identified and compared to
the list of DEGs from the meta-analysis, as well as to a list of proteins from previous proteome studies in ASD.
Biological functions associated with the proteins were predicted using Ingenuity Pathway Analysis program.
Selected proteins were further validated by Western blot analysis. Clustering analysis of ADI-R scores revealed
four ASD subgroups, one of which was found to be ASD individuals with severe language impairment. Meta-
analysis of transcriptome data of LCLs revealed DEGs in each ASD subgroup. The 2D-PAGE analysis showed that as
many as 82 protein spots were differentially expressed in the subgroup of ASD with severe language impairment.
Among these, a total of 18 proteins were selected for protein identification by Nano-LC-MS/MS and found to be
related to neurological functions and inflammation. Among those were isocitrate dehydrogenase (IDH2) and
diazepam binding inhibitor (DBI) proteins which were decreased in ASD. These proteins were also identified by the
meta-analysis of transcriptome or proteome. In conclusions, using subgrouping ASD individuals based on clinical
phenotypes followed by integrated transcriptome-proteome analysis, we identified significant proteins in a
subgroup of ASD with severe language impairment. These proteins may serve as candidates for future molecular

mechanism identification and biomarker discovery research in ASD.
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2.1 Tsmeadiguaiunnsy (Autism spectrum disorder)

lspeefiduaunasu (Autism spectrum disorder, ASD) Julsafidneglungulsa
MAslasiuANRAUNANIIRMLIN1590958UUUTEE M (Neurodevelopmental disorder)
I a [ 1 ' a a o % <3
Julsareglungunnzunnsesainanuiauninienisiauinisvesseuuuszamiudeian
mualenIddeuazaindmiuauiauniniadinatuarantull w.a.2556 (Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition, DSM-5) Tag@unAuInLnnedawsiu
(American  Psychiatric ~ Assoclation, —APA) lalgnnannisdmsuitdadelsangueinis
pofifuaiUnasusanuilaganizanuannamnIsItadengulsa Pervasive developmental
disorders (PDD) @aUsznaulussueaiuasians (Asperger’s syndrome), 15w (Rett’s
disorder), Childhood disintegrative disorder (CDD), Pervasive developmental disorder
(Not Otherwise  Specified %38 PDD-NOS) Wazeeniduaiunasy nasnaullasuulag

[ (3 o a [ a A = a [

NENNAUTINITIMUNNY ANTTUAN WL NEANTTUVRBLNEINgANTIUNEN 2 Usens [1, 46]

Toun

1) fmnuunndessulfduiusmedsaunaznisdeans (Impairments in sodial
interaction and communication) Ly hiaunsalanauunaunule lawse
doansiugdulaeldvivmale Sdgmlunsyniinsdeddu iy

2) ﬁWi]ﬁﬂiiﬂJU’N’e)EJ'NGgW q §1ng v wazdauaulesifaanizuiaies
(Repetitive behaviors and restricted interests) 1%u SUUTENIUDIITUUULAY

wanawsludinawesdinnuauls Jusu

InatdenuingunasesvesiieasisudunadiuauraUnfiniamgAnssusanand

sluﬁzmﬁ;ﬁﬂwmq 1 94 woulUauds 2 TaSa (16 - 30 1iew) [3, 4] lsreeiidualnasy

= (% s

neliiianisgeyideninensuyuduazsulszuiudiuwiuumiaalunisguagyie uag

o

v &

faudnsalvedlsafiguses o waviaalulymniansisaguiddynalan [47-50]



NN1sAnYINIesEUININglagaudaiunuLazlasiulsnvetansyeluing (Centers  for
Disease Control and Prevention) RSl .¢1.2550 W.A.2552 wazaantul w.m.2559 [6-9]
Ipvimsfnudounddluinety 8 - 11 Y luiunihseislulssmeansgeisni wuindns

mnuynveslsreeiiduaunafugsds 1 Tu 110 919TuT w.r.2549 [6] iingetulul w2551

[
= 1 1

Hu 17w 88 519 [7] ud n.m.2555 Sasanuyndnaiingeduegwieidoadu 1 1u 68 s1
9] Wuierdudszmalne lunsidedelsamnuiaunifiintufusruuuszamluin
Imaaﬁ%mmﬂm%’mgﬂwulé’ﬁaaﬂ%y’q [10, 11] 3nMsANwIAINYNVeslsAReiduaLUnATY
TuLﬁﬂqu‘ﬁﬂiw 12 ?JLﬁ'mqa%uasmﬁﬁaé’w Aty 270 1.43 $1961091UUUTEYInT 10,000 AUl
Y w.r2501 10U 6.94 s1emeswaulsya1ns 10,000 Aulud w.A.2545 [10] 91nA1581539
AugnvedlsneefduaiunasulagiisarsavnindnwiaUsemalneaign Tul w.e.2548
WuARUIEINAe 9.9 AUBUTEFYINTIINIUN 10,000 AU [51] Laza1NN1TAITIIAIINYN
TudinfeutoSouivmindedmilul we2554 wunddniifauunnsaamiaimuinis
LUUTOURU (Pervasive developmental disorders) Fesafdlsnoofituainniusegsds
32 AURDUIEAINTIIUIU 10,000 AU [52] msﬁuwumsﬂa%iu;liﬂwﬁqLU%&JULaﬁauLLaaﬁwmq
fagiliteilenmalunissnyiuasusudsunginssuldnnitu Svsdunadsediae
TunsdetanndnenwlunmsldialilndiAssiuyamaunfléntey
31nUsziRnsanulsneafiduaunasuszezusnidy Wninemansldnisdann
ANELlATIFSINNNEANYBIFNDY SIUAVFLARNITHAILINITVBITEUUUSLEMUAEA1TYIN
wﬂﬂﬁw%amwmmammﬂﬂw [2] mamiﬁﬂmé’wmzmqﬂwmwmmﬁaamm@ﬂasﬂ,iﬂ
sofiduaunasudnazdululuwumadiontu lnenwuiluiednesdiauewesUieazivuie
Tandufinunfvasteifendudeldinaiin Magnetic resonance imaging (MR) Tunisin
VSN wiruimaNesvesdUneilonsnifnliunnsrefuiuaudni wazvuinaaussesiiae
wanvuinandeduiefiongfiuindu (53-55] Geanvgdandnnainindunauiainng
WasuwlamweslSinansaduseam eray matter (GM) Lﬁmgaﬁﬁuﬁluﬁamm frontal
temporal parietal LazUsIUTTULUTZAM limbic tazUTunaiwaalszan white matter
(WM) anadludiuves frontal  temporal wazusiaszuuyszam limbic [55-57] Wil

Fanunvsunuvesansiaiinig q Tuauesinisiwdsundasludnaie [58] agslsnanu
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n1sidanuidenanunldlunsidadedUiveenduanafundldine

el

warlddumnzaelsasefiduanasulagnss anmsUsziRnsAnuiiiunieafunIsdum
weSanmvaslsreaiituadnaiy [60] nuiinnsideaulnggaiuluiinsmaumaniy
Anundfluaiesiaiugnssumugludunisiianeidanmuuaneavefiag nasnay
nsfnwununglaniunisissuiisuaugnuadlsaeeiduanauseninarula sy
(Monozygotic twins) waHuiaf19lad (Dizygotic twins) lé’sﬁaagﬂﬁaama”aqﬁ’udwmﬂ
dudppunidaiulsreeiiduaiunndy snaundeiiduniudasauliaszilonradulsa
sofiduaUnauganitunn1aly [17, 61, 62] FeflmnuaenAdesuaINNISANEIRILL

Y94 Valerie Hu waganiz aldinsinsngigliuunisuanieanvesunadluy wieisendi
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n153msgrinsuaniUlnulag@nyieisiduteUsuianit 42,000 nsuan3ud ey
nsuanseenvesdulugad lavfulnuatadvesiirueenfuanasuuasiudalulufediu
vesf{thelneinadln DNA microarray  wudmihilvesdudifinisuansesndiiaunfoonty
Aeatestunisimuinaznisimiilussuutszam wuiderfunsdnu fkuanves
Sarachana T. uagAmeg [45] lovinnisAnwigduuunisianseanuas miRNA - lugdaglsa
pefidualUnaduisuiiisufududalyluideafuiiund lasnuiwadangvaelsa
pangualUnaTUFULUUYRITEAUNISHEANIDBN MIRNA HAUNA feluniniu Wesuduns
AT UmMBLINANlAgYTANNITIENINFULUUNITHANIDBNYEY MIRNA  LagFUlUuy
nsuanseanvesduluwadngUlisuasngualuauie iy famuinguiuunsuanieanyes
miRNA  fanuaenndosuuunysrniufusiuuunsuanieonvesduduiusndiinund
Tuwadangihelsaoofiuanniu Ssdumdduduiinsuiuidvhmiiiedestundi
warn3uvessEUUUsTam Taluidianufesdestunssuiunistinimeng q fiaed
euRaUnAlugUlslsaeefiduaunnsu loun synaptic plasticity AuRaUnAves
n&miile naeraulsASEUUMMAALENNS Wars¥UU steroid hormone signaling fauansluy
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Disrupted biological functions and disorders

sUAMA 1 MTlesgsiATeTneanudiiusnieiinin (Biological interactome)

v o o ¢ ! . a v A = o Yy v oa A
LLa@]\'{L‘WLﬁu@?qNaNWUﬁigﬁﬁq\? MiRNA  gu MuWWl’l\‘i‘U’Jﬂ'IWLLaziiﬂVlLﬂEJ’J‘UENﬂUEJuVIaﬂ

Y

[y

miRNA AUAY ALuwanatla miRNA visedunilszaunisuaneengeiinuniludiielsaeeidy
awnesu luvueiddeuuanidis miRNA  nisdunidszaunisuanseansiiaunilugUqe

(Waefanvesnn: Sarachana T., et al, 2010 [45])
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MAgT09leTAauuInIu Tun1sAnw1senaiilae Sarachana T. wazAme [45] lewden

a = IS

AINSANBIAUANNUSTLUING MIRNA  ¥le hsa-miR-29b  @amiuAudy ID3 way
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a

hsa-miR-219 FIAUANEU PLK2 wazduduaaiaunuINnNnNIsyinnIsItASIZMDuNDLINLALIN

9

a

mIRNA Teaosvfiaddszfunisuanseaniauniluisadaindvisuazifudiaivgy
nsuanseanTesBuTanst danuianaumadnan siaiugnIsvesthedauieItes
fuameuadlsroafifuanadufiosdosay 10 — 15 9ngtaeiaun (63] uonanaug
Hadomatugnssy SelinguiideldminsAnwunietusnssuvesditaslumany 9 nsinw
wulnalninflenugnssuenainnuduiiusdelsneefi@uaiunasu loun DNA methylation
[28-30], Chromatin/histone modifications [31, 32] wa¥ RNA-associated gene regulatory
mechanisms [33] uwaznuirtademadanedeuimuduiusiulsaeeiduanndy
msbasuansaiiang q lusazegluassd L9l Bisphenol-A [34-36] wsouaiiunig

U =

9171 [37, 38] uonniidsdithdemanidusuresiae (39] iudu agrdlsiay uifaed
nsfunfuiefunesaninedsreefiduanauiuiuludeu uddsadlidunuanng
nsiAnlsaTiuvivsseseeituaingdy
AnziAdenansauzisulauaulatunisinuidnuarnisuanseenveslysiy
Tugftaelseefiduaiunn sy ileaannlsandanududougs (Complex disease) 1 Tsamg
Innrudlsn aunsnesuisnalnanugunssnsfenedanmuazanunsomlusiudediie
Frelunisnsianinaziudunisialsaldsewmaiianilusileding [64-66] agnalsiny
nnsAnefinag 9 urdeadianuisaneulandarudeanisiindlile sndegingy
NN13ANYIVEY Shen C wazauzlul w.a. 2553 [66] lavinnsAnwiluiwas B lymphocyte
vosfirgeeiituanniudnau 3 5o mugluduiidosifiviousideadudmon 3 510 Tu
AsauASItITuATauATInils Tneldimeafia Antibody chip muinfinisuansesnvedlusiu
Wasuuladlulu 4 TusfuBafeadestuszuunddudu 1dud Ikkor fifinsuansoongeiu

wag Tyk2, EIF4GL uag PRKCI Nilimsuanseananas uazdamuinusyifvesnseunsiguaedl

AMULNEITBINUNTFURAN 189 TINVIRINARDN1SNTEAUN IR UL UAYRINITUARIDEN
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(%
[

994 B lymphocyte Tugiheeeiifuaiunnsudnig ogrelsin TunsAnenadaddsladan
Hunagauuuuiiseesnisuanseenuaslusiudiisoafifuang Suoghauiniuazenad
msgaydeteyavedusiuludruilaiil Antibody Adumely

faiu pugdidelaulafnwsydunsuansoanvesiusiunneialuwadvidefiondy
TUsAlew (Proteome) w3alushlefind deunazfiauddglumsfiuduenudilalulsa
oofiduanndy :nmIuanseeniusuiuuvestsiulinainsdlunsanlaglifinisjad

1Y
o

TWdhmnediewladmis [67] Ingldmaluladnnslinseifianats sgnslifionfioudes
luilsiufislsifvdandfaulasganiawing wiefineinenuannsinuneunth 1wy
9INN15ANYIVES Ngounou Wetie AG wazamelull w.a.2557 [68] vmsinwiludsuves
fneefituaiunaiuoigiaus 3 - 18 Tidsudsutuaulnidiuunguay 7 e Tagld
wefla SDS-PAGE Lilouenuuinueslianalsfusaufumaia LCMS/MS  wudissiued
Apolipoprotein Al (ApoAl) uag Apolipoprotein Ad (ApoAd) FaAedestunszurunis
Cholesterol metabolism uag PON1 ufieadasiuns Detoxification insdesuudadiy
ag19lsfinny Tun1s@nwiguuuulusfunae SDS-PAGE  iissdiffeenaliiiisane
seaudwizuazaulidmivszfunisivasunvasveslusiulaenulugvielsa
peYigNaIUNATY LAazAINNITANEIV8I Ngounou Wetie AG  HazAnzlu w.A.2558 [69]
yhn1sdnusUiuunisuanseanlutiatgvesieefiduauneduuisufisutuauung
ai’m’mmj:maz 6 518 lagltmatla Two-dimensional polyacrylamide gel electrophoresis
(2D-PAGE) 521U LC-MS/MS il 9nn1sanendl wuindanuiasundasdudiuwesns
uanieenvedlUsAU Alpha-amylase, CREB-binding protein, P532, Transferrin, Zn alpha2,
Glycoprotein, Zymogen granule protein 16, Cystatin D Wag Plasminogen fifi
n1suanseananadtugUligeenTuaiunadu wagnuin Proto-oncogene  Frequently
rearranged in advanced T-cell lymphomas 1 (FRAT1), Kinesin family member 14,
Integrin alphaé subunit, gsrowth hormone regulated TBC protein 1, Parotid secretory
protein, Prolactin-inducible protein precursor, Mucin-16, Ca binding protein migration

inhibitory factor-related protein 14 (MRP14) ﬁmiLLamaaﬂﬁLﬂuqﬁu ag19lsnny

n1sAnulusileindluaisAands 1w dratevesuis enadeluladmeunananly
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Msfumasied iesnmaivisdainsaliusannnsvudeuwdudosivinlden way
sULuUMskansesnuRdealiasuiumilounsinsgisuuuulsiulaslidsdng
Hulafin fedu n1slinseisuuuvreslusiundomadelusilofinddeimaia 2D-PAGE
$aufu LeMs/MS  [46) TulafinvesgiheTudumieusunuivinliannsodlaldd

HangSanmiintululsaninnududeuauiululsaes iduaunn sy

2.2 waslauvdaaulnuananeen (Lymphoblastoid Cell Lines; LCLs)

wadtauviadulnuatanasaiinainniswauilaenisiwadisinidanu11sda

B-lymphocyte a1nlafinunvinliitinnisinitialay Epstein-Barr virus (EBV) @gagsinlniinig
a wa! < 13 @ 1w a o v 1

WaguuUasnuautfluilumaduzisy wagagaunsowusiinagind1uiuvessad lhod1

[

aa o = = calv v ¥ = say v P =
Lifidaddamiounisfnuluwaanlaoanngiiglognss  FuwadiliangUielaenseasd
| Aa . Ao v = o8 VY = v a & A A ° = =
39730 (Life span) N911in IniilisasaiezidondUisdnasaiioNizyiinsfing Faen9ay
o v = o v v Vi [ Y o < A ya Y '
ldenuseansagyililaiae vngUiglinseulminisiisinuifenladnmeaingmig 9
[70] uenanil wadlauviadulnuaanees Samsoandedidnlunisiiuassitegeiiule

1 = L7 A a a ' & 1o & £% & a o I ~
g1 W lunsfinugthenianuiaunfssuudssameing q gy lidndudeanudsiiegied

1
a LY 13

Huuilearnausdlaense [71] Savadsamnsaivinvisadladsiadulnvaranoes 13lu
Biobank wiefiazldlumsineilusuaalsdnde
Tnendnnisvesnswisnwadlatvindulnvaransss azsudulaeyinisdauenls
Wigadadanv1a  (Lymphoblast) #2878 Density  centrifugation w9 ntuazYin
nswasunlas B-lymphocyte nevinliifnide BBV wazvhnisueniwad T-lymphocyte,
NK-cell uaz B-lymphocyte  @enannfiu dearunsavilénateds daudianisiildiie
resetting cytotoxic T-cell lag/ld Sheep red blood cell (SRBCs) n15iAn T-cell mitogen
WU Phytohemagglutinin - (PHA)  1Uaufisn1sld Magnetic  beads 7 Conjugate ¢y
Anti-CD19 antibody %uﬂuuauﬁua?}uﬁ%wwma B-cells 1Judu [72] mé’amﬂﬁ?u GRERERIN
vhwadlavedndulnuanansesluidsuiteiusuumadiildmudonisuasmndosnisifu

\wadlild Growth medium neufiazshluududs (Cryopreservation) fannuszneun 2



15

SO F M
G
r'd

@ Cryopreservation

JUN T 2 wandumeunts Transformation  wwadilinidenu1iudin B-lymphocytes  #iae

Epstein-Barr virus (Lma'ﬁﬁm%mmw: Hussain T., Mulherkar R., 2012 [73] )

(%
LYY o [ A

! <@ ¥ € a a = a =3 N v o
aglsimumsldwadladsiedulnuatanssalunisfinuidenundwditednin fe
= 1 IS =3 3 ! ! (3 € Aa
Han1sAnwenaldimiiounisAnwiainwaalusianielaense lngnuingadladvie
duliuanansed 18R INSNA1LTUTVRNTAAI19NY (Somatic mutation) eg#isesas 0.3
[74] faudiwadladviadulnuaanesdazitednineg i udileisuiuuseloviudvinli
Tulagduiinsldwadladyiedulivatanssdlunis@nyddeiiinuiniu wazioludn
madennilanldlun1sfnwianuiaunfnieseuulszay wazlsanenIsunngay o e

Usglawilunisitadelsakaznssneiuaunag



16

2.3 Frasaumnar1ans (Bioinformatics) wazdaingdeszuu (Systems biology)

= 0o = a al L4 . 1 v
Wasmnanudnsaluseddasanisilunaywd (Human genome project) dawali

' [ 14
= a = =

Aaudafnfiuu1auiedagdu 91uudeyainn1s@nyrITen1a¥rine niudugedu

9 Y

waziliuilduinteyawmanilasiiugduises 9 ag1aumiena Inadnvesg utoya GenBank

= [ ¥

"?NLﬂ‘Ui'ﬂUi?ﬂsﬂﬂﬂﬂﬁwqﬂﬁqu%ﬂﬁqﬂiimﬁﬂ DNA gz mRNA LLa%ﬂqﬂiqusﬁ@%a Swiss-Prot
= 19 ° o = ' al' a 19 = & a X g
‘UﬂLngqumaﬂuaaqﬁi‘UIﬂﬁmu W'U'J']I@IEJLQ@Sﬂﬁﬂqmmﬂﬂm@yjaﬂqiﬂﬂTﬂ']V]\TWﬁJ@"ﬂ%LW@JGUULUu

AN 9 15 Whau [75, 76] srganvaiing1s viilaaeidemlaniiniiuienis

v v

agimwANuiunsIanudeya msfumdeya nswiadeyasiuiu nasnaunisiaw

a

d' A | a ¢ v a a P
LATDIUDNATUITNYA EJIUﬂ']ﬁ'JLﬂi']g‘lﬁLLa3U533J'3aNaﬁ]qﬂm@Mammﬂﬁﬂi’]muqﬂlﬂE]EJ’N

KV

= ] ! (Y 6 A a é{ 3 Y v IS s
arnInauney TR lUgHadnEAoN15ANTUYBI0IAAIINIAIUTIATAULNAAIAN T
(Bioinformatics)
= ¢ A = = Y o D N a v s
FPrasaumeanans Ae n1sfnwufgiiunsTanisteyanis@yinelaeldmans
MIiuARUAIAES  IMInTsueAans wag adi wanislunisianisdeyadingty [77]
dy = ¥ IS f v a = a o
wonaNil N15ANYINIEIUTIAITAUNArIanSSlaunaneasouaguluiinisidey
Ny wagnisuszgnaldlusunsugenuasiveveeysslevilunislddayanisanin
warnsdaudayasing q vedhniweie Frasaumeamansanunsanusiaidu 2 wuundn o
I3 v v ! v = s . . .
mugaUszasalunisidau laun grudeyanisirarsaunanians (Bioinformatics

databases) wazlA3adan19TaIsaunArans (Bioinformatics tools)

a s [ <

Tudagtu grudeyanistarsaumamansiunuimdrdgduegraunnlunisiu

o

[

FUTINtaYaInmsAnwludagdu menmsnsgninisanudrdgdenavilvigiudeys

Y

(% £
[y a =

NAMUT NNV ULAEITIT VB TAVDIATHUTNTIN AaoAIUNITanIndalsAinTy

J
wnue dewalinisduaimideyaduluedaiivssansamiedu esnngifearunsa
sanuadadedie q Wmuainudesns wuieatunisldiadesflonsiransaumenians
(Bioinformatics tools) shgnianldifienisvunenanisinmeidesiunounismaass 141y
M3MBTIUTINE maenaLilninuduiudvasusiaziaduannnanismaass Jsgrudeya

(%
Y

manuaiidedde ldideaqlddne dainugndesas viauldsinis wWilanisinuladne
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)}

Joyativiuaiy awnsadidslalaeniussuudumesidn uaziluiveusuunsvanelnely

(%
Y 2N

it {Idelevinmsasugudeyanatiansaumeamansndnianldlaetosulilunisen 1

e‘a"u )

WaLLAI9LaN9TIETAUMARNER ST NN It Aa U aaRu A TuaNS199 2

MTNN 1 LERITI8TvRIgIuTeNan TN TAumAMaRSTA1AIIIN 10 wias niaume

A I a X o 4 Y a Y ' %
W@%L’J‘UIGUG] LLa%ﬁ']EJa%L@EJ@ILU@QW‘ULﬂEJ']ﬂUsUai{ljﬁ‘ﬂﬁ'aniﬂﬂuﬂq‘léﬂu%ma3‘?7“%@3{!@

vagudaya URL 31UALLDYA
GenBank/DDBJ/ http://www.ncbi.nlm.nih.gov/entrez/ Nucleotide
EMBL query.fcgi?7db=Nucleotide sequences
Ensembl www.ensembl.org Human/mou
se genome
PubMed http://www.ncbi.nlm.nih.gov/entrez/ Literature
query.fcgi?DB=pubmed references
NR http://www.ncbi.nlm.nih.gov/entrez/ Non
query.fcgi?db=Protein redundant
Protein
sequences
SWISS-PROT www.expasy.ch Protein
sequences
InterPro www.ebi.ac.uk Protein
domains
OMIM www.ncbi.nlm.nih.gov Genetic
diseases
Enzymes www.chem.gmul.ac.uk Enzymes
PDB www.rcsb.org/pdb/ Protein
structures
KEGG www.genome.ad.jp Metabolic
pathways
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AT 2 LEPNTI8T0VDIATOMDNWTIETAUNAAIANTNAIAYTILIU 12 WiAaS Laguannia

] [

Ussinnveaiasedile uwaviied iuled uazswasBealaswuiediutoya

Y

Uszinnvas | vaiAIasile URL IUALLDYN
L7090
Database SRS srs.ebi.ac.uk Database search
Search
Entrez www.ncbi.nih.gov/Entrez Database search
BLAST www.ncbi.nlm.nih.gov/blast Homology search
DALI www.ebi.ac.uk/dali Structure database
search
Multiple Clustalw www.ebi.ac.uk Multiple sequence
alignment alignment
MUSCLE phylogenomics.berkeley.edu/ Multiple sequence
muscle/ alignment
Tcoffee www.tcoffee.org Multiple Sequence
Alignment
Prediction GenScan genes.mit.edu Gene prediction
PsiPred bioinf.cs.ucl.ac.uk/psipred/ Protein structure
prediction
Mfold www.bioinfo.rpi.edu/applications/ | RNA structure
mfold/ prediction
Phylogenetics Phylip bioweb.pasteur.fr/seqanal/phylog | Tree reconstruction
eny/phylip-uk.html
PhyML atec.lirmm.fr/phyml/ Tree reconstruction
Edition/ Jalview www.jalview.org Alignment editor
Visualization Logos weblogo.berkeley.edu A MSA Visualization
Tool
Trees iubio.bio.indiana.edu/treeapp/tree | Tree Visualization
print-form.html
Rasmol www.umass.edu/microbio/rasmol | Structure visualization
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o
(% =

AUTINYTITYUU (Systems  biology)  Huilszidsuisnisindrendenu
FAENTAUNAAENS AL ITLAS DN IR IUTIAITAULNAAIEASIUNISHBUAIDY

wTIVeNBeszuuignysnefuanaiueenll nanfe Tnendeszuutudunisfine

]
o

AYINISAS 1B UVTIADINTIINGNT UG UTVULAYRNIUNTEUIUNITNIADAFNANT WA Y

(% s { o

Aauines iedAnwyudunsuduiusaesluszuviinmidudeulaslduuimiauy

IS ! A

99A59U (Holistic) wazdlymsjsnunume nMsAunuauaNtRvesgaanIeiilioo naanauns

a9

[
Y 1

° 1 I3 a aaa aa s Y & v
WWQWU@EJWQLTJU?%U‘UIU?NNGUQW [78] I‘UGUm%ﬂsﬁﬁaqiﬁuvmﬂﬂ']amiuugﬂLuu‘Vlﬂ'WiLﬂUsUalluaLLﬁS

Ansenteyavuinlugliivisuddsndrdguazinuizandunisinluldfnuisde wu

[
LY

MATziteyaduianunain Micoarrays  Lagsinisdaideniamzduiiinisuanioen
AnUndluegnefifadday egnslsfnnu Frinendeszuuindanuisadesiunszuiuns
WLVUEATY (Metabolism)  wiewpSevienisdedayqiuseniingad (Cell  signaling
networks) [79]

P ndeszuudafioln dugaEudunsuasunlaiannuuImnnsin gty
anneuilen (Reductionist) Fadumsiiasigsiinereuanmouszuumedinelrnaioidu
drudesfinfigauazesunglddefugulugyumeimslinsgiLuuasdsiu (Holistic) [80]

1R8N TITLUUTIE1U150TUATDINNAVBINITIATITIRUUAAN D UD U T ULIVDIN1TIIUTI

(% (%
LY Y 1

tayaluudazardutunwdnisuanseanniauiaundlulugy  1Usiu aulufesedu

'
a

wunualad nslums@nuluead, ludnineass saenauntsAinwluuywd wWelvlaveya

Y

o o

WganaLaziiense sIuisaunsaesuedeyarualvgdudeulraunsadnlaladeay
[81] ¥inlaunsatan1599UUaassUUluN1EUNRkara1u1IaAIANS A AR ULl oA
azRnundlUTusEUU [82] NNIATIEINNTINeNTITEUUIRaziinlanalun1sinage

[

ASNEINTAILSA LAZNITATIVNLSAAINSUNIST I UN1PATNARD 1T [83]
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UNN 3 VUADULALITNITNIIUINY

Tudiwresiuneuuwazisnisvinwide fideldudesndu 3 dumdn q Asgunmi3
Ao paull 1 MIlaseideyajuwuunsuansulnuvesgadlatyindulnuatanasn (LCLs)
MOUN 2 NMTUATIEN Meta-analysis VoslusaunarsUiuulUsilenvasUigeaiidualnay

noun 3 Mylmensuwuulusilenveuadlatyiindulviuatanses (LCLs)

Transcriptome profiling analysis Meta-analysis of protein and

Proteome profiling analysis of
of LCLs [Hu W, et al., 2009] proteome profiles in ASD

LCLs

Sample subgrouping by ADI-R Collect significantly up or
score & phenotype analysis down regulated protein from LCLs culture

PubMed Human Proteome

ignifi 1 d Protein isolations &
Significantly up or down Upload significantly up or X . .
protein purifications

ara GRe AL LES By down regulated proteins on

T-test standard Bonferroni’s Viiereset aaaess

correction (MeV program)
Protein qualitative &

quantitative measurement

Bioinformatics networks & Bioinformatics networks &
functions bv IPA functions by IPA
L ]
w .
® Bioinformatics @
o networks & function’ * (L2
°eo °
e’
o9 ®

LC-MS/MS

Significantly up or down
Overlapping regulated proteins by
MASCOT Search encine

Bioinformatics

networks & functions  Bjoinformatics networks &

Western blot
. . 4 functions by IPA
analysis ® o
e ®

2
[

JUAMA 3 uansunuratunaularIsn1sinaidelunmsinyasil
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Aauil 1 NsAaTeideyasunuunstuansulauvag LCLs

Y

o

ngUszeeA
WevihniTiesgrsluuunuaasulnuvesgadladvlindulvatanass (LCLs)
MnMsAnwnemailalilasersisdnneiinisfinwiudineuntil Ingdnguuesduninuni

6§ A

lwwadlatidadonviangiiglsreefiduaiunasuliiSeuiisuanuaenndasias
AudNTusAunguuedlushunisedunisuanseaninunfluadlatidnidenvived Uy
Ismeefiguaiunasundlunisfnuineuntuarlunsfinwinsluwdsiiawagmiimednnim

Ya9lUsAu

nauil 1.1 nMsdadendayanisAnemsuaasulauves LCLs

UszaIA
A o o A ¢ = aa ¢ a s & A A
WeinsAndenwadlatainnisAnwniiasgiannaialilasensisd tierden
! ¢ o ] Ya 6 a a 6 =2 dy ~ (% A J
nquadlatfmunvauiunsiinldinsenlusilesindlunisfinuil uasiedadenngy
gogvaseaiiduaunasulunsiinseimdeyaduiiinisuanteeninundluainnquaiuay

mnlueeiduaunasulaesiuuaglunqueassoly

/N5

Mnsfaiendeyanisiasisinauansulauves LCLs  91udu 114 wadlad
Uszneusenguesituainaiu 85  wadlatl waznguaiuaudiuiu 29 wadlay faudu
Age- /sex- matched control MNMSANIVEY Hu et al., 2009 (GSE 15402) lagguiuy
nsuanieanvesduldinalin cONA microarrays lagldyn TIGR 40K human arrays [84]

nanlaggare vin1shateyaannguleya Geo DataSets ved GSE 15402 lagyinisiden

dldil

wnziwadbaunideyavesUlsnideyadnuauruseyinslunisfiner ADFR  scoring

v A

Aanladims@nwived Hu et al, 2009 [84] \ileladeyavenguesiiduaunasuianun

vya o

MunsAnienues §Idglavinsindeyadnasalaenisldlusunsy Multi Experiment

Y

Viewer (MEV) 1ne2tAs1z1628735 Principal component analysis (PCA) uwagis Hierarchical

Clustering (HCL) tievinnisuualungquees o vesoeiiduanasy



22
AUl 1.2 MsAaszvidayanieitasaumaaingudaya

WUszaIA
diodasizinideyaduiiiinisuansoeninuniluainngualuauisainly

pofifuaUnasulpeiuuazeeiiduanasulungudsunudnuaeUseyns wasintoyauld

TunmsienginamsdamsaumaiioAumaiisidesiulsamessuudssamuag i

PN19TININ HADAVUASIUATBVIIN T INNTLANIAINULNYIVDIVDITUAINAT

/15w

1. doyansuanivlnuvessadlaflasrunas nqudesldigniniiiesesidnata T
n5l4TUsunsa Multi Experiment Viewer (MEV) 1311115 Normalized fogadnass uagld
70% data filters Ltevhnsiadeyavesuiiinsgadedeyaluunnnifesas 30 911wty

¢ & & = o w a oA A o a ¢ 4 a A
L%afﬂaumﬂ%ﬂ@a@ﬂiﬂ QWﬂuu%ﬂuqmaiﬂlaﬁumLﬂa@ HUIMNNIFILATIIE R IRIINVYBYUNLEAIDDA

'
0o v v A 1w o

uaneNNUeE1eltudAyeeALla T-test (Standard Bonferroni correction) NiAN1BEn

_egﬁ

P < 0.05 lagfiviuae?l 100 permutation ngSeuiguseninanguaiuaNiukiasngy

gognuanwuzeiUigoafiduaiunniunagseninnqualuauiugiseeiduaunn Ty
lngsu

2. hedefuimuniiinunfiossddeddysenienguaiuauiuudazndugenny
anwgveUlgeendualnedu uazsenitnguavauiudUigeeiduaiunasulaysiy
wdnlnaniiariinisinsziiaiotieniadin nvesdusdielusunsy Ingenuity Pathway
Analysis (IPA) Fslusunsaidldsumusiudofuumiinendeansa 1099y nsnedsdu 7
fiall lunsadrsuazlinsesilasstnensdanin mededuimunazgnivdeulvioglusuues

o w a

symbol wazgnilagldisn1smeadia Fisher's Exact Test lusgaudedrdgymnsainnldne
P-value (two-sided) < 0.05 wa#ilganlusunsuazyinuieieanuifeitesiulsnng o Laz
PUINTININ ABDAIULATDUNENIITININALAAIANUFUNUTTL AT UNTN1TWEN 00N

A RGIRI AT,
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MAUN 2 A15ILATIEN  Meta-analysis  vaslusAunasguuuulusilouvaegiie

a [
aNVUEUNATU

UszaA

Weiin1sAumIn1sAnwingulusiuluuywdnasisneauanuiaunilulse

= s

pafiduaiUnnsulugudeyadiansaumnearans Lazyiin1sIAIIENANADAARBILAY

% I3

ANudNRUSAUnauveslUsAun

[

sgAunskanteeninuniluwadlawdaiiensnivesyUae

)}

=De

Tsmpafduanasulunisane

AUl 2.1 n1sAndandayanisAne1aNgudayansdaasaume

UszaA
WOYINNISAAUANYINISAAEBNANSANEINUINIIATIZA Meta-analysis Aaanal

WA UNSAALADNI 8TV USAUNTNISLaRIDanRAUNR LU

A5n15938
a

M IAUMLAETIVTINATEANS 9 NgnRniulUuanngiudeya NCBI Tudiuves

Pubmed  TagimunveulundiviinsAfississusd w.a 2550 auislutlagdu uagdmun
foyalriiiomiifedostuntsinulusiuvdelusileniifinisuansooninunilugtaelsn
pofiguanasulunyudivindy Ssluudazauiteidunundulddunedidunimaas
niileibodiutay (Peripheral tissues) 11U #5u thane uazidenainiinnisnusniia
paeauAsans19nglae wu daamy warluileBoauos (Post-mortem brain) Gavisvun

< cal Yo aa o 1 a e o 1%
Juuywdlasumsitadeindulsneei@uaunn Suue
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AauN 2.2 M3AAszvidayanisttansaumaAngudays

UszaA
o < ¥ a d‘d a al a v v 1%
msiiudeyalusiuniinsuanseeniauniluananidelugudeyaasdugiudeya
YoIYINITY wavvinishsteyanenananldlunsiiessinanediasaumaieAunngy
15A1N1958UUUTZAMUaE NI NNI9TININ AaBAIUATIUATEYIENIITIATNALAN

AMULNYIVDIVDIUTAUAINAT

/19398
wasanyinsnudeyalusauiiinisuanseeninuniiegrefiteddgysouioaudn
A a O ° ) A o a ¢ A a a v
$18¥0lUsAUTIMUA NS NIAALNEIINITIATIZTATEY I8N TIN MYl USAUR Y
1USUASY Ingenuity Pathway Analysis (IPA) Tun1sasnalazitasngilasaungnieginimn
1aglai5n19n19ad@ Fisher's Exact  Test luszdutvdrfynisadanldfe P-value
(two-sided) < 0.05 wailaarnlusnIuazyiuIefslsarng 9 wagnininiegInIn nasnau

& =~ a o o € | A Ao a a &
LASDUNENITININALEAIANNAUNUSTEMINLUTAUNTI NS AR NRAUNH LU 1AL
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AauN 3 N1sAATIeRgULUUlUsAlauvas LCLs

fauf 3.1 N1SANLAINENIABENS

UszaA

[ o

Wevinsivuanainisaaliend e ininsanluwdazngudiegraluanuive

/N1y

nsdnwadsll insAnulueadladeiindulnuatanees (LCLs) Gewmununein
mononuclear cells ludenvawthelsnaiiduaunasuwazauunilag Autism Genetic
Resource Exchange (AGRE) repository %Qﬂmzﬂ"?%lﬁ%ummaymi’wﬁmaﬁmﬁﬁﬁmﬂ
Dr.Valerie Hu wwive1duaa$aredediu nsnedeiy 78 Ussmaansgenin wadmanild
HIUN19ANNTOILAENANNITVOS DrValerie  Hu uwazpmy [85] aasnauldlunisiasizi
nsuanseanvemuansUlaindlaeldfouielulasensisd (DNA  microarray  analysis)
flgdRailiugs nanlasdedo Mnsimdenitremeiidulsreeituannduilineny
UsgTRnseuaiiunneu 3T 1,954 578 leglddeyannainssuvesyUle 123 Usenis
Tugpuuvasuamiion1sidadelsneefifuanaiudiionin Autism Diagnostic Interview-
Revised (ADI-R) ﬁ’mwﬂrggﬂwﬁﬁ Cognitive impairment (Raven’s scores <70) ﬁﬂ’w‘ﬁ'ﬁ
AURAUNANISUGNIINTALAU (Fragile X, Rett, Tuberous sclerosis, Chromosome
15q11-q13 duplication) fihefinaenneuriyun (<35 dai) wazdiheildsunsitdeds
selsainUszamidu Comorbid disorders vaspafiduanndy THun Bipolar disorder,
Obsessive compulsive disorder, Severe anxiety aanlu LwaaLﬁmﬁﬂwﬁLﬂﬂiﬂaaﬁ%m
AwnmfuLUY idiopathic anturhnsdanguiliu 3 nduges (Subgroups) AuMTKARIYING
AAtn (Clinical phenotypes) Inaudnn1suss Valerie Hu Lazaady [85]

Tndwiunsfnenil vhnisfnwiisuiileugiuuunsanseaniiiaunilyes
WsAnlunquesiituaunafuiflauinUn@n1efun1uisunss (Severe  language
impaired)  $1u9u 6 519 waznguauUnAMmIuengifunazmaisItufugUae

(Age- /sex- matched control) 474U 6 578
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AOUM 3.2 NSINIZLALILAZNISAULYAS LCLs

WUszaIA
dethunduluwalunisadalusfivlunisfneilusilenainnquesi@uannsuidl
AMURAUNANIUNTITUUSS (Severe language impaired) wazpuunAiluengwiiulay

WWALAEIAU (Age- /sex- matched control)

A5n1599%

NSINNZIYaa

\waa LCL %QﬂLﬁuiﬁuluimmumamuﬂdwsﬁwmL'vmLgaamwmszLﬁauigﬂwsmaq
Rutgers University Cell and DNA Repository ﬁmﬁmmz@m%’ﬂw%%aaﬂu Autism Genetic
Research Exchange (AGRE) collection nanilnudens

1. WagNeNSLAsasIUSENeUSIE RPMIL640, Fetal bovine serum (FBS) way
Penicillin/streptomycin aslu Culture flask vu1a 25 cm’ ﬁﬁlﬂéjuiuélgmmaﬁ

2. thiwad LCL Aignidullululasioumaiinazarsenesinisiigamgil 37 °C lu
g19muaugannll Tadiwadldadlu Culture flask Msdouliluteusnognsth q lweiun 4
Tiwadivemsidsasaduaulidniu wivliludideseadiigungfi 37 °C Allusinafe
afueulneenledfosaz 5 lleasu 24 Halusdesriinisildeu Culture flask tduuin
75 c:m2

3. \ileomnsiasaadivasuduimiesdoninisasuemsidsnead lnads

Culture flask sananisli@adnnaznaun INNUUTLUAADIMNSLALLIAa NN MANIN

v
v a

ngauagldonmsidesgadlndadluuinninusuinsitiundesnan 1 ml sl Yunouianun
¥ v <3 d Y a | 8
foddialunsmizidsasadidunailszann 1 ey Welrladsuiaiwaduinnin 4 x 10

32 & o saM ¥ a ] a v
cell/cm SZNL‘UUQ']‘H'JUL"UﬁaV]VLWLWENW@G]@?]"I?’JQEJ
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< 4
ATILNULYAA

= a

Solddmnuwadiilemerinnsiiuiwadly RNAlater (Life Technologies) figaimgil
20 °C Auniastianafalusiusoly el yndunoudnsiusnifunsifumedasdosiily
Biological safety cabinet class 2 LLaz%gumaumiLﬁULsziaéﬁqﬂéﬁgumau%éfaa%’ﬂwqmmﬁﬁuaq
wadli 4 °C nanlagdofie

1. Uimsaalu Culture flask Taaslu Microcentrifuge tube Usuna 1 mlunwad
Tude 2 indouse Tryphan blue #ednIIEIU 1wad : Tryphan blue Wiy 9 - 1 9 ndy
Tusuuadas Hemocytometer dnvnnwwadiiusinasaus 4 x 10° cel/em’ Fulu3ai
nsLiuLad

2. duwadlute 11Utuuen grommadsusadeonlinuslinundel fudivadi
nnaznou 1d RNAlater 9nsuliundtuadliifudodontu udufufl -80 °C auniraztiun

TUshusaly
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aauf 3.3 n1sanalusiuaIneas n133aUsanalusiu uwasn1InsIvdauaanIWLUTAY

UszaA
Wevinisanalusiu v llusiuuTanstu anUsunandediuiuvedusiy vins
Tousualusiunaunde wagnsivaouaunnlusAuniuviinis@nyiielulausunm

TUsAuNmunganlun1sAnen

A5n1599%

nsanalusiuanwaalagmaiia Phenol-chloroform extraction
Wsfuanadiiulilu RNAlater avgnaialagld Genezol reagent (Invitrogen)
M NuUnlneUTENENGaUNeT ndilnudene

a

11 el Aulilu -80 °C wazanenguuungivies vinistumisauwasUiund
RNA later 800 i Genezol® Reagent aslulaglvifiuSuinsidu 2 wirvesuSunas LCL 9
nMsthUnddu-aq ievilileadunn udranslingumaiivies 5 wii

2. \fiy Chloroform  Uarimaenliuuu 210ty wweraenunss § aaeile Wuian
153U wagasliNgaumgiivies 2 - 3wt aluluueniiaamgll 4 °C wielvdeiegg

& I3 " & a { 2 & Aaa

wendu Ingazuenaendy 3 du Ae Yud19gavise Organic phase ziuunidunIves
Phenol-chloroform &afuduiniilusiy drudunananse Interphase agidudiuiiusenau
Yy a g ) 2 O Feitel) @ 2 O
Aadldue waztuuuanIzilutuansazaiglilidnse Aqueous phase  azlutuves
915due hnsUesduaisazanelawaztunarsoenluldvasslulliunniign weinluld
Tudunaunisainesidule wasfldulen1uaisu

3. 1a1sazangludu  Phenol-chloroform 1098 2 N¥IN1SNAZUAD  LAELAY
sopropanol  aslU  fslingamgivienduiian 10 it drluduiigamgdl 4 °C uwian
10 Ul umgadnnilasen elilndeuwsngneulusau (Protein pellet)

4. \@u Wash solution (0.3 M Guanidine hydrochloride Tu 95% Ethanol) asld

'
a

wdtiadtuas dafiguuaivenduina 20 wiit ilutufigamgd 4 °C 9andum wash
solution 713 ¥1913n 2 50U uavMSIRY 100% Ethanol U3aas 2 mladly el
aaumaiivios uian 20 widl

5. Ju figaumndl 4 °C wédm 100% Ethanol sonuazmnaznouwuylifeuisadn

11l Incubate #1 50 °C Uszanas 20 wnt tludufioamgdl 4 °C \Juian 10 Wil wendau
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T

WnAulilu Microtube suluml wagiiu?l -20 °C auninazimsiausunalusiuiasnsivaey
AunnlUsAusoly uazdiuvaanznaulify 10M Urea adluudrTilasduas drluifiun

gaungil -20 °C

nsanaznaulusiunlemaila TCA/acetone protein precipitation

devhllUsiutavdtunaranysinaundodiuiu nanlnedefe

1. thlusiufieglu 10 M Urea it 20% (w/v) TCA solution USanaisnsnaiu
Sample : TCA soltion ¥y 1 : 1 udwhmswanlidnfudae Vortex antushnsfiulid
-20 °C e 1 $alus Juuenitenmgdl 4 °C fvdutila (Supernatant) Fremsinesn
WNudunzneuld

2. 20 mM Dithiothreitol in ice-cold acetone u&iluduuen fedruinla
(Supernatant) #78n135ABY 9| AALET Supernatant BaNsIY Micropipette Liudiunznaull
Wa271n15 Dry  sgneuaundnazwiis (dnatlduiuuin)  wdlaraionaunaunaunae
Lysis buffer ﬁﬂizﬂauﬁw Tris-base, Urea, Thiourea, CHAPS, Dithiothreitol a8
Protease inhibitor ¥mswalidnty wdsliviuawaddroualilsiunaunduiodoatiu

Lysis buffer 1AulUsaulin -20°C lpauninagdnunlduiinu

msinUsunalushualematin Bradford’s assay

FnrsmUsunalusiudaeds Bradford’s  assay  da.fundnnis Dye-Binding
nanlagofe

1. vhnswsansararslusiuinnsgiu Taeldih Milio uae 10% BSA ¥nis
wasNlle 5 anududy laun 0.5, 0.25, 0.125, 0.0625, 0.03125 pg/ul ANa1RU

2. ‘TJLﬂmﬁmﬁazma‘lﬂiaummgmﬁg@ 5 A sut, lysis buffer waglusiufianale
Mnduneumsaialusiiu Usinm 10 plaslu 96 wells plate Tngluusasiogaianumay
(Triplicate)

3. i Bradford’s solution adlulu 96 wells plate 7ifinsifin asazanelusiiu
1AsgIute 5 anandudu Blank  warldsfufidosnistauiialusiu Hudumzuey
96 wells plate w1 9 lngianzveuiie 4 sy dieliansavanerommadrsududedon

wagliinnesernie aaliigauugiivies iWunan 5 wiil

Y
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4. dldinAanunisgandunasi 595 nm  uagtafilaunuieuiiguiunsl
LUSAUNINTFIUNNIIUAITUTY LS aULsumIAITuTuaIsiagalusay tngld

TUswnsy Excel Tun1sAuan

N13732980UAMAIMNIUTAUAEAT SDS-PAGE wag Coomassie staining

insasivaeuaunnlusiulagldseuu Hoefer miniVE Vertical Electrophoresis
System 984 GE Healthcare nanilaggame

1. wssuaalagld 12% Separating gel (30% Acryramide, 1.5 M Tris pH 8.8,
10% SDS, 10% APS, 0.1% TEMED) e 6% stacking gel (30% Acryramide, 0.5 M Tris
pH 6.8, 10% SDS, 10% APS, 0.1% TEMED)

2. ¥Ms3uszuu Gel electrophoresis 38 running buffer fifiduUsznouves
Tris, SDS wag Glycine 91U 1 L asluseuu n1suneondog1alusauaniduty 5 ug
NAUAU Laemli buffer (Tris pH 6.8, SDS, Glycerol, Bromphenol blue, Dithiothreitol)
USu 10 pl wag Broad range protein Usunau 5 pl vinismeszuuitndunseualniln
wiadu 2 sy laun

F29UINAIUUR Vmax = 200 V, f1nun Amax Asfi = 15 mA/gel

frafids $mun Vmax = 200 V., f1vium Amax asfi = 30 mA/gel

3. dunuaaTiliinan stacking gel oan udatlu fixative solution (Acetic acid,
Methanol, Water) iJunan 1 F3lus andudaaade MILiQ water 3 ASq adsar 10 undl
wardethunuealudondnie Colloidal Coomassie Brilliant Blue G-250  solution
(Ammonium sulphate, 85% Phosphoric acid, Coomassie Brilliant Blue G-250,
Methanol) Lluan 16 - 18 v, wédnedaeth MiliQ Agamgd 45 - 60 °C 3n 3 afs Asas

10 Wi Jufinamieaiinieie3es gel doc ansawiu gel Adoudnsalifigunall 2 - 8 °C

Y
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naudl 3.4 wenlusfudaewmaia Two-dimensional polyacrylamide gel

electrophoresis (2D-PAGE) 823lA312%A3uANA19Y299LUSAY

UszaA
WevinsAnwlusalouvas LCLs Wngldmatiansuenlusiununuaudaiveddusiu

1A A Isoelectric point (pl) wagdaluanavadlusiy (Mw)

8n15938

1 luduvestunouusn vie a7 1 (First dimension) (Junsuenlusiulagende
wafiafisenin Iscelectric focusing (EF) lagsyuuaes Ettan IPGphore Il ¥1n19439919
TUsAulTUSN 200 ug Tnewauiyu Rehydration buffer (7 M Urea, 2 M Thiourea,
4% CHAPS, 100 mM DTT, 2% Bio-lyte and 0.5% Bromophenol blue) wkag Immobiline
Drystrips siegalusiuazgninan@nyily IPG strips vw1n 13 wudwns luaie pH 3 - 10
Linear (EttaniPGphorell)  sfegnalusiuazgn Rehydration figamadl 200C  fuan
12 $luswazrunszualniiluduneu lsoelectric focusing (500V for 300 Vh (Step and
Hold), 1000 V for 800 Vh (Gradient), 8000 V for 11300 Vh (Gradient), 8000 V for
4400 Vh (Step and Hold)) lasfiuuau3uia Amax aglj‘ﬁ' 75 A 19 strip wdanTy strip
%Qﬂﬁﬂﬂuﬂu 100 mM Dithiothreitol Tu equilibration buffer (50mM Tris-HCl pH 8.8,
6M Urea, 30% Glycerol, 2% SDSwaz 0.002% Bromphenol blue) Wy 30wl way
150 mM lodoacetamide u Equilibration buffer 15 ml tutaan 45 uiinuadu

2. Ml aildannsimseiluduneuusnluimmsinszsirelutuneuiides
W3afiRfians (second dimension) 7ii38n31 Sodium Dodecyl Sulfate-Polyacrylamide Gel
Electrophoresis (SDS-PAGE) 1agld 12.5% separating gel vinissossuutdiiunszualnii
wiadu 2 9remsvieu

FAUINEWUA Vmax = 300 V, fviua mA 19asdl = 32mA/gel

Fr97id0e MU Vmax = 300 V, fvuaUSuna mA Tiasi = 48 mA/gel

3. wdiULaaatlu fixative solution (Acetic acid, Methanol, Water) 1Huan
1 §lus ntudraaadae MliQ water 3 At adiay 10 unt wdHshwiuealudondse
Colloidal Coomassie Brilliant Blue G-250 solution (Ammonium sulphate, 85%

Phosphoric acid, Coomassie Brilliant Blue G-250, Methanol) WJuan 16 - 18 Gfi"’ﬂm
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udEsdeh MiiQ Tlgamgf 45 - 60 °C 3n 3 afs adtaz 10 wnfl WluTuRinameae
3%UU Image scanner Il (GE Health Care, USA) LAZILATIZAANULANAISUBINITUARIDBN
20elUsAUAIETUIIATN Image Master 2D Platinum version 7.0 (GE Health Care, USA) 911
MaugalusAuidanuduunndsegedidoddny (P < 005) e lUinnevidesie

watla Mass spectrometry iieszyvtinvedlusiusoly

aoufl 3.5 Msgosrua ainwulnduaziinmziiudinddise LC-MS/MS uas grudaya
Usfu MASCOT

IUszaIA
d' o (Y A o Ao ' 1 A v o W (Y s
WeinsAnaangalusiundiaunswendtegsivedAgeanunaiaulnan

Aoan1s yibiulnausansnewinmsiesisinisiinvedlusiu wazmvtinvesgalshiu 39

ad a o
B3I
Tugumneuiineifelavimsdasuaanlulnseisen Proteomic service center

[

anuzmadianIsunng uvinendesing Gei3snislaede fail

1. yalUsAuditinnuduunnsinsedreiifodidny (P < 0.05) azgndinooninnieauay
1nu1d19deenay De-stain solution (50% Acetonitrile (ACN) Tu 100 pL w89 25 mM
Ammonium bicarbonate) wagdinsetoulssmiuudiuaui 37 °C Tu 25 mM ammonium
bicarbonate wWilnaaggniunanialy 50 pL of 5% Formic acid/ 50% ACN waguiluldly
ultrasonic bath 1wan 15 unfikagyinlsusieme Speed-vacuum

2. thsegslusauluazatsdae 98% H,0, 2% ACN uaz 0.1% formic acid wazilu
wenitgaumadl 4 °C 15,000 xg Wunan 5 witdeuazindngszuu LC-MS/MS Tsldudnnns
ESI- QUAD-TOF anuglufiu HPLC Tu Positive ion mode Yayaasgninulagld Full-scan
MS finasiouszalutag 300-2000 wag Full-scan MS/MS 484 lon flaulaluzasnaseuszq
50-2000 MTIATIAlUSAURLIH RS0 lo MASCOT search engine Tnediaya MASCOT

score YNIIPNUNTIINTNITATIIFBUAUYNABIVBIFURUUIUTAY
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AaUN 3.6 N1AATIINTIETEUINAIEATULUUTUSAlaNYas LCLs

UszaA

=) v A

WeinsiiesevilanazniinfvesgalsiuiignAniianeanin AaenIudAsTIEn

A o ¢ ! = A aa = v o ace o O =
Lf’ﬁ@‘sﬂqEJﬂﬁqwauwu5531ﬁ3qﬂiﬂ5@u%a$EJ‘LW]&W’Y]']&ILﬂEJ']SU@Qﬂ‘UE]@V]"?IlIﬁLﬂﬂ@]ill‘VNEL‘Uﬂ'ﬁﬁﬂU']

ABUMTNLAZNISAN Y IUASIT

ad a o
291135798
(% o Aa L3 a Aa a Al 1 a o o w
na991n1IATIzRlAe MASCOT  TushAuniinshanseaniaun@liogeiidedfgy
a % v :4' a O o ) A o a - =
Seuesudn sngdelusaurnuagniungwlvanliiavinin133iAT1iAI0Y 18N 19TIN M

a

v3lUsAUMETUIIATY Ingenuity Pathway Analysis (IPA) Tunisasialaziiasnzilaseang
Nt lagleisn19n19aiia Fisher’s Exact Test TussautivdAgniananldhe P-value
(two-sided) < 0.05 wailaainlusunsuagyiueislsasig 9 uagnininieginin nasnau

A a PN v o & ] a aa a al
L?‘ﬁaslﬂEW]'NSU')JT'WW‘V]LLE‘WNﬂ')']mamWUﬁigW’ﬂ\ﬂﬂﬁmuwmﬂq3LLﬂ@Q@@ﬂN@Uﬂ(§]VLU

A1SALASIZRNI9TIFITAULNAAIEAS LN DN AT UFUNUSTTNININITHENIDDN VDY

nauaasulau WsaleulunsAinwinaunin wazgduuulusilauves LCLs

UszaeRn
WBASIVEDUAINULNEIVUBINUTEMINNITHANIDBNVRINI1UaASULAY 1USRLaY

lunsfinwineunt uagguuuulsilonveawasd Lymphoblastoid cell lines (LCLs)

ad a o
5115938

BIN1SAATILIANULNEITBINUTENI1INShANIDNYBINI 1 uaASUlay TUSALaY
lums@nwineunt uagguuuulusilenvesaad Lymphoblastoid cell lines (LCLs) lag

11113 Overlap symbol lganiusunsu Ingenuity Pathway Analysis (IPA)
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A153LATIZINISHENIDNVRILUSAUAIEIMATIA Western blot

UszaA
detdunisBudunaainnisiiesieiuasdaansaunamans naulusfuiuansesn

o w 1

a a ~ a v | Ao & v a A a Y o
NaUN® LLagﬂJﬂ'J']llLﬂ?J'JGU@Q@EJ']QZJUEJE‘WQEUG]@Lﬂi@GU']EJLLagﬂquVﬂQGU']ﬂ']WV]LﬂEJ'JGU@ﬂﬂ‘UIiﬂ

1Y

pafFuaUnNAsuITgNARERNLIINMIATIZMEIT Westermn blot sialy

%n15938

insiasenlagdilsiudiuu 15 pg AngUlelunguanuiauniniamuniu
JULIY (Severe language impaired) 97U 5 91¢ LLﬁ%LU%SULﬁﬁJUﬁUﬂdMﬂuUﬂa
F1uU 5 518 FnsSuaadieszuy SDS-PAGE Taeld 12% SDS-PAGE daftlananilidnedu
mﬂﬁ?uﬁ']miw?iaudnﬂﬂsam’mLwiul,ﬁ]alﬂajl,mummmu 0.2 uM  Immun-Blot®
PVDF membrane (Bio-rad) Inaly Mini-PROTEAN® Tetra system nturhnng Blocking
membrane ievilastunisiinduaailisinie Tagld 5% Non-fat dry milk Tu TBST

a

Bunen 1 dalus flgamaiivies  91nuriinns Incubate F1ndudae 1: 4,000 vos
Rabbit monoclonal anti-human IDH2 antibody [EPR7576] (ab129180, Abcam) il
ANUAUNIZEID IDH2 %39 1 : 6,000 983 Rabbit polyclonal anti-human DBI antibody

o w |

(ab196485, Abcam) #HAIIWANNIZAD DBl FelUsAundedrAgydanIsnaday a1

(% 1%
[ [

WNULILLUSURIE TBST  buffer 3 ase pdeaz 10 unil itedraieueufvenaisuiil
Alailgsusumzonn mudiensldueufvenaidud 2 1éud 1 : 8,000 @ w3U Anti-IDH2)
and 1: 12,000 (35U Anti-DBI) 989 Donkey anti-rabbit 1gG H&L (HRP) preadsorbed
(ab7083, Abcam) Feazmusumeseweufivenadiuil 1 wariiduiianunsaiudayaals
WuNususufinanlulsenuildulagldszuu Amersham ECL Select Western Blotting
Detection Reagent ¥auAU ECL hyperfilm W& Strip membrane lngang
membrane 728 0.2M NaOH 1Juiian 5 w1l uag Re-probe 91uAum8 1 : 10,000 U8
Rabbit polyclonal anti- GAPDH antibody (sc25778, Santacruz) Faudu Endogenous
control protein ﬁqmmgﬁﬁad MuA9Y incubate Tu 1 : 12,000 V89 Donkey anti-rabbit 1gG
H&L (HRP) preadsorbed (ab7083, Abcam) tfuvian 1 Falus wazihluusenuildulagld

5%UU Amersham ECL Select Western Blotting Detection Reagent 3aufu ECL hyperfilm
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= aw
UNn 4 Nan15Ie

MNsIAsIevianuasUserIng  (Demographic  characteristics) Tuguiednuiu
85 TefdnuazeNstalau (vhnsdadengiheiilildoglunguens intermediate) a7n
NsANYINITHARIeaNYRIBuYes Valerie W. Hu lul @.f.2009 [84] lngvinsni1sdnngy
Fuaelminndeyannuuunageudanses ADIFR Jadunuvasunaumisadindiuau 123 4o
Al#itadugtaelaginmsaeunuaniunasesiiguagiisUszneufiunsgdnwaengingsy
oty wuvasunuduisoondu 3 Fundn Tdud eruunnseddumsiiufduiusnig

GG (Impairment in social interaction), AIUUNNTBIUNISHDATT (Impairment in

1%
] a

communication) kagngAnTaiLagaaulanuuIumzsuAuieslifvln (Restricted,
repetitive and stereotypic behaviors and interests) Gﬁayja ADI-R suaa;:iﬂwlﬁ%’umm
awmwﬁﬁ]’m The Autism Genetic Research Exchange (AGRE) repository %’aﬁ,ﬂaﬁﬂﬂénlﬁ
gniia3iAs1£9iie s Principal component analysis (PCA) #sldlunisduungtaseeniiy
ngugenLiioanauvainuatgvesnNuLslsalugvaas Saufunsiingeiiagds
Hierarchical Clustering (HCL) @sldfiiteAinsginnuuandnasenitsandnlunguuagsening
nau loeldlusunsy Multi  Experiment  Viewer — (MEV) [86] a1uszidauiznisues
Hu & Steinberg, 2009 [85]

InNsEny nuEteeeiduaunasuiuiu 85 Megnuuseendungugesdiuiu
4 naumuEnuarATNTLLsedtsa T nuiiiEu (G1) Aenquaufinunfivnadiuniw
tfoe (Mildly autistic), ngudiden (G2) Aenguiieifivinwrauasnsafimsiuiuaiy
HAUNAAIUAIMITULSY  NaNFung (G3) ﬁamﬁmﬁﬂwﬁﬁmmﬁﬂﬂﬂamaé’mmwnmm
(Severe language impaired) uagnguAmAes (G4) Aenduilivinwganuanansofivay
(“Savant” skill) éfﬂgﬂmwﬁ 4 upy 5 FedonndestunsAnwneuntilag Hu & Steinbers,
2009 [85) InglannzeesbslunguitaeiiianuinunAduaiuigunss (Severe language

impaired)
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SUNW 4 uans Heat map 91ndeyangiunluuna@auAnnsed ADI-R

Yo U18eeBUAIUNATUIININ 85 578 LAgUUIAT (Column) UNUMEAIAINATIIEHE

91M15V05 1Y dIULWIUEY (Row) UNUMEAIAZLUNINNETIY INANEIITAUDNDINTT
o V1 [ 4 a5 a [

AuguLsIdunnzludUiglasudaduanusuiswetonistse@imuludinnusuus

1899101500 (Hndes) Fuilon1sasieniudrnuzITonunaunsauuagUlieniamens

= 1

anmausussseanlalu 4 nguundn dwavdnisinuernile Tnenquaundu (G1) Asngy

9

ANNERUNANIAIUNTYITeY (Mildly autistic), nauuwaudded (G2) AenguiUlenilvinye
ANNANNIANLAYTINAUANURAUNFAIUAITULTY, NFULAUELAY (G3) AongurUiehdl

ANURAUNANIATUNTEITULTS (Severely language-impaired) wagnquuaudinies (G4) Ao

Y

nauNvinyeAMUaINNTaAY (“Savant” skill)
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JUNNT 5 Uaneman153iAT1en Principal component analysis (PCA)
FAAzALUNURUIY 1 AU LAZUARZUNUALLARIAN YUENgANTTUYREUIY 3 ATUNANTY
WUPASOLUSE e San e ususssean oy 4 ngu sdenndesiunisuungy

PELUUNA@BUANNTDY ADI-R
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4.1 HaN15ATITRYaNATURUUNTUEASUTANYDY LCLs

Yy U

waeaInnIswUInguiUIesae  ADIR score  eanilu 4 naudes §Idaldviinis

Fas1zvnsuansulauvewwaatausiedulnuatanass  (LCLs) tilannguninishandaan

o w

wans1sed1elideddyseninnquiUlivesidualnaunavun 85 918 (Melagsiuuay

nauges) WSsusuiunquanUnaniimamelfungugUlsuaziionglnairesiungugUae

9 Y

(Age- / sex- matched control) IngA8n15N19@h@ T-Test Wuu Standard Bonferroni’s

o w

correction TuseAULEEAUNIIEDANLYAD P-value (two-sided) < 0.05 3N1UIUTUTNLEAIDON

<

a = 2 1

pdnailifed1AglunsaznguasangdanimilowlTeuiieuiunguanund lauaneliss

IS a v o

M5 3 wagliihsevesuniauunndisedralifeddgluudazngueesvasUlisunasng

<@ . = v o 6 a 1 | Ry d'
WUHUNIN Venn Diagram TIATUITAUAAIAINNANNUTUBIY ULARS NN immgﬂmww 6

o w v

a ° a A | Ao ! A )
BTN 3 LLﬂﬂQ‘iﬂu’Ju&JumLLamﬂE]@ﬂaEJ']\‘]@JUEJ?{’]QQJGU@QNU'Jﬂiiﬂ@@W%NﬂLUﬂmiﬂiﬂﬁﬁfJﬂLLag

= Y

'
1 1 =

naugeedlaSuumeuiunguauund agldada T-Test (Standard Bonferroni’s correction)

q

[

firnudfey P-value < 0.05 (two-sided)

nguvafUaelsneeiiduaiunaduile SRV
wWiguigununguauuni Probe
All ASDs 815
G1 (Blue) group 1192
G2 (Green) group 367
G3 (Red) group 3024
G4 (Yellow) group 497
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CvsG2(Green) CvsG3(Red)

CvsG1(Blue) CvsG4(Yellow)

147

SUAMNT 6 A Venn diagram Haninisuanseanvesdunuansinsegaiidyddyvesngudes
a a [ ) < U ! a o

YaangSan nvedlsngefiguaiunauiUTsumeuiunguAuUnAdILIY 29 518

Ineldanf T-Test (Standard Bonferroni’s correction) NA1tiad1Aey P-value < 0.05 (two-

sided) lagnauduniu (G1)  AenguauraUndneauaIwdes (Mildly autistic)

NAuATYY (G2) Ao NquRURENIvin¥EANNAINNTONLAYIINAUAMURAUNRATUATITULT
] -~ Vv aa a a v . .
NAUALAY (G3) AD NAUKNTIENUAUAAUNANINATUNIBITULT (Severe language impaired)
oA a | Aa o a i ’ . &
waznaNaLasy (G4) ADNRUNUNNYEALAILNTaNLAY (“Savant” skill) UBNaINU 91NNTT

q

AATIERNUIRTUTWIN 815 Buniinisuanseenuand1annquanunalaglilaniung

wusdungueasnuanyaznenSanmveUae

= & aa aAa ] | Ao o W ]
nn1sAnedl wuadguisianuunnaisegrsiidedifyleesinnazrlundasy
o v = = = Y] a o = = ] o v ° = o
naugegvertheiilaiussuiisuiuaulnAdnuiuiin deulunsagnguasudiedinig Jad
I3 v a a ] ! v a a a a A
anudululanainuiiaunilusdanguuegUise1alianvguiainainuial niangud
unnenefiy lnglanvedadalungu G3 (Red) wuduiugunilanuuansaiunguauuni
I A v o w PN Y] & Y o v a A a % v
pgalidedAuniian  wasnuuy laviinisAunine saninwaglsaifetaslaely
lUswnsy Ingenuity Pathway Analysis (IPA) @alulusunsudlalunisiiuneminfvas

o = = o A DY = ' o a a
nsiuvesdunazlusiuly  pathway Agdesiulsansendueinisndauiaunily
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a o

$19119 TngnuiBuiiiinisuansesnegsfifeddglunnngudesnuinfinufsadesiu
ngalsafifimnuunnsosesiaLINTg (Developmental disorden)  uazngulsaiidiaany
AnUnfimneszuudsyam (Neurological disease) wonanni lungy G3 (Red) Sswuiiudid
nsuanseeninunfegnslitedfaiiieadestunnelyyideu (Mental retardation; n =
56 8, P-value = 0.00567), eoigunsaAuUANTaINNaatyyl (Autism or intellectual
disability; n = 59 8u, P-value = 0.00797), AmuunwIansailygiuazain1saudn
(Intellectual disability and seizures; n = 3 g1, P-value = 0.0155)

NN1sANEE LATN15a3 AT 071819 T A NUARINT ARSI AT A UTLS
5¥wi1sBu  (nteractomic  analysis) laglds1ededuinanseansgreifvdfyveandy

G3 (Red) Bsléfgnuanslisiesunwit 7
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gytokine
nzyme
G-protein Coupled Receptor

Group or complex
Kinase

Ligand-dependent Nuclear Receptor
Peptidase

Phosphatase
Transcription Requiator
Transmembrane Receptor
Transporter

Other

SUANT 7 AMMASEUNENITININUAAINTITIATIENAINFURUSTENI198Y (Interactomic
analysis) Tungu G3 (Red) Ingusnauiidumedinduunugunianuieitesiungulsaidl

ATUUNNTDIVBINAUINTT (Developmental disorder) wazUiaAtumedLwNUBUNY

ANMURAUNANIITZUUUIEA™ (Neurological disease)



a2

4.2  WAN13IATILN  Meta-analysis  vaslushuunazgunuulysilauvasgiae

anduaUNASY

WaAumINIskanseaninaundtuvedlusiuunazsidudruntanine liiavsoduna

wnANEnUNAluEtheefiduaUnasy 1513wihnsTiusinsAnelusiuuaslusileud

Y

AunuIInswanseanfiauinUnd et dideddgludieeeiiduauna sy angiuteya

%

PubMed #ausitl m..2007- 2017 TgyinisAntaanianizn1sAnwnddsdiieg1eainuyud

o ' '
Y IS

Wity Felldsdamsiauseneauluaay Serum, Plasma, Neonatal blood spot, Saliva, Urine
Wag Post-mortem  brain ¥83§U1e s1uvieviua 16 1uidy lngdduulusausiuiavani

860 1UshU fm57197 4 (evelusiuriamuausazaddelagnsiusiulilunianuin)



AN5199 4 WAASTRATDIAIFIDE1IILUNANNINUIUNS AN NN TFLUNSANEA

v o

Puulushiunuansooneg siltsdAgainnsAnuiaiue

a3

(%
[

Sefluay

Un.a.9 o309 (Reference) yiavosds | d1uau
ANUN damsn | Tshu
2007 | A proteomic study of serum from children with Serum 5
autism showing differential expression of
apolipoproteins and complement proteins [87]

2008 | Hypo-Phosphorylation of Salivary Peptidome as a Saliva 8
Clue to the Molecular Pathogenesis of Autism
Spectrum Disorders [88]

2011 | A Proteomic Investigation of B Lymphocytes in an Serum 14
Autistic Family: A Pilot Study of Exposure to Natural
Rubber Latex (NRL) May Lead to Autism [66]

2012 | A lack of association between elevated serum levels Serum 1
of S100B protein and autoimmunity in autistic
children [89]

2013 | Identification of an age-dependent biomarker Serum 12
signature in children and adolescents with autism
spectrum disorders [90]

2014 | Neonatal cytokines and chemokines and risk of neonatal 2
Autism Spectrum Disorder: the Early Markers for blood
Autism (EMA) study: a case-control study [91] spots

2014 | Proteomic analysis of post mortem brain tissue from Post- 13
autism patients: evidence for opposite changes in mortem
prefrontal cortex and cerebellum in synaptic brain
connectivity-related proteins [92]




aq

Un.a.d o309 (Reference) yiavosds | d1uau
EATEO damsan | TUshu
2014 | A pilot proteomic study of protein markers in autism Serum 3
spectrum disorder [68]

2014 | Serum Level of Desert Hedgehog Protein in Autism Serum 1
Spectrum Disorder: Preliminary Results [93]

2015 | Comparative two-dimensional polyacrylamide gel Saliva 40
electrophoresis of the salivary proteome of children
with autism spectrum disorder [94]

2015 | A Pilot Proteomic Analysis of Salivary Biomarkers in Saliva 18
Autism Spectrum Disorder [69]

2015 | Neonatal Cytokine Profiles Associated with Autism neonatal 16
Spectrum Disorder [95] blood

spots

2016 | Urine Protein Biomarker Candidates for Autism [96] Urine 694

2016 | Expression and oxidative modifications of plasma Plasma 13
proteins in autism spectrum disorders: Interplay
between inflammatory response and lipid
peroxidation [97]

2017 | Redox proteomic identification of carbonylated Plasma 2
proteins in autism plasma: insight into oxidative
stress [98]

2017 | iTRAQ based proteomic analysis reveals protein plasma 24

profile in plasma from children with autism [99]




a5

ntu ilednensedelusiudendiuniinisinseigaelusunsa Ingenuity
Pathway Analysis (IPA) tiievhnsAumuiniidesduuasauiedestulusivau q wui
Hulusuiifinnuieadestuanuinunivisszuuuszam (Neurological disease; n = 187
WsAu, P-value = 3.52E-35 — 8.14E-11), ﬂszﬂiﬂmﬁm’ssu (Psychological disorder; n =
126 TUsAu, P-value = 3.52E-35 — 8.14E-11), MsWau1n15v0duUsle (Embryonic
development; n = 17 TUsAu, P-value = 9.70E-11) Lazn1TWAILINITVDITEUUUTZEN
(Nervous system development; n =15 TUsAY, P-value = 1.43E-12) Feflmnuiedesiv

NYTEANNVDIDBNTUAUNATU

(%
o ¥

uan1nil Sanudningulsiudsnanndanuieadestunssuiuniseonqnidiu
puyavdsy (Free radical scavenging; n = 41 1Us@Y, P-value = 5.25E-23 — 2.46E-10) Tsail
Lﬁlmsﬂjmﬁ%ﬂ’ﬁﬁmau (Inflammatory disease; n = 159 1UsAy, P-value = 2.24E-36 -
1.06E-09), nszuiaumsiuunuedduvesluiu (Lipid metabolism; n = 58 TUsAu, P-value =
2.13E-24 - 7.12E-12) WagnIsuIUMISHAIUITE9IsUUNITERY  (Digestive  system
development; n = 28 1Us@u, P-value = 1.27E-17 - 6.00E-10) Fupedsrsnuauiaund
é’ana’nﬁﬁmmLﬁ'm"ﬁaaﬁuﬁﬂaaaaﬁ%mmﬂm%’umﬁuﬁu [100, 101] waziietsnedeves
TUSAULIINITES19AS BV ENIITINTINLAAINITILATIERAIUEUN UG TLUIN9LUTAY
(Interaction network) fagunnil 8 Fsnuingulusiudilvgfieundonloaiungulsai

ANUNNIDIVBINMUINTG (Developmental disorder) wazlusiuniamuiaun@iniaszuy

Uszam (Neurological Disease)
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G-protein Coupled Receptor
Group or complex
Kina

Se
s Ligand-dependent Nuclear Receptor
Peptidase
hosphatase
ranscription Requiator
Transmembrane Receptor
Transporter
Other

SUAMA 8 MWATEYIENFINMLAAINTIATIERANUENTUSTENI19lUsAU (Interactomic
analysis) vaslushudilaannisfinudu q Tugrudeyanmun 16 115338 laeusnuidy
v a % a a ada a 1% o i A ] Y]

areduniuwnulysiuniainuifeitesiungulsanian1uunnseavesimuInis
(Developmental disorder) Hazusaiittusediiunulusiuniianuiauninieszuu

U521 (Neurological disease)
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Y

4.3 nan13AsIztayaNun1uie (Overlap) sendneguuuunsiuaasulauves LCLs
FUAUNANITIATIZY  Meta-analysis vaslusiunazzunuulusileuvasgieaaiiay

adnnsy

Tunsfinwadsdl vn1s Upload  deyavestudifinsuanseeniaunily (landy
funelnsTiuuaznaugUiegesuianudnuazUszving) waz Upload Yeyaveslusiiu
Fnuinpefinssenuauiaundluemuddedy 9 @iluly Ingenuity Pathway Analysis
(IPA) mﬂﬁ?uﬁwmil,wiﬁffaaga (Convert) senadlveglugy Symbol Falusumoudvinlvd
SruuBuuaslusiuiliflugudeyaianisgymeluvisdin ant hmaieudoy

v & oA o & A a = Yo P =
JoyarisaninguiiondeyaiiuniaIuiied (Overlap) Fauandlifagun1ni 9 wagans1ad 5

}7 '
~ I

wenIndnanTiasendeyaiunatuies (Overlap) luwsasngudesfanuinile
a gj 1 1 1 Y O’.Jl a 1 1 1 a
finssangudesusnasliainnguiieranan Usuiawes Symbol  lunguegesurengud
Puuigy Insanzegnadungy G3 (Red) Busimudndusuna Symbol giwian waziile
MN193ATIERR8 Hypergeometric - distribution analysis  Fadun1s@nwiAudunus
TenINNGY LmuImsuansUlnuveengd G3 (Red) dianuaennnesiun1siauniveanis

)

wanseenvedlusiunazlusilonlunisfnwineu ¢ egnsltivdAey (P-value = 0.036)
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Transcriptome

(G1vsQ)
_ 352 360 | 2 | 166
Transcriptome
(All ASDvsC)
(P-value=0.063) (P-value=0.432)
358
Transcriptome
(G3vsC)
(P-value=0.451)
339 358 | 4 | 243
(P-value=0.036) (P-value=0.171)

SUAMT 9 a7 Venn  diagram wansd1uau Symbol  Megluituiianuiieafiu (Overlap)

1 IS Aa a al :’/ ! Y 1 Y 1 N 1 (%
serinduninisuanseanidaunily (ManguiUlslagsiuuaznquiUlsgesuuaniudnyay

v

Uszn9) uazdeyavedlusiunnuinaginssenuanuiaunilunuideay q

TneldadA T-Test (Standard Bonferroni’s correction) fientudfey p-value < 0.05 (two-
sided) Inenanauddu fie WsRufinuinaefinisssnuanuinundlunuisdedy 9 ; 2naud
13 Ao Budifimsuanseeniaundlulunguiinelngsau; 2snaudindu (G1) AeBuiiiing
wanseaninunAlunguiUisanurauninenun1wdes (Mildly autistic); anaudide?
(G2) AoBufifinsuansoeniinUndlulungugUiefihinueanuasnsafiawiaufuaiiy
AnUnAFUANITULSS; enauduns (G3) AeBufitimsuanseeniaundlulunguiiredain
AAUNANIAIUNIITULTS (Severely language-impaired); waganaudnaes (G4) Aofund

Y

nsuanseaniaundlulunguniinweanuaunsafivey (“Savant” skill)
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M399 5 Tshudeglununauieniiu (Overlap) seninaduniinswansseninunall (1
nauRUIglagsaznguiUlsgasulanudnuurUsyIng) uazdoyavedlusiunnuinng
HnsTenuanuRaun@lunuidesu o lngldada T-Test (Standard Bonferroni’s

o w

correction) fienifudfiey P-value < 0.05 (two-sided)

Overlapping total | elements

Previous Proteome
a4 PPP1R2, FGB, PRH1, C5
_Cvs AL ASD transcriptome

Previous Proteome HERC1, C1RL, CD59, BMPR2, FGB,
10
_ Cvs G1 (Blue) transcriptome RNASE1, CTSA, ZG16B, MGMT, ATRN

Previous Proteome
2 PRH1, PSCA
_ Cvs G2 (Green) transcriptome

HSPA8, FN1, C5, FCMR, IGFBP5,
LGALS3, LRP2, MBP, SERPINA3, NID1,
23 BCAN, GM2A, MRC2, VTN, MST1,
PPP1R2, PTGDS, FGA, CTBS, ACTGZ,

Previous Proteome

_ Cvs G3 (Red) transcriptome

SERPINC1, APOA1, MMP9

Previous Proteome
a4 FLNGC, IGSF8, PRH1, IGFBP5
_ Cvs G4 (Yellow) transcriptome
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4.4 wan15asenguluulUsalauas LCLs

Anwinsuanseanaintusiuly LCLs  vewUiweenduaiunasudiuiu 6 51¢
a = o i = & ada v o v
WiguisuiunguaivaudaduaulnanilenglnaiAesiugUle (Age-matched  control)
U 6 519 lagldnalin - Two-dimensional  polyacrylamide gel electrophoresis
(2D-PAGE) 11931zl UsAulugng pH windu 3-10 §In1snaaeulsarasiagyindaIusg
(Triplicate) 7193 LCLs Alathundnsigdlainismnziaesiagmsinuiwaanuseideuisnis
994 Rutgers University Cell and DNA Repository #ailugndnuazguasnuiwadiy Autism
Genetic Research Exchange (AGRE) collection maenauldvinnisanalusiuainieas,in
USunaulusiuuaznsiaaeununinlusiu Wamiliunisua wiuaanliainnisinsenazgn
ihldsginenislusunsy Image Master 2D Platinum version 7.0 (GE Health Care,
USA) iayinmslasieiSeuiieuanuuansaaenishantoantasgalusiuluwsazwiy
= A a a a | 1 £y
1NNTANYY NUPHUTUIUALUIAY 530 IALUTAUADIALDER FININ 4.7 Uazamn

= a1

4.8 Fadlpiuinsiiassvsieadaluu ANOVA 91 P-value < 0.05 wudniigalusunien

[y 1 |

dnahunnuduuansnsiuegailfvdrdgsyminnguandniuaznausUigesiduaiunasueg
7l 82 galusfudouruiaa dnisedslduandilunianuan 2 iy livhnisdadenys
Tusiudandmdnadilaglididndruanuiduwnniiuanamieiisduogsios 2 wih nud
wlusiuniinsuanseeniinuniluegreiidedfysiuiu 18 9a dagnuanslilusuaini 10 -

12 115199 6 uazgunni 13
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(1) 3I9vd-Ac UYIAIRLY BLE 9 »GRWCGRS.E% () vmﬁQWSPFG?r\@wr_\r@c?@m_,nrﬁe_.m$ﬂmgc?4m3W$®®mP¢WnG,_J (U)

1013U0D PAYDIPW-I5Y BER STDT ULBAYEN{PERUCRRYETELUBLIMIMLL 0T UMLUNE

—
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(2) 3IHvd-ac UYIAIRLY BLE 9 »GRWC@E\#E,\_, () vmj3,wrﬁ,rG?r\@wr_\r@c?@m_,nrﬁe_.m$nmgcTJERW$®®EPTWnGJJ (U)

n

10AUOD PAYDIPW-BBY BER STDT ULEMBEN{PERUBCNSRNELUBEIIMIMLY TT UMLUME




53

..

'

ey it

». Rl

(€) I9Vd-AZ UNLUIRLY BLE 9 RMEBULIEABA (1) BETMELALLILSNLABUNBMIELLUEATEL BUNILRGARCRE LN (U)

103U PAYDIeW-I5Y bER STDT ULEMYEN{PERUBEMOBTIELUBEIFMTAMLY ZT UMLUNE

-~

.
»

-




M15°991 6 YalUsAuninIsuanseeninuniluse iy

ALaDAWUY ANOVA 91 P-value < 0.05 wazfinianynlus

[ [

o

a

ANMUTUBLANANAUANDIVI DVNNTUDEITIBY 2 1911

AEUATUIU

[

AUAING

= 5 Va v 1
ManAsiaglidnaiu

No. | Predicted Description P-value MASCOT
Proteins scores

1 DLD Dihydrolipoyl dehydrogenase, 5.95E-06 666
mitochondrial

2 IDH2 Isocitrate dehydrogenase [NADP], 1.59E-04 629
mitochondrial

3 TPT1 Translationally-controlled tumor 2.03E-04 92
protein

4 ANXAS5 Annexin A5 6.26E-04 308

5 CCT5 T-complex protein 1 subunit epsilon 8.47E-04 545

6 COX5A Cytochrome c oxidase subunit 5A, 1.73E-03 233
mitochondrial

7 LGALS1 Galectin-1 3.63E-03 | 612

8 GSTP1 Glutathione S-transferase P 3.77E-03 57

9 HNRNPA1 40S ribosomal protein SA 4.31E-03 53

10 | PGAM1 Phosphoglycerate mutase 1 (brain 5.39E-03 951
isoform)

11 | TUBB Tubulin beta chain 6.30E-03 | 557

12 | ENO1 Alpha-enolase 6.81E-03 339

13 | H3F3C Peptidyl-prolyl cis-trans isomerase A 8.80E-03 50

14 | DBI Diazepam binding inhibitor 2.21E-02 116

15 | AHSG Alpha-2-HS-glycoprotein 3.13E-02 552

16 | ERH Enhancer of rudimentary homolog 3.51E-02 32

17 | CLTA Clathrin light chain A 3.65E-02 | 215

18 | CALM1 Calmodulin-1 4.33E-02 | 69

54

18 90 WeyNTIATIEN
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cc?iml% : g”ASD
2 <
e 9 -9 QO &
(o0 : @ o©
o o o® {
DBI LGALS] &e° o ‘
000 ~ @ o@oq
o
[} b ) ! S 80‘#
® o @Q ©
( ()
COX5A e ® 0! can &e £ %Oooo
(]
4 .h J
HNRNPAL ) o
% -
AHSG
TPT1
IDH2
TUBB
PGAMI
H3F3C

[y o

sUn M7 13 alusAuninisuanseeninunilusgaditudidgydiuiu 18 9a Wevinis

o

a (% 1

AATIERMEEDALUU ANOVA (P < 0.05 ) uasfiniionyalusaudinandnaislnglididnd iy

AMUIULANAAUANAY/LANTUDE 9 UBY 2 11N
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wdniy sldhsedelusiuiomaludn Ingenuity Pathways Analysis (PA)
Wevhune pathway  fidnaziiaauiisados Sanuindiulngvessiedelusiudus
auigtesiulsalussuuseul$vie (Endocrine system disorders), auRnunfiniaszuy
Uszam (Neurological disease), nszuIUNTIULNUDATUVRIlUITU (Lipid metabolism),
Tsadifinszurunisdniauiintu (nflammatory  Disease), naulsafiiaruunnsosos
Wwwin1s (Developmental disorder) uagngulsnn193miay (Psychological disorders)

Aaranlagnuandlilunisien 7

el' v o a Aa Ql' 1% Y} a da a a A
AN 7 ﬁu’]V]LLagWEJ']ﬁaﬂ’]WV]MWJWNLﬂEJ'JGU'P]\Tﬂ‘UQ@I‘Uimumuﬂqiuﬂﬂﬂ@aﬂmﬂﬂﬂ@iﬂE]EJ'NN

v o w

WydAydnuiu 18 90 LWeinn15AT18YinIgadaluy ANOVA 91 P-value < 0.05uazfinien

olUsAusainandnasalagltdndiunuiuwnnsnaiuanawisoriudueE 9oy 2 i

Category P-value Molecules

Endocrine system 5.93E-06-4.16E-02 | TUBB, COX5A, ANXA5, GSTP1,
disorders AHSG, ENO1, CCT5
Neurological disease 3.19E-05-3.72E-02 | HNRNPA1, DLD, CALM1

(includes others), TUBB,
LGALS1, TPT1, ANXAbB, DBI,
GSTP1, H3F3C, CCT5, IDH2

Lipid metabolism 6.25E-05-1.47E-02 | LGALS1,ANXA5,DBI,GSTP1

Inflasmatory disease 4.95E-04-4.17E-02 | HNRNPA1, LGALS1, ERH,
ANXAS5, GSTP1, AHSG, ENO1

Developmental disorder 9.24E-04-1.06E-02 | HNRNPA1, DLD, CALM1
(includes others), TUBB, IDH2

Psychological disorders 4.61E-03-3.72E-02 | HNRNPA1, TUBB, LGALST,
TPT1, DBI, GSTP1
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MnMsieszigallsiiuia 18 90 mudilusiudian 11 geanvianan 18
0 lAwA PGAM1, DLD, IDH2, TUBB, AHSG, CCT5, ENO1, ANXAS5, CLTA, TPT1 Wag H3F3C
finsuanseenanadludthe uazlusiusuau 7 geainitavan 18 90 1A LGALS1, COXSA,
DBI, CALM1, GSTP1, HNRNPA1 uay ERH ﬁmmamaamﬁuﬁﬂuﬁﬂw ueanNITEamyn
TUsAusiuau 5 90910 18 90 1duA PGAMI, DLD, IDH2, ENO1 Wag COX5A fimnigndas
funsTUIUNTATIINANU ey WWsAudwIu 4 99910 18 9a A TUBB, AHSG, DBI, TPT1
firnuedestussuudsvam
uanand lunisfnundl tsgsldinisdumndululugrudoyaiiisaiulse
pofiduaUnasy aun AutismDB, AutismKB, SFARI ifiemainuRnunfdinenuinnoud

=

WetaaiulusAusana daduluniunisian 8

(%
a

Tunisfnwilavianisainalasetigainuduiusseninalusduselusiu
(Interactome) vaslusaudulugiiagunmi 14 Famuinlanufgitesiuaiuiiaunives
szuuUszamadiuUaneviiaguuse (Progressive motor neuropathy) kagN15M1EYDUTATAY

Aufina1nduusle (Cell death of embryonic cell lines)
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51971 8 galusiudifinsuansooniaundluegrafidodrdydmou 18 90 Wovinisdum
ﬂﬁulﬂiugwusﬁagaLﬁﬂ’;ﬁ’ﬂiﬁﬂaaﬁ%mal,ﬂﬂm%’m @A AutismDB, AutismKB, SFARI Wi
nihuazneBanndesiuinefinemenuaruiauniluftisosfiuanns

Tnewp3esne / unumsaedununmsaneindinuiaunilulufunielusiudnanadulse
pofiTuanniy wazta3emuty  x  wnunisdildinedinisAunuainuiisadesiu

poiiduaunasulutagiu

Overlapping with ASD
Predicted Functions/Associated
No. Description Databases
Proteins Human Phenotypes

AutDB | AutkB | SFARI

Present in the cortical plate
Alpha-2-HS-
15 AHSG of the immature cerebral X / X
glycoprotein
cortex, brain development

Calcium channel activity,
qa ANXA5 Annexin A5 inflammation, placental X / X

anticoagulation

18 | CALM1 Calmodulin-1 Calcium modulated protein | X X X

Hereditary sensory and

autonomic neuropathy with
T-complex protein 1
5 CCT5 spastic paraplegia (HSNSP), X / X
subunit epsilon
Increased circadian period

length

Component of coated
17 CLTA Clathrin light chain A | vesicles and synaptic X / X

vesicles

Cytochrome ¢
Mitochondrial respiratory
6 COX5A oxidase subunit 5A, X / X
chain
mitochondrial

Diazepam binding inhibitor
Diazepam binding by GABAA receptor binding,
14 | DBI X X X

inhibitor behavior/neurological

phenotype, mortality/aging

Dihydrolipoyl Global/Neurodevelopmental
1 DLD dehydrogenase, delay, cerebellar ataxia, X / X
mitochondrial seizure etc.

Activator of plasminogen on
the cell surface of several

12 ENO1 Alpha-enolase X / X
cell-types such as

leukocytes and neurons
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Overlapping with ASD

Predicted Functions/Associated
No. Description Databases
Proteins Human Phenotypes
AutDB AutKB SFARI
A component of
methylosome, targeting
proteins to the survival of
Enhancer of motor neurons (SMN)
16 ERH X X X
rudimentary homolog | complex for assembly into
small nuclear
ribonucleoprotein (snRNP)
core particles
Detoxification, Decreased
Glutathione S-
8 GSTP1 NANOG and OCT4 protein X / X
transferase P
expression
Peptidyl-prolyl cis- Chromatin/nucleosome
13 H3F3C X / X
trans isomerase A remodeling
Pre-mRNA processing, early-
40S ribosomal
9 HNRNPA1 onset Paget disease, X / X
protein SA
frontotemporal dementia
Isocitrate
dehydrogenase Global/Neurodevelopmental
2 IDH2 X / X
[NADP], delay, seizure etc.
mitochondrial
Expressed in brain
endothelial cells, immune
7 LGALS1 Galectin-1 tolerance in pregnancy, X / X
enhanced apoptosis,
autophagy
Phosphosglycerate
10 PGAM1 mutase 1 (brain Corticobasal degeneration X X X
isoform)
Translationally- Allergic Hypersensitivity
3 TPT1 controlled tumor Disease, Paraneoplastic X / X
protein Cerebellar Degeneration.
Mutations in this gene cause
cortical dysplasia, complex,
11 TUBB Tubulin beta chain X / X
with other brain
malformations
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— L
Ly L

gytokine
nzyme
% G-protein Coupled Receptor
s Group or complex
Kinase

Ligand-dependent Nuclear Receptor
Peptidase

ff‘hosph.atase

ranscription Requiator
Transmembrane Receptor
Transporter

Other

sUAINT 14 A1niATeYen1edinaniansnisitasigiauduiusseninalusiu
(Interactomic analysis) ans1edelusAunlaanmalian 2D-PAGE way LC-MS/MS Tagusian
et' Yy o a A A a £ a PN Y o a

N2UABALAINULUTAUNNUINEINITLAAIDDN ANTY ez UTNUTITEUNMINEIReILNY
TUsAuInUIENITLanInanas Y19l USaitusmeduntiuwnulusaundanuneiteeiu
ANUERUNRvesTEUUUSTAMAIUUAN8vlinTuLse (Progressive Motor Neuropathy) uag

VST uAeFInulUsAUNTAULA8T N TAN8UR AR AUNILTANLANUS e

(Cell death of embryonic cell lines)
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4.5 nan13IAsIzitayanuia1uigl (Overlap) sendneguuuunsiuaasulausiuiuna
nsansenigusuuTusilanves LCLs aqemalla two-dimensional polyacrylamide
gel electrophoresis (2D-PAGE) wag LC-MS/MS

NNTHENNISHERteanvesdunRaunfllesndungugssqniesdnsuzeinismia

[

AATnveE UM By wavilials1tnanngy G3 (Red) 11vin1siiasieidayaiiui

AuLAel (Overlap)  AuldsAudlauiannis@neilusilousisivaila 2D-PAGE  uay

v
v

LC-MS/MS aqnn1sAnentuassil wuandliiles symbol 1heaidnisaiuiies (Overlap) lauwn

Isocitrate dehydrogenase [NADP], mitochondrial (IDH2) ﬁ'ﬂLLamﬂugUmWﬁ 15

A U
Transcriptome
_CvsG3(Red)
Names total | elements
Transcriptome vs MS protein | 1 IDH2
1753 Sy 17

sUnnl 15 nmuansdiuan Symbolflegluiiufianuiieatu (Overlap) sewinsBuiiiings
wanseaniaundlulunguiiaedos 63 uarlusiuildunanmsdnwilusalensdiemaia
2D-PAGE uay LC-MS/MS Tagldi@id T-Test (Standard Bonferroni’s correction) fifin
HedRgy P-value < 0.05 (two-sided)

n) Venn diagram Tngnananduns (G3) Ae Buiiiinisuansooninunilulungudiiefifaany

AAUNANIAUNIITULTS (Severely language-impaired); wazaenaudiin (G4) Ae TUsAUT

(%
[

Tau9nnsAnelUsAlaualenAa 2D-PAGE way LC-MS/MS 21nn1SAN® A5 Id

) Uand Symbolfiaglununaiuieniu (Overlap)
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4.6 namsAATIdayaiunn1uNg (Overlap) S$NINHANTITIATIEN Meta-analysis
vaslushuuazguuuulusilenvasduisaaiduaunasusiununanisiiasngsiguuuulush
Touwas LCLs daewmailn 2D-PAGE wag LC-MS/MS

dlethseteredlusiufinuineeinissenuauiaunilunuidedu o luefinu
yhmseseideyaiiuiiniuie Overlap) fulusiudildinanmsinuilusilendnoimaiie
OD-PAGE  waz LCMS/MS wudndl 4 symbol  iigafifinisatuiiien (Overlap) laud
Alpha-enolase (ENO1), Alpha-2-HS-glycoprotein (AHSG), Diazepam binding inhibitor

(DBI), Calmodulin-1 (CALM1) ﬁaﬁuamﬂugﬂmwﬁ 16

n 9
Names total | elements
DBI
Pr Databas
359 4 14 oteome Database 4 ENOL
vs MS Protein AHSG
CALM1

[y

sunmil 16 amuansduIuSymbolilegluiiufiauifeadu (Overlap) semirslusiufinudy
wwedinmsnenuanuiaundluauddedu q luein uazdeyaveslusiudliuainnising,
lUs@loumeinailn 2D-PAGE wag LC-MS/MS Tngldai@ T-Test (Standard Bonferroni’s
correction) fidntiudfiy P-value < 0.05 (two-sided)

n) Venn diagram Tngasnanddu fe TUsfufinuinaeinnssenuanuiinunil uanuidodu
quazaanandii (G4) Wsiuiildunanmsinulusilendiemadia 2D-PAGE  wag LC-
MS/MS 2nmsanetunseil

) Uand Symbolfiagluunaruiieniu (Overlap)
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4.7  wWan1siAsizvntstudunisuanseangduuulusilonves  LCLs lngnaila

Western blot

ilerfunsBuiiunaans 20-PAGE wagfinnsannisuanseeniiiaunilulusieynna
fismnzundstu 151den DBl wax IDH2 wvhnisAnuse Tngld GAPDH 1fu loading
control

HARINNI5Y1 Western blot wuannsuaniaanvedlusiu Acyl-CoA-binding protein
(DBN)  wosfheeeiidunguilimnuiiauninisiunwisuussdnisanasedsiifodfile
W3suiiuiu Ace/sex-matched control ileldada T-test loedien P-value < 0.05
Turazigniudinuinn1suansoanes Isocitrate dehydrogenase [NADP], mitochondrial
(DH2)  TufUaseedidunguilanuiaunfiniesuniwigunssinuliuanaaguiuile
Wisuiflousu Age-matched control &awa Western blot lﬁgmmmwﬂﬂugﬂmwﬁ 17

wazgUnmi 18

L0591  Cl1866 L0649 C1545 10928 CO0813 L0792 C1537 L1861 (C0649

1A a

SUAMNT 17 AnuandnadIn Westem blot vasUeeeiidunguianuiaunfiniamunie
JULII Uag Age/sex-matched  control (U808 NTUNGUIANNRAUNANIAIUATITUKSS
WnUE L ey Age/sex-matched control unusie C) lagluana T-Test Nentodfgy

P-value < 0.05
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‘ *
S5 025 '
< . *C—u' .
ez *0 o 2.01
T35
E 3.0 . 51'5' *
< 25 % 1.0
Q?_ 2.0 o .
g EO.S
15
o 0.0 .
L B .
05

Control ASD Control ASD

SUNMAN 18 AuannaaIn Western blot vas§Uagoefigunguinuliaunfiniaiiuny
JULSY Uag Age-matched control (U188efiBuNaUIAURAUNANIA U I TULTINY

o w

A28 ASD Wag Age-matched control unumis Control) Inglaads T-Test NAnudnAgy

P-value < 0.05
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Af-dl a o a v
UNN 5 @3UNaN15I98 aAUI1eNE uasUBLauDILUY

(% '
(% Va o L4 = LY v

lums@nwiasell fIdeyadunagmilusiuinisuaneeninunilusgiidedday

vosrhelsneefiduaiunasulungunaurnUnFeg19TURTINIAIUNYT (Severe language

impaired) kagmanisnlusauilaanmsiesiziluadell azanusadrlladulusiui e

(%

(biomarkers) laluauian nnsiasizideyadnuaznite1nismeadtnlaglduuunaasy

6

ADI-R Taulainnsitasngdi Principal component analysis (PCA) $2uAU  Hierarchical

Clustering (HCL) vilidUaegnimeenilungueosdiuiu 4 nqu uazdmudnimeinluwsaz

)=

' @ v a al a a o v =
nquesndellsunuunisuanseaniiiauniluveamnsiuansulauniaiudini suasAanenae

3
Y
iU UoNINLTINUBNIINTIATIEI Meta-analysis  semrinansiuaasulauuazlusilonlu

9fin Usuenisnisuanseaniidnundludueiaiilugnisuansesniiiaundlululusiudie
Wiy Mnauufgiudinailudnisanwuwuulusilonvesgadlaufinidenny (LCLs)
Yoy UgeefiguaUnauLuuiauRaUnATULTINIsI U IUTEUWIBUAUNquAIUAY

Age-/ sex- matched control 91nA153LATIEWAINATD L5 NULUSAUTIWIN 18 TUSAUATINNS

o w v

wanseantaUNAlUagaliTuddusen1siesIziinatia 2D-PAGE sauiU MS/MS Tusaulae

o

dulugNlannsiesgila AR IRUNTNINISIIUANN 9 Tussuulseam 15Anng
S2UVUTZAM PaRnaUNITLANNITONLAY waztilainn1sBudunisuansaanalginaila
Western blot #338§snudndn IDH2 uag DBl vesnguesfiduaunasuiiuinaanaiie

WisueuiunguaIuny

[V 7
[

nmsfnwassiuansliiiiuinnmsuusnguees o veseeiiduanasulagldmziuy

NaN1TNAERU ADI-R  @111508AANNRAINMA1889INUINYTEIINToNTUAIUNASHAY Lag

ilugnisiieneriguniauniluegraiidedidguazanuraunanis@anmnimizdengy

o

Y '
a = =

dou 9 veseaiitualnnIuadu Feo1arlugnisaing Bomarker warWLIN3INWNNAT
arudnglunguosiiduaiunasulumsidelusuan [85] lumsdnwiaded {3deldsaden
FBlumsimszinisdnngulasazuun ADFR  91nftaseefiduaiunasudiuiu 85 Auid
LCLs  Fadusuifeuitientuiuildlunsiiases cONA microarray [84] donpdesluiu

nsAnwineuninillag Hu et al, 2009 nanlaggens n15AATIEYINIsIANaulagldnzwuY
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Ao o

ADI - R wansliniuinngugieeefidualnasuldsunisianguilungudes § Nlidnwazni

(%
[ ]

patnuaneaiy Falunsfinunesslidmuingugesduiued1ates 4 ngu lawn G1 - G4 &
nsuanagU Uz ADIR Nwansnsiuluudazngudes laganived1wgslungy G3 (Red)
F9UTEN0UAIRTITUAUNATUNLAUUNNTBINNATHIBENTULTITIUIY 30 518 L5INUD

Junquilenuaennadesuazlinanisdanquynsewmilouiulunisnyives Hu et al, 2009

1
a

gniudiiies 1 518 Fanainngy G2 lunisAnwineuntuiiunsiumslungunsanyiasil

6 o

[84] a1nwan1sBATIzRInaauandbiiuIlunguesiduaUna Sunidannuunnsenenw

[
| [

ogsguLsafunguiiianuifissnsafigeniingudesdu 1 Faifu “Lumiﬁﬂmmaf:@%ﬁa
Fujuuluiingudest] annsiiaTedt Meta-analysis w04 LCLs searinansiuaniulauann
poduaUnasulunguG3 Wisuiieuiu Age-/ sex- matched control lagl¥adif T-test
(Standard Bonferroni’s correction) Wundnsuan3ugeds 1,754 VIUERSUTLANA1I9ES
feddny wasfuduiliotostueeifuaunasuis 59 u uonani Wevhnsiase
symbol saufiusenitmsuansUlauresseiiduaiunasungy  G3 waslushlenlunisfiny
Aountd Fanuirduiusfuedrefifodidey erinisinsizinisnszaiedidae
Hypergeometric distribution  analysis didn n15Wasuuasemsuansulauiees
agviouliiuianismuaulussdvredlusiu uayorafiniifiAgafunmsvimiilussuuves
wadTiientosivesifuaunndy

TumsAnunsuuuuTusilennes LCLs vesnguees G3 veseaiituanaiudadinan
unwiaasnIegsTuLsITeuiisuiunguauaslunsildnadia 20-PAGE mugluiy
LC-MS/MS #3denuingalusiudiuiu 82 gasianuduuandsiuegraltdeddny wasle
Anidengalusiudiuou 18 lusavluvimsiinsevisiosns LC-MS/MS Sswudn 14 a7n 18
TWsfutufimnuieadesiuniswiiiivaelsamessuuussam (Neurological — functions/
diseases) uawil 4 TUsAu (DBI, ENO1, AHSG, way CALM1) Miasfinssisaiuauinung
s lunsfnelusileudoumiii

Diazepam Binding Inhibitor (DBI) wuindinisuansesnanasiueefiduaiunasuiiil
ANLUANTDMNINIBENITULTS INMsAnwIaIgalswuInTusiy DB Wunidulusiudil

Y

nsuanseaninunfegniituddyludaanizvesnduesiduanasuanlusaunmun 231

<
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1Usflu [96] eenslsinu Seldimeiinisiden DBI Wulusiiu Biomarker vespafiduaUnasy
o DBI Jufi3dnlude Acyl-CoA-binding protein (ACBP) w3e Endozepine (EP) DBI @
anunsaunud Diazepam 310 Benzodiazepine (BZD) recognition site located vu
GABA type A receptor waztdu Neuropeptide LLa8ﬂ'?ﬂﬁLﬁmﬂ’liﬂ’mﬂuﬂ’l'ﬁﬁ”m’lu‘ua& GABA

receptor [102] ﬁ'ﬂmﬁuaﬂﬂugﬂmwﬁ 19

peroxisome defect

o

metabolite X\

6 o |

Diazepam
e o non-GABA :
© Bm_d i Vo receptor Y —& [Ca2¢] \
Inhibitor (‘F
GABA(B) ___ GABA(A) S glutamate 3 NMDA
receptor ‘ ® receptor ‘ release ' receptor'

| T

SUAMNT 19 uanen139191uYe4 Diazepam Binding Inhibitor (DBI) LileAIUANNNTYINAIUYDS

GABA receptor (Lmdﬂﬁmmaﬂmw Rainer B, et al., 2004)

Tunsfnwireunthil wnefinssesud DB fnsuanseengstuvansuiinaluaues
Usznauluaay Cerebellar cortex, Area postrem taz Ependyma of the third ventricle
[103] wagnmsAnwatgn lunylaseanudn nsviamelivesdu DBI dawalvaiuauls
ysdsan (Social interest) Tustaymeaduazdoanas uaslumymadaedaufinuninisuuss
wnnhluneds [104] wagdmudniimymeguandesuansoins Repetitive grooming
ity Fanginssuiideulufsnanimuaenndestuiuesfiuadnaiy wazlunisdnw
1y DBl over-expressed fiimnuunwiodlumadoudfifindulasusianinarainnias

(Anxiety) vﬁawqﬁﬂﬁﬁu 9 Ao [105]
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AHSG (Alpha-2-HS-glycoprotein) #38 fetuin-A Julusaufiannsanulely serum
TngBusunsadainduuazgniudeseenuilunszuaiden [106] AHSG fimvmiAgadeaiu
Ay 9 ATTUIUAITIUT NG BNAIDENTU NITHAILIVBIENDY (Brain development) [107]
TunsAnweaulusilen laeltnalla Liquid chromatography-electrospray ionization-
mass spectrometry (LC-ESI-MS) Tu serum vaanguesfiduanniy wuiinisuanieanves
TUsfiu AHSG iinduegnaiifeddndl P < 001 Wewdsuileunguaudnifidsaaiures
p1guazmAAY LazilerSouiisuiuginesefituanm3uiiy low functioning autism
wulUsiu AHSG Wuduetedideddni P < 0.001 WoFeudisunduaudnaiiisnsidam
Yoo gwazinaiiu [87] lun1snwiniu CNV ludilelspeefiduaiunasumeinatn Aray
comparative genomic hybridization (@CGH) wu Denovo CNVs finn1s loss Tuiusa
3427.2-29 [108, 109] uenanil lugrumsdneieatu senomic linkage lughelsnosi
Fuanasy Tagldmedia SNP-based genomic screen 5891131 AHSG (Hundlsludud
wngaudmsulddmsunmiamgUlgesi@uannsu [110]

ENOL way CALML fnmssiesudnanadiunisdnenlusilondeuntig annisld
WwAlA Isobaric tags for relative and absolute quantitation (iTRAQ) - based
mass spectrometry Ingldfasdsmmaiu plasma 91neeiituanniuIeuiiisuiung
AUANTIOIYIW1 9 fu [99] ENO1 (Alpha enolase) Lueulmsiivimihiildvainvanedivi
wihfiaeuy 2-phosphoglycerate Tndu Phosphoenolpyruvate Tunsguaunis Glycolysis
wasvihuth iy Activator 1o Plasminogen uu Cell surface 989 Leukocytes Wawigad
Uszam lumsfnw CNV Tugtheeeiiduannsulagldmalia hish density genotyping 161
Feunsanaudan 1p36  dadusundufeaduiu ENOT [111] luvasil CALMI
(Calmodutin 1) Jundsluawduiidu Calcium binding protein fifldnuwamiiouduy
(Identical calcium binding protein) %aﬁm%’mﬁumﬁmuqmm lon channels wagN13
91Uv8d enzyme TAgitostunnadey

IS a a o (%

~ & a A al ' ° = ~
u@ﬂLMu@lU"Uqﬂu I‘Uﬁ@]ucl/]llﬂqil’l,aﬂﬂ@@ﬂN@Uﬂﬁlﬂ@ﬁﬁlquu‘ﬂﬁ’] ULAATUNLA-UNTT

>

a

F199UAMURAUNRLUNITAN DU 9 nountl TUsAUNIeBuNdn1sLansnondslinlu

Wauleang 19NN UsNTuaLUNASUIUNY
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TUBB Huduuszneudifayues Microtubules fiuantopnagnauintuauesfifas
WAL 113 mutations 998U TUBB whlugmsiinaiuunnsesnsaddeyey (Cognitive
impairment) Saufun1svheuiivnnsedluluaduszamdanis nsiaumsiun1wad
, MIwUIRInUsEaImaIdIsunse (Severely delayed psychomotor development) Fadl
anuistendusgranndusefiduanady [112, 113] 29nnsAnwIsIu CNVs wudidu
TUBB neilnssieauluseiduanasy [114] Faduiidufiurdanninnisanasvedddsiu
TUBB wuldlungudes G3 AfmnuunnsomnanTsegnasuuLss

venanamuietastumsiuvesssuulsyam lUsiuiiuanseeninuniluag

'
a v % []

fedrAvanssdaffidiuneitesiunisvingiuees Mitochondria  LagnN1SHAANS I
(energy production) Faaefinsseauinaruisuniluesfifuanasu (@mnsasuldann
Review 7 [115, 116] )

IDH2 udssufisenniseandndumes Isocitrate 1u 2-oxoglutarate IDH2 wuly
Mitochondria  wagdunumlun1s  Metabolism  LaznIzUIUNITAT NN (Energy
production) fsfiuanslunmi 20 sgaslsfny Tunsfinwninuinfesssunsuansoanvem
sruansUlnuuazlusiuves IDH2 dvanatluseifualnadufidauunnsomianiviogng

FULTS

Fatty acid synthesi5|

Citrate ——> Acetyl-CoA

NADP+ lIsocitrate
NADP+

NADPH

OH
Substrate === Substrate

|Anaplerosis. Arg, Gin, His, Pro 0-KG-dependent |
5Caa hydroxylation ;

© 2012 American Association for Cancer Research

SUAMNT 20 waman159191uves IDH2 7 wulu mitochondria (WidafisnvesnIn: Hui Yang,

et al.,, 2012)
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WsAudu 9 AAerdesiunisieuues Mitochondria léuA PGAM1, DLD, ENO1
ey COX5A

PGAM1 (Phosphoglycerate mutase 1) L?;Jul,aulsaﬁﬁagﬂu Glycolytic pathway
Favhwthiiaey 3-phosphosglycerate Ju 2-phosphosglycerate uaﬂmﬂﬁLaml%ﬁ PGAM1
fevigdauasunIstianszuIuNIS Glycolysis kagn1snan ATP 61ui)dns Tricarboxylic acid
cycle (TCA cycle) uazszuugnlgveinisvudidianasau (Electron transport chain)

DLD vhuthilu E3 4Ju subunit 18 mitochondrial multienzyme complexes 3
wiin oA Pyruvate dehydrogenase (PDH), Alpha-ketoglutarate dehydrogenase (Oi-
KGDH) waz Dehydrogenase 2-oxoacid branched chain (BCKDH)

COX5A 10u Subunit w89 Cytochrome ¢ oxidase complex viefiSendn
Complex v #Fadueuledianinelunszuiunisvudididnnseu (electron transport
chain) N5 aeulesl COX AeliAnlsa Cytochrome C oxidase deficiency Fudunnei
anunsaneliAnanuidemessetuislivaresialasnnizegdduaues

Wsiufwansoeninundlunaneadinfiunuimiedesiuesfiduannsy sieludau
ANLASERA, Oxidative stress, N13BNLEU Lazlassaswwausad

GSTP1 (Glutathione S-transferase) Wutouleslunguiifiunumardgylunsduans
fdnfte (Detoxification) 9INASANEIAVAINRAIENUIIAIURAUNRIUNITHAAIDONVB Y
GSTP1 Lﬁu{]a%’mﬁmgaﬁLﬁﬂﬁ@ﬂﬁ’U@@ﬁ%MLﬂﬂ@%’y NNIANBIAMURAINNANBVDIEUVDS
ATAUATY (Family-based association studies of polymorphisms) ﬁﬁﬁﬂwaaﬁ%mmﬂﬂm%’u
GSTP LHunilsluduiiuanioonuaninaninnguaiuay [117] mnaumvainnalsyes GSTP1 91
NSNAEDU transmission disequilibrium testing (TDT) wulndnansgnunenisnluassd
[118] nmsAnw ey CNV lugUlgesniguadnady wu Whole gene duplication
U31ad Chromosome 11 Tuduwes 11g13. [111] wazann1sAnyl SNPs vaddUigeeiidy
anpsumunsifinturesuiina 11g13.2 Tuwsivestheuazetae [119, 120]

ANXAS5 (Annexin A5) ez Protein kinase C inhibitory protein Lﬁuiﬂiauﬁﬁﬂagﬂu

o

nauAIuAulag Ca2 + channel wagvihwmthnddglunssuiunisnisdsdedyaialuead
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(Cellular signal transduction), ATzUIUNITONLEU  (Inflammation), A1sLATRUlALAY
NINAUIveLad (Growth and differentiation)

CCT5 (T-complex protein 1 subunit epsilon) finnuAsadesiunisiuaedusiu
(Protein folding) Wa¥NITMLVUDATU AT Mutation w89 CCT5 neliinlsa Autosomal
recessive mutilating sensory neuropathy with spastic paraplegia 1uwwé 1211 Tu
nsAnwgUIseenguaUnnsuluniu CNV wu De novo CNVs WUy Loss USkaed 5p15.1-
15.2 [122], U3vId 5p15.33-15.2 wag 5p15.31-15.2 [123], ULl 5p15.2 [124] waguIeia
5p15.2-p15.33. [125]

CLTA (Clathrin light chain A) Clathrini@ulusfiudifiununnlunisasia Polyhedral
coat d1w§u Coated pits uaz Vesicles fildlunszuunisieulalslnda (Endocytosis) Tu
nsAnwlugUigesniguaiunasuniu CNV Iagldinatia SNP microarray 3013518903
U3 9p13.3 Winduameluglisosiduanndu [126]

HNRNPA1 (405 ribosomal protein SA) LHuluslungy Ribosomal Guidunns
uansenINdu RPSA uananiiSeimihiidu Cell receptor UuRIENYAE 1w Laminin
HNRNPA1 fldrwiendadlunszuiunisneliiinlsanaisagie 991nn15A5I90U microarray
¥93 SNP vpsffireaiiduannsy wuindanuiaundfiusinu 12q12-24.33 Fansiinng
AunudinuRaunlugtisesfituanniu anunadnandmuiiinnuidestu
CEP290 (Autosomal Recessive va49a7ifiualUnaTy) wag PTPN11 (Autosomal dominant
vosppfifuaiunaiy)  ¥iea1n CEP290 wag PTPN11 IéSumsmeauainwanisinuivans
Besiifvatestussiiduaunaiu [122) anmsidoulosmeiugnssuvesdiis  (Genetic
linkage) vesUneeefiduanmiu ASDs lnefiansanluguaefidlimsvamguudnly
U930 (proband) ﬁuﬁﬂwzmiﬁﬂmﬁﬁmﬂﬂa (word speech delay) laginaiin Microsatellite-
based genomic screen WUANURAUARUTIAL 12G13.13 [127]

nMsiaszikuunsuansUlay nuinsdwundiieidungudesnuanvaenig
padnvadlsateliausaioudiounguiianizianzas wWudesulunmsfnunoumiid
Reatulsaidudeudanglddangudiaelilundudes egslsfmudiuiugiaeaiionnis

Y] [

poiduaiUnasulunsfnwmilfinsdndalumudnugiie dadusuianaisinisiiudiuiu
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' Y

funsuazdlumsmaassmenddnifiufufeliidfiielffauluniside wazile
Anszvideya Proteomic  9nMsliaTzsideyalusilenvesmsfnuinou q wuinded
nsavAundulufivTinamemsAnwmesnulsilenuazlusiuvestheeeiduann sy
fliAsdmsrafiunyedviduiuaudhie leenmzessdadedtanisAnuifiodunds
Lﬁja@asuaa;jﬂw (peripheral tissue) WU Serum, Plasma, Neonatal blood spot tHufu
%a?ﬁdqmaﬂumjmﬁﬁudwﬁdwEwiamiﬁu?ﬁdamw, laifinsuuidiounndanadeuneuen
deanndu Sterile site  waziazfinnuduiusdenisidutminedmiunmsaiiadu
Biomarker 1uL§aﬂ1é’mmzaumnﬁqm peslsAny eldesu 9 nEUE LU Yhane,

daaniy wagdeginfoandinistuansnislasunisnsvasuiiaitlusuiag
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AITNANANLINT 1 LEAITI8azLDUNNUITEAINUITELEDY A proteomic study of serum
from children with autism showing differential expression of apolipoproteins and

complement proteins lag BA Corbett uazpuy [87]

A proteomic study of serum from children with autism
showing differential expression of apolipoproteins and
complement proteins

BA Corbett'2, AB Kantor®, H Schulman® WL Walker®#, L Lit?#, P Ashwood®®, DM Rocke® and
FR Sharp?#

Publish 2007

Method LC-ESI-MS on time-of-flight (TOF)

Specimen Serum from ASD children and typically developing children
Felusiu Symbol
Apolipoprotein B-100 precursor LPHUB
Complement factor H-related protein 1 precursor (FHR-1) Q03591
Complement C1q subcomponent, C chain precursor pPO2747
Fibronectin 1 isoform 1 preproprotein; cold-insoluble globulin NP _002017.1
Apolipoprotein A-IV precursor NP_000473.1




AITNANANUINT 2 LEAITI8azLDYANUITEAINIUITELTY Hypo-Phosphorylation of

Salivary Peptidome as a Clue to the Molecular Pathogenesis of Autism Spectrum

Disorders 1my Massimo Castagnola uagmmuy [88]

Hypo-Phosphorylation of Salivary Peptidome as a Clue to the
Molecular Pathogenesis of Autism Spectrum Disorders

88

Massimo Castagnola,*™" Irene Messana,' Rosanna Inzitari," Chiara Fanali,"* Tiziana Cabras,}

Alessandra Morelli,* Anna Maria Pecoraro,? Giovanni Neri,” Maria Giulia Torriolif and

Fiorella Gurrieri”

Publish 2008

Method HPLC-ESIHIT-MS

Specimen Human saliva

Folusiu Symbol
Statherin STATH
Histatin 1 HTN1
PRP-1 PRH1
PRP-2 PRH2
PIF-s PRH1
PRP-3 PRPF3
PRP-4 PRPF4
PIF-f PRH1
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ANTNAIANLINT 3 wanITBazBEAITEaNMUATEI3es A Proteomic Investigation of B
Lymphocytes in an Autistic Family: A Pilot Study of Exposure to Natural Rubber Latex
(NRL) May Lead to Autism 1mg Chen Shen uagaoy [66]

A Proteomic Investigation of B Lymphocytes
in an Autistic Family: A Pilot Study of Exposure
to Natural Rubber Latex (NRL) May Lead to Autism

Chen Shen - Xin-liang Zhao - Weina Ju -

Xiao-bing Zou - Li-rong Huo - Wu Yan - Jun-hua Zou -
Guo-di Yan - Edmund C. Jenkins - W. Ted Brown -
Nanbert Zhong

Publish 2011

Antibody Microarray Express 500 Kits
Method

Western Blot Analysis

Peripheral blood obtained from three autistic children and
Specimen

three non-autistic siblings in the same family
Folushu Symbol
IKKO IKKO
CDC27 cbc27
CDC37 CDhC37
FKBP10 FKBP10
FKBP1A FKBP1A
MAP2K5 MAP2K5
MAP4 MAP4
EIF4G1 EIFAG1
PRKC1 PRKC1
TYK2 TYK2
PPP1R2 PPP1R2
PPP5C PPP5C
PRKCQ PRKCQ




Falushu

Symbol

PRKCD

PRKCD
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AITNNIANUINT 4 KANITIEALLBEAIUITEIINIUITEITD9 A lack of association between
elevated serum levels of S100B protein and autoimmunity in autistic children lng

Laila Yousef Al-Ayadhi ke Gehan Ahmed Mostafa [89]

A lack of association between elevated serum
levels of STO0B protein and autoimmunity in
autistic children

Laila Yousef Al-Ayadhi' and Gehan Ahmed Mostafa'"

Publish 2012

Method ELIZA

Specimen Serum

Folusau Symbol

astrocytic calcium-binding protein(S100B) S1008B
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AITNANANUINT 5 LEAITIUazLDUNINUITEAINUITELTDY Identification of an age-
dependent biomarker signature in children and adolescents with autism spectrum

disorders 1ng Jordan M Ramsey uagaalg [90]

|dentification of an age-dependent biomarker

signature in children and adolescents with autism

spectrum disorders

Jordan M Ramsey’, Paul C Guest', Jantine AC Broek', Jeffrey C Glennon?, Nanda Rommelse®, Barbara Franke®”,

Hassan Rahmoune', Jan K Buitelaar™ and Sabine Bahn'®

Publish 2013

Method multiplex immunoassay profiling analysis

Specimen Serum samples from ASD children and non-affected siblings
Folushiu Symbol
Haptoglobin HP
Cancer antigen 19-9 CA-19-9
Thyroglobulin TG
C-Reactive Protein CRP
TRAIL-R3 TR3
Adiponectin ADIP
Matrix metalloproteinase 7 MMP-7
Interferon inducible T cell O chemoattractant ITAC
Insulin-like growth factor binding protein 5 IGFBP5
Transferrin TF
Neuropilin-1 NP1
Creatine kinase-MB CK-MB
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ATNAANUINT 6 LAAIIIAZIDYANUINYINNGIUITELTD Neonatal cytokines and
chemokines and risk of Autism Spectrum Disorder: the Early Markers for Autism (EMA)

study: a case-control study a8 Oussenv Zerbo hagaadg [91]

Neonatal cytokines and chemokines and risk of
Autism Spectrum Disorder: the Early Markers for
Autism (EMA) study: a case-control study

Ouwsseny Zerbo' Cathleen Yoshida'. Judith K Grether"f'. Judy Van de Water™*, Paul Ashwood™.
Geald N Delarenze'. Robin L llansen™. Matv Kharrazi® a7d Lisa A Croen’

Publish 2014

Method Prenatal screening program

Specimen Newborn blood

Folusau Symbol
MCP-1 CCL2
RANTES CCL5
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AITNANANUINT TUAAITI88ZIDUAUITEAINIUITELTDY Proteomic analysis of post
mortem brain tissue from autism patients: evidence for opposite changes in
prefrontal cortex and cerebellum in synaptic connectivity-related proteins lag

Jantine AC Broek wiagmug [92]

Proteomic analysis of post mortem brain tissue
from autism patients: evidence for opposite
changes in prefrontal cortex and cerebellum in
synaptic connectivity-related proteins

Jantine AC Broek', Paul C Guest', Hassan Bahmoune' and Sabine Bahn'*"

Publish 2014

Method selected reaction monitoring mass spectrometry (SRM-MS)

Post mortem prefrontal cortex and cerebellum samples from

Specimen

ASD and matched controls
Folushu Symbol
Glial fibrillary acidic protein GFAP
Vimentin VIME
Creatine kinase B-type CKB
Myelin-associated glycoprotein MAG
Myelin basic protein MBP
Myelin-oligodendrocyte glycoprotein MOG
Myelin proteolipid protein PLP1
Dynamin-2 DNM2
Syntaxin-1A STX1A
Syntaxin-binding protein 1 STXBP1
Synapsin-2 SYN2




Folushu Symbol
Synaptotagmin-1 SYT1
Protein kinase C casein kinase substrate 1 PACSIN1
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AITNANANUINT 8 LAPITIUaZLDYNIUITEAINIIUITLTDN A pilot proteomic study of

96

protein markers in autism spectrum disorder Ing Armand G. Ngounou Wetie uagmss

(68]

Armand G. Ngounou Wetie! Research Article

Kelly Wormwood'
Johannes Thome??
Edward Dudley®
Regina Taurines®
Manfred Gerlach*
Alisa G. Woods'*
Costel C. Darie!

A pilot proteomic study of protein markers
in autism spectrum disorder

Autism spectrum disorder (ASD) diagnosis is increasing, with 1/88 children believed to

ha aflfncind herthn dtnnwdae wvmilh n cnnd . T T el ot T S, [ oy

Publish 2014

Tricine gel electrophoresis (Tricine-PAGE)
Method

LC-MS/MS
Specimen Serum from males ASD and male normal control
Folushu Symbol
Paraoxanase PON1
ApoAl APOA1
ApoAd APOA4
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AINANANLINT 9 uanseandennuiteanauideises Serum Level of Desert
Hedgehog Protein in Autism Spectrum Disorder: Preliminary Results 1ag Shahid Bashir
LarAady [93]

Serum Level of Desert Hedgehog
Protein in Autism Spectrum Disorder:

Preliminary Results

Shahid Bashir®? Dost Muhammad Halepoto? Laila Al-Ayadhi?

Publish 2014

Method ELISA

Specimen Human serum

Folushu Symbol

Dhh DHH




AITNANANUINT 10 LERITI9aZLD8AIUITBAINMUIFBITY Comparative two-

98

dimensional polyacrylamide gel electrophoresis of the salivary proteome of children

with autism spectrum disorder Img Armand G. Ngounou Wetie uagamuy [94]

Comparative two-dimensional polyacrylamide gel
electrophoresis of the salivary proteome of
children with autism spectrum disorder

Armand G. Ngounou Wetie * ¥, Kelly L. Wormwood * ¥, Laci Charette ® ¢, Jeanne P. Ryan ©,

Alisa G. Woods * ™ *, Costel C. Darie * *

Publish 2015

two-dimensional polyacrylamide gel electrophoresis (2D-PAGE)
Method nanoliquid chromatography-tandem mass spectrometry (nanolLC-

MS/MS)
Specimen | Saliva from children with ASD and controls.
Folushu Symbol
Proto-oncogene FRAT1 31317236
lg alpha-1 chain C region 113584
Immunosglobulin heavy chain constant region alpha-2 subunit 3819788
V-type proton ATPase subunit C 1 4502315
Carbonic anhydrase VI nirs variant 3 58737051
Kinesin family member 14 109730619
Integrin alpha 6 subunit 33942
Carbonic anhydrase isozyme VI 179732
GRTP1 protein 34783442
Parotid secretory protein 16755850
Prolactin-inducible protein precursor 4505821
Mucin-16 74716283




Folushu Symbol
Ca binding protein MRP14 225793
Alpha-amylase 178585
Spectrin, beta, non-erythrocytic 5 119612929
CBP 33150676
p532 1477565
Transferrin variant 62897069
Chain A, Human Pancreatic Alpha-Amylase In Complex With

409974028
Myricetin
Protein Tro alphal H,myeloma 223069
lg Aalphal Bur 223099
lg A1 Bur 229585
Amylase, alpha 2A; pancreatic precursor variant 62898658
AMY1A protein 47124258
Protein-L-isoaspartate O-methyltransferase domain-containing

557948029
protein 1 isoform 3
Chain X, Structural Studies Of Phe256trp Of Human Salivary

47168614
Alpha- Amylase
Chain A, Structure Of Human Pancreatic Alpha-Amylase In

7245760
Complex With The Carbohydrate Inhibitor Acarbose
Squamous cell carcinoma antigen 1 25005272
Zn alpha2 glycoprotein 228099
Glutamate-rich protein 6B 210147567
Immunoglobulin heavy chain variable region 112702600
ALB protein 23241675
lg J-chain 532598
Sperm activating protein subunit I- apolipoprotein A1-SPAP-

235865
subunit |
Zymogen granule protein 16 homologue B precursor 94536866
Putative lipocalin 1-like protein 1 74746821
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Folusiy Symbol
Cystatin SA-lll=potential precursor of acquired enamel pellicle 235948
Cystatin D 398711
Plasminogen 38051823
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ATNAANUINT 11 LEAIII8aEDIANUITEIINIUITELIDY A Pilot Proteomic Analysis of
Salivary Biomarkers in Autism Spectrum Disorder 1ag Armand G. Ngounou Wetie taz

Ay [69]

A Pilot Proteomic Analysis of Salivary Biomarkers in Autism Spectrum
Disorder

Armand G. Ngounou Wetie, Kelly L. Wormwood, Stefanie Russell, Jeanne P. Ryan, Costel C. Darie,
and Alisa G. Woods

Publish 2015

Method MS-based proteomics

Specimen Saliva from ASD compared to neurotypical control subjects
Folushu Symbol
PIP PIP

LTF LTF
annexin Al ANXA1
neutrophil-defensin 1 DEFA1
lactoperoxidase LPO
lipocalin-1 LCN1
proline-rich phospho-protein 1/2 PRH1
submaxillary gland androgen-regulated protein 3B SMR3B
antileukoproteinase SLPI
pleckstrin-homology domain-containing family H member PLEKHH1
statherin STATH
polymeric immunoglobulin receptor PIGR
deleted in malignant brain tumors 1 protein DMBT1
IgG gamma-1 chain C region IGHM
IsG kappa chain C region IGKC
myeloperoxidase MPO
histatin1 HTN1
lactoperoxidase LPO
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ATNAANUINT 12 LEAIII18aEDIANUITEIINUITELTDY Neonatal Cytokine Profiles

Associated with Autism Spectrum Disorder lag Paula Krakowiak wagmgug [95]

Neonatal Cytokine Profiles Associated with
Autism Spectrum Disorder

Paula Krakowiak, Paula E. Goines, Daniel J. Tancredi, Paul Ashwood, Robin L. Hansen,
Irva Hertz-Picciotto, and Judy Van de Water

Publish 2015

cytokine and chemokine levels = Luminex Multiplex
Method type of cytokine = Bio-Plex Precision Pro Human Cytokine
Assays and MILLIPLEX human chemokine kits

Neonatal blood spots from children with ASD and typical

Specimen

development
Folusiu Symbol
L-13 IL1B
IL-4 L4
IL-2 L2
IL-5 IL5
IL-6 IL6
IL-10 IL10
IL-12 IL12
IL-13 IL13
IFN-Y IFNG
TNF-O TNF
IL-8 IL8
MCP-1 CCL2
MIP-1Q CCL3
MIP-1[3 cCLa
IP-10 CXCL10
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Falushu

Symbol

RANTES

CCL5
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ANSNARWINT 13 LARISIEALLDEAIUIIYIINIIUIIYLSBY Urine Protein Biomarker

Candidates for Autism 1ag Libang Yang uazaalg [96]

Urine Protein Biomarker Candidates for Autism
Libang Yang', Kyle Rudser?, Allison Golnik', Andrew Wey?, Lee Ann Higgins® and Glenn R Gourley™

Publish 2016

Method isobaric Tags with Relative and Absolute Quantitation (iTRAQ™)

Urine sample from ASD with well characterized severe ASD

Specimen
and age and gender matched normal controls

Folushu Symbol
Serum albumin precursor UPS 113576
kininogen 1 isoform 2 [Homo sapiens] 4504893
heparan sulfate proteoglycan 2 precursor [Homo sapiens] 126012571
fibronectin 1 isoform 3 preproprotein [Homo sapiens] 16933542
fibronectin 1 isoform 6 preproprotein [Homo sapiens] 47132549
fibronectin 1 isoform 4 preproprotein [Homo sapiens] 47132555
Serotransferrin precursor (Transferrin) (Siderophilin) (Beta-1-
metal-binding globulin) UPS 120191
collagen, type XlI, alpha 1 long isoform precursor [Homo

93141047
sapiens]
fibronectin 1 isoform 5 preproprotein [Homo sapiens] 47132553
uromodulin precursor [Homo sapiens] 59850812
secreted phosphoprotein 1 isoform a [Homo sapiens] 91206462
alpha-2-glycoprotein 1, zinc, isoform CRA a [Homo sapiens] 119597027
Cationic trypsin precursor (Beta-trypsin) [Contains: Alpha-trypsin

2507249

chain 1,2 cRAP

transferrin, isoform CRA d [Homo sapiens] 119599573




106

Felushu Symbol
Alpha-amylase 1 precursor (1,4-alpha-D-glucan

1351933
glucanohydrolase 1) cRAP
salivary amylase alpha 1A precursor [Homo sapiens] 56549660
salivary amylase alpha 1C precursor [Homo sapiens] 56549664
secreted phosphoprotein 1 isoform b [Homo sapiens] 4759166
hCG2028285, isoform CRA a [Homo sapiens] 119593309
lg gamma 2 H chain, BUR [human, Peptide Mutant, 348 aa] 243169
epidermal growth factor precursor [Homo sapiens] 166362728
prostaglandin D2 synthase, brain [Homo sapiens] 32171249
lectin, mannose-binding 2 precursor [Homo sapiens] 5803023
Serum albumin precursor (Allergen Bos d 6) (BSA) cRAP 1351907
granulin, isoform CRA a [Homo sapiens] 119571985
alpha 1-acid glycoprotein, orosomucoid, alpha 1-AGP [human,

998943
Peptide, 201 aa]
orosomucoid 1 precursor [Homo sapiens] 167857790
Pro-epidermal growth factor precursor (EGF) (Urogastrone)] UPS | 119226
light chain kappa Sci, k Sci=Bence Jones protein [human,

238284
Peptide, 214 aa]
pancreatic ribonuclease precursor [Homo sapiens] 38201682
ribonuclease, RNase A family, 1 (pancreatic), isoform CRA a

119586841
[Homo sapiens]
Chain L, Crystal Structure Of Hgfa In Complex With Allosteric

281307133
Inhibitory Antibody Fab40
Chain L, Crystal Structure Of Hgfa In Complex With The

281306943
Allosteric Non-Inhibitory Antibody Fab40.Deltatrp
Chain Q, Crystal Structure Of Hgfa In Complex With The

281306947

Allosteric Non-Inhibitory Antibody Fab40.Deltatrp
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Folushu Symbol
Chain L, Crystal Structure Of Hgfa In Complex With The
Allosteric Non-Inhibitory Antibody Fab40.Deltatrp And Ac-Kqglr- 281306952
Chloromethylketone
collagen, type I, alpha 1 (Ehlers-Danlos syndrome type IV,

119631316
autosomal dominant), isoform CRA b [Homo sapiens]
CD59 antigen, complement regulatory protein, isoform CRA b

119588599
[Homo sapiens]
semenogelin |, isoform CRA a [Homo sapiens] 119596277
alpha 2 type | collagen precursor [Homo sapiens] 48762934
collagen, type I, alpha 2, isoform CRA c [Homo sapiens] 119597202
apolipoprotein H precursor [Homo sapiens] 153266841
kallikrein 1 preproprotein [Homo sapiens] 4504875
anitubulin 1gG1 kappa VL chain [N-terminal] [human, serum,

1911815
immunocytic sarcom patient PER isolate, Peptide Partial, 219 aa]
fibronectin 1 isoform 2 preproprotein [Homo sapiens] 47132551
fibronectin 1 isoform 1 preproprotein [Homo sapiens] 47132557
polymeric immunosglobulin receptor, isoform CRA a [Homo

119613922
sapiens]
semenogelin Il [Homo sapiens] 119596276
collagen, type XlI, alpha 1, isoform CRA c [Homo sapiens] 119569135
apolipoprotein D, apoD [human, plasma, Peptide, 246 aa] 619383
apolipoprotein D, isoform CRA a [Homo sapiens] 119598430
alpha 1 type | collagen preproprotein [Homo sapiens] 110349772
coagulation factor Il preproprotein [Homo sapiens] 4503635
coagulation factor Il (thrombin), isoform CRA b [Homo sapiens] 119588384
immunoglobulin fragment Fab New lambda light chain [human,

260395
Peptide Partial, 208 aa]
CD44 antigen isoform 1 precursor [Homo sapiens] 48255935
CD44 antigen isoform 2 precursor [Homo sapiens] 48255937
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Folushu Symbol
CD44 antigen isoform 3 precursor [Homo sapiens]

48255939
CD44 antigen (Indian blood group), isoform CRA a [Homo

119588550
sapiens]
CD44 antigen (Indian blood group), isoform CRA ¢ [Homo

119588552
sapiens]
CD44 antigen (Indian blood group), isoform CRA d [Homo

119588554
sapiens]
CD44 antigen (Indian blood group), isoform CRA_f [Homo

119588556
sapiens]
CD44 antigen (Indian blood group), isoform CRA h [Homo

119588559
sapiens]
CD44 antigen (Indian blood group), isoform CRA j [Homo

119588561
sapiens]
S100 calcium-binding protein A9 [Homo sapiens] 4506773
hCG1811191 [Homo sapiens] 119572370
inter-alpha (globulin) inhibitor H4 isoform 1 precursor [Homo

31542984
sapiens]
inter-alpha (globulin) inhibitor H4 isoform 2 precursor [Homo

262050538
sapiens]
secreted protein, acidic, cysteine-rich (osteonectin), isoform

119582072
CRA b [Homo sapiens]
matrix-remodelling associated 8 precursor [Homo sapiens] 14150145
fibrillin [human, Marfan syndrome patient, Peptide Mutant, 2871

455958
aal
fibrillin 1 precursor [Homo sapiens] 281485550
tenascin C precursor [Homo sapiens] 153946395
ICK=intron-containing kallikrein [alternatively spliced, intron 2]

998972

[human, colon, Peptide, 216 aa]
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Folushu Symbol
CD55 antigen, decay accelerating factor for complement

119613892
(Cromer blood group), isoform CRA b [Homo sapiens]
CD55 antigen, decay accelerating factor for complement

119613894
(Cromer blood group), isoform CRA ¢ [Homo sapiens]
CD55 antigen, decay accelerating factor for complement

119613904
(Cromer blood group), isoform CRA k [Homo sapiens]
plasminogen activator, urokinase isoform 1 preproprotein [Homo

4505863
sapiens]
plasminogen activator, urokinase isoform 2 [Homo sapiens] 222537759
alpha 2-HS-glycoprotein, alpha 2HSG=insulin receptor inhibitor

499139
[human, liver, Peptide, 367 aal
alpha-2-HS-glycoprotein, isoform CRA a [Homo sapiens] 119598593
alpha-2-HS-glycoprotein, isoform CRA ¢ [Homo sapiens] 119598595
protein C receptor, endothelial (EPCR), isoform CRA a [Homo

119596629
sapiens]
amylase, pancreatic, alpha-2B precursor [Homo sapiens] 10280622
salivary amylase alpha 1B precursor [Homo sapiens] 56549662
cadherin 1, type 1 preproprotein [Homo sapiens] 4757960
pl 5.3 beta 2-microglobulin, BM [human, urine, chronic renal

1195503
failure patient, Peptide, 98 aal
collagen, type I, alpha 1, isoform CRA a [Homo sapiens] 119615036
polyubiquitin UbC [Homo sapiens] 2647408
Chain B, X-Ray Structure Of Human Ubiquitin Cd(li) Adduct 224983545
deoxyribonuclease | precursor [Homo sapiens] 21361254
CD59 antigen, complement regulatory protein, isoform CRA a

119588598
[Homo sapiens]
decay accelerating factor for complement isoform 2 precursor

168693643
[Homo sapiens]
hemopexin, isoform CRA b [Homo sapiens] 119589125
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Folushu Symbol
retinol-binding protein 4, plasma precursor [Homo sapiens] 55743122
hCG2029799, isoform CRA a [Homo sapiens] 119567976
CD44 antigen (Indian blood group), isoform CRA i [Homo

119588560
sapiens]
aggrecan isoform 2 precursor [Homo sapiens] 256017257
Plasma retinol-binding protein precursor (PRBP) (RBP) [Contains:
Plasma retinol-binding protein(1-182); Plasma retinol-binding

62298174
protein(1-181); Plasma retinol-binding protein(1-179); Plasma
retinol-binding protein(1-176)] UPS
serpin peptidase inhibitor, clade G, member 1 precursor [Homo

73858568
sapiens]
retinol binding protein 4, plasma, isoform CRA a [Homo sapiens] | 119570450
retinol binding protein 4, plasma, isoform CRA b [Homo sapiens] | 119570453
low density lipoprotein-related protein 2 [Homo sapiens] 119631685
low density lipoprotein-related protein 2 precursor [Homo

126012573
sapiens]
fibrinogen, alpha polypeptide isoform alpha-E preproprotein

4503689
[Homo sapiens]
tenascin XB isoform 1 precursor [Homo sapiens] 188528648
prion protein preproprotein [Homo sapiens] 4506113
prion protein (p27-30) (Creutzfeld-Jakob disease, Gerstmann-
Strausler-Scheinker syndrome, fatal familial insomnia), isoform 119630855
CRA a [Homo sapiens]
attractin, isoform CRA_c [Homo sapiens] 119630937
signal-regulatory protein alpha precursor [Homo sapiens] 91105767
protein tyrosine phosphatase, non-receptor type substrate 1,

119631011
isoform CRA a [Homo sapiens]
S100 calcium binding protein A7 (psoriasin 1) [Homo sapiens] 119573712
regenerating islet-derived 1 alpha precursor [Homo sapiens] 29725633
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Folushu Symbol
trefoil factor 3 (intestinal), isoform CRA a [Homo sapiens] 119629976
gelsolin isoform b [Homo sapiens] 38044288
gelsolin isoform ¢ [Homo sapiens] 189083782
ribosomal protein S27a, isoform CRA d [Homo sapiens] 119620514
beta-2-microglobulin precursor [Homo sapiens] 4757826
Beta-2-microglobulin precursor [Contains: Beta-2-microglobulin

48428791
form pl 5.3] UPS
matrix metallopeptidase 9 (gelatinase B, 92kDa gelatinase,

119596182
92kDa type IV collagenase) [Homo sapiens]
protein tyrosine phosphatase, non-receptor type substrate 1,

119631013
isoform CRA b [Homo sapiens]
albumin Herborn [internal fragment] [human, serum, Peptide

385767
Partial Mutant, 27 aal
insulin-like growth factor binding protein 7 [Homo sapiens] 4504619
tumor necrosis factor receptor superfamily, member 14

23200041
precursor [Homo sapiens]
Chain |, Crystal Structure Of Antithrombin Variant

82408097
S137av317CT401C With Plasma Latent Antithrombin
collagen, type VI, alpha 1 precursor [Homo sapiens] 87196339
collagen, type VI, alpha 1, isoform CRA b [Homo sapiens] 119629727
kininogen 1, isoform CRA _a [Homo sapiens] 119598587
S100 calcium binding protein A9 (calgranulin B), isoform CRA a

119573719
[Homo sapiens]
cubilin (intrinsic factor-cobalamin receptor) [Homo sapiens] 119606627
kininogen 1, isoform CRA b [Homo sapiens] 119598586
hemopexin, isoform CRA_d [Homo sapiens] 119589127
CD44 antigen isoform 4 precursor [Homo sapiens] 48255941
CD44 antigen (Indian blood group), isoform CRA b [Homo

119588551

sapiens]
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CD44 antigen (Indian blood group), isoform CRA e [Homo

119588555
sapiens]
haptoglobin, isoform CRA a [Homo sapiens] 119579598
haptoglobin, isoform CRA b [Homo sapiens] 119579599
haptoglobin, isoform CRA c [Homo sapiens] 119579600
kininogen 1 isoform 1 [Homo sapiens] 156231037
intercellular adhesion molecule 2, isoform CRA b [Homo

119614623
sapiens]
intercellular adhesion molecule 2, isoform CRA d [Homo

119614626
sapiens]
S100 calcium-binding protein A8 [Homo sapiens] 21614544
hCG2029799, isoform CRA ¢ [Homo sapiens] 119567978
kininogen 1 isoform 3 [Homo sapiens] 262050546
intercellular adhesion molecule 2, isoform CRA a [Homo

119614622
sapiens]
roundabout homolog 4, magic roundabout precursor [Homo

17511435
sapiens]
ribonuclease, RNase A family, 2 (liver, eosinophil-derived

119586839
neurotoxin) [Homo sapiens]
Gelsolin precursor (Actin-depolymerizing factor) (ADF) (Brevin)

121116
(AGEL) UPS
apolipoprotein-J, Apo-J, SP-40,40=plasma
glycoprotein/complement system hemolysis modulator 298237
[human, seminal plasma, Peptide, 449 aal
clusterin isoform 1 [Homo sapiens] 42716297
GM2 ganglioside activator, isoform CRA a [Homo sapiens] 119582085
regenerating islet-derived 1 alpha (pancreatic stone protein,

119619983

pancreatic thread protein), isoform CRA b [Homo sapiens]
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trefoil factor [human, intestine, Peptide Partial, 61 aal 385570
Ubiquitin UPS 51703339
keratin 5 [Homo sapiens] 119395754
clusterin isoform 2 preproprotein [Homo sapiens] 42740907
coagulation factor Il (thrombin), isoform CRA a [Homo sapiens] 119588383
coagulation factor Il (thrombin), isoform CRA ¢ [Homo sapiens] 119588385
clusterin isoform 3 [Homo sapiens] 283806712
fibrinogen alpha chain, isoform CRA b [Homo sapiens] 119625330
secreted protein, acidic, cysteine-rich (osteonectin), isoform

119582071
CRA a [Homo sapiens]
hemopexin, isoform CRA a [Homo sapiens] 119589124
hemopexin, isoform CRA ¢ [Homo sapiens] 119589126
EGF-containing fibulin-like extracellular matrix protein 1

9665262
precursor [Homo sapiens]
hCG16977, isoform CRA a [Homo sapiens] 119620486
nucleobindin 1 precursor [Homo sapiens] 20070228
vitelline membrane outer layer 1 homolog (chicken), isoform

119610817
CRA b [Homo sapiens]
glutaminyl-peptide cyclotransferase (glutaminyl cyclase),

119620797
isoform CRA_a [Homo sapiens]
cadherin 13 preproprotein [Homo sapiens] 4502719
Fc fragment of IgG, low affinity llla, receptor (CD16a) isoform a

50726979
precursor [Homo sapiens]
Fc fragment of 1gG, low affinity llla, receptor (CD16a) isoform ¢

189083838
precursor [Homo sapiens]
Fc fragment of IgG, low affinity llla, receptor (CD16a) isoform d

189083842
precursor [Homo sapiens]
secretogranin Il precursor [Homo sapiens] 68160947
chitobiase, di-N-acetyl-, isoform CRA ¢ [Homo sapiens] 119593639
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hCG39313 [Homo sapiens] 119602712
collagen, type VI, alpha 1, isoform CRA a [Homo sapiens] 119629725
Chain H, Crystal Structure Of Hgfa In Complex With The

281307132
Allosteric Inhibitory Antibody Fab40
aggrecan isoform 1 precursor [Homo sapiens] 256017259
trefoil factor 2 (spasmolytic protein 1) [Homo sapiens] 119629975
epididymal secretory protein E1 precursor [Homo sapiens] 5453678
signal-regulatory protein beta 1 isoform 3 precursor [Homo

209529703
sapiens]
cystatin C precursor [Homo sapiens] 4503107
nidogen 1 precursor [Homo sapiens] 115298674
anti-HIV-1 gp120 immunoglobulin kappa chain variable region
[clone b3] [human, bone marrow, Peptide Recombinant Partial, | 299744
108 aal
collectin sub-family member 12, isoform CRA a [Homo sapiens] | 119622133
AXL receptor tyrosine kinase isoform 2 [Homo sapiens] 21536468
cystatin A (stefin A) [Homo sapiens] 119599895
protein C receptor, endothelial (EPCR), isoform CRA b [Homo

119596630
sapiens]
histidine-rich glycoprotein, isoform CRA a [Homo sapiens] 119598589
peptidoglycan recognition protein 1 precursor [Homo sapiens] 4827036
interleukin 18 binding protein isoform a precursor [Homo

89111127
sapiens]
immunosglobulin VL region=humanized bispecific antibody

259596
[human, Peptide Recombinant, 107 aa]
C-type lectin domain family 3, member B precursor [Homo

156627579
sapiens]

144953876

signal-regulatory protein beta 1 isoform 1 precursor [Homo
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sapiens]
anti-HIV-1 gp120 immunoglobulin kappa chain variable region
[clone b11] [human, bone marrow, Peptide Recombinant Partial, | 299740
108 aa]
regenerating islet-derived 1 beta precursor [Homo sapiens] 10835248
regenerating islet-derived 1 beta (pancreatic stone protein,

119619985
pancreatic thread protein) [Homo sapiens]
cathepsin L1 preproprotein [Homo sapiens] 4503155
Fc fragment of 1gG, low affinity Illa, receptor (CD16a) isoform b

189083836
precursor [Homo sapiens]
Keratin, type Il cytoskeletal 1 (Cytokeratin-1) (CK-1) (Keratin-1)

1346343
(K1) (67 kDa cytokeratin) (Hair alpha protein) cRAP
keratin 1 [Homo sapiens] 119395750
hCG16977, isoform CRA b [Homo sapiens] 119620488
chromogranin A precursor [Homo sapiens] 4502805
amyloid beta A4 protein isoform a precursor [Homo sapiens] 4502167
serpin peptidase inhibitor, clade A, member 3 precursor [Homo

50659080
sapiens]
amyloid beta (Ad) precursor protein (peptidase nexin-i,

119630363
Alzheimer disease), isoform CRA b [Homo sapiens]
matrix metalloproteinase 9 preproprotein [Homo sapiens] 74272287
granulin, isoform CRA b [Homo sapiens] 119571986
cystatin SA-lll=potential precursor of acquired enamel pellicle

235948
[human, Peptide, 121 aa]
EDC1, HI30=urinary proteinase inhibitor [N-terminal] [human,

262428
urine, Peptide Partial, 28 aa, segment 2 of 2]
calmodulin [Homo sapiens] 665588
neuropolypeptide h3 [human, brain, Peptide, 186 aa] 913159
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triosephosphate isomerase 1 isoform 1 [Homo sapiens] 4507645
vascular cell adhesion molecule 1 isoform a precursor [Homo

4507875
sapiens]
butyrophilin, subfamily 2, member A2 isoform a [Homo sapiens] | 6453813
diazepam binding inhibitor isoform 1 [Homo sapiens] 10140853
cystatin SN precursor [Homo sapiens] 19882251
lymphatic vessel endothelial hyaluronan receptor 1 [Homo

40549451
sapiens]
T cell immunoglobulin mucin 3 precursor [Homo sapiens] 49574534
opioid binding protein/cell adhesion molecule-like isoform b

59939900
preproprotein [Homo sapiens]
CD276 antigen isoform a [Homo sapiens] 67188443
complement component 4A preproprotein [Homo sapiens] 67190748
apolipoprotein A-IV precursor [Homo sapiens] 71773110
voltage-gated sodium channel beta-3 subunit precursor [Homo

93587332
sapiens]
neural cell adhesion molecule 1 isoform 1 [Homo sapiens] 94420689
alpha 1 type XVIII collagen isoform 2 precursor [Homo sapiens] 110611233
alpha 1 type XVIII collagen isoform 1 precursor [Homo sapiens] 110611235
cathepsin A isoform a precursor [Homo sapiens] 119395729
CD300 antigen like family member G, isoform CRA a [Homo

a 119572042

sapiens]
CD300 antigen like family member G, isoform CRA d [Homo

119572045
sapiens]
hCG1996357, isoform CRA e [Homo sapiens] 119573500
hCG1996357, isoform CRA f [Homo sapiens] 119573501
hCG1996357, isoform CRA i [Homo sapiens] 119573504
hepatitis A virus cellular receptor 2, isoform CRA b [Homo

119582018

sapiens]
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phosphatidylethanolamine-binding protein 4 [Homo sapiens] 119584051
acid phosphatase 2, lysosomal, isoform CRA b [Homo sapiens] 119588357
extracellular link domain containing 1 [Homo sapiens]

119588971
vascular cell adhesion molecule 1, isoform CRA a [Homo

119593355
sapiens]
protective protein for beta-galactosidase (galactosialidosis),

119596194
isoform CRA a [Homo sapiens]
protective protein for beta-galactosidase (galactosialidosis),

119596195
isoform CRA b [Homo sapiens]
prostate stem cell antigen, isoform CRA a [Homo sapiens] 119602718
slit-like 2 (Drosophila) [Homo sapiens] 119605717
triosephosphate isomerase 1, isoform CRA b [Homo sapiens] 119609128
ephrin-B1, isoform CRA a [Homo sapiens] 119625776
collagen, type XVIII, alpha 1, isoform CRA a [Homo sapiens] 119629743
collagen, type XVIII, alpha 1, isoform CRA ¢ [Homo sapiens] 119629745
collagen, type XVIII, alpha 1, isoform CRA e [Homo sapiens] 119629747
collagen, type XVIII, alpha 1, isoform CRA b [Homo sapiens] 119629749
trefoil factor 1 (breast cancer, estrogen-inducible sequence

119629974
expressed in) [Homo sapiens]
amyloid beta (A4) precursor protein (peptidase nexin-Il,

119630371
Alzheimer disease), isoform CRA g [Homo sapiens]
cystatin SN [Homo sapiens] 119630539
cystatin S [Homo sapiens] 119630540
cystatin C (amyloid angiopathy and cerebral hemorrhage),

119630542
isoform CRA_a [Homo sapiens]
chromogranin B (secretogranin 1) [Homo sapiens] 119630815
diazepam binding inhibitor isoform 3 [Homo sapiens] 120433590
diazepam binding inhibitor isoform 2 [Homo sapiens] 120433593
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coagulation factor Xl precursor [Homo sapiens] 145275213
complement component 4B preproprotein [Homo sapiens] 178557739
cathepsin A isoform b precursor [Homo sapiens] 189163485
alpha 1 type XVIIl collagen isoform 3 precursor [Homo sapiens] | 206597445
chromogranin B precursor [Homo sapiens] 221316599
dystroglycan 1 preproprotein [Homo sapiens] 260099735
collagen, type II, alpha 1 isoform 1 precursor [Homo sapiens] 111118976
collagen, type II, alpha 1 isoform 2 precursor [Homo sapiens] 111118974
leucine-rich alpha-2-glycoprotein 1 [Homo sapiens] 119589617
fibrinogen, alpha polypeptide isoform alpha preproprotein

11761629
[Homo sapiens]
fibrinogen alpha chain, isoform CRA ¢ [Homo sapiens] 119625332
haptoglobin isoform 1 preproprotein [Homo sapiens] 4826762
proinsulin precursor [Homo sapiens] 4557671
macrophage colony-stimulating factor, M-CSF [N-terminal]

456957
[human, Peptide Recombinant Partial, 153 aal
carboxyl ester lipase precursor [Homo sapiens] 148536848
signal-regulatory protein beta 1, isoform CRA a [Homo sapiens] 119631025
keratin 14 [Homo sapiens] 15431310
cadherin 2, type 1 preproprotein [Homo sapiens] 14589889
Keratin, type | cytoskeletal 10 (Cytokeratin-10) (CK-10) (Keratin-

147744568
10) (K10) cRAP
keratin 10 [Homo sapiens] 195972866
lysosomal-associated membrane protein 2 isoform B precursor

7669503
[Homo sapiens]
lysosomal-associated membrane protein 2, isoform CRA a

119632286
[Homo sapiens]
lysosomal-associated membrane protein 2, isoform CRA ¢

119632288

[Homo sapiens]
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Keratin, type | cytoskeletal 9 (Cytokeratin-9) (CK-9) (Keratin-9)

81175178
(K9) cRAP
regenerating islet-derived 1 alpha (pancreatic stone protein,

119619982
pancreatic thread protein), isoform CRA a [Homo sapiens]
immunoglobulin binding factor, IgBF=prostatic secretory protein

237563
homolog [human, Peptide Partial, 30 aa]
beta-microseminoprotein [N-terminal] [human, seminal plasma,

1086994
Peptide Partial, 21 aa]
prostate specific antigen isoform 3 preproprotein [Homo

71834853
sapiens]
p8=calcium-binding myeloid related protein MRP-8 homolog [N-
terminal] [human, zymosan-activated neutrophils, Peptide 256213
Partial, 25 aal
calprotectin L1L subunit [N-terminal] [human, neutrophil

264281
cytosol, Peptide Partial, 27 aa]
calprotectin=urinary stone protein band A [N-terminal] [human,

806925
calcium oxalate urinary stone, Peptide Partial, 20 aal
hCG16977, isoform CRA ¢ [Homo sapiens] 119620489
Antithrombin-IIl precursor (ATIII) UPS 113936
Chain L, Crystal Structure Of Antithrombin Variant

82408098
S137aV317CT401C With Plasma Latent Antithrombin
Chain I, 2.1 Angstrom Structure Of A Nonproductive Complex
Between Antithrombin, Synthetic Heparin Mimetic Sr123781 And | 116666783
Two S195a Thrombin Molecules
CD84 antigen (leukocyte antigen), isoform CRA f [Homo sapiens] | 119573097
neural cell adhesion molecule 1 isoform 3 [Homo sapiens] 115529478
neural cell adhesion molecule 1 isoform 2 [Homo sapiens] 115529482
attractin, isoform CRA b [Homo sapiens] 119630936
Cu,Zn superoxide dismutase, SOD=SOD1 gene product [A to V 408239
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single-site mutation] [human, Peptide Mutant, 153 aa]
superoxide dismutase 1, soluble [Homo sapiens] 4507149
superoxide dismutase 1, soluble (amyotrophic lateral sclerosis 1

119630295
(adult)), isoform CRA_a [Homo sapiens]
procollagen C-endopeptidase enhancer [Homo sapiens] 119596921
protein tyrosine phosphatase, non-receptor type substrate 1,

119631014
isoform CRA ¢ [Homo sapiens]
protein tyrosine phosphatase, non-receptor type substrate 1,

119631016
isoform CRA d [Homo sapiens]
amyloid fibril protein=transthyretin-related [human, Peptide

255208
Mutant, 127 aal
transthyretin precursor [Homo sapiens] 4507725
Chain A, Human Transthyretin (Ttr) Complexed With Bivalant

85544663
Amyloid Inhibitor (4 Carbon Linker)
Chain B, Human Transthyretin (Ttr) Complexed With Bivalant

85544664
Amyloid Inhibitor (4 Carbon Linker)
sulfatase 2 isoform a precursor [Homo sapiens] 29789100
complement component 1, r subcomponent-Llike, isoform

119609092
CRA b [Homo sapiens]
TIMP-2, CSC-21K=tissue inhibitor of metalloproteinase [human,

262883
A2058 melanoma cells, Peptide, 192 aa]
Glutathione S-transferase Al (GTH1) (HA subunit 1) (GST-epsilon)

121730
(GSTA1-1) (GST class-alpha member 1) UPS
alpha-class glutathione S-transferase omega 1 subunit [human,

265539
liver, Peptide Partial, 169 aa, segment 1 of 3]
alpha-class slutathione S-transferase omega 2 subunit [human,

265545
liver, Peptide Partial, 169 aa, segment 1 of 3]
glutathione S-transferase alpha 1 [Homo sapiens] 22091454
glutathione S-transferase alpha 3 [Homo sapiens] 24430144
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intercellular adhesion molecule 2, isoform CRA ¢ [Homo
B 119614624

sapiens]
ubiquitin B precursor [Homo sapiens] 11024714
ribosomal protein S27a, isoform CRA ¢ [Homo sapiens] 119620513
Chain A, X-Ray Structure Of Human Ubiquitin Cd(li) Adduct 224983544
amyloid beta A4 protein isoform b precursor [Homo sapiens] 41406055
amyloid beta (Ad) precursor protein (peptidase nexin-Il,

119630362
Alzheimer disease), isoform CRA a [Homo sapiens]
amyloid beta (A4) precursor protein (peptidase nexin-Il,

119630365
Alzheimer disease), isoform CRA d [Homo sapiens]
amyloid beta A4 protein isoform f precursor [Homo sapiens] 209915573
glutaminyl-peptide cyclotransferase (glutaminyl cyclase),

119620800
isoform CRA ¢ [Homo sapiens]
cancer-associated SCM-recognition immunedefense-suppressing
and serine protease-protecting peptide, CRISPP peptide [human, | 262839
uterine cancer patient, blood plasma, Peptide, 29 aa]
cancer-associated SCM-recognition immunedefense-suppressing
and serine protease-protecting peptide, CRISPP peptide [human, | 262840
colon cancer patient, blood plasma, Peptide, 29 aal
complement component 1, r subcomponent-like, isoform

119609091
CRA a [Homo sapiens]
hemicentin 1 precursor [Homo sapiens] 118572606
serine protease inhibitor, Kunitz type, 2 isoform a precursor

10863909
[Homo sapiens]
kappa 1 immunoglobulin light-chain variable domain,
Wat=Bence Jones protein [human, multiple myeloma patient, 786379
urine, Peptide Partial Mutant, 108 aa]
E3-MPO VL=anti-myeloperoxidase IgM monoclonal autoantibody

1699298

light chain variable region [CDR3 region] [human, peripheral
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blood leukocyte-CB-F7 heteromyeloma fusion cell line,
microscopic polyarteritis patient 1, Peptide Partial, 108 aa]
S100 calcium binding protein A7 [Homo sapiens]

115298657
glyceraldehyde-3-phosphate dehydrogenase, isoform CRA b

119609193
[Homo sapiens]
collagen, type |, alpha 2, isoform CRA b [Homo sapiens] 119597201
neuronal growth regulator 1, isoform CRA b [Homo sapiens] 119626834
glutaminyl-peptide cyclotransferase (glutaminyl cyclase),

119620798
isoform CRA b [Homo sapiens]
cathepsin B preproprotein [Homo sapiens] 4503139
WAP four-disulfide core domain 2 precursor [Homo sapiens] 56699495
proteoglycan 4 isoform A [Homo sapiens] 67190163
bone morphogenetic protein receptor type Il precursor [Homo

15451916
sapiens]
vitelline membrane outer layer 1 homolog (chicken), isoform

119610816
CRA a [Homo sapiens]
platelet/endothelial cell adhesion molecule (CD31 antigen),

119614613
isoform CRA_a [Homo sapiens]
ATPase, H+ transporting, lysosomal accessory protein 1

17136148
precursor [Homo sapiens]
basigin isoform 1 precursor [Homo sapiens] 38372919
basigin isoform 2 precursor [Homo sapiens] 38372925
ATPase, H+ transporting, lysosomal accessory protein 1, isoform

119593119
CRA b [Homo sapiens]
ATPase, H+ transporting, lysosomal accessory protein 1, isoform

119593121
CRA d [Homo sapiens]
G protein-coupled receptor, family C, group 5, member B

7706451

precursor [Homo sapiens]
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ARS component B precursor [Homo sapiens] 9966907
metallothionein 1G [Homo sapiens] 10835230
integrin beta 1 isoform 1C-1 precursor [Homo sapiens] 19743817
integrin beta 1 isoform 1C-2 precursor [Homo sapiens] 19743821
fibulin 1 isoform C precursor [Homo sapiens] 34734062
frizzled-related protein precursor [Homo sapiens] 38455388
Pepsin A precursor cRAP 73620983
filamin A, alpha isoform 1 [Homo sapiens] 116063573
gamma filamin isoform a [Homo sapiens] 116805322
galactosidase, beta 1 isoform a preproprotein [Homo sapiens] 119372308
galactosidase, beta 1 isoform b [Homo sapiens] 119372312
ATPase, H+ transporting, lysosomal accessory protein 1, isoform

119593118
CRA a [Homo sapiens]
filamin A, alpha (actin binding protein 280), isoform CRA b

119593151
[Homo sapiens]
filamin A, alpha (actin binding protein 280), isoform CRA ¢

119593152
[Homo sapiens]
WAP four-disulfide core domain 2, isoform CRA b [Homo

119596243
sapiens]
WAP four-disulfide core domain 2, isoform CRA e [Homo

119596246
sapiens]
ABI gene family, member 3 (NESH) binding protein, isoform

119600212
CRA ¢ [Homo sapiens]
ABI gene family, member 3 (NESH) binding protein, isoform

119600214
CRA e [Homo sapiens]
secreted LY6/PLAUR domain containing 1 [Homo sapiens] 119602714
integrin, beta 1 (fibronectin receptor, beta polypeptide, antigen

119606355
CD29 includes MDF2, MSK12), isoform CRA b [Homo sapiens]
integrin, beta 1 (fibronectin receptor, beta polypeptide, antigen | 119606358
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CD29 includes MDF2, MSK12), isoform CRA_d [Homo sapiens]
frizzled-related protein [Homo sapiens] 119631363
filamin A, alpha isoform 2 [Homo sapiens] 160420317
gamma filamin isoform b [Homo sapiens] 188595687
galactosidase, beta 1 isoform c preproprotein [Homo sapiens] 208022658
Insulin-like growth factor Il precursor (IGF-II) (Somatomedin-A)

124255
[Contains: Insulin-like growth factor Il Ala-25 Del] UPS
IsM monoclonal antibody heavy chain variable region, IleM VH
region=group B meningococcus capsular polysaccharide

233244
monoclonal IgM|Escherichia coli K1 capsular polysaccharide
monoclonal IgM [human, serum, NOV, Peptide, 134 aa]
sperm activating protein subunit I, apolipoprotein Al, SPAP

235865
subunit | [human, Peptide Partial, 26 aal
heparan sulfate proteoglycan fibroblast gsrowth factor receptor,

245443
HSPG-FGF receptor [human, liver, Peptide, 310 aa]
alpha B crystallin fragment 5 [human, muscle, Peptide Partial,

248438
12 aal
apolipoprotein Al, apo Al [human, spleen, Peptide Mutant, 88

253362
aal
urine protein 1, UP1=Clara cell 10 kda protein homolog [N-

256397
terminal] [human, urine, Peptide Partial, 53 aa]
syndecan=heparan sulfate proteoglycan core protein [human,

258824
lung fibroblasts, Peptide, 310 aal
cancer-associated SCM-recognition immunedefense-suppressing
and serine protease-protecting peptide, CRISPP peptide [human, | 262841
breast cancer patient, blood plasma, Peptide, 29 aa]
EMS1 gene product [human, Peptide, 550 aal 299626
receptor-type protein tyrosine phosphatase beta, RPTP beta,

300182

PTP zeta [human, brainstem, Peptide, 2307 aal
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Bence Jones protein HAG=monoclonal IgM lambda VIII light
chain [V region] [human, multiple myeloma, Peptide Partial, 117 | 632814
aal
transthyretin, ATTR=amyloid fibril protein [human, advanced

1181952
senile systemic amyloidosis patient V280, heart, Peptide, 127 aal
transthyretin, ATTR=amyloid fibril protein [human, advanced

1181953
senile systemic amyloidosis patient HL, heart, Peptide, 127 aal
crystallin, alpha B [Homo sapiens] 4503057
enolase 1 [Homo sapiens] 4503571
heat shock protein beta-1 [Homo sapiens] 4504517
keratin 8 [Homo sapiens] 4504919
lipocalin 1 precursor [Homo sapiens] 4504963
low density lipoprotein receptor precursor [Homo sapiens] 4504975
platelet-derived growth factor receptor beta precursor [Homo

4505683
sapiens]
CD14 antigen precursor [Homo sapiens] 4557417
cardiac muscle alpha actin 1 proprotein [Homo sapiens] 4885049
metallothionein 2A [Homo sapiens] 5174764
heat shock 70kDa protein 8 isoform 1 [Homo sapiens] 5729877
tyrosine 3/tryptophan 5 -monooxygenase activation protein,

5803225
epsilon polypeptide [Homo sapiens]
tyrosine 3/tryptophan 5 -monooxygenase activation protein,

5803227
theta polypeptide [Homo sapiens]
BMP and activin membrane-bound inhibitor precursor [Homo

6912534
sapiens]
S100 calcium-binding protein A6 [Homo sapiens] 7657532
resistin [Homo sapiens] 9966777
prosaposin isoform a preproprotein [Homo sapiens] 11386147
CD276 antigen isoform b [Homo sapiens] 13376852
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desmocollin 2 isoform Dsc2b preproprotein [Homo sapiens] 13435366
PTKY protein tyrosine kinase 7 isoform a precursor [Homo

15826840
sapiens]
integrin beta 1 isoform 1A precursor [Homo sapiens] 19743813
integrin beta 1 isoform 1B precursor [Homo sapiens] 19743815
integrin beta 1 isoform 1D precursor [Homo sapiens] 19743819
neurexin 1 isoform beta precursor [Homo sapiens] 21070967
versican isoform 1 precursor [Homo sapiens] 21361116
ciliary neurotrophic factor receptor preproprotein [Homo

22212918
sapiens]
PTKY protein tyrosine kinase 7 isoform b precursor [Homo

22902126
sapiens]
PTKY protein tyrosine kinase 7 isoform ¢ precursor [Homo

22902128
sapiens]
PTKY protein tyrosine kinase 7 isoform d precursor [Homo

22902130
sapiens]
notch 2 preproprotein [Homo sapiens] 24041035
heat shock 70kDa protein 8 isoform 2 [Homo sapiens] 24234686
interleukin 10 receptor, beta precursor [Homo sapiens] 24430215
inducible T-cell co-stimulator ligand precursor [Homo sapiens] 27477039
protocadherin 1 isoform 1 precursor [Homo sapiens] 27754771
protocadherin 1 isoform 2 precursor [Homo sapiens] 27754773
contactin 1 isoform 1 precursor [Homo sapiens] 28373117
contactin 1 isoform 2 precursor [Homo sapiens] 28373119
interleukin 6 signal transducer isoform 1 precursor [Homo

28610147
sapiens]
interleukin 6 signal transducer isoform 2 precursor [Homo

28610149
sapiens]
syndecan 1 precursor [Homo sapiens] 29568086
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serine peptidase inhibitor, Kunitz type 1 isoform 1 precursor

32313599
[Homo sapiens]
fibulin 1 isoform B precursor [Homo sapiens] 34734064
fibulin 1 isoform A precursor [Homo sapiens] 34734068
guanylate cyclase activator 2A precursor [Homo sapiens] 38176149
syndecan 4 precursor [Homo sapiens] 38201675
basigin isoform 4 [Homo sapiens] 38372923
thrombospondin 1 precursor [Homo sapiens] 40317626
syndecan 2 precursor [Homo sapiens] 40548378
latrophilin 1 isoform 2 precursor [Homo sapiens] 41281557
LY6/PLAUR domain containing 2 precursor [Homo sapiens] 45387925
serine protease inhibitor, Kazal type 1 precursor [Homo sapiens] | 45505132
latrophilin 1 isoform 1 precursor [Homo sapiens] 57165355
mucin 1 isoform 1 precursor [Homo sapiens] 65301117
complement component 1, r subcomponent precursor [Homo

66347875
sapiens]
mucin 1 isoform 2 precursor [Homo sapiens] 67189007
mucin 1 isoform 3 precursor [Homo sapiens] 67189069
prostate specific antigen isoform 4 preproprotein [Homo

71834855
sapiens]
corticosteroid binding globulin precursor [Homo sapiens] 73858564
serine peptidase inhibitor, Kunitz type 1 isoform 2 precursor

74027265
[Homo sapiens]
alpha 1 type V collagen preproprotein [Homo sapiens] 89276751
alpha 2 type V collagen preproprotein [Homo sapiens] 89363017
protein tyrosine phosphatase, receptor-type, zetal precursor

91208428
[Homo sapiens]
prosaposin isoform b preproprotein [Homo sapiens] 110224476
prosaposin isoform c preproprotein [Homo sapiens] 110224479
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Folushu Symbol
galectin 3 [Homo sapiens] 115430223
alpha 1 type XV collagen precursor [Homo sapiens] 116008152
membrane metallo-endopeptidase [Homo sapiens] 116256327
superoxide dismutase 3, extracellular precursor [Homo sapiens]

118582275
O-6-methylguanine-DNA methyltransferase, isoform CRA a

119569551
[Homo sapiens]
O-6-methylguanine-DNA methyltransferase, isoform CRA b

119569552
[Homo sapiens]
GDNF family receptor alpha 1, isoform CRA a [Homo sapiens] 119569841
GDNF family receptor alpha 1, isoform CRA b [Homo sapiens] 119569842
GDNF family receptor alpha 1, isoform CRA ¢ [Homo sapiens] 119569843
actin, alpha 2, smooth muscle, aorta, isoform CRA a [Homo

119570538
sapiens]
CD300 antigen like family member G, isoform CRA b [Homo

119572043
sapiens]
CD300 antigen like family member G, isoform CRA ¢ [Homo

119572044
sapiens]
poliovirus receptor-related 4, isoform CRA a [Homo sapiens] 119573050
poliovirus receptor-related 4, isoform CRA b [Homo sapiens] 119573051
immunoglobulin superfamily, member 8, isoform CRA a [Homo

119573128
sapiens]
brevican, isoform CRA b [Homo sapiens] 119573313
hCG1996357, isoform CRA b [Homo sapiens] 119573497
hCG1996357, isoform CRA ¢ [Homo sapiens] 119573498
hCG1996357, isoform CRA g [Homo sapiens] 119573502
hCG1996506, isoform CRA a [Homo sapiens] 119573713
hCG2011101 [Homo sapiens] 119578813
ciliary neurotrophic factor receptor, isoform CRA a [Homo 119578849
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Folushu Symbol
sapiens]
KIAAO174, isoform CRA a [Homo sapiens] 119579609
KIAAQ174, isoform CRA c [Homo sapiens] 119579611
KIAAO174, isoform CRA d [Homo sapiens] 119579612
KIAAO174, isoform CRA e [Homo sapiens]

119579613
CD74 antigen (invariant polypeptide of major histocompatibility
complex, class Il antigen-associated), isoform CRA ¢ [Homo 119582135
sapiens]
platelet-derived growth factor receptor, beta polypeptide,

119582150
isoform CRA a [Homo sapiens]
platelet-derived growth factor receptor, beta polypeptide,

119582152
isoform CRA ¢ [Homo sapiens]
hCG1979926, isoform CRA b [Homo sapiens] 119582221
protocadherin 1 (cadherin-like 1), isoform CRA a [Homo sapiens] | 119582304
protocadherin 1 (cadherin-like 1), isoform CRA b [Homo sapiens] | 119582305
protocadherin 1 (cadherin-like 1), isoform CRA_c [Homo sapiens] | 119582306
protocadherin 1 (cadherin-like 1), isoform CRA d [Homo sapiens] | 119582307
CD14 antigen [Homo sapiens] 119582441
dipeptidase 1 (renal), isoform CRA a [Homo sapiens] 119587123
acid phosphatase 2, lysosomal, isoform CRA a [Homo sapiens] 119588356
immunoglobulin superfamily, member 4D, isoform CRA a

119589280
[Homo sapiens]
immunoglobulin superfamily, member 4D, isoform CRA b

119589281
[Homo sapiens]
hCG2003941, isoform CRA b [Homo sapiens] 119589342
resistin, isoform CRA_a [Homo sapiens] 119589421
complement component 3, isoform CRA b [Homo sapiens] 119589477
filamin A, alpha (actin binding protein 280), isoform CRA a 119593150
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Folushu Symbol
[Homo sapiens]
filamin A, alpha (actin binding protein 280), isoform CRA e

119593154
[Homo sapiens]
biglycan, isoform CRA a [Homo sapiens] 119593267
biglycan, isoform CRA b [Homo sapiens] 119593268
biglycan, isoform CRA c [Homo sapiens] 119593269
biglycan, isoform CRA d [Homo sapiens] 119593271
sulfatase 2, isoform CRA a [Homo sapiens] 119596096
sulfatase 2, isoform CRA b [Homo sapiens] 119596097
sulfatase 2, isoform CRA ¢ [Homo sapiens] 119596098
WAP four-disulfide core domain 2, isoform CRA a [Homo

119596242
sapiens]
syndecan 4 (amphiglycan, ryudocan), isoform CRA a [Homo

119596266
sapiens]
syndecan 4 (amphiglycan, ryudocan), isoform CRA b [Homo

119596267
sapiens]
tyrosine 3-monooxygenase/tryptophan 5-monooxygenase
activation protein, beta polypeptide, isoform CRA a [Homo 119596299
sapiens]
membrane metallo-endopeptidase (neutral endopeptidase,

119599159
enkephalinase, CALLA, CD10), isoform CRA a [Homo sapiens]
ceruloplasmin (ferroxidase), isoform CRA_b [Homo sapiens] 119599289
ceruloplasmin (ferroxidase), isoform CRA ¢ [Homo sapiens] 119599290
hCG2041209 [Homo sapiens] 119599808
limbic system-associated membrane protein, isoform CRA ¢

119599996
[Homo sapiens]
limbic system-associated membrane protein, isoform CRA d

119599997
[Homo sapiens]
hCG2043033, isoform CRA a [Homo sapiens] 119602705




131

Folushu Symbol
integrin, beta 1 (fibronectin receptor, beta polypeptide, antigen

119606354
CD29 includes MDF2, MSK12), isoform CRA a [Homo sapiens]
integrin, beta 1 (fibronectin receptor, beta polypeptide, antigen

119606356
CD29 includes MDF2, MSK12), isoform CRA ¢ [Homo sapiens]
integrin, beta 1 (fibronectin receptor, beta polypeptide, antigen

119606362
CD29 includes MDF2, MSK12), isoform CRA e [Homo sapiens]
integrin, beta 1 (fibronectin receptor, beta polypeptide, antigen

119606366
CD29 includes MDF2, MSK12), isoform CRA_f [Homo sapiens]
BMP and activin membrane-bound inhibitor homolog (Xenopus

119606436
laevis), isoform CRA a [Homo sapiens]
BMP and activin membrane-bound inhibitor homolog (Xenopus

119606437
laevis), isoform CRA b [Homo sapiens]
CD163 antigen, isoform CRA b [Homo sapiens] 119609069
CD163 antigen, isoform CRA a [Homo sapiens] 119609071
triosephosphate isomerase 1, isoform CRA a [Homo sapiens] 119609127
tyrosine 3-monooxygenase/tryptophan 5-monooxygenase
activation protein, epsilon polypeptide, isoform CRA b [Homo 119611034
sapiens]
Fas apoptotic inhibitory molecule 3 [Homo sapiens] 119613923
mannose receptor, C type 2, isoform CRA a [Homo sapiens] 119614747
cadherin 13, H-cadherin (heart) [Homo sapiens] 119615921
phosphoglycerate kinase 1, isoform CRA ¢ [Homo sapiens] 119619010
actin, gamma 2, smooth muscle, enteric, isoform CRA a [Homo

119620118
sapiens]
ribosomal protein S27a, isoform CRA b [Homo sapiens] 119620512
neurexin 1, isoform CRA a [Homo sapiens] 119620587
neurexin 1, isoform CRA_c [Homo sapiens] 119620589
calmodulin 2 (phosphorylase kinase, delta), isoform CRA a

119620625

[Homo sapiens]
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Folushu Symbol
syndecan 1, isoform CRA a [Homo sapiens] 119621233
tyrosine 3-monooxygenase/tryptophan 5-monooxygenase
activation protein, theta polypeptide, isoform CRA a [Homo 119621382
sapiens]
twisted gastrulation homolog 1 (Drosophila), isoform CRA a

119622011
[Homo sapiens]
serpin peptidase inhibitor, clade A (alpha-1 antiproteinase,

119623150
antitrypsin), member 7, isoform CRA a [Homo sapiens]
serpin peptidase inhibitor, clade A (alpha-1 antiproteinase,

119623152
antitrypsin), member 7, isoform CRA c [Homo sapiens]
chromosome 4 open reading frame 18, isoform CRA a [Homo

119625268
sapiens]
chromosome 4 open reading frame 18, isoform CRA b [Homo

119625269
sapiens]
V-set and immunoglobulin domain containing 4, isoform CRA a

119625798
[Homo sapiens]
V-set and immunoglobulin domain containing 4, isoform CRA b

119625799
[Homo sapiens]
V-set and immunoglobulin domain containing 4, isoform CRA ¢

119625800
[Homo sapiens]
guanylate cyclase activator 2A (guanylin) [Homo sapiens] 119627573
KIAAO319-like, isoform CRA a [Homo sapiens] 119627818
KIAA0319-like, isoform CRA b [Homo sapiens] 119627819
KIAA0319-like, isoform CRA ¢ [Homo sapiens] 119627820
stratifin, isoform CRA a [Homo sapiens] 119628191
stratifin, isoform CRA_b [Homo sapiens] 119628192
SH3 domain binding glutamic acid-rich protein like 3, isoform

119628236
CRA a [Homo sapiens]
brain abundant, membrane attached signal protein 1, isoform 119628417
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Folusiy Symbol
CRA_a [Homo sapiens]
inducible T-cell co-stimulator ligand, isoform CRA a [Homo

119629851
sapiens]
inducible T-cell co-stimulator ligand, isoform CRA b [Homo
sapiens] 119629852
inducible T-cell co-stimulator ligand, isoform CRA ¢ [Homo

119629853
sapiens]
interleukin 10 receptor, beta, isoform CRA a [Homo sapiens] 119630245
interleukin 10 receptor, beta, isoform CRA b [Homo sapiens] 119630246
cystatin SA [Homo sapiens] 119630538
signal-regulatory protein beta 1, isoform CRA c [Homo sapiens] 119631027
collagen, type V, alpha 2, isoform CRA a [Homo sapiens] 119631311
collagen, type V, alpha 2, isoform CRA b [Homo sapiens] 119631312
NCK-associated protein 1, isoform CRA a [Homo sapiens] 119631357
NCK-associated protein 1, isoform CRA f [Homo sapiens] 119631362
glypican 3, isoform CRA_b [Homo sapiens] 119632175
glypican 3, isoform CRA c [Homo sapiens] 119632176
protein kinase C and casein kinase substrate in neurons 2

148747351
[Homo sapiens]
glypican 1 precursor [Homo sapiens] 167001141
integrin-binding sialoprotein precursor [Homo sapiens] 167466187
immunoglobulin heavy chain variable region [Homo sapiens] 187950127
insulin-like growth factor 2 isoform 2 [Homo sapiens] 189083846
macrophage stimulating 1 precursor [Homo sapiens] 205277383
neurexin 1 isoform alpha2 precursor [Homo sapiens] 208609951
Fas apoptotic inhibitory molecule 3 isoform a [Homo sapiens] 216547575
sulfatase 2 isoform b precursor [Homo sapiens] 240255478
calmodulin 1 isoform 2 [Homo sapiens] 260656025
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AITNANANLINT 14 LEAITI9aZIDIAIUITYAINGIUITLETSY Expression and oxidative
modifications of plasma proteins in autism spectrum disorders: Interplay between

inflammatory response and lipid peroxidation 1ag Alessio Cortelazzo uagmz [97]

RESEARCH ARTICLE

Expression and oxidative modifications of plasma
proteins in autism spectrum disorders: Interplay
between inflammatory response and lipid peroxidation

Alessio Cortelazzo'?*, Claudio De Felice®*, Roberto Guerranti?, Cinzia Signorini®,
Silvia Leoncini'*, Gloria Zollo'*, Roberto Leoncini?, Anna Maria Timperio®, Lello Zolla®,
Lucia Ciccoli* and Joussef Hayek’

Publish 2016

two-dimensional polyacrylamide gel electrophoresis (2D-PAGE)

Method

with MS/MS and Oxidative PTMs analysis

Platelet poor plasma from heparinized blood of ASD and age-
Specimen

/sex- match control
Folushu Symbol
alpha-2-macroglobulin P01023
alpha-1-antitrypsin P01009
haptoglobin PO0738
Fibrinogen beta chain P02675
Fibrinogen gamma chain P02679
serum transferrin pP02787
prealbumin P02766
apolipoprotein A-l P02647
apolipoprotein A-IV PO6727
apolipoprotein J P10909
serum albumin P02768
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Folushu Symbol
lg alpha-1 chain C region P01876
lg gamma heavy chain P99006
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AITNANANLINT 15 LEAIT19aZL08AIUITYANNGIUITLESS Redox proteomic
identification of carbonylated proteins in autism plasma: insight into oxidative stress

1my Chengyun Feng WazAtlg [98]

C) CrossMark

Redox proteomic identification

of carbonylated proteins in autism plasma:
insight into oxidative stress and its related
biomarkers in autism

Chengyun Fengz,‘r’oujiao Chen', Jintao Pan?, Aochu Yang', Li Miu?, Jie Min?, Xianling Mengz, Liping Liao',
Kaoyuan Zhang' and Liming Shen'”

Publish 2017

two-dimensional polyacrylamide gel electrophoresis (2D-PAGE)

Method
and Immunoprecipitation follow with Western blot analysis

Plasma from heparinized blood of ASD and age-/sex- match
Specimen
control

Folushu Symbol

complement component C8 alpha chain PO7357

lg kappa chain C P01834
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AITNANANLINT 16 LARITI9AZIDIAIUITYINNGIUITLESS ITRAQ based proteomic
analysis reveals protein profile in plasma from children with autism lag Liming Shen

LagAdy [99]

iTRAQ-Based Proteomic Analysis Reveals Protein Profile in
Plasma from Children with Autism

Liming Shen,* Kaoyuan Zhang, Chengyun Feng, Youjiao Chen, Shuiming Li, Javed Iqbal,
Liping Liao, Yuxi Zhao, and Jian Zhai

Publish 2017

Method isobaric Tags with Relative and Absolute Quantitation (iTRAQ™)
Specimen Plasma from EDTA blood of ASD and age-/sex- match control
Folusiu Symbol
Actin, cytoplasmic ACTG1
Alpha-1-antitrypsin SERPINA1
Alpha-actinin-1 ACTN1
Alpha-enolase ENO1
Angiotensinogen AGT
Apolipoprotein E APOE
Beta-parvin PARVB
Calmodulin CALM1
Calreticulin CALR
Complement C3 C3
Complement C5 €5

EH domain-containing protein 3 FERMT3
Fibronectin FN1
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Folusiy Symbol
Insulin-like growth factor-binding protein complex acid labile

IGFALS
subunit
Fibulin-1 FBLN1
Integrin alpha-lib ITGA2B
Kallistatin SERPINA4
Microtubule-associated protein RP/EB family member 2 MAPRE2
Talin-1 TLN1
Thrombospondin-1 THBS1
Transitional endoplasmic reticulum ATPase VCP
Vinculin VCL
Vitronectin VTN
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ID control | 6Lgroup | ANOVA L/C log2C | log2L | log2(A/C)

329 0.851 0.000 0.000 0.000 -0.232 0.000 0.000

302 0.034 0.000 0.000 0.000 -4.869 0.000 0.000

353 0.103 0.000 0.000 0.000 -3.276 0.000 0.000

306 0.024 0.000 0.000 0.000 -5.382 0.000 0.000

348 0.168 0.000 0.000 0.000 -2.573 0.000 0.000

313 0.051 0.000 0.000 0.000 -4.291 0.000 0.000

510 0.066 0.000 0.000 0.000 -3.924 0.000 0.000

312 0.113 0.000 0.000 0.000 -3.151 0.000 0.000

300 0.030 0.000 0.000 0.000 -5.061 0.000 0.000

320 0.056 0.000 0.000 0.000 -4.149 0.000 0.000

283 0.125 0.000 0.000 0.000 -2.994 0.000 0.000

299 0.047 0.000 0.000 0.000 -4.422 0.000 0.000

298 0.041 0.000 0.000 0.000 -4.621 0.000 0.000

281 0.257 0.000 0.001 0.000 -1.958 0.000 0.000

291 0.109 0.000 0.001 0.000 -3.196 0.000 0.000

217 0.136 0.000 0.001 0.000 -2.879 0.000 0.000

297 0.067 0.000 0.001 0.000 -3.909 0.000 0.000

304 0.038 0.000 0.001 0.000 -4.712 0.000 0.000

361 0.195 0.000 0.002 0.000 -2.357 0.000 0.000

350 0.342 0.000 0.003 0.000 -1.548 0.000 0.000




ID control | 6Lgroup | ANOVA L/C log2C log2L | log2(A/C)
362 0.093 0.000 0.003 0.000 -3.432 0.000 0.000
360 0.119 0.000 0.003 0.000 -3.075 0.000 0.000
303 0.089 0.000 0.004 0.000 -3.486 0.000 0.000
295 0.054 0.000 0.006 0.000 -4.214 0.000 0.000
274 0.068 0.000 0.006 0.000 -3.873 0.000 0.000
324 0.146 0.000 0.006 0.000 -2.780 0.000 0.000
293 0.063 0.000 0.006 0.000 -3.978 0.000 0.000
338 0.121 0.000 0.006 0.000 -3.042 0.000 0.000
322 0.601 0.000 0.007 0.000 -0.735 0.000 0.000
514 0.219 0.000 0.009 0.000 -2.194 0.000 0.000
349 0.049 0.000 0.009 0.000 -4.343 0.000 0.000
358 0.052 0.000 0.011 0.000 -4.270 0.000 0.000
289 0.032 0.000 0.011 0.000 -4.968 0.000 0.000
326 0.191 0.000 0.012 0.000 -2.391 0.000 0.000
321 0.095 0.000 0.015 0.000 -3.403 0.000 0.000
335 0.059 0.000 0.015 0.000 -4.092 0.000 0.000
325 0.052 0.000 0.016 0.000 -0.262 0.000 0.000
319 0.813 0.000 0.016 0.000 -0.298 0.000 0.000
352 0.089 0.000 0.016 0.000 -3.482 0.000 0.000
356 0.043 0.000 0.018 0.000 -4.537 0.000 0.000
305 0.031 0.000 0.034 0.000 -5.014 0.000 0.000
286 0.091 0.000 0.034 0.000 -3.451 0.000 0.000
172 0.303 0.023 0.014 0.076 -1.720 -5.438 -3.717
143 0.051 0.007 0.024 0.141 -4.288 -7.115 -2.826

141



ID control | 6Lgroup | ANOVA L/C log2C log2L | log2(A/C)
384 0.235 0.035 0.005 0.150 -2.092 -04.831 -2.739
161 0.215 0.040 0.031 0.186 -2.216 -4.644 -2.428
232 0.043 0.009 0.033 0.206 -4.529 | -6.807 -2.279
221 0.038 0.009 0.035 0.227 -4.703 -6.841 -2.138
526 0.183 0.043 0.000 0.235 -2.451 -4.543 -2.092
252 0.147 0.038 0.001 0.259 2067 | -4.717 -1.950
525 0.198 0.071 0.021 0.357 -2.336 -3.821 -1.485
504 0.107 0.039 0.036 0.365 -3.223 -4.675 -1.452
78 0.214 0.099 0.008 0.460 -2.222 | -3.342 -1.120
82 0.149 0.078 0.028 0.519 -2.743 -3.689 -0.946
184 0.045 0.025 0.013 0.551 -4.490 -5.350 -0.861
518 0.286 0.168 0.007 0.587 -1.806 | -2.574 -0.768
63 4.824 2.984 0.020 0.619 2.270 1.577 -0.693

11 0.102 0.068 0.042 0.666 -3.296 -3.883 -0.587
a1 0.174 0.231 0.005 1.328 -2.523 -2.113 0.409

2 0.057 0.087 0.030 1.528 -4.136 | -3.524 0.612
183 0.052 0.081 0.033 1.560 -0.265 -3.623 0.641
153 0.107 0.170 0.033 1.590 -3.223 -2.554 0.669
290 0.489 0.798 0.006 1.632 -1.032 | -0.325 0.707
119 0.100 0.165 0.046 1.651 -3.320 | -2.597 0.723

15 0.089 0.155 0.038 1.747 -3.493 -2.687 0.805
213 0.054 0.096 0.031 1.767 -4.209 -3.388 0.821
29 0.033 0.060 0.011 1.789 -4.907 -4.068 0.839
32 0.043 0.091 0.045 2.145 -4.555 -3.454 1.101
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ID control | 6Lgroup | ANOVA L/C log2C log2L | log2(A/C)
21 0.043 0.095 0.026 2.210 -04.538 -3.3914 1.144
8 0.068 0.158 0.002 2.324 -3.881 -2.664 1.216
3 0.039 0.090 0.006 2.332 -4.691 -3.470 1.221
6 0.079 0.186 0.004 2.352 -3.657 -2.424 1.234
193 0.028 0.066 0.008 2.389 -5.168 | -3.912 1.256
1 0.059 0.142 0.022 2415 -4.083 | -2.811 1.272
194 0.039 0.096 0.002 2.455 -4.670 -3.374 1.296
522 0.031 0.080 0.036 2.607 -5.033 -3.651 1.382
521 0.040 0.118 0.035 2917 -4.630 | -3.086 1.544
51 0.048 0.144 0.004 3.006 -0.385 -2.797 1.588
125 0.038 0.119 0.004 3.090 -4.700 -3.072 1.627
17 0.075 0.282 0.043 3.753 -3.735 -1.827 1.908
524 0.000 0.073 0.001 0.000 0.000 -3.771 0.000
523 0.000 0.079 0.008 0.000 0.000 -3.655 0.000

143
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ASNISLALAZNITAY
waatatvie

aulnuananaun

1. RPMI1640 medium
. Fatal bovine serum

. Penicillin/Streptomycin

. Liquid nitrogen tank

2

3

4. Dimethyl sulfoxide
5

6. RNAlater solution
7

. Tryphan blue

8. Ice

9. Clorox

10. Detergent

11. class Il microbiological
safety cabinet

12. 37° C and 5% CO2

Incubator

nsafmALdue 915leue | 1. Genezol® Reagent 6. RNase-free water
waglushu 2. Chloroform 7. Sodium citrate
3. Isopropyl alcohol 8. NaOH
4. ethanol 9. guanidine hydrochloride
5. urea 10. isopropanol
mﬁﬂﬂmmWﬂJaﬂUiau 1. Bovine serum albumin 12. Sodium Dodecyl
KATNIINTIVFDUAMNN | 2. MilliQ water Sulfate (SDS)
V9lUIAU . Laemli’s buffer 13. Ammonium Persulfate

. Bradford solution

2

3

a

5. 96 wells plate
6. SDS-PAGE equipment
7. 30% acryramide

8. 1.5M Tris-HCl pH 8.8
9. 0.5M Tris-HCl pH 6.8
10. pH meter PL-600

11. Shaker Polymax 1040

(APS)

14. TEMED

15. Glycine

18. Methanol

19. Ammonium sulphate
20. 85% Phosphoric Acid
21. Coomasie Brilliant Blue

G-250
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wenlushumemaila 2D- | 1. Urea 10. glycerol
GE uagiasigianu | 2. CHAPS 11. Sodium Dodecyl
LANFINeYRIAlUsAY | 3. Bromphenol blue Sulfate (SDS)
4. Dithiothreitol 12. lodoacetamide
5. IPG buffer 13. 30% acryramide
6. IPG strips, 13 cm, pH 3-10  14. Methanol
7. Image scanner I 15. APS
8. Tris-HCl pH 8.8 16. TEMED
9. MilliQ water 17. Acetic acid
NISUDUUHULIAAN 1. Acetonitrile (CAN) 5. HPLC Water
wWulnalaginsei 2. Ammonium bicarbonate 6. Speed-vacuum
wWulname LC-MS/MS | 3. Trypsin enzyme 7. Ultrasonic bath
4. Formic acid 8.Mascot search engine
AN5ILASIZASwARgean | 1. Non-fat dry milk 17. Sodium Dodecyl Sulfate
yodlUsiugitmAdla 2. MilliQ water (SDS)
western blot 3. Laemli’s buffer 18. Ammonium Persulfate
4. Bradford solution (APS)
5. 96 wells plate 19. rabbit polyclonal anti-
6. SDS-PAGE equipment GAPDH antibody (sc25778)
7. 30% acryramide 20. Glycine
8. 1.5M Tris-HCl pH 8.8 21. Mini-PROTEAN® Tetra
9. 0.5M Tris-HCl pH 6.8 system

10. pH meter PL-600
11. Shaker Polymax 1040
12. 0.2 uM Immun-Blot® PVDF

membrane

13. TBST

14. rabbit polyclonal anti-human
DBI antibody (ab196485)

15. ECL hyperfilm

16. TEMED

22. rabbit monoclonal anti-
human IDH2 antibody
[EPR7576] (ab129180)

23. donkey anti-rabbit IgG H&L
(HRP) preadsorbed (ab7083)
24.NaOH

25. Amersham ECL Select
Western Blotting Detection

Reagent
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