HBLI)— . 7OTF 37 RBEDE 2015

N ANEA
INFAN=
mc /3 nHHjZ

Proteome Letters 2016 ; 1 : 37-43

Tu Tt 2 AT — 2 OMAYFER T B

INFRRAE *, FRARSIT

*E-mail: daikik@kumamoto-u.ac.jp

REARF R BeE BHA BT R SIS PR - 70 BT« 860-8556 REAIRLREA T S (X ACH: 1-1-1

(3%fF 2016 44 J1 20 H, 2512016 45 F 27 H, I 201645 JJ 30 H)

e Tk I 7 AT = 2 DT LI IER O B BRI S TR LT, L0 XS IRl x

RICTOPBGEET 5 & & PRI RKRD b b, siRNA/ShRNA K- TG 7 i X

o0 THEREPLTE, X ORH T

A FICX B0 FOMHREHIC X > THEL 2Mla0RIAZ, FMGEBECEET v AR X > TRHliL T\ < 2 &
B, — A IR L L TR SR A, L Lies b, ML FERTFE RS T I X > T2 Th
HT END, Rix7asr—afr Lo AR5 AT » T Lo T h, Lo C, F7uasit Iz a7 —21c/l
L CHIBAE 0 I BGEE % it D T iy, 7 e 5 4 — af@ric v ie v v 7 e o % L i, RO ED

7T u Tk — A FERTmo 2 L,

in-silico ® Gene Ontology f##fi =% F * » b v — 7 fRATIZ X - THH D FREA A

T BN AEEL LT - T %, ANETEIMERBZOMT 2B LT, KD whrZ LTy e7d s 7 A7 =2 TH
TE S TG 2 TR A MR M ARV BERE L i D il T %

1 & @

WO H BT HE OREREAL, SREEC LY, B
MICRE I D &2 v o8 7 BREDREN i LT, DNA <
427 a7 v AR % 10000 D EO S TR OFER A 7 0
7 AATHI LN, TERY. chbD 7 aF
I — ARITIC L o> TR LN IEREMINT 5 cdiciy, &
WS ER OB B0 FREZTIN L, ZhbaTRACK L
THEWANBRE 2 BEE L o iz bisue, Ll
D, MR FHNCHKGE L T fed O F I ERS
T Lo TR TH DI, Z OEWFITIBEEDN 5 % <
EFEir —20/B RN, Fa5d—a@irL b RE

>
&=
“w
=
@
2
-

DB E I T 5.

— ey 7o M A SRR & L C, siRNA/shRNA <
K5 FALEW I E12 X 50 FHEEIE, I OB 77 =2
N X BT OMBRIIC X o T4 U sl oFII %,
MR/ T » v 1R X > TRl L T 2 & e
EngFons (Figl). #2C, Fllp 22 —7 9 b
Lk RBl 7 5 2 3 F, siRNA BREH / iHHEALHF
LORSTALEWERE LRTERbR, 7 v 1%
SN L T AU WD, S u T4 3 2 A TRE
S TRIELIELE, BT Th 5, FiikERic
ZLWEDT 7 u—FOFRYEHC IR LG550DH 5.
OB S IGREOWREN S, T b ORE L Mk

MF1 siRNA _= +
TCTP

NF1 [

TCTP
1?‘15:

TCTP si  Control

In-silico analysis Validation of expression data

Quantitative Proteomics Functional Analysis
OlLabel free quantification Qexpression clustering OgPCR OpFunctional Inhibition/activation

=Spectral couting QOGene ontology analysis OWestern Blotting *siRNA/shRNA

*Precusor ion intensity QPathway analysis OSRM/MRM +expression plasmids

«SWATH Olmmunohistochemistry *chemical compounds
Olsobaric tag quantification *Antibodies

*SILAC

*iTRAQ

*TMT

Fig. 1 Workflow for the data mining of quantitative proteomics and the cellular biological validations
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Extraction of a novel NF1-related molecular network
by pathway analyses of mRNAs and proteins up-regulated

i Dynein 1C2-GR-COX1 signaling

Identification of a novel molecular network related to the abnormal neuronal differentiation from integrated proteomic data of NF1

A. PC12 cells treated with NF1 siRNA shows the phenotype of neurite outgrowth inhibition after 72 hours in response to nerve
growth factor NGF). B. Workflow of the integrated proteomics of NF1-disease model PC12 cells. PC12 cells were transfected
with control siRNA or NFI siRNA and stimulated with NGE and protein and mRNA samples were prepared from the cells. The
protein and mRNA samples were subjected to 2D-DIGE and iTRAQ methods, and DNA microarray, respectively. After these
analyses, an integrated chart from all data was generated using iPEACH to identify differentially expressed genes and proteins. To
extract a novel NF1-related molecular network, the list of genes/proteins upregulated by the NFI siRNA treatment in PC12 cells
was imported into KeyMolnet. The abnormal molecular network including dynein IC2, GR, and COX-1 was successfully construct-
ed by Keymolnet network search. The “dynein IC2-GR-COX-1” signaling was highlighted by a red square.
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O Down-regulation of COX-1 and nuclear GR
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O Recovery of the phenotype of NF1-knockdown cells
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Fig. 3 Validation of the activation of novel NF1-related signaling “Dynein IC2-GR-COX-1”

Dynein IC2-GR-COX1 signaling identified by integrated proteomics of NFI-deficient PC12 cells, was validated by the indicated
methods. These results demonstrated that the activation of “Dynein IC2-GR-COX-1" signaling caused the abnormal neuronal

differentiation of NF1-disease model PC12 cells.

EOL, [OLLC

Over-expression of .
- Down-regulation of TCTP
NF1 GAPd i 8

MAPK
@—I Ol

PI3K-AKT a

signaling

l Inhibition of MAPK/PI3K ‘ - ‘ Down-regulation of TCTP ‘

PI3K-AKT

c o
o= ”..@“‘

signaling

‘ Inhibition of mTOR ‘# ‘ Down-regulation of TCTP |

Fig. 4 Validation of the mechanism of TCTP upregulation by NF1-deficiency via Ras signaling
Ras (A), MAP kinase/PI3 kinase (B) and mTOR (C) were inhibited and the TCTP expression was down-regulated by all of the

inhibitions.
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Fig. 5 Functional validation of TCTP in NF1-associated tumors
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A. The phenotypes of sNF96.2 MPNST cells treated with TCTP siRNA were observed using time-lapse microscope. The phe-
notypic changes with cell growth, apoptosis, and cytoskeleton were observed. B. Inhibition or activation of TCTP by siRNA or
expression plasmid caused the decrease or increase of mTOR activity, respectively.
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Cellular biological validations of novel candidate molecules which are extracted from proteomics data are needed
to uncover their functions. For examples, the molecules are inhibited or activated to validate their biological func-
tions by using siRNA/shRNA, antibodies, chemical compounds, or expression plasmids, followed by the observations
with microscope and analyses using the various assay systems. However, it takes much effort to biologically validate
the candidate molecules because the approaches depend on their various functions. Therefore, the precise processes
to extract the novel molecules of biological interest using the gene ontology or network analyses, as well as the strict
sample preparations and the reliable proteome data, need to facilitate their validations. In this paper, we explained
how the novel candidates of interest, especially related to the neurofibromatosis type I (NF1) pathogenesis, were
validated biologically.

Keywords: cellular biological validations; Dynein IC2-GR-COX-1 signaling; NF1; TCTP.



