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Proteomic Profiling of HCV-HCC

tumor tissues/

L( Yamaguchi University

non-tumor tissues \

2-DE

MALDI-TOF/IMS
Data Base <> | LC-MS/MS Tryptic digestion
1 Immunohistochemistry and
Immunoblotting

Protein expression analysis/
Protein function analysis

A
Protein Chip

(tumor antigen and antibody arrays)

B. M5

IO RF (LLEART) EFEHMBRES 5
B THIRZRRICAT Y A DI % = T IR BIBR T 2
WiAT LI ERI G L LT, AZEZImERE
%ééfﬁ BT ICERIRMFZEIZAN Y | R

WA FEOANEZ + It L CRIEZ 57,
de CHIF&K Y 4 VA (HCV) B DBHE
(HCV HufRmE, B BIF%L 7 4 2 (HBV)
FURIEME D SEGBEED 72\N) Db HRE D Hil
HORBURMN TR I L2 i A
(HCC) #Af% (5mmx5mmx5mm) ZHR{EK
L7z,
1) R{ED DA AR & FEDs AERHERK 2 5951
EHRL, ZhZhoifEr o s s o8
B aREE LT, B Z pH 47 12K -
=RV T 7 VAT I RV ZRoTERIKENE
(2-DE) #FEM L7, HEONTRAEELIERA
&8 2-DE PkEN& % Progenesis & AV TE{E
FEHT L, DA CEMIZERT 52 /X7 HA
Ay ETANGEIVHL, P T AN
7= in gel digestion (A T LN~ T'F N
% nano-LC-MS/MS (LC-MSD Trap XCT,
Agilent Technologies) THE&47#T L. Spectral-
Mill-IIT & £ O Mascot & W CTERfZ 37
BORExEIT>T,
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Finding Biomarkers and
Therapeutic Targets

4
PROTEOMEX

(autoantibodies in patient sera)

>

2) PROTEOMEX #: % A\ T HCV-HCC =3
NHELNTZNAERERE S > X7 ED 2-DE
(S BE&EEH pH 3-10) Z1To =R ICHBES
%y ERt% PVDF JRICERE L [Al—HBED
Mg % RIS S BBV T F o —FEWIT
HHEFR L-Hie b IgGhilfkE b S®D 2 &
IZE v, BENEF OB ORISR RIG
THNAEHRBED Z XV BEAR Y DB
HLz, INo6DZ 78RRy v2EI0H
L. BESNMLTEHY VXV EOREZIT-
=,
3) W& v/ & (ffl & LT HSP70 @ C-Kifs
%W)%QWEEEWA . F0O N-KuEh
I His # 7 & C-KIESHZ Cys # V72 A LT
Aﬁ&—zﬁﬁbff%iWT%ﬁéﬁto%
AxnzVarerr VEB%Z His ¥ JITHR
HIZFEET A= F L E— X TR L= %I
ATEY FEEEMILZ (DLC) F v 7&K
o~V A I REERIGEE, Cys 27 DFF
—NEL DT T XA E R D
RLHREICEE/RLLE, Z0F v IT
HCV-HCC BERCMMDIER R L ONZIEFH AN D
Bi=1imiE % s ¥ C HSP70 [T 5 A E
PUEDONFEM 2 H 21T o 7o,



Proteomic Profiling of HCV-HCC by 2-DE and L.C-

MS/MS
Non-tumor tissues

Albumin (14721) Ketohex okinase(14/21)

Argnase 1 (17721)

Femitin light
chamn(16/21)

Tropom yosin
B chain(16/21)

Aldolase (17/21)

Enoyl-CoA
hydratase (14/21)

Aldolese (18/21)

pPH

(B E~DELRE)
LREOBIFESIEICTE LI,

C. WFERER

1) HCV-HCC DA F~— D —{EffZ 37
BORE : ek, 2-DE o4 % pH 3-10
T % fis L . HSP70 family, glutamine
synthetase, arginase 35 X O\= ¥ D s 2B
FE% N HCV-HCC O NA A ~—Hh —EH
ELTHESN TV, 4RI 2-DE D5Hf
#iH % pHA-T 7420 ApoE 7 A ¥ 7 4 — 1 (§E
B ?) & ATP SR T A Y 74— 4 (U~
Bk ?) 2= A A ~—h—FEH &L LR
E LT,

2) PROTEOMEX % FIV T B EHURIC G S
%5 HCV-HCC NA A~—h—Efy v/ &
DY iAF : HCV-HCC D73 A BT FF 2Ry
(BT B2 N BROHR N LR ABE MIE
FOBECHEICRENICRCT D2 "0 B
LT HSP70 & MnSOD 3 X U peroxiredoxin
BRE I NI,

3) HSP70 &x# AW nrA v F v 7285
HCV-HCC &3 miE+ o B chfkoft . GFP

Tumor tsissues

GRP75 (14221) )
HSCT0(13/21) Tiosephosphate

isomerase(14721)

10 3 < 10

PH
L RtE &7~ HSP70 @ C-RimmEl z E Tk L
72 DLC & v 7|\ HCV-HCC BEMFEREFH A
mEEx*RIEESEEZ A, EFATHLT
HCV-HCC BEDOBMEENFRIZEI 2T,
4) BOHEZAWTZEHEEN A DAL F~—
J—1ER #RMENR A L LT HCV-HCC Dfthiz,
$LJ TIIHL cyclophilin A HLik & SITHAH
gemcitabine MHEDENKDS A Tlixk HSP27 053
izl A Fv—h—fFEffE LTRE I,
(AT Cik 2 B L OV3)
D. &%
4Bl ek ZIRoTERKENE L EEOMTIE
(nano-LC-MS/MS) DB #4175 & & biZ,
BEbukZ AW AR 7 o BN
Fv—h—OEmBRERBEFOKREZITV., C
BIURF 96 7 4 v AR (R 3 2 BT 4 e
(HCV-HCC) % Hils &9 D EERIEN A DFHA
NA Fv—h—BRREAH T, FORER. FEH
{t. ApoE & ATP GRkEERT A YV 74— L7 Y
NHE7=72 HCV-HCC DA F~—J —{EH
VR I7JBEELTRESNL, It A A
gemcitabine M4 DFEENEA A TlL HSP27 £



ATP synthase subunit beta, mitchondrial

E.

&
CHRIFRD A VARPEICERAT 2L EZ bR
HRFfAa2 A (HCV-HCC) DfAfErE &
WRIENA F~—D—DREBRFMOL B ZT
VY, fiE3E o HSP70, MnSOD, peroxiredoxin
\ZhN 2 CTHESEIL ApoE 38 X O ATP & RkEfsR
TA 7 g — bl FRFTempr S drw—f=

wo  SFIEERN BT
1705?:——- = R eg— —— R —————
o i e
50 - i "T"E
20 - 5
5 6 7 5 6

21

L2 A TIEH cyclophilin A HUARHT 727234
F~v—Hh—EL L TRIESINZ, SbiZ, BCH
FKERWETaeTA Ty THIFOBRZTW
HCV-HCC (28T HSP70 @ C KimEi 3L
TeNAF~—N—L72VBLZLEHLMNITL
72 HSP70 » C Kimihz 7 v 7ERmICEE(L
L CREFMFEFRO B A ZHRETL, F2
B9H % RAYIC HCV-HCC D RN 23
Bl FCACHAEZERTAZ LITED,
MEFEPICEENDIEREDZ N ERRED
FRETLIMENRL, BERBZY—LVEL
TEETHhHDEEZDLND,

|
1

E

| BEHERL L TRELL, 4%, Zhbo

"P e o BOBREENE PRC kit

RTHLNZLEEY, —F, BEMFFOED
EZ{EHA L7 PROTEOMEX it & 7'mn7 A >
F v TEMOL R Z{TV, HSP70 @ C KimtE
W73 HCV-HCC OFENA F~— D —(E &
LTHETHDZLEHALNIILE, 61T,
B oA % A= PROTEOMEXEIZ X 0 #Hoas
ADINA F~—J)—fEf & L THL cyclophilin
AVEERE L, 4%, BChiKzER L
HEAMEN A DA T~ — T —HEER L RAY IR
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PROTEOMEX of HCV-HCC tumor tissues

Liver Tissue — HCC Serum
patient \
Candidate Spots:
Protein Extraction HSP79~ MnSOD,
Peroxiredoxin
E o) » E ®
- o o ° N oo o °
- o ° go% ° Blotting |,, e o ECL _ *
- % o %o — .. o — | ¢
= o Oo = O o} = L 'Y
o] 8] 5 "
- o 2 o Yoo _ °
2-DE PVDF Protein spots recognized by
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Protein Chip for HCV-HCC

-X"I:/Pon substrate

tumor specific antisera 4 % oD ted
Protein (HSP70) conjugate
2 secondary

o0 / ‘ 3 .O&fg”‘ @ o. //' antibody

/ ' auto-antibodies

Chip Spotting Immobilization Chemical luminescence
d h e
substrate (¢ 200um ) and was R

1-1) tipping tumor specific protein on a chip at the volume of

0.5 ul and reacted with functional groups on the chip in humid

chamberfor 1 h at room temperature HSP70
1-2) washing the chip with TBS-T and scanned the chip by
FLA8000(FujiFilm)* and Array Scan4000(PerkinElmer)**

1-3) blocking with blocking reagent for 1 h at room

temperature

1-4) reaction with auto-antibodies (antisera) for 1 h at room

temperature

1-5) washing 3 times with PBS

1-6) reaction with POD conjugated secondary anti-body for 1 h

at room temperature HSP70*
1-7) washing 3 times with PBS

-
1-8) determining chemical luminescence Sub-femto mol

detection

Confidential =
BEMBTHEBROEELD
& BhEOE
A - 2@ B’ =
70— WE st BE . . ... -
s P70C "
— UBR gam nEm 0 oo meeion S0 gop,  PRO6 HIE
HCV / HCC PRDX6  bopxe
+/ + 14 1 13 2 1 1 2 1 0 7/13
+/- 6 2 4 0 0 0 1 0 1 2/4
-/ - 10 3 7 0 0 ] ] ] ] 0/7
BEE 8 2 6 0 0 0 0 0 0 0/6
st 38 8 30 1 1 1 3 3 1 9/30
(( Yamaguchi University
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HIRRAF

HR %

An alternative splic
ing isoform of euka-
ryotic initiation fact-
or 4H promotes

and is a potential
therapeutic target
for human cancer.
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2010

High-yield peptide-
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for the discovery of
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biomarkers from
small serum samples

J Proteome
Res.

EUHES

2010

The isolation and
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hormone-refractory
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assisted laser
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Serum levels of
complement C4
fragments correlate
with disease activity
in multiple sclerosis:
proteomic analysis.

J Neuro-
immunol

218

112-5

2009

cmyc suppressor
FBP- interacting
repressor for cancer
diagnosis and
therapy.

Front Biosci

3401-8
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YKL-40 identified by
proteomic analysis as
a biomarker of sepsis
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393-400
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DNA synthesis
induction after X-ray
irradiation in human
cells.
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VER ¢ Nuclear localization |Exp Cell Reg315 1117-41, {2009
of Src-family tyrosine
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Enhanced expression
of Annexin A4 in clear
cell carcinoma of the
ovary and its
association with
chemoresistance to
carboplatin.
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125
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2009

iTRAQ-based
proteomic
identification of
leucine rich alpha 2
glycoprotein (LRG) as
a novel inflammatory
biomarker in
autoimmune diseases.
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69

770-4
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Large-scale proteomic
analysis of
tyrosine-phosphory-
lation induced by
T-cell receptor or
B-cell receptor
activation reveals
new signaling
pathways.

Proteomics
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2009

Phosphorylation-
dependent regulation
of cytosolic
localization and
oncogenic function of

Skp2 by Akt/PKB.
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CDK inhibitors
selectively diminish
cell eycle controlled
activation of the
histone H4 gene
promoter by p220NFPAT
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p53-Altered FBXW7
expression
determines poor
prognosis in gastric
cancer cases.

Cancer Res

69
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2009

Fbxo045 forms a novel
ubiquitin ligase
complex and is
required for neuronal
development.

Mol Cell
Biol

29
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Mechanoregulation of
proliferation.

Mol Cell
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29
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The reduction of cell
death and
proliferation by
p27Kirl minimizes
DNA damage in an
experimental model of
genotoxicity.
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S-phase kinase-
associated protein-2
(Skp2) promotes
vascular smooth
muscle cell
proliferation and
neointima formation
in vivo.
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PKC8 mediates
Nrf2-dependent
protection of neuronal
cells from NO-induced|
apoptosis.
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Tyrosine kinase 2
plays critical roles in
the pathogenic CD4 T
cell responses for the
development of
experimental
autoimmune
encephalomyelitis.
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Promotion of neurite
extension by
protrudin requires its
interaction with
vesicle-associated
membrane
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protein.
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Impaired chemotaxis
and cell adhesion due
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cell-surface receptors
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Human synovial
sarcoma
proto-oncogene Syt is
essential for early
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development through
the regulation of cell
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Involvement of
phospholipase
C-related inactive
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reproductive system
through the
regulation of
gonadotropin levels.
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681-9
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Regulation of
osteoclast apoptosis
by bel-2 family
protein bim and
caspase-3.
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Skp2 is required for
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proliferating
Rb1l-deficient cells
and for tumorigenesis
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J Cell Mol
Med

IR

2010
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cycle regulating gene,
in colorectal cancer:
Clinical significance.
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Phospholipase
C-related but
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Fbxo45, a novel
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regulates synaptic
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m b Increased E4 activity |J Biol Chem |[HlkllH 2010
in mice leads to
ubiquitin- containing
aggregates and
degeneration of
hypothalamic
neurons resulting in
obesity.
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Myc-Mediated Res
Suppression of p27¥ipl
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transcription complex Biol
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Extrachromosomal
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innate antiviral
immune responses
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double-stranded
DNA.
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receptor proteins
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Plant Cell
Physiol

51

262-70

2010

Transgenic peas
expressing an
a-amylase inhibitor
gene from beans show
altered expression
and modification of
endogenous proteins.

resis

Electropho-

30

1863-68

2009

Proteomic analysis of
membrane proteins
expressed specifically
in pluripotent stem
cells.

Proteomics

126-37

2009

Mutagenesis of longer
inserts by the ligation
of two PCR fragments
amplified with a
mutation primer.

J Biosci
Bioeng

107

95-7

2009

A signaling
polypeptide derived
from an innate
immune adaptor
molecule can be
harnessed as a new
class vaccine
adjuvant.

J Immunol

182

1593-601

2009.

Isoelectric focusing of
high-molecular-weigh
t-protein complex
under native
conditions using
agarose gel.

Anal
Biochem

387

60-3

2009

113




SMG-8 and SMG-9,
two novel subunits of
the SMG-1 complex,
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of the mRNA
surveillance complex
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mRNA decay.
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Snapshot peptidomics
of the regulated
secretory pathway.
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The Alzheimer’s
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memantine increases
the number of radial
glia-like progenitor
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integrin-B1 activation
regulates microglial
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Serum proteins/peptides reflect physiological or pathological states in humans and are an attractive
target for the discovery of disease biomarkers. However, the existence of high-abundance proteins
and the large dynamic range of serum proteins/peptides make any quantitative analysis of low-
abundance proteins/peptides challenging. Furthermore, analyses of peptides, including the cleaved
fragments of proteins, are difficult because of carrier protein binding. Here, we developed a differential
solubilization (DS) method to extract low-molecular-weight proteins/peptides in serum with good
reproducibility and yield as compared to typical peptide-extraction methods such as organic solvent
precipitation and ultrafiltration. Using the DS method combined with reverse-phase HPLC fractionation
followed by MALDI-TOF-MS, we performed high-quality comparative analyses of more than 1500
peptides from 1 uL of serum samples, including low-abundance peptides in the subnanomolar range
and containing many peptides bound to carrier proteins such as albumin. We applied this method and
successfully discovered four new biomarker candidates of colon cancer, none of which have previously
been observed in serum and one of which is a fragment of the protein zyxin that possibly originated
from tumor cells. Our results indicate that serum peptide analyses based on the DS method should
greatly contribute to the discovery of novel low-abundance biomarkers.

Keywords: biomarkers e colorectal cancer « mass spectrometry « peptide extraction e peptidomics e
plasma e serum

The LMW region is of great interest in proteomic studies that
aim to identify disease-specific proteins. The most widely used
approaches for the LMW serum/plasma proteome employ
SELDI-TOF-MS*®~!7 and MALDI-TOF-MS analysis coupled
with simple preparations using solid-phase extraction methods
or functionalized paramagnetic beads.”***® When these ap-
proaches are combined with advanced bioinformatic tech-
niques, many key LMW proteins/peptides with putative mo-
lecular masses below 20 kDa are identified, some of which
could be used to determine the onset of disease.”}?71719722
These results suggest that the LMW serum/plasma proteome
might contain an unexplored archive of histological informa-
tion, and are expected to yield useful biomarkers for disease
detection. However, these approaches can detect only a small
portion of the LMW proteins/peptides in the seram/plasma.

Introduction

Serum/plasma contains thousands of different types of
proteins and peptides,'® and can provide valuable information
about the numerous processes that take place within the body.
Quantitative analysis of the proteins/peptides in serum/plasma
samples is expected to reveal biomarkers. Therefore, many
researchers have attempted to provide disease-specific bio-
markers for the early detection of disease, drug susceptibility,
and the evaluation of prognosis.®™®

The low-molecular-weight (LMW) proteins/peptides in the
serum/plasma include members of several physiologically im-
portant classes, such as cytokines, chemokines, and peptide
hormones, along with proteolytic fragments of larger proteins,'®'!
including those generated by cancer-specific exopeptidase.'?
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Serum/plasma proteins/peptides are present at concentra-
tions that are likely to extend over 10 orders of magnitude or
more. So far, 22 major proteins have been defined, constituting
approximately 99% of the total serum/plasma proteins.*®
Among the remaining 1% are thousands of low-abundance
proteins/peptides that are of great interest for proteomic
studies, as they include potential biomarkers. However, high-
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