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BAGBREMEREMBE (5B 3 KNP ARE BT IEE)
TRR 24 FEERIERT SIS &

R R IR R~ — U — D ERIT AT T B EH
SR ELEMET O 2T L DOBE

WHEEEE  TEHEER
MIATEAIE ANBYLARTZERT  LRRATER

WREE : AUTLIE O RAZW 2 e L T 2 MEEE~— b — %R
L, FELWEMERRT 5 MEECHETRICHD ST L2 RKH
BLd%, MBRIIH LT, MEOEESCEEDOZE(ICSBICSIS LT
BEREMT 2T LML N DFEHEMICER L THSHIERN A F~<
—h—] BEHEEEERESNBICE > TWAHR, FEDREHEMIETNALIC
Bl 2BEHEEOLLE EENIC, D OSKRELTHAN TN T —a v
TEDEMWMBTFEL RN, FEHE AL A~ — 0 — DR, ZESAIT
EL{EHL TV,

ZORRZITWS D720, BESWTEMZICH L ThiES 78
FOEWEHEFIEAIZ ON T, [l & ICHEEEEE LR E BT =X —
TX % Fnergy resolved oxonium ion monitoring technology (Erexim
1B) ZB% Uiz, MIEEEIEO _FH Th DM 24 FETIX, X7
B Rizfhmani 50 fBEMU Lo N BpEEEEDO NN = — 3 % 30
attomole (1 attomole = 107 mole) DEBMERZINE 10 FHITER
ETE B HRAMOEELSTEAMNOBRERICHKI L, HE L, ST, K
BV AT AERAWTHEL O MBS v B EEHEEEOER
NY 2— g VRN R EAT U REEREEEEENT 21T 5 OITBERSHT
FHEERE, WE L,



A HFRER

AT B THEIXERALRN DS AFET 2R
THE L EEDTRY ., MEORBE, 5
CEHEBD DL EREE LS TY
Do FDTeDITITBYERF R LITMZ, 1B
IBFTREZR KV BB TR, 721320
AERAZBRTE 22HBENOBRITE
BRIBEE S5, BIRICBWTHEDO R
A% R I XSS X B lr, CT 27z SR
ZWHM AT L RoTWER, ZhbX
VbR, HOREBREOEEIT) DD
b IIER & R 2 BB R CIREE
B9, AR TR T 5 IR EN TR
1T 2 % MLIE'E B i s Wik 2 CRIHAITE O
BHe) 27 2l E Th RIS IE,
I TREREIZBIINIC T E SN D
LHIRFTE B,

HFRARETINE T, MBI X B
BORMBZWZ BB L (e R/ I70a7
B 7 A MR VS, R 35
WTHEERSE BB DN D EHOKE
PIEN)~ — I —BEHOREEIT > TE iz,
Z I TCARRTIEENLETO~Y—h —&
WipE S 2 X7 B R E T 25580
BRI BRECERL, AT L
IR o THiEEZ TR WREZR B TR
ERIDHZ L), EbTE BERSHSETT
DYV Ry OEREFREICTHZ L] ZHEE
L35, REEEMIIMERDOA LT vk
A LRERY B2 17T v EA T 200
HRETONL A~v— I — & FRRICERL
TX5EENWIE. Multiple Reaction
Monitoring (MRM){EZJSA L. AiEIZ LI
Wbl REEREERE B L LN T
DRBPZENLTND,

B. WrFEHE
a. BEXRTF FERERORBHR

fifRE D& b Ig6 & > 732 B % 8M Urea
EEUOEMENy 77 —THBIE, BT
NFE AL EIT 572, PD-Miditrap Bl 5
2 (GE Healthcare, Buckinghamshire, UK)
EFRAVWTCERRT VE=U LRy 77 —(C
BHL~%. U ST GOLD (Promega,
Madison, WI) T 12 R¢fR{H{L L7z, IR D
RIF Y7 V% Qasis HLB h—F U »
¥ (Waters, Milford, MA) TREHERER L. K
D ZIRIT HPLC Sy BNk L7z,

4.6 mm x 500 mm Cadenza CD—-C18 column
(Imtakt Corporation, Kyoto, Japan) %
W, BB A [0.2% TFA], ¥A#E B [75%
acetonitrile, 0.1% TFA]. & B% 5-20 90
577 Y= b, W O0.6ml/min DFEMFT
Ig6 HSR~T'F ROLE%IT o Tz,

SRLIEET T a v ERmRmERL,
0.1% TFA \[ZFFIfiR L7ztk, ZBREE @ 150
4.6 mm SunShell CI18
Osaka, Japan)
LD EORDSEREREITo, 22T
T A [0.1% TFA] . W B [12%
acetonitrile, 0.1% TFA]. ¥&#E B% 10-90
77 V= FOEBEERWEZ, SBLEE
777 vaidnkl, EORBRICHL
72

mm X column

(Chromanik Corporation,

b. Ht HPLC 4347

RTE CHEEER L 2SS TF FE
mOFEHBELHREIE DD, 2-7 3/
v U VU HIERRIEIC X D HPLC AT BT
HEERE X7 F K% 050

> =,



N-glycosidase F (Roche Diagnostics,
Basel, Switzerland), 0.01% ProteaseMax
(Promega, Madison, WI)]HC 37°C. 8 F§fH]
HEILZATV, FEHZ T F b8l Lz,
WEEEE Lo — 2 — N v DT TE
RS, W%, -7 I Y DU LES
LTERLT 2 MERIGIC K B T k%47
27,

F LAk BE 4 13 MassPREP HILIC
pElution plate (Waters, Milford, MA) %
AW TR 24T\, Shimpack CLC-0DS
column (0.6 x 15 cm){Z & %8 HPLC 2347
WCHEL7e, T 2T A [10 M U ER
FrUV LNy 77— (pH = 3.8)], WHB
[0.5% 1-7 % ) — N ZE Lol Al & AV iz,
VI B 20% T L EAT o7k, %B 50 =
TTI55MD7 7Y MEERR L., Bht
£ 320 nm, WRIVER 400 nm CAEFHMES 2
BIE LTz, BHESESHEFREIL. PA-glucose
oligomer (Takara Bio Inc., Shiga, Japan)
ERIR L va—2a2=y k (CU) TH
E. #BE&ET —FN—X L O3B E2ITX
HEHCL,

c. FEREIR 3 BOoHTRILE

80 yg P "G AYV AT (N—FFF
V) SNV R T (TRRFV), BYX
YT (T—EZ I R) BENTH M
Urea BT EMNy 7 7 —CHMHEIE, B
LT NFNAMEAT o T,
endoproteinase Lys—C T 37°C. 2 BFHDH
{bZfTo7c, T® LysC {H{kE S HIT
Trypsin GOLD T 37°C.4 REfWE{L 21T o 7=,
% Oasis HLB 41— F U v I T
B 24TV, 15% acetonitrile TIAH., ¥E

4 ng 0)’

~N7F RESEZEIR U, OB LT
IE 0. IYEFR CHREICHR LI D% A
[V

d. Multiple Reaction Monitoring (MRM)
MRM Z3#TiZ1% 4000QTRAP + U 7 /VINE
WA B4 $rEF (AB Sciex, Foster City,
CA) 1Z Agilent 1200 nano-HPLC system
(Agilent Technologies, Palo Alto, CA)
BT L7z LC/MS/MS Y AT A fEA LT,
Nano-HPLC @77 7 A IZid 75 pym x 200 mm ESI
sprayer tip packed with 3 um C18 resin
(Nikkyo Technos, Tokyo, Japan) % FV>,
W oA [0.1% FB]. BWHE B [70%
acetonitrile, 0. 1% E&].JitiE 250 nl/min
DERMFTHBEZAT > T2,
4000QTRAP B BT ET O EIILLT D
WO TH D,
voltage; 12 psi curtain gas (N2); CAD =
10 vV

2200 V ionization spray

4; 70 V declustering potential;
entrance potential; QI resolution, HIGH;

Q3 resolution, LOW; 2 ms pause in between,

e. T—ZfENT

MRM TH SN 77 — 1% MultiQuant
version 2. 02 (AB Sciex, Foster City, CA)
V7T eAnTTuty s GE
BT 2 T o7,

C. WFEERER
EHEBEN) 2— g VEBLEL

BT BHIHTmoT, HxPEEH  LEZONRE

1 IZRTEX =T bAF 2 THDB, X



V=G AAF NI DODBETF ROME
ZeFHILfRBE (CID) IC L o THESWTHEAT
EUDZLimbi. TOEHEBEICKRT
LicfEROA o BEflsns, (K 2)Z
NoDAXY =T bAF Y-V R ER
FCE=%—L., »OEETRLF—ITX
DEHEHILRAF ¥ o 2ITHIZ LT, DO
BMEALITHE R L TV S 2 G
EEEROKBIEFTEDOTERILTESL LD
IZ L7=®DH Energy Resolved Oxonium Ion
Monitoring Technology (Erexim ) T 5,

Erexim YEOBPIEMF %K 3 IR LT,
U NN ERREESITRIE AV, F—
EM Q1) TEMETHETF FEER
DEEXHEEL., FENICABITS, B
THEME (Q2) T CID 2TV, #ERTF R
EYENICREIE S, O TEZNER
(Q3) T, CID THRLEEAFF V=0 A
A F v EETEENICKRET S, 22T,
HENE2L R UFEHEOMEREEE XHT
B, Q2 TOMEZET RLF — & BHHIC
B, XY =U AT UOERESR
FoF—T5, Thbb, MEHEEOEN
& D5 DHIEHD ENRLT S 12D
ZiickoT, FlxiEa-1,3 7Y a vk
BDOHF 7 h—RAL a-1,6 7Y a s
DHZ 7 b—ARKHITE B,

ERRize MEE/ 7 a—FAbiiEEE
O LY TV ER D DR L R
FREZRELEFIPE 4 THD, ZZTiX
HENSE LV 3 BEORHE ERMER) %
BoRTF PO Erexin 2 R 5 & F1
TNOFEHEHBE T = U AL F D

g} SRR

-
£
Fi
-

K1 (EE)RENRFERTF RO
LC/MS/MS A% b v, EhyFHERic = TF
REEDTZ T A M A U0, Ko FHEEk
ITHEE kD7 F 7 A A A (FF
VU AAFY) BEBlshD, (TBn/z

= 60 - 540 DJEKE,

Oxonium ions

1. 138.06= [HexNAe- CH,O + H]*
2. 168.07= [HexNAc- 2H,0 + HI*
3. 186.08= [HexNAc~ H,0 + HI*
4.

. 204.09= [HexNAc+ Hj*
B. 366.13= [HexNAc+ Hex + HJ HexNAc : GleNAc or GalNAc
d

6. 274.09= [NeuSAc - H,0+H} Hex  :ManorGal
7. 292.09= [NeusAc + H* NeudAc : N-acetyl neuraminic aci

B 2 N BESEMMSTF FOEES
BrZ TRl SN REM R A Y =T b A
A, GleNAc: N-TEF /NI a3,
GalNAc: N-7®2FAHTTF 7 ¥, Man:
<) —RA, Gal: HF7 r—2X,

Selection of Filter and detect
glycopeptide with
changed collision

energy (CE)
B3 EreximEDOHTHEFF, FHAREH
IARIZ,

Fragmentation

oligosaccharides

{oxouninm icns)

by mass Glter



Relative abundance

Collision Energy (V)

Relative abundance

Collision Energy (V)

Relative abundance

100

Collision Energy (V)

~+-138 [HexNAc - CH,0J*
~o~163 [Hex]*

~e-168 [HexNAc - 2H,0}*
-+-186 [HexNAc - H,0f
~+=204 [HexNAc]*
=366 [HexNAc][Hex]*

M4 3 oOEENELWEERMEED
Erexim Mg, ~X7°F RERDIIERTEKR LT
HDHNE b 1g6 HEDILEAF,

BRIV —(KFRE R - BRRD
TN, KEMEER L, E&. HPLC
N H OFEHFRE, & 5IZ Erexim ffRD ¥
— D IFENRTA—FERLEDEDZE
T, BT 50 FERE b D N BUBESH IS IS & BE
FRAERELPOBRE., EET2Z &ITk
L7z,

BRI RNAVX—A Xy o L ICEER
HRATHoT=DOMN, n/z = 138 DEELF
DRI AT Y =T AL F L DEBKMET
BB, TDAFTUNTETONEPEHEHBEFD,
RTF FREEEALFET B N-TEF LT
Nt IUEEICHER TS EEL LI, W
DR BBEDFEHBEMEN T LS & b,
IDFX U AT VDEREERKE
THEFREZFNVE—THESTF Rehkog
BB L (X 5), I OFEOEED n/z = 138-
A 2 OAEREITEHOEEIZEADL LI T
DOFENRTF NOENVEICHHIT S (K 6),

PERT DB BT % W - PESHE BT
WXL ORERH DN, LTHEEL2D
DITFESHEERITH 2 A A AL OEAL
Thol, TbbH, ML T2 HEHE
EIEZIE, BRTTF ROA A ALhER
Eboo>TLE D LDIZTTOFERTF RENL
e B U R E S AR 2RO D2 L
BARFRETH -7, TR L, m/z =138
A X OEREE FIZEKRILT HE R X
NR—TEREAT O AFIEIL, BRMEREH,
e 7 BRI < RBE R MR EEL D
AREE 72 oTz, Fiz. 6 2T L DIT,
HHEERIT 30 attomole, ¥4 FI v L
UV ANTERL, BRE. EEL VR
+47a R E R L TWAZ & BIEAT A 2
&R,



120 4
110 4 g
) 5 R2=0.842
Optimum P
electrode *° et
potential o
V)
30 o ) & 3 GlcNAC
gl @4 GlcNAc
70 4
45 GIcNAC
60 v v v v "
760 500 900 1000 1100 1200

Glycopeptide m/z

B5 m/z=138A4F Y=o hlF izt

PGB IR TR E &,
10 30 fmol
R2=0.9989
Intensity O:;q@“";
relative to
100 fmol R?= 0.9951
internal o b4
0.1 ~
standard \"%.'
0.01
0.001 30 .a mol T v 1
0.01 0.1 1 10 100

fmol glycopeptide injection

6 EBreximIEIZ X DT F N HRE
L EEMOFHN, FEHEEEIERFIIC 4 H7
P EDFEEBERMEERT,

B DOFES X7 B Y T VT Erexinm
EOBFEEZFHET 2720, HRETHD
Trastuzumab( »~ — & 7 F v ) |
Bevacizumab (7 /NAF ) O¥ESHEEE T =
T ANERE U, AT T 4 DOR
RAHEED Yy NEENER 4 L T TD
SSHTT Rz, Brexim AT ORER, Zh T
NOHTUEEIE M G 49 TEEH O NBEUBEH D R
HE, BEEREWZ LICR—ETHDHITH

Mbb', HEHEEIREoy NETER
WEBLTNWAZ EBHALNIZR>T (K
7)o AFERITFRBEREANT O EEEHME,
WERMEZFEA L TWA T Tl ikt
&L LEPRERRORSOREMEICRET
5B RHMEE I BB oK H D Z
EEBERLTND,

I BT, EEIO#ENT TIX Trastuzumab
FizdEe NEBEGEEETHDON- Y UL
J A7 X VR (NeubGe) &8 A TERESHREIE DS
BHEmHEnE (R 8), N7 U2y A
T2 UBITEHBHOFTE DR
BOLRFEROBEETH LD, Thvk
EGTWEZ VBT P OERN THRERME
PEOEHRRH B, & Trastuzumab 73+,
N-ZVald )47V BREREHEERFD
SFIEEF 0. ANTEE oDy o723, FER b
RS2 FOT ) 7 u—F VG RE
BIZDBTHEERTVD LWV EEIE
BRhOREWEEZEZX D ECREEBERMR
ThHEERD, TOM, FEb NEPESHE
#EE LTI, Gal (@-1,3) Gal &L &L
PESH S HHUAREIR M DRH E T 5,

PLEX Y, Erexim EIXFEFICHMERY
YNNG, BEDO I IBRWEEEEEE T
HROICERILTE DB CTH D LFEAT
&7z, f{ERRIAER & T OmEME SR
T, BALICEE D 22 P E O E(LZ
MRS EELT 2BIEL LTRERSRR
HIRPEETE LT 2D,



Trastuzumab
X 60
Q
O
f oo
-‘g" Citot1
3 Otot2
< Blot3
[
2 Blots
B
:
[7]
o
Bevacizumab

®
3
% DOtotl
2 Qtot2
_§: Blot3
o #Eiotd
=
5
©
[5} %
o = X

I .

OIQ ;

CRe

Bl 7 Trastuzumab, Bevacizumab ® v k

IbESH s E L EMERBR, ARV 3T DOFE

SRS IBEE 7R3, * p < 0.05 (t#&
7E), Error bars: E¥EFRZE (n = 4),

Relative abundance

o2 60 80 100

40

Collision Energy (V)

8 Trastuzumab _k Neu5Ge B FEH %=
TERIT — %, w/z = 308 % NeuSGe 4FERY
RAX =T bAZ,

D. ZR

ARG EEBSE U 7o MEGHAE s vl E BRI
Erexim{EIT T CICHAREESZIILD L L
TeRTENES R BEEEORR L REE
BAOIEAREAL TR, BUETXREA
O EHICHERBERFTY 7 o =T%
B Th D, £, KREERBRBED
ST TR O G — b A= g
NMEHUBATHAHOT, BESEFERLG
AL=£B8 MY 7y UElb, BELER
ANy b, BIOZENICE L LZRTAE T o
FarOEEEHED TN D,

SRITEPW R T L2 BME L, HF5E
REEDR N E TRE LT E T fRERESIE
g~ — I —f&EHE (Proteome Sci 2011, 9,
18, Mol Cell Proteomics 2010, 9, (9), 1819,
Proteomics 2009, 9, (8), 2182, Journal of
proteome research 2007, 6, (9), 3475)
WKL TARA AN T O x RURFEILE
EEZRWTZNAAL T~ — I —RFERBRZ1T O,
PERDOEAM TIXMIBE b BRIOFES L3
BEAHEEL., FEHEZBRIICOE, K
I BERE HPLC |Z THESE DRRAEZTT 5
L2y < |, FEEFOSITIXEERFTRET
HoTed, RRABEM TYD THEH~—
—DEBRIERFERBR N FREL 72 D LHIFF T
&5,

E. wi

Erexim JEDF—RA v MIWh 72 55
RTF KOG TH-ThH, ZOFEHDE
ERE, EEDZOHITIE, MS/MS TOHEZE
FHEABE (CID) OB CELAIND THEE
DHERRA XV =T A F v BE=F—F



NWXEVWRTHD (FHEEOBEIEIEL
IC5 FFHICIR A Z ERH[EE), AF VY = U A
A F NI TFHROBERFIZRAELY 1

2ENT e RS LTEBA A THD .,

PEGH, EIXET T FEEENHTEHCH
ET DR, CIDIZ X » THESHBSHAEE L., kix
TREEES THEREOAF Y = A G
BERESND, TORESF— 2 7F
JVEREERS, TTORESHMEORM L EE X<
KBl ., PEHEBFEE({LT AV ITY XADH
FICRBELRFTLWERFE L2222 R
WE L, ARFEEHE EBE TOERTE
FARTREHLAT & L COBIRICRRT) Lz, (5FE
2012-197908, Analytical chemistry 2012,
84, (22), 9655)

TZETOEBIZEY, RO
BIETd 2 iR Eg ~ — U — &l
DRAFERFERBRE LB, OMmE#
YR E ERERATINRAL Z & DY B
. QBEBREDHSITICIHZ 5 2 AN—T
v b (1 5HH70 1 04y). OFFEOMM
RBHEEILERZDZEOHED BRE
(RHINBEEE 0. 1% D ¥ESHHEE £ CEREILAT
BE) . LW o EATHREE 2T/ V715
Z L BAHkE,

WYHOFEFE & L CEEREIXT
BBV BECTETWA EFHMETE, eBh
DERBINARBRETEZ < O FICIREN
JCRADBFEIRETH B Z & 3HA L= UL TR
UEICRERBEREBPEDNZLE XD, E
BRIz, FEHE ¥ R BEER OB,
EFME, X biIidMRREmEHE S b~ —
A —DORERERE. T E CTOREHMT
B CILER LR o o RE, 28— K,
ERESHENE, B O RS ARAT 2

FIRBIZ/R 2 T2 R T, WA A~ — W —F
LS~ DR R B RDICHFTE S
B & 0T, AT, SHERRAERE
203 T Erexim {EZE AW AL A~
— I — DR IERBR ZED T,
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1 ) Glycoproteomic strategies: from
discovery to clinical application of
cancer carbohydrate biomarkers.

K. Ueda, Proteomics Clin Appl 2013. In

press.

2) Preapoptotic protease calpain-2 is
frequently suppressed in adult T-cell
leukemia.
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Nakamura, H. Nakagawa, Y. Yamano, and K.

Ueda, Blood 2013. In press.

3 ) Lysyl 5-Hydroxylation, a Novel
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4 ) Quantitative structural

characterization of local N-glycan
microheterogeneity in therapeutic
antibodies by energy-resolved oxonium
ion monitoring

A. Toyama, H. Nakagawa, K. Matsuda, T.
A. Sato, Y; Nakamura, and K. Ueda,
Analytical chemistry 2012, 84, (22),
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5) Regulation of histone modification
and chromatin structure by the pb3-PADI4
pathway.
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SETD8 promotes carcinogenesis by
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pulmonary carcinogenesis
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2. FRFER

EFREE
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Nakagawa, and K. Ueda, American
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Annual Meeting 2012 2012, 31,

(Chicago, IL)
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4) Quantitative proteome profiling of
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potential diagnostic markers for human
T-cell leukemia virus type 1 associated

myelopathy.
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M. Ishihara, N. Araya, T. Sato, Y. Yamano,
Y. Nakamura, H. Nakagawa, and K. Ueda,
HUPO 2012, 11th World Congress 2012, Sep.

11, (Boston, MA)
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1) Development of pancreatic cancer
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QUEST-MS identified a novel plasma



prostate cancer biomarker polypeptide
complementing PSA test.
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Abstract

Carbohydrate antigens are the most frequently and traditionally used biomarkers
for cancer, such as CA19-9, CA125, DUPAN-II, AFP-L3, and many others. The
diagnostic potential of them was simply based on the cancer-specific alterations of
glycan structures on particular glycoproteins in serum/plasma. In spite of the facts
that glycosylation disorders are feasible for cancer biomarkers and glycomic analysis
technologies to explore them have been rapidly developed, it remains difficult to
sensitively screen glycan structure changes on cancer-associated glycoproteins from
clinical specimens. Moreover a lot of additional issues should be appropriately
addressed for the clinical application of newly identified glycosylation biomarkers,
including analytical throughput, quantitative confirmation of structural changes, and
biological explanation for the alterations. In the last decade, significant improvement
of mass spectrometric techniques is being made in the aspects of both hardware
spec and pre-analytical purification procedures for glycoprotein analysis. Here we
review potential approaches to perform comprehensive analysis of glycoproteomic
biomarker screening from serum/plasma and to realize high throughput validation of
site-specific oligosaccharide variations. The power and problems of mass
spectrometric applications on the clinical use of carbohydrate biomarkers are also

discussed in this review.
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1 Introduction

In order to survey tumor-derived biomarkers in serum, not only glycoproteomics
but all other focusing technologies are essential, which effectively reduce the
complexity of samples by removing unnecessary major serum proteins [1, 2]. Such
focused proteomics approaches would include peptidomics [3-6], degradomics [7-11],
immunodepletion of abundant proteins [12-16], ProteoMiner purification [17-22], and
rare amino acid capturing (e.g. ICAT tag [23-28] for cysteine or 2-
nitrobenzenesulfenyl tag for tryptophan [29-34]). Since conceniration of biomarker
molecules released from early-stage cancer tissues (generally less than 20 mm
diameter) are extremely low, appropriate focused proteomics technologies can
greatly help to detect such sub-pg/mi proteins in sera. In particular, glycosylation-
focused proteomics could contribute to both improving analytical depth and
interpreting roles of carcinogenesis-associated glycosylations which might lead to
further understanding molecular mechanisms of malignant transformation or
metastasis. More importantly, particular alterations of glycan structures on secreted
glycoproteins specifically reflect the site of original organs or cell types. This aspect
of glycosylation biomarkers enforces the specificity of diagnosis in the cases
distinguishing cancer from benign diseases (e.g. lung cancer from chronic
obstructive pulmonary disease (COPD)) or defining origin of cancer. Despite the
benefits described above, there have been lots of technical difficulties in the
discovery of cancer-associated glycosylation microheterogeneities from clinical

specimens as well as clinical application of those. Indeed, the latest series of mass

spectrometers can provide much deeper and wider knowledge of proteins compared
to those a decade ago. However it has been realized that mass spectrometric

analysis of lectin-purified serum proteins, which is one of the simplest ways of

This article is protected by copyright. All rights reserved.



