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Fig. 4. Two-dimensional map of the PA-N-glycans. The clution profiles of
each PA-N-glycan on normal and reversed phase HPLC were expressed in
glucose units (GU) based on the elution times of the PA-isomaltooligo-
saccharides and plotted on the map. (A) Map of peaks G1-G12. (B) Map
of the sequential exoglycosidase digests of peaks G7, G8, and G11. Circles
indicate the positions of the each peak. X indicates the position of the
standard PA-N-glycan. Solid arrows indicate the direction of change in the
elution positions after digestion with pl,4-galactosidase. Dotted arrows
indicate the direction of change in the elution position after digestion with
al,3/4-fucosidase.

Table 2

Mass analysis of the PA-N-glycans G1-12

Peak Mass Estimated composition
Observed Calculated

Gl 1598.2 1598.6 [M+H]" Hex;HexNAcs-PA

G2 1744.3 1744.7 [M+HT" Hex;HexNAcsdHex;-PA

G3 1744.2 1744.7 (M+HT Hex;HexNAcsdHex,-PA

G4 1906.2 1906.7 [M+HT" HexsHexNAcsdHex,-PA

G5 1906.2 1906.7 [M+HT" Hex,HexNAcsdHex,-PA

G6 2069.1 2068.8 [M+HT" HexsHexNAcsdHex,-PA

G7 22151 2214.9 [M+HT" HexsHexNAcsdHex,-PA

G8 2213.9 22149 [M+HT HexsHexNAcsdHex,-PA

G9 2229.8 2230.8 [M+H]" Hex¢HexNAcsdHex,;-PA

Gl10 2068.5 2068.8 [M+H]" HexsHexNAcsdHex,-PA

Gl 2359.7 2360.9 [M+H]' HexsHexNAcsdHex;-PA

Gl12 2230.2 2230.8 [M+H]" HexgHexNAcsdHex,-PA

B-galactosidase, respectively. Thus the structure of Gll
was estimated to be 22bisF with two Lewis™ structures.
The estimated structures of PA-N-glycans G1-G12 are
summarized in Table 3. One of the seven identified N-glycans
is a triantennary complex-type N-glycan with core a(1,6)
fucose residue, whereas the other six are derivatives of the

bisecting GlcNAc-bearing complex-type N-glycans with or
without Lewis* o(1,3) and/or the core fucose residues.

Discussion

Tissue heterogeneity and the consequent need for
enrichment of specific cell types before sample analysis pre-
sents a major problem in the study of cancer. The presence
of contaminating cells within a sample hampers its accurate
molecular analysis, and the results obtained cannot easily
be traced back to the biological properties of the tumor
itself. Acquisition of specific cell populations in sufficient
quantity and quality is a substantial challenge. LMD is
one of the methods that is being increasingly used to over-
come this problem, and has already been extensively
employed for the analysis of DNA, RNA, and protein.

In this study, we have investigated the potential of LMD
as a tool in cancer glycomic studies using colon cancer as a
model. First, we confirmed the preservation of N-glycan
profiles after histological procedures, including alcohol fix-
ation, H&E staining, PBS washing, and dehydration with
alcohol, followed by solubilization with HFIP/acetic acid
mixture (Supplementary Fig. 1). PA-N-glycans prepared
from the microdissected tissue samples were of sufficient
quality for structural analysis in the form of two-dimen-
sional sugar chain mapping and ESI-MS. These findings
demonstrated the feasibility of using LMD in combination
with N-glycan analysis for the clinical evaluation of cancer-
ous tissue samples.

In this study, we compared the profiles of N-glycans
derived from LMD samples (new method) with those from
the non-LMD samples (conventional method). Our analy-
sis of the LMD samples readily identified seven character-
istic N-glycans whose marked expression differences
between normal and cancerous colon cells could only be
detected using the LMD procedure (Fig. 3). By contrast,
analysis of the bulk samples (conventional method) did
not reveal such alterations in these N-glycans. This result
clearly indicates the existence of cells-type specific expres-
sion of N-glycans in the tissue specimen that can be detect-
ed with the aid of LMD. Thus, our study has demonstrated
the general utility of LMD in glycan analysis by overcom-
ing problems associated with tissue heterogeneity.

In summary, to the best of our knowledge, this is the
first application and evaluation of LMD in cancer glyco-
mics. The usefulness of this technique was demonstrated
by showing the existence of unique changes to the expres-
sion of N-glycans in cancerous colon cells that can only
be detected using microdissected cell samples. We believe
that the combination of LMD and glycomics will define
changes in glycan expression patterns that occur with can-
cer development and progression, and thereby facilitate the
identification of new molecular markers and/or potential
therapeutic targets. However, further refinements of
the LMD technology to permit more rapid and reliable
procurement of a substantial amount of sample will be
required.
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Table 3
Estimated structures of PA-N-glycans G1-G12
Peak Structure Abbreviation CC/NC ratio*
LMD (-) LMD (+)
GlcNAcBl-ZManal\6 '
Gl GIcNACcB1-4ManB1-4G1cNAcB1-4GIcNAc-PA ag22bis 1.13 0.12
GlcNAcB1-2Mana. 17
GlcNAcB1-2Manar 1 Fucal ~
6 6 .
G2 (G3) GIcNAcB1-4ManB1-4GlcNAcB1-4GlcNAc-PA ag22bisF . 120 0.10
3
GlcNAcB1-2Manoi1”
GlcNAcB1-2Mana | % Fucal
G4 (G5) GalB(1.4), GIcNAcB1-4ManB1-4GlcNAcB1-4GIcNAc-PA G122bisF 0.91 0.09
GlcNAcB1-2Mana1”
GalB1-4GlcNAcB1-2Mana 1 5 Fucal ~¢
G6 (G10) GleNAcB1-4ManB1-4GIcNAcP 1-4GIcNAc-PA 22bisF 0.66 0.13
GalB1-4GIcNAcP1-2Manc1”
Fuca(l,3),
1B1-4GIcNACP1- 1 Fucol
G7 and G8 Galp1-4GleNAcBI-2Manal | 1N (Le*),22bisF 0.74 0.09
GlcNAcB1-4ManP1-4GlcNAcB1-4GIcNAc-PA
3 :
GalB1-4GlcNAcB1-2Mana 17
Galp1-4GlcNAcB1-2Mana 1 Fucal ~¢
6
G9 (G12) GalB1-4GIcNAGI /3Man[31—4GlcNAcl31-4GlcNAc-PA 224F 0.92 0.22
;Manal
GalP1-4GIcNAcB1’
Fucaly
GalB1-4GlcNAcB1-2Mana 1 - Fucal ~5
G11 GlcNAcB1-4ManP1-4GlcNAcB1-4GIcNAc-PA (Le*),22bisF 0.78 0.07

Galp1-4GIcNAcp1-2Mana 17
Fucol’/

# Ratios were calculated from the peak areas on reversed phase HPLC in Fig. 3.
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BerRIE
H4 bAHA+FFE  Denileukin Diftitox EETHIREY >/&E Diphtheria toxin+1L2 IL2ZEEIIFEE
% /%y EHBBASL  Etanercept BE) v<F TNFR+ Fc TNFIZHE S + Mm@
KA A v +Fc Ffe
fRE 3y BHIRAS  Alefacept BEMERE LFA3+Fc CD2 IZ#EA + M |E
FX A +Fc Frke
By Ry BHas  Abatacept BEY v~F CTLA4+Fc CD80/CD86 Iz /& +
KA A »+Fc i 58 B Refe
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(2) HZE R tissue-plasminogen activator (t-PA)
- Reteplase (Retavase®)
t-PADOKRKAALDHYH, K2 KA A 2 (Kringle2 K

AL YEP FAALN(TaTT—ERKALL)D25

DRAL L DHNSIRDIEERE, EXETRDt-PA -

TROFFBERABYIATHLLD, [WHE
(BFHmRE)ITED XIS EDNREFELN DA,

Reteplase DM A ¥FHAIZT 0 HULEER ENT
By, HEIOFHKNRENFTEL RTINS, E72,
74 7Y VRRELSOD, OR~DREENEE
{, MEDERHREMMBFETHD LI TND,

- Tenecteplase (TNKase®)

t-PAD KL FAA D103 FEEB D Thr % Asn iZ,
1N7TEHEBDAsn Z Glu iZE#HBL, PFASD4D
DAlaZBEBRUIHER, FRERLEBLT,
747V BB LY, t-PAOBRERFTH
% plasminogen activator inhibitor-1 ~ D K HL M A3
ERL, OFFEEHBPEREN TS,

- Pamiteplase /S35 75 —¥ (Y U F—+E®)
t-PA @D Kl FAA U2 XREIE, XARH -PA
TNERENS 2715 FB D Arg Z Gu iICBHB L 72X
EE, 747V T sEmVWEEEFL, 7
TFRAI )= U ERERB 747V VICK D E
EICHEBRIN, OF¥EEHABERIRTVS,

3) REMSA>A2—T7zOY
* Interferon alfacon-1
A F—Tzay FA77a~1(FT K7 za®)
E RV E—TzxurTAT O 12EEOY
TEATOT I ) BEFIIBWT, FABOT I
JBREHBREORLEWT I /VBIZBERLEK
T, aviErpr4 8 —T7xut bEEH
5, BEBRICEh TS [PEG HEME)
DA VE—T x0T 77 (ELLTAVF—
7xnsa2a/a2b) LEEBRLT, B UANVR
EiE, UIFREEE T,

@) REVFE[FIO=—FNHAF

- Nartograstim 7V M 7T XF AL (/AT v 7®)
Granulocyte colony stimulating factor (G-CSF)

NARBRM»S 1, 3, 4, 5, 1TEBOT I VBN

Ala, Thr, Tyr, Arg, Ser {CB#H L-X LK, %

SREID G-CSF LB LT, W3O EEERT,

2.2 HmENER

(1) BERZEH T Lok F—+
- Imiglucerase 1 I 7Nt 5 —F (& LH# 4 AL®)
CHO s CAEEEINB-IratzLT ey
F—BRTIVF—F¥, B-H77 bV F—FE
FUAF VI I=F—POBRAEIC L VEHK
WEhvy /) — AT LEREE, MR TH S~
ra7y—VRELEET IV ) —RAZXEEE
MU THRIBICBDIAEND, LET T —~DIER
fErE, LeES S —NEEDOZ R A b=V R
BEEZBETHDDSHAEUESITOND,

(2) BEBZERTY)ZRARIF Y
+ Darbepoetin alfa ZN~_BLFL TAT7 7 (RAT®)
55 ETD7T X JBEBHIZL Y, KA Derythropoietin
(EPO)IZN BB A R F /=i 2 p AT EAL
e, KB D EPO T 3 AD N & BB
E1ADOBFBABEHBMAMENTWNED, ¥
NRRIF T NT 7 TiE, 5D NKEEREH
L 1ADORBERUEHBEEGL TS, BEHE
R A LIV P EBARER SN, B
BB - BEEZOEIEISATFIND,

2.3 PEG#EEH

(1) PEGHERAI 4 —TxzOY

* Peginterferon alfa-2a

R F—=Tzuy TAT 7-2a(R_F L 2®)
A =Tz s TAT 7220 P BERE
(E2MA : B340, F 12140, 13141, B
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134 () D 1 H R, 1 BFOFERY=F LT
Y a— L (5FE  K940,00002%, T I FEEET
LTHEERELTWDEHI VNI E(HTE
%5 60,000), 1% ERBASERDOK 10 FICER
nTEh, BEE - REEHROHIE, REEOE
FTREBHFEEND, TOD, BEOaTIA4
7TUADBEIIKESEBRL TN D,

- Peginterferon alfa-2b

RILvF—Txzay TNT7-2b

(RTA > Fa B

A BE—T7za s TAT77-2b6DT I ) BELE
(Cys', His", Lys®, His*, Lys*, Lys®, Lys'?,
Lys'®, Tyr'®, Lys™, Lys'™, Lys'™, Ser'® Bk
CLysD 1 #FIC 1 S5FOABRFIRY = F
Vo7 a— v (EHSFR #12,0000 BA VR
=NEENLTHARBAELTWDESRS VK
(BTE:#932,000), MEEBHASEESHTE
D, BEE - REEFOHIE, NUREDOETSH
HEhs,

(2) PEG RSB ERHERO O
- Pegfilgrastim (Neulasta®)
KBE CAEEINTG-CSF(Z 4 VT T RAF L)
DNEKBT I/ BIZ, A bxvBYzFLUS
Ja—ArFuvtr7A57e K(EHSFE B
20,000) % 1 »FREEEREHLI N7 E,
PEBHNERINTEY, BREE - BREEED
RIS Eh 5,

——RARTF

() PEGHEARBRFILEVHEK

* Pegvisomant X7 E Y= k(Y <w/— 1®)
Human growth hormone (hGH) ® 7 I / B&EZ %! %

O H»FIBHMT DI LICLY, WCHEEEKT 54

SXAPMELTHERTDIEIBELILZ VI EID

PEG{L XM LI-EZ VB, Fo 7B 145

FHizh, 4~645FD PEG (5 F & 5,000) 2% Lys
BREIIESLTRY, FARERCHLFHEED

BEICHEEL,

mAERBFEEINS,
2.4 BEFIINVE

- Denileukin Diftitox (Ontak®)

Diphtheria toxin @ — % (Metl~Thr387) -His &
Interleukin 2 (IL-2) ® —#B (Aln1~Thr133) 2* 6 72
ZEBMEFUNRIE, VUNEMRRED IL-2 %
BEGY A FEAKL LTHR
RNICRYAEND, L2 ZFEORBEHER~D
F—FF 4w JEEEPEL, IhbORRBRENIC
CIFYT IR LB URITEERMBEIC
ESW-HRELFET S,

- Etanercept T&¥ A&7 M (=7 L A®)

t b Tumor necrosis factor (TNF) & &K p75 O #f
fasoy Ay FEEGRKAAL & b 1gG O Fe
SDOBEZ L NIE, MIRRED TNF REE~
O TNF OfEE 2 HRMICEET 5, Fe#sridm
FEBHER LIRS EEO _EE (VT F
[TNF] ~o#fntem k) Ozl ZFo,

. Alefacept (Amevive®)

t | luekocyte function antigen 3(LFA-3) D Hifa
AR TH D CD2FEE P AA & b 1gGl D Fe
KASVOREZ /"7 E, CD2HURZREIC
FERLTWDTY U NRICEROICEEL, Y
REROEMHCEBRET D,

- Abatacept (Orencia®)

b b CTLA-4 DMRRISN KA A 2 & [gGl DFe KA
A v DBESZ T ’E PR M AL (APC) ki
TFET 5 CD80/CD86 T FICHEET D &I LY,

CD28 3+ %4t LtTﬂﬂB@@?ﬁ’&%?ﬁ fHEXND,
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3. Ff-TLiBEEEANT 2 /N EDRIH
A

PERNPHZL DAL THFHEN, HELES
Z—~DRMECBEREICENT “EBEHESY
RIBDOT I ) BEBREGEBEEATIY VY7
B)” %BIMT 7%, Kunkel 72 & D AERE
RETAVICEBEERE (T I BREBRE)DER
ERABICRBE TS, UL LARREREL,
121207 I/ BEBRLERERMERL,
B2 DI R E B 2 OB LA L2 hid
bW ED, BRXREMEFHNEETEOZ, F
HCExAERBOBICIIEENCBARSHY, &
PDREREBOYDED - HREBLRMEHLIT VIR
Mmole, FhCst L TESE, 77 —VREEREL
FIATAZ LI 1P EEUELOREEEE
LI-BEERF VI EEBESEF VNI ED
7 X/ BEE¥A{E) # —25IZ Combinatorial Biosynthesis
L, COBELERESA TS Y —DFhD, LE
T —BRECRESE L ENmE L “HEEEA
IR E” ZREPODERILKRI Y —=r
I TEDIEBBEWRBERINA TS,

7y —URERTEEAVERAI V=TT
¥, 77y —UREIY N7 HERRESE, BE
LESNTEBHIRFLBEETH 7 7 —VRBITS
BEXRVIELT, BROBARELTRTZ 8
JEHERBETI 7 7—CEBIRLTWL, £,
BRIV 77—V ARBEICBRRIENET, £
DEREFEPICI VAT ERRRSYE, ThiR
WT, U7 EDEHEME L ANAL ANV—T 2 b
BT 2 Z ENARETH S, &bic, HELEE
EWVNS I N— KRR IATELTLLERMETE
RWREBR Y R BOYBLENEECEDFY
HHEEZHMIENTILERD ZHEITIE, BB
SEIEREKF NV BEEREBLUTHEZITI Z
LbTED,

SROERELFMTED LWV HIFREEMNL,

7y —VRERTEEAVT, EROFETIE
HyZlnoTE R BEERBORRIIRY
L7l LT, BEEERF(INF)D Y PRI
ERRESNTVNDE?Y, RKDRERERELH
W HEE - EHEMEESE TIE, TNF @ Lysll %
Lys65 * Lys90 X Z DM (ki & (ZEBR) RO L
T —BERISLALBEINTWE, TNFIZ
Ro$, —RIZY PUBREIIZORE, £BE
HE R BEOBERBERRLY A F—1v&7
F—EEREITHLADEREEZEH>TWED, il
DT I/ B~DOBBIIBEOAHREHETEZHNT
LES> LN, ERETORERERENICL -
THEBZERS>TWE, LMrLT7 7 —VRERRE
ZFRAWSBZ LT, Lysll % Lys65 - Lys90 % & ¢
26EDY VUBREE —BIMORART I VB
~NBRLIEZUNRIBEITATTV—EEBETHT
EMTREL RO KR, BER TINFLRA%EEH
WX 10BUELOEYEHREETE I VURE
TNFZBIBTE B L BHBALEY, Z0fITIT,
TNFD6#FinY) Vo EEEMOZEDNOT I/ B
WEBRLE INFEREFA T V% T 7=
ICEAL, EBEILL INFZEE~DERES
F45 INFEREGKZRBRALTWE 77—V %
Biacore® # B\ TEHI, X bz, B Eh
Tr—VkRBBRIEEKBED LEERAWEAA
#7 vt A (TNF BEZEMRIC AT 2GS
RBR)ICEY, ZREOAYEHEZFML TV 3,
UVOUBRERZEBR L CHESHEZREFLEEREN
BonBARLELTE, VOUVLLBHRINET
B, INFOEMHRKFIZBELLTI /BT
HolZNEZOND, REDARRERESR
BOWERHTR, VOore7s=vilo7T )
BRICE# L T TINF OESENRKbND Z & 5 H
LTWBR, 6 vFdHd I PVBREEXY VLS
DTI/BOBRCBRLEZZEERFENSER) O
BRELENCTMT A L IBEENTRNILD
HY, BEERFELELY PURBEERETRS
B2ahTWihot, 77— VRERTFELER
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