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Fig. 4. Two-dimensional map of the PA-N-glycans. The elution 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 Bl,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+HT" Hex;HexNAcs-PA

G2 17443 1744.7 [M+HT" Hex;HexNAcsdHex;-PA

G3 1744.2 1744.7 (M+H]" Hex;HexNAcsdHex,-PA

G4 1906.2 1906.7 [M+H]T" Hex,HexNAcsdHex;-PA

G5 1906.2 1906.7 [M+H]J" HexsHexNAcsdHex,-PA

G6 2069.1 2068.8 [M+H]+ HexsHexNAcsdHex,-PA

G7 2215.1 2214.9 [M+HT" HexsHexNAcsdHex,-PA

G8 22139 22149 [M+HT HexsHexNAcsdHex,-PA

G9 2229.8 2230.8 [M+HT" Hex¢HexNAcsdHex;-PA

Gl10 2068.5 2068.8 [M-+HT" HexsHexNAcsdHex,-PA

Gl1 2359.7 2360.9 [M+HT" HexsHexNAcsdHex;-PA

G12 2230.2 2230.8 [M+HT" Hexg¢HexNAcsdHex,-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 of1,6)
fucose residue, whereas the other six are derivatives of the
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bisecting GlcNAc-bearing complex-type N-glycans with or
without Lewis™ a(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 GlcNAcB1-4ManBl-4GIcNAcB1-4GIcNA c-PA ag22bis 113 0.12
GlcNAcp1-2Mana 1/
GIcNAcf1-2Mana 1 s Fucal
G2(G3) GlcNAcP1-4ManB1-4GIcNACcB 1-4GIcNAc-PA ag22bisF . 1.20 0.10
GlcNAcB1-2Mana1” 3
GIcNAcB1-2Manal g Fucal ‘ .
G4 (G5) Galp(1.4), GlcNAcB1-4Manf1-4G1cNAcB1-4GlcNAc-PA G122bisF 0.91 0.09
GlcNAcB1-2Mana 1/ 3
Galf1-4GlcNAcB1-2Mana 1 % Fucal
G6 (G10) GlcNAcB1-4ManP1-4GIcNACB1-4GlcNAc-PA 22bisF - 066 0.13
GalB1-4GIcNAcB1-2Mana1”
Fuca(1,3),
G7 and G8 Galp1-4GleNACB1-2Manal\ Fueal (Le*)122bisF 0.74 0.09
GlcNAcB1-4ManPl-4GIcNAcB1-4GIcNAc-PA
GalB1-4GlcNAcB1-2Mano 1/
GalB1-4GlcNAcB1-2Mana 1 Fucal
69 (G12) GapIAGINAGDI,, /gManBI-4GlcNAcBl-4GlcNAc-PA 224F 0.9 022
2Manotl
Galp1-4GlcNAcB1’
Fucaly
Gal[?:1-4GlcNAcBl-2Manot1¥ Fuca1\6
Gl11 GlcNAcB1-4ManP1-4GlcNAcB1-4GlcNAc-PA (Le*);22bisF 0.78 0.07

GalB1-4GIcNAcB1-2Mana 1/
Fucal’

# Ratios were calculated from the peak areas on reversed phase HPLC in Fig. 3.
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