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Chapter 23

Differential Glycan Analysis of an Endogenous
Glycoprotein: Toward Clinical Implementation—From
Sample Pretreatment o Data Standardization

Atsushi Kuno, Atsushi Matsuda, Sachiko Unno, Binbin Tan,
Jun Hirabayashi, and Hisashi Narimatsu

Abstract

There are huge numbers of clinical specimens being stored that contain potential diagnostic marker
lecules buried by the coexistence of high-abundance proteins. To utilize such valuable stocks efficiently,
must develop appropriate techniques to verify the molecules. Glycoproteins with disease-related glyco-
on changes are a group of useful molecules that have long been recognized, but their application is
not fully implemented. The technology for comparative analysis of such glycoproteins in biological speci-
has tended to be left behind, which often leads to loss of useful information without it being recog-
. In this chapter, we feature antibody-assisted lectin profiling employing antibody-overlay lectin
oarray, the most suitable technology for comparative glycoanalysis of a trace amount of glycoproteins
ined in biological specimens. We believe that sharing this detailed protocol will accelerate the
proteomics-based discovery of glyco-biomarkers that has attracted recent attention; simultaneously,
vill increase the value of clinical specimens as a gold mine of information that has yet to be exploited.

Key words Glycoprotein, Glycan analysis, Lectin microarray, Clinical specimen, Biomarker

1 Introduction

It is evident that almost all secreted proteins are glycosylated via the
glycosynthetic pathway in the endoplasmic reticulum and the Golgi
apparatus. Because this glycosylation is characteristic of the extent
of cell differentiation and the state of the cell, i.c., the origin of the
tissue, its developmental stage, and the presence of malignancy,
blood glycoproteins consist of a mixture of heterogeneous mole-
cules derived from many origins [1, 2]. Thus, glycoproteins that
are present in serum and that exhibit cancer-associated changes in
glycosylation (glyco-alteration) have potential as biomarkers (glyco-
biomarkers) for cancer diagnosis. Owing to the rapid advances in
glycomics/glycoproteomics technologies, numerous glycoproteins
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8-1-4939-1292-6_23, © Springer Science+Business Media New York 2014

265




266

Atsushi Kuno et al.

have now been identified as candidate glyco-biomarkers.
These glyco-biomarkers have been attracting a great deal of atten-
tion in the “discovery phase” [3, 4], and are expected to move
toward clinical implementation by a process similar to that followed
for alpha-fetoprotein (AFP). In the early 1990s, increased fucosyl-
ation of complex-type N-glycans was detected in some glycoproteins
from hepatocellular carcinoma (HCC) patients [5]. More than 30 %
of all AFP glycoforms were found to react to a fucose-binding lectin,
Lens culinaris agglutinin (LCA). This fraction, designated as AFP-
1.3, was subsequently approved by the US FDA in 2005 as the first
glycoprotein biomarker. Such a scenario is the ideal for identification
of subsequent candidate molecules; however, it requires a systematic
verification procedure for selection of the most appropriate candi-
date from hundreds identified in the preceding discovery phase. The
Jack of such a system has been a major obstacle in the mass spec-
trometry-based development of glyco-biomarkers.

Lectin microarray is a twenty-first century technology for
glycan analysis of proteins [ 6]. Although the early developments of
the methodology focused on high-sensitivity analysis of the micro-
heterogeneity of glycan structures on a target glycoprotein [7-9],
the majority of its applications seem to have shifted to th
comparative glycome analysis of crude samples, e.g., cultured ce
[10-13], bacteria [14, 15], and viruses [16]. We note that dire
labeling is mostly used as the detection principle, in which mo
than 100 ng of the glycoprotein is usually needed prior
Cy3 labeling to assure highly practical and reproducible analys
(although the analysis itself can be satisfactorily performed wit
even 1 ng of the analyte sample). This is clearly a serious disady
tage for the analysis of less available endogenous glycoprotein
e.g., those contained in clinical samples. To overcome this probl
antibody-overlay lectin microarray was developed as an alterr
approach to detecting specific interactions between a target g
protein (analyte) and multiple lectins immobilized on a microar
This is achieved with the aid of antibodies raised against the “c
protein” moiety [17]. In addition, the only pretreatment or p
processing required with the use of a specific antibody (either
clonal or monoclonal) is immunoprecipitation. This extreme
plicity allows us to analyze sub-picomole (nanogram) amount
target glycoprotein preparation by means of lectin microarray,
a much greater throughput. In fact, this technical modificati
the lectin microarray was made specifically for glyco-biom
verification [18], and enables high-throughput glycan anal
over a hundred clinical samples targeting a particular car
glycoprotein [19, 20]. However, despite the attention
attracted, the use of this verification method has not be
ciently popularized in the field of glyco-biomarker deve
This can be demonstrated by the fact that there are fev
concerning glyco-biomarkers except those published b




