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Abstract

L ectin microarray isan emer ging technique enabling multiplex glycan profilingin adirect, rapid and sensitivemanner. Sofar, there
hasbeen noraobust system availablefor efficient data-miningtorealizediffer ential profiling, which isan effectiveappr oach tobiomarker
investigation. I n thepresent paper, wedescribeapractical strategy for proteomics-based glycan-related biomarker discovery, with an
exampleof miceembryonal car cinomaand embryonic stem cellsand their differentiated formswith retinoic acid. Datawer e processed
by themicroarray system using amax-nor malization procedur eafter again-mer ging process, followed by principal component analy-

Sis.
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Abbreviations

EC cells: Embryonal Carcinomacells; ES cells: Embryonic Stem
cells; MS: Mass Spectrometry; PCA: Principal Component Analy-
sis; TBSTx: Tris-buffered Saline containing 0.1% Triton X-100.

I ntroduction

Cell surface dynamicsare characterized by altered glycosylation
in the development and differentiation stages. Drastic
glycosylation change has also been proposed for tumor pro-
gression and metastasis. For instance, cell surface sialylation
and 1-6 branching of N-linked oligosaccharides are strongly
correlated with differentiation of embryonal carcinomacellsand
metastatic potential of cancer cells (Dennis et al., 1982; 1987,
Heffernan et d., 1993). Therefore, itishighly likely that finding of
novel cell differentiation-related or tumor-specific glycoproteins
with significant structural changeswill becomereliablebiomarkers.
From these points of view, proteomics-based biomarker discover-
ies have now been complemented by extensive glyco-technolo-
gies, such aschemical capturing targeting N-linked glycoproteins
(Zhang et a., 2003; Nishimuraet al., 2005) and affinity capturing
withtheuseof variousglycan-binding proteins, i.e., lectins (dashed
arrowsinFig. 1A) (Kaji etal., 2003).
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Figurel: (A) A proposed strategy for an alternative
proteomics-based glyco-biomarker discovery with differential
glycan profiling (bold arrows). An optimal set of lectinswassyste-
maticaly determined following alectin microarray-based datarmining
procedure. Inthe conventiond srategy (dashed arrows), sucha lectin
set must be selected based on previous knowledge or repeated

tria-and-errorexperiments.

One of the successful reports involving the concept of
glycoproteomics includes the discovery of GP73, a novel
glycoprotein discovered asa serological biomarker candi-
datefor liver cancer (Block et al., 2005; Drakeet d ., 2006). Tradi-
tionally, serial lectin affinity chromatography (Cummingset al.,
1982) has been aprocedure for enrichment of particular glycopro-
teinswith atarget glycan structure of either N- or O-glycosylation
(Maderaet al., 2005; Qiu et a., 2005). In this case, selection of a
highly-effective set of lectins is essential for success in the
biomarker discovery(dashed arrowsin Fig. 1A). If a systematic
data-mining procedurewhich followsdifferential glycan analysis
wereto beavailable, it would facilitate the design of an optimal set
of lectins (bold arrowsin Fig. 1A).

Lectin microarray is an emerging technology enabling an ultra-
sensitive measuring of multiplex lectin-glycan interaction analy-
sis(Angeloni et al., 2005; Pilobello et al., 2005; Kuno et al ., 2005).
Taking advantage of the merits of this technology, i.e., sensitive
detection and simple manipulation, an increasing number of stud-
ies using lectin microarray report that cell-surface glycans are
closely associated with the functions, states and relation to dis-
eases of individual cells (Ebe et al., 2006; Pilobello et al., 2007;
Tateno et al., 2007). Among biological interestsin glycans, acur-
rent trend is the focus on glycan-related biomarkers. However,
there is no established strategy and optimized protocols for cell
glycoprotein profiling, in particular regarding data-mining proce-
dures. In thisstudy, we describe | ogistic processes for differential
cell glycoprotein profiling including data-mining asan alternative
approach to conventional proteomics-based biomarker discov-
ery. Key points of the strategy for cell glycoprotein profiling in-
clude: (1) fitting the protein concentrations in the appropriate
range between 0.2 and 0.5Mg/ml to obtain robust and reproducible
signal patterns, (2) a gain-merging technique to expand the dy-
namic range of the lectin-glycan interaction signals, and (3) the
max-normalization procedure using the merged data for normal-
ization. The data thus processed were found to be useful for sys-
tematic determination of the best set of lectins among more than
40 probe candidate lectins immobilized on the microarray (bold
arrowsin Fig. 1A). A modd study focused on regenerative medi-
cineis described for mice embryonal carcinoma and embryonic
stem cellsaswell astheir differentiated formswith retinoic acid.

Results and Discussion

Optimization of lectin microarray manipulations. For improved
proteomics-based biomarker discovery, cell glycoproteinsare pro-
posed as targets. Glycosylation change is analyzed by a high-
sengitivity, robust, and reproducible method using lectin microarray,
if the evanescent-field fluorescence-assi sted detection method is
adopted. However, the previous protocol for cell glycoprotein
analysis has not fulfilled the recent requirementsfor detailed cell
profiling and biomarker discovery (Ebe et a., 2006). To address
these issues, wefirst established a strict protocol for differential
analysisof cell glycoproteinsusing mouse embryonal carcinoma
cells (mouseteratocarcinomacell line F9) asamodel. Theanalyte
(i.e., glycoprotein) was focused on hydrophobic, raft-associated
membrane-bound proteins isolated using a CelLytic MEM Pro-
tein Extraction kit (Sigma, St. Louis, MO), because wefound the
proteinsto be analyzed showed the highest signal-to-noiseratio.
A small aliquot of the obtained protein (200 ng from approximately
1x 10° cells) waslabel ed with Cy3-succimidyl ester (designated as
Cy3-labeled glycoprotein). Various concentrations of the Cy3-

labeled glycoprotein solution (60 M1, 0.02~1.0 ug/ml) were then

subjected to the lectin microarray analysis. Dueto the specificity
of the CCD camera, a gain value should be set so that the ob-
served fluorescence intensities of almost all positive-spots on
the glass dlide fall within the range 1,000 to 40,000, which pro-
vides a dynamic range with sufficient linearity. Each glass slide
was successively scanned under different gain conditions. A dose-
dependent increment of signal intensity was observed on most of
the positive-spots (Fig. 1B). However, we could not confirm sat-
isfactory linearity for all of the spots under a single gain condi-
tion. For instance, the signals of some positive-spots(e.g., GSL-I,
ECA, SBA,LCA, ConA, TJA-II, and PSA) werekept below 1,000
under the lower gain (80) condition as shown in the top of Fig.
1B. Under the higher gain (100) condition, the intensities of four
lectins (DSA, STL, WGA, and LEL) were above the upper limit
40,000, at protein concentrationsof 0.2 Kg/ml or more (thebottom
of Fig. 1B). Such uneven linearity could cause inappropriate in-
terpretation of the data. A useful data-optimization procedure
needed to be introduced to solve this basic problem.
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Figurel: (B) Quantitative analysis of lectin-glycoprotein inter-
action. Various concentrations of Cy3-labeled glycoproteins
(0.02~1.0 pg/ml) were subjected tolectin microarray analysis. Af-
ter the interaction reaction, each glass slide was successively
scanned under different gain conditions (gain 80 and 100). Dose-
dependent fluorescent signalsare observed except for some satu-
rated signals under the higher gain condition.

Data-processing by gain-mer ging and max-nor malization: Pro-
vided the intensities of all positive-spots are kept within the ac-
ceptable dynamic range (1,000 to 40,000), signal patterns of each
analyte should be theoretically the same even under different
gain conditions, i.e., higher gain intensity (Int") over lower gain
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Figure2. (A) Principleof the gain-merging procedure to expand
the dynamic range described in the Results and Discussion.

intensity (Int-) ratiosfor lectini should be almost the samevalue.
Toensurehi gh-reproduci bility, the dynamic range was expanded
by a“gain-merging” procedure. Anoutline of the procedure (Fig.
2A) isasfollows: aslideglassisscanned under two different gain
conditions; higher gain to “rescue” weak signals(e.g., lectinfin
Fig. 2A) below 1,000 (Int" . ) and lower gain to “suppress’
excessively strong signals(e.g., ectin d) over 40,000 (I ntL(Iectin d))'
At this point, selection of appropriate“ merging”-lectinsisimpor-
tant (lectins a, b, and e in the case of Fig. 28

thesignal intensities of which fall within therange 1,000 to 40,000
under both higher and lower gain conditions. With these selected
merging lectins, a “Factor (F)” is determined as the average of
higher/lower ratios calculated for individual merging lectinsby eq

(1). F=Average(Int" /Int-)...eq (1)

The gain-merging procedure is completed by replacement of the
over-range intensities (>40,000) obtained under the higher gain
condition (e.g., IntH(lecth)) with theoretical intensities (Int™

by eq (2). IntT(mmC) = IntL(leCﬁnc) xF...eq(2)

For other lectinswith no over-range under the higher gain condi-
tion, signal intensities obtained under the higher gain condition
are used with no modification. During this process, all the result-
ant intensities of positive-spots were within the expanded dy-

(lectin c))

namic range, from 1,000 to 40,000 x F. When 1.0 ug/ml of F9 cell
proteinswere subjected to analysis (Fig. 1B), all 34 positivelectins
fell within the merged dynamic range (1,000~132,000) after the
gain-merging procedure (F =3.3), whereas 85% (29 lectins under
thelower gain (80) condition) and 76% (26 lectinsunder the higher
gain (100) condition) of positive lectins were within the original
dynamic range (1,000~40,000), respectively.

Using the merged data, anormalization procedure was devel oped
to simplify and stabilize the subsequent differential glycoprotein
analysis. Considering thedifficulty in selecting auniversal lectin,
to assure the same level of signal intensities, we selected a prac-
tical procedure to calculate the relative intensity in comparison
with the strongest intensity among the positive-spots under the
given conditions, i.e., max-normalization. The max-normalized data
of F9 cells thus processed gave similar signal patterns provided
that protein concentrations were maintained within therange 0.2
to 0.5 ug/ml (Fig. 2B).
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(B) Relative fluorescence intensities of 41 lectins with various concen-
trations (0.2, 0.3, 0.4, and 0.5 pg/ml) of proteins extracted from F9
(planelines) and F9-RA (dashed lines). Relative intensities were calcu-
lated in comparison with the strongest intensity among the positive-
spots under the given conditions, i.e., max-normalization.

A similar observation has aso been made for the differentiated
formswithretinoic acid (F9-RA) (Fig. 2B). Theseresults suggest
that the procedure of max-normalization following gain-merging
contribute to the establishment of high-reproducible cell glyco-
protein profiling with extremely smpleand systematic menipulations

Principal component analysis. We next examined whether or not
astatistical analysis of the data could actually determine the best
set of lectins, which should be useful for an efficient enrichment
of relevant glycoproteins associated with glycosylation change
induced by retinoic acid treatment. For this purpose, principal
component analysis (PCA) using aweb-based NIA array analysis
tool (http://Igsun.grc.nia.nih.gov/ANOVA/; Chapman et al., 2001,
Sharov et al., 2005), was chosen and applied to the above pro-
cessed lectin microarray data of F9 cells (four different prepara-
tions) aswell asF9-RA (threedifferent preparations). For the sake
of comparison, wealso analyzed mouse embryonic ssem cells(mES)
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(four different preparations) and their differentiated forms (mMES-RA) (two different preparations). The lectin microarray data processed
according to the developed procedures gave two principal components (PCs). The 2D-biplot format thus obtained clearly divided the
above 13 preparationsinto four independent clusters; i.e., F9, F9-RA, mESand mES-RA (the upper left of Fig. 2C). Theresult also reveaed
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(C) 2D-biplot representation asaresult of principal component analysiswith gain-merging processing (upper). The data obtained for F9
and mouse embryonic stem cells were processed in comparison with those obtained for their retinoic acid-induced forms. Glycan dter-
ations associated with cell line difference and differentiation induced by retinoic acid are depicted by PC1 and PC2, respectively (left).
Lectins that showed dynamic enhancement with retinoic acid treatment were systematically selected as those showing strong double
negative-correl ation with respect to PC1 and PC2. Relativeintensities of thetwo lectinsthus selected (DBA and PHA(L)) toward glycopro-
teinsfrom F9, mESand their differentiated formswith retinoi c acid are represented by bar graphs (right). These dataare compared with the
principle component analysis using the raw data set without gain-merging processing (bottom).

double negative-correlation with the PC1 and PC2, i.e., signal enhancement with retinoic acid, for three probelectins (a GalNAc binders,
DBA and HPA, and 31-6 branching binder, PHA(L); the upper left of Fig. 2C). Importantly, the normalized intensities of theselectinswere
relatively low (i.e., 0~0.03; Fig. 2B), which the method could have failed to detect without the use of the rescue process using the gain-
merging procedure (<1,000 under the lower gain condition) (seethe PCA of the raw datawithout gain-merging processing in the bottom
of Fig. 2C). This observation clearly indicates a practical merit of such adata-mining procedure for the investigation of novel glycan-
related biomarkers, which are expected to befairly minor componentsin clinical samples.

Conclusion

A lectin microarray-based data-mining system for differential profiling of cell glycoproteins has been devel oped by adopting max-normal-
ization following gain-merging processes. This highly-reproducibl e analysiswith simple and systematic manipul ations should providethe
basis of arobust and logistic strategy for the discovery of proteomics-based glycan-related biomarkers.
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