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In pathogenesis like cancers, abnormal cells are often localized within a microscale segment, which is called as "tumor
microenvironment". It is essential to detect the mutated glycan structure from such pathogenic cells; however, conventional
proteome analysis lacks sensitivity, requiring more than 10,000 cells. Even if enough cells are available, it is not easy to detect
only the change in the glycan structure, but not in the proteins expression level. Thus, it is not easy to find glycoproteins that
change their glycan structure. In this study, therefore, we proposed to develop the most sensitive analysis method in the world
that could find more than 25 glycan molecules from around 100 pathogenic cells.

To address the lack of sensitivity in the current analysis system, a novel online sample preconcentration technique "large-
volume dual preconcentration by isotachophoresis and stacking (LDIS)" was developed. LDIS could enrich the glycans by
around 2,000-fold in the capillary electrophoresis (CE) platform. After the size separation in CE, laser-induced fluorescence
(LIF) and/or mass spectrometry (MS) detections were performed, so that ultra-sensitive qualification and quantitation of trace
glycans would be achieved. After the optimization of excitation/emission wavelengths, world's most sensitive glycan detection
with limit of detection (LOD) of 65 fM (91 zmol) was achieved in the LIF detection. In the MS detection, a novel electrospray
ionization (ESI) emitter named "nanoCESI" was developed. The nanoCESI emitter was fabricated by etching the few-cm
segment from the outlet of the fused silica capillary until the wall thickness reached less than 10 um, followed by the tapering
with the CO; laser puller. With this structure, LOD of 450 fM (540 zmol) was achieved.

For the routine analysis, automation of LDIS preconcentration and data processing was performed. Since the currently
available software does not meet such requirement, an image-recognition software was utilized for automate the procedure
that researchers have been doing manually. As the result, automated LDIS-CE-LIF analyses of 96 samples were achieved with
relative standard deviations of 0.11% and 5.8% for the migration time and peak area, respectively, which were obtained with
our newly developed calibration method with both internal/external standards.

The developed method was applied to the analysis of N-linked glycans from cultured cells. Three cell lines of HeLa, MCF-
7, and HepG2 were analyzed after the cell lysis, protein lysis, peptide-N-glycanase reaction, fluorescent derivatization, and
purification, where 100-cells sample exhibited almost same glycan profile as that obtained from bulk samples with more than
10,000 cells. Finally, even a single HeLa cell was analyzed with good sensitivity to detect tens of N-glycans.

For the in vivo analysis, formalin-fixed paraffin-embedded (FFPE) mouse kidney and liver were analyzed. From their slice,
100 pm % 100 pm x 5 pm microsections (equivalent to 10 cells in calculation) were isolated with a laser-microdissection
(LMD) instrument. As the result, different glycan profiles were obtained from kidney cortex, kidney medulla, and liver. When
the dissected area was changed, the obtained peak area of representative glycans were almost same as the ratio of the dissected
slice area. Similarly, the LDIS-CE-LIF-MS was applied to the human clinical samples. Pancreas and gastric cancers were
selected because they have developed stroma area surrounding the cancer cells. As the analysis result, different profiles were
obtained from cancer cells, cancer stroma, and normal cells. As the cancer cell or cancer stroma-specific glycans, we
discovered totally 31 molecules.

Finally, the obtained analysis results were validated with the shotgun proteome analysis. By conducting the sample
preparation within the microdroplets, we could minimized the loss of protein molecules by surface adsorption. We discovered
100-1,000 proteins from each tissue microsections; however, no glycopeptides could be detected in the information dependent
MS/MS analysis. We are still continuing this study to develop a new pipeline that achieve further higher sensitivity in the
analysis of glycopeptides.



