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ABSTRACT

Haptoglobin (Hp) is a high abundant glycoprotein in the serum, of which its
glycosylation change is increasingly discussed as a potential biomarker for number of
diseases, but few data have emphasized this evidence in lung cancer. The aim of this
study was to investigate an aberrant glycan structure of Hp from the serum sample of
lung cancer patients. However, Hp presents in human with three phenotypes: Hp1-1,
Hp2-1 and Hp2-2. Distributions of Hp phenotypes among lung cancer and healthy
donors were examined. In addition, association of Hp phenotypes with an aberrant
glycan structure of Hp was also analyzed. These purposes were to be addressed by
gel-based glycoproteomics approaches with mass spectrometric analysis.

Through application of gel electrophoresis and specific carbohydrate-
recognized lectins, significant increases of the serum and fucosylation level of Hp

were found in lung cancer patients (n = 44, stage Ill and VI) compared to those in



Vi

healthy donors (n = 26). These changes was even more pronounced in patients with
Non-small cell lung cancer (NSCLC) (n = 33) than Small cell lung cancer (SCLC) (n
= 11). Receiver operator characteristic curves (ROC) revealed that the fucosylation
change of Hp has a better ability to discriminate the lung cancer and healthy donor
than Hp itself. N-linked glycans released from a purified Hp were analyzed by
MALDI-TOF-MS. Mass spectra showed a higher intense of ions corresponding to
fucosylated glycans in lung cancer samples compared to healthy samples. Further
characterization of fucose linkage by MALDI-TOF/TOF-MS indicated the glycosidic
linkage of al,3-fucose on HexNAc at antennary part, which was apparently a sialyl
Lewis™ structure. These results suggest that increasing of the Hp fucosylation, which
forms sialyl Lewis™ epitope, in the serum can be applied as diagnostic biomarker for
lung cancer.

Additionally, our finding reveals the novel Hp isoform containing three
glycosylation sites in the serum samples. Amino acid sequencing by LC-ESI-MS/MS
and protein annotation indicated that this isoform lacks glycan moiety at N241, even
the glycosylation sequon is conserved.

Individual samples were classified according to Hp phenotypes using
Native-PAGE followed by western blot, showing a significant difference of
phenotypic distribution between lung cancer patients and healthy donors.
Overrepresentation of the patients with Hp1-1 and Hp2-1 phenotypes correlated to an
increased frequency of the Hpl allele among the patients (0.34 vs. 0.23 for the healthy
donors). This result suggests Hp phenotypic dependent risk factor for lung cancer.
Even though, serum level of Hp in lung cancer patients was independent by

phenotypes. However fucosylation levels slightly vary with phenotypes, being lower
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for Hp2-2 patients than Hpl-1 and Hp2-1respectively. Our finding reminds that
classification of the Hp phenotypes is necessary to improve accuracy in use of these
parameters for clinical diagnosis.

The N-linked glycosylation status of individual Hp multimers differing in
both size and conformation was determined. The N-linked glycan profiling indicated
that the degree of glycosylation of Hp depended on the assembled monomer and its
conformation. Amounts of terminal sialic acid (SA), fucosylated glycans, and
triantennary glycans were lower presented in the larger multimer. These alterations
may contribute to properties variants among three phenotypes and cause the low
fucosylation level of Hp2-2 phenotypes. Molecular modeling of the Hp multimer
demonstrates a critical effect of steric hindrance on multimer formation and the
enlargement of the glycan moieties.

In conclusion, the present study illustrates insight into the detailed
glycosylation status of the serum Hp and reports the diagnostic potential of Hp

fucosylation to be lung cancer biomarker.
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