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ABSTRACT: Human serum acid alpha-1-glycoprotein (AGP,

orosomucoid) content of healthy individuals and cancer patients

was measured, isolated and purified using a protocol of fast and biocompatible sample preparation, ion exchange and dye-ligand
affinity chromatographic methods. In comparison to the healthy individuals significantly higher serum AGP levels were found in a

wide spectrum of cancer patients, indicating its diagnostic value in
was separated following PNGase F enzyme digestion and analysed
and MALDI-TOF mass spectrometric analysis of sugar constituen

the malignant disease. Oligosaccharide content of AGP samples
by RP-HPLC and MALDI-TOF mass spectrometry. RP-HPLC
ts of AGP specimen originated from selected cancer patients

with high serum AGP levels indicated the appearance of anomal distribution of bi-, tri- and tetra-antennary oligosaccharide struc-
tures compared to the healthy controls. Copyright © 2004 John Wiley & Sons, Ltd.
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INTRODUCTION

Carbohydrate-rich complex proteins (e.g. sialoglyco-
proteins, proteoglycans, mucoproteins, etc.) represent a
widely distributed family of natural compounds with
particular structural and functional importance (Van
Dijk et al., 1995; Dall’Olio, 1996; Hounsell et al., 1997;
Taylor, 1998; Drickamer and Taylor, 1998; Riidiger
et al., 2000). Among a vast number of glycoconjugates
responsible for several basic cell membrane functions,
(e.g. adhesion, communication, recognition, signal trans-
duction, transport, immunological reactions, etc.), the
sialoglycoprotein character of highly active biopolymers
like antigens, interferons, erythropoietin and the great
majority of conventional serological tumor markers
(CEA, AFP, TPA, hCG, NSE, CA 125, CA 15-3, CA
72-4, CA 19-9, acute phase proteins, etc.) has been
recognized (Hounsell et al., 1997, Wu and Nakamura,
1997; Riidiger et al., 2000). It has been shown that
the carbohydrate content of these glycoconjugates
can be formulated by highly structured antennary
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oligosaccharide chains consisting of a wide variety of
neutral sugars, hexosamines (N-acetyl glucose and ga-
lactose amines) and N-acetyl neuraminic (sialic) acids.
Recent observations suggest that the exceptional vari-
ability in the length and branching of glycan chains, in
the proportion and sequence of sugar constituents, as
well as in the quantity and quality of terminal (sialyl)
groups may constitute the basis of a new biological
(glyco)system  (sugar code) containing characteristic
information on various physiological and/or patho-
logical events (pregnancy, rheumatic arthritis, cancer,
etc.; Van Dijk et al, 1995; Dall’Olio, 1996; Hounsell
et al., 1997, Ridiger et al., 2000, Fournier et al., 2000).
Among the numerous circulating sialoglycoproteins,
acute phase fractions (alpha-1-antitrypsin, haptoglobin,
coeruloplasmin, C-reactive protein, IgG, A, M, etc.), and
particularly one of the most heavily glycosylated
serum acid alpha-1-glycoprotein (orosomucoid, AGP),
attracts increasing interest from theoretical and practical
aspects. Based on the analytical data concerning the
glycan structure of sialoglycoproteins, elaboration and
application of more sensitive and specific markers in
the laboratory diagnosis and therapy of malignant
diseases is proposed.

AGP is a highly soluble and acidic (pI = 2-3) acute-
phase protein fraction of human serum with exception-
ally high (~45% w/w) carbohydrate content. The average
molecular mass of human AGP in the range of
36-43 kDa is not defined accurately (Schmid, 1989;
Fournier et al., 2000). Physico-chemical characteristics,
pathophysiological role and biological activity of human
serum AGP are discussed in recent reviews (Kremer



324 ORIGINAL RESEARCH ﬂ,

et al., 1988; Fournier et al., 2000). The carbohydrate
content of AGP consists of five glycan units bound with
N-glycosidic links to the distinct sites (Asn-15, -38,
.54, -75, -85) of the linear peptide chain fixed by two
disulfide bridges. Concerning the oligosaccharide moiety,
glycan units commonly contain a variable number of
di-, tri- and tetra-antennary structures, sialic acid at the
end of chains, and fucose (0-3) attached to (1-3, 1-6)
N-acetyl glucosamines (Fournier, et al., 2000). Accord-
ing to the antennary oligosaccharide structures, 8-10%
galactose, 6-8% mannose, 1.0% fucose, 12-16% hexo-
samine (N-acetyl glucosamine) and 12-16% sialic
acid (N-acetyl neuraminic acid) can be found in the
biopolymer (w/w; Eggert and Jones, 1985; Kishino
et al., 1995; Fournier et al., 2000). Owing to the mole-
cular variabilities either in the oligosaccharide or in the
peptide composition, AGP is heterogeneous (polimorph)
and using various separation techniques (affinity, ion-
exchange chromatography, isoelectric focusing) several
molecule variants can be demonstrated (Moule et al.,
1987; Schmid, 1939; Treuheit et al., 1992; Kishino et al.,
1997; Elliott et al., 1997; Riidiger et al., 2000; Duché
et al., 2000; lijima et al, 2000; Sei et al, 2002). Ion
exchange chromatographic, colorimetric, turbidimetric,
immuno-diffusion, -precipitation, RIA, ELISA etc.
methods are extensively applied to the determination
of serum AGP level, also demonstrating its applicability
as a tumor marker in the laboratory diagnosis of malig-
nant diseases (Harvey et al.,, 1981; Turner et al., 1985;
Ganz et al., 1987; Kremer et al., 1988; Patel et al., 1994;
Kremmer et al., 1995). Various combinations of gel and
capillary electrophoretic, HPLC and mass spectrometric
techniques have been extensively used to investigate
the molecular structure of AGP (Kiister et al., 1998;
Charlwood et al., 2001). Owing to its high sensitivity
MALDI is the preferred technique for AGP derived
oligosaccharides after enzymatic cleavage of the links
between the glycan and polipeptide chains (Harvey,
2001). Tandem mass spectrometry combined with
MALDI ionization (post-source decay, PSD) proved to
be useful for identifying sugar sequences, or giving in-
formations on branching (Harvey ef al., 1999). HPLC-
coupled ES ionization is also favourably used to study
oligosaccharides originated from AGP (Huang and
Riggin, 2000). The widespread application of this
technique is restricted by its much lower sensitivity.
In order to apply MS analysis to the structural inve-
stigation of glycoconjugates sample preparation, gel-,
jon-exchange and RP-HPLC techniques including
enzymatic (tryptic, PNGase F) digestion and separation
of oligosaccharides are frequently used.

Considering the theoretical and practical importance
of glycoconjugates in various pathophysiological events
the present study was aimed either to develop ana-
lytical and preparative methods for the isolation and
purification of human serum AGP and its carbohydrate

Copyright © 2004 John Wiley & Sons, Ltd.

T. Kremmer et al.

compartments, and/or to reveal the changes induced by
cancer in the antennary structures of the glycan units
compared with healthy controls.

EXPERIMENTAL

Materials. All reagents and solvents (NaCl, Na,HPO,,
CHCY,, methanol, ethanol, CH,CN, H,0) were of HPLC purity
(Suprapur, LiChrosolv, gradient grade, Merck, Darmstadt,
Germany). Fractogel EMD TMAE-650 S and Fractogel TSK
AF-Blue were purchased from Merck, Darmstadt. Desalting
procedures were made on Sephadex G-25 (superfine, Pharma-
cia, Uppsala). Trifluoroacetic acid from Aldrich Chemical Co.
and bis-tris propane from Sigma were obtained. PNGase F
(recombinant, glycerol free) was from Roche Diagnostics
GmbH (Mannheim). Mass spectrometry was calibrated by
oligosaccharide standards (Al, A2, A2F, A3) obtained
from Oxford Glyco-Sciences (Abingdon, Oxfordshire, UK)
and used without further purification. 2,5-Dihidroxybenzoic
(2,5-DHB) and 2_aminobenzoic (anthranilic) acids were pur-
chased from Aldrich Chemical Co. and Merck (Darmstadt),
respectively.

Patients and serum sampling. Venous blood was taken
without anticoagulants from volunteer healthy individuals
(normal controls) as well as from hospitalized cancer patients
fasting overnight. After spontaneous clotting at room tem-
perature serum samples were isolated by centrifugation and
kept at —20°C until use. Distribution and number of patients
according to the type and localization of malignancy verified
by imaging techniques, pathology and conventional labor-
atory markers are summarized in Table 1.

Preparation and analysis of AGP. Human serum AGP con-
tent was measured by microanalytical ion-exchange chromato-
graphy as described earlier (Kremmer et al, 1995). In the
preparative procedure the protein content of water-methanol
supernatant obtained by sample preparation with chloroform—
methanol solvent extraction was precipitated with 2 vols
of cold ethanol, kept at 0-4°C for 30 min and centrifuged
(5000 rpm, 20 min, 0°C). Precipitate was dissolved in 25 mMm
bis—tris-propane (buffer A. pH 75) and applied to a
Fractogel EMD TMAE-650 S column (Superformance, 15 x
1 cm, i.d.) using a simultaneous pH-NaCl gradient elution
with 25 mM bis—tris-propane -350mm NaCl (buffer B, pH
9.5). Fraction containing AGP was desalted on Sephadex
G-25 column (30 x 1 cm) and liophylized. The traces of other
serum protein contaminants (mostly albumin) were elimi-
nated on a Fractogel TSK AF-Blue column (Superformance,
7 % 1 cm, i.d.) equilibrated with 10 mm Na-phosphate buffer
(pH 5.8). AGP eluted first was desalted and liophylized.
The purity of AGP samples was controlled by SDS poly-
acrylamide gel electrophoresis  (Kremmer et al., 1995).
Chromatographic procedures were performed with a JASCO
PU-980 pump and LG-980-02 gradient unit equipped with a
HP 79875A UV-VIS detector and 79850B LC terminal.

HPLC determination of sugar constituents. Sugar con-
stituents of AGP were analysed using a Merck-Hitachi

Biomed. Chromatogr. 18: 323-329 (2004)
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Table 1. Human serum AGP levels in malignant diseases

Cancer (localization) Patients (n)

Ovary and cervix 104
Gastrointestinal tract 30
Colorectal carcinomas 35
Melanoma malignum
Primer 23
Metastatized 79
Thyroid gland cc 24
(papillary, medullary)
Lung carcinoma 21
Prostata carcinoma 9
Lymphomas 130

(Hodgkin, non-Hodgkin)

Serum AGP} Other markers®
mg/dl (mean) supporting the diagnosis
157 CEA, CA-125
170 CA 19-9, CA 72-4
140 CEA, AFP, TPA
$-100, 5-SCD
93
142
134 HTG, anti-HTG
Calcitonin
136 CA-125, CEA,
111 PSA
153 LDH, B-1Glob

» Normal range in healthy individuals (n = 35): 40-80 mg AGP/dL;

mean * SD = 57.0 + 15.5 mg/dL..

b CEA, carcinoembrionic antigen; CA-125, 19-9, 72-4, cancer antigens; AFP, alpha-fetoprotcin; TPA,
tissue polypeptide antigen; $-100, Ca-binding serum protein; 5-SCD, 5-S-cysteinyl DOPA; (anti)
HTG, human (anti) thyreoglobin; PSA, prostate-speciﬁc antigen; LDH, Lactate dehydrogenase;

B.-uGlob, beta-2-microglobulin.

LiChrograph System consisting of an L-6200A Intelligent
Pump, D-2500 Chromato-Integrator, AS-2000 Autosampler,
L-4250 UV-VIS and a Shimadzu RF-530 fluorescence detec-
tor. Neutral and amino sugars were measured as anthranilate
derivatives according to Anumula and Du (1999) after
hydrolysis of samples with 4M TFA (100°C, 6h) using
Supelcosil Cg column (25 x 046cm id., 5um, flow rate
1 mL/min) at 15°C (thermostated) and isocratic elution with
20 mM n-butyl amine-phosphoric acid buffer (pH 1.8) con-
taining 1% THF and 5% acetonitrile (v/v), respectively. Fluo-
rescence detection was at excitation 360 nm and emission
425 nm. Sialic acid content was determined in the form of
1,2-diamino—4,4-methylenedioxy—benzene (DMB) derivatives
according to Hara et al (1987) following acid hydrolysis
of samples (10-1000 ug sialic acid in 5-50 pL, 200 uL 12 mmM
H,S0,, 80°C, 2 h). Isocratic elution with methanol-acetonitrile~
water (25:4:91v/v) on a Nucleosil Cz column (25 x 0.46 cm
id., 5 um, flow rate 1.2 mL/min, temperature 25°C, thermo-
stated) and fluorescence detection (excitation 373 nm, emis-
sion 448 nm) was used.

Enzymatic release of AGP oligosaccharides. PNGase F
digestion of AGP was performed according to Elliott et al.
(1997) modified as follows: 5001000 pg of AGP solved in
500 L SOmm K,HPO,-2 mm EDTA buffer (pH 7.5) was
treated with 10 pL 5% SDS and 10 uL beta-mercapto ethanol
(freshly diluted 1:10 viv) at 100°C for 5 min. The sample was
cooled down for 10 min at -5°C and precipitated SDS was re-
moved by centrifugation (10 min, S000 g). The supernatant was
transferred into glass stopped tube then 5 U PNGase F was
added and incubated for 24-48h at 37°C. Oligosaccharides
were separated from the digest by 2vols ice-cold ethanol
(30 min, 0-4°C). The precipitate was centrifuged and the sup-
ernatant collected. The pellet was washed twice with ethanol
and extracts were combined and freeze-dried under vacuum.

Mass spectrometry. Mass spectrometric measurements were
carried out in linear mode with a Bruker Biflex™ MALDI-

Copyright © 2004 John Wiley & Sons, Ltd.

TOF mass spectrometer, and a Micromass MALDI-TOF
mass spectrometer used in reflecton mode, both of them
equipped with a 337 nm nitrogen laser. Accelerating voltage
was 19.5 kV and 100-200 laser shots were applied for each
spectrum. Aqueous solution. of oligosaccharide samples 1yl
20-100 pmol) were mixed on the side-inlet probe with matrix
[2,5-DHB dissolved in water-acetonitrile (2:1, v/v)] and
allowed to dry in air. Fluorescent labeling of oligosaccharides
was made according to the protocol of Anamula and Du
(1999) supplemented with desalting of anthranilate deriva-
tives on Sephadex G-25.

RESULTS

Recent developments in glycobiology provided con-
vincing evidences on the structural or functional impor-
tance of natural glycoconjugates. In the particular case,
recognizing and understanding the clinical applicability
of human serum AGP, as well as the relationships
between the structural changes in its oligosaccharide
structure and cancer may have theoretical and practical
importance as well. In this context the careful selection
of well-characterized biological (serum) samples and
the application of reliable preparative and analytical
methods seem to be the primary requirements of these
investigations. Earlier, we have worked out a micro-
analytical jon-exchange chromatographic technique for
the quantitative measurement of human serum AGP
(Kremmer et al., 1995), and during recent years a vast
number of patients with different forms and localiza-
tion of cancer was routinely investigated. Cumulative
data of these observations are shown in Table 1.
Results presented here demonstrate the applicability of
serum AGP determination in the malignant diseases.
It has to be noted that AGP is an aspecific marker

Biomed. Chromatogr. 18: 323-329 (2004)
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[SAMPLE PREPARATION]
Solvent extraction with CHCl-CH3OH
| EtOH precipitation

1
[ANALYTICAL)] [PREPARATIVE |
Ton-exchange chromatography of AGP

Dye-ligand (Cibacron Blue) affinity chromatography
Desalting and Liophylization
Purity controll by SDS-PAGE and MALDI-TOF
RP-HPLC analysis of sugar components

[ENZYMATIC (PNGase F) HYDROLYSIS|
Precipitation with EtOH

[SEPARATION OF OLIGOSACCHARIDES |
Derivatization with anthranylic acid
Desalting and liophylization

[MALDI-TOF ANALYSIS|

Figure 1. Working scheme for the measuring, isolation and
purification of human serum AGP.

and temporary elevation of its serum level can also be
found in many acute phase syndromes (inflamma-
tion, infections, burning, etc. see Kremer et al., 1988;
Fournier et al., 2000). However, in agreement with the
changes of other tumor markers and depending on the
clinical status significantly higher serum AGP levels
could be measured in cancer patients. On the other
hand, this screening system gave an opportunity to se-
lect the appropriate serum specimen with high AGP
levels (above 150 mg/dL) for further investigations.
Applying various preparative and analytical techniques
a protocol (Fig. 1) was developed for the fast and
biocompatible separation, purification and analysis of
human serum AGP. The solvent extraction of serum
supplemented with the ethanol precipitation is one of
the crucial points of sample preparation providing AGP
specimen with the less degradation and desialylation.
Following the preparative ion exchange chromato-
graphy the traces of serum protein contaminants were
climinated by dye-ligand (Cibacron Blue) affinity
chromatography. This additional step resulted in AGP
of high purity verified by SDS-polyacrylamide gel
electrophoresis and MALDI TOF mass spectrometry.
In rough agreement with previous estimates (Schmid,
1989; Fournier et al., 2000) the MALDI spectra of AGP
(Fig. 2) originated from healthy volunteers as well as
from cancer patients showed a mean molecular mass of
ca. 37 kDa. The MALDI spectrum also demonstrated
that the molecular mass envelope is very wide (extends
from ca. 31 to 43 kDa), indicating the considerable mo-
lecular heterogeneity of AGP. In accordance with other
data (Eggert and Jones, 1985; Hara et al., 1987; Kremer

Copyright © 2004 John Wiley & Sons, Ltd.
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Figure 2. MALDL-TOF mass spectrum of human serum
AGP.

Table 2. Sugar constituents of AGP isolated from the sera of
healthy individuals and ovary cancer patients (in relative per-
centage of the total biopolymer)

Healthy individuals Cancer patients

Sugars (n=14) (n=18)
Galactose 92+1.1 8920
Mannose 51210 6615
Fucose 10202 1.7+03
N-Acetyl glycosamine 13219 135+27
Sialic acid 165+ 1.6 156 £3.7

et al., 1988), RP-HPLC analysis of the carbohydrate
content of AGP verified the sugar composition in
healthy individuals and demonstrated the changes in-
duced by the cancerous state. Analytical data concern-
ing the ovarian carcinoma patients compared to healthy
controls shown in Table 2 indicated significant dif-
ference (p < 0.01) only in the fucose content. These
characteristics are in accordance with the previous
observations (Moule et al., 1987; Van Dijk et al., 1995;
Kremmer et al., 1995; Dall’Olio, 1996; Hounsell et al.,
1997; Elliott et al., 1997) and with the results of our
MALDI-TOF MS studies described below. In order to
investigate the carbohydrate structure of AGP samples
glycan units were released by endoglycosidase F hydro-
lysis and derivatized with anthranilic acid. Represent-
ative MALDI-TOF spectrum of the oligosaccharide
derivatives originated from a healthy volunteer shown
in Fig. 3 demonstrates a large number of individual
oligosaccharides. In good agreement with studies pub-
lished previously (Kister et al., 1998), the most charac-
teristic structures derived from healthy controls are
listed in Table 3. Analysis of the MALDI spectra of
compounds was performed on the base of relative peak
abundances with a reproducibility within 20%. Dis-
tribution of oligosaccharide structures derived from
healthy volunteers and cancerous patients showed var-
ious similarities and differences. In general, biantennary
sequences were dominant in all samples (Fig. 4) and

Biomed. Chromatogr. 18: 323-329 (2004)
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Figure 3. MALDI-TOF spectrum of antennary oligosaccharide structures obtained from the serum AGP of

healthy individuals.

Table 3. Identified oligosaccharide structures in human serum AGP

Structure of oligosaccharide

Number of sialic acid

Number of fucose Structure identifier

Biantennary 0
1

(
2

|
Triantennary 0
@) !
( 1
( 2
2
3
[ 3

Tetraantennary

—

[ )
@
or
&)
(

~ -P:D-MMUJNNF—‘HOO

0 Bi

0 BiS1

0 BiS2

0 Tri

1 TriF1

0 TriS1

1 TriS1F1

0 TriS2

1 TriS2F1

0 TriS3

1 TriS3F1

0 Tetra

1 TetraF1

0 TetraS1

1 TetraS1F1
0 TetraS2

1 TetraS2F1
0 TeraS3

1 TetraS3F1
2 TetraS3F2
0 TetraS4

1 TetraS4F1
2 TetraS4F2

(<) Sialic acid; (O) galactose; (00) (mannose; (®) N-acetyle glucosamine;

(A) fucose.

the relative proportion of the total amount of bi-, tri-
and tetraantennary sequences (1:0.8:0.3) was appro-
ximately the same in all specimen. A wide variability of
sialylated oligosaccharides containing 0, 1, 2, 3 and 4
sialic acids were also detected. In spite of the predomi-

Copyright © 2004 John Wiley & Sons, Ltd.

nance of bisialylated compounds differences between
the healthy and tumorous MS spectra based on the
ratio of all triantennary to all tetraantennary sequences
were informative. Abundance of tetraantennary struc-
tures was higher in ovarium tumours compared either

Biomed. Chromatogr. 18: 323-329 (2004)
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Figure 5. The relative proportion of the total amount of fucose contain-

ing structures.

to lymphomas, or healthy controls. Fucose-containing
structures (Fig. 5) were 2-3 times higher in tumorous
states than in healthy individuals. In conclusion, it can
be stated that mass spectrometric observations concern-
ing the changes induced by neoplastic diseases in the
oligosaccharide structure of AGP correlate well with
the results of RP-HPLC analysis (see Table 2) and
with other data indicating the hypersialylation and
hyperfucosylation of glycoconjugates in the various
forms of cancer (Turner et al., 1985; Patel et al., 1994).
The present study was not directed to identify the
oligosaccharide composition in the distinct sites (I-V)
of native AGP. Further investigations on a statistical
evaluation of oligosaccharide composition derived from
MALDI spectra of AGP in healthy and cancerous sub-

Copyright © 2004 John Wiley & Sons, Ltd.

jects and on the positional distribution of glycan chains
in cancer are in progress.
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