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ABSTRACT 

Human serum alpha-1-acid glycoprotein (orosomuco- 
id, AGP) with particular interest as a tumor marker 
was measured, separated, purified and analyzed for its 
carbohydrate constituents. In order to demonstrate the 
changes in the concentration and composition of serum 
AGP induced by malignant diseases an improved method 
of sample preparation based on solvent extraction, ion 
exchange and reversed phase liquid chromatographic 
methods were applied. In preliminary studies signifi- 
cantly elevated serum AGP levels and increased fucose 
content in the carbohydrate moiety were found in can- 
cer patients in comparison to the healthy individuals. 

INTRODUCTION 

Alpha-1-acid glycoprotein (orosomucoid, AGP) is a 
characteristic and dominant fraction of human serum 
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sialoglycoproteins with a molecular mass of 40 KD, an 
unusually high carbohydrate content ( 4 5 8 ) ,  and a large 
number of sialyl residues (1, 2). Changes in the serum 
AGP concentration are considered as a marker of sever- 
al metabolic disorders. Highly elevated plasma AGP 
levels were found in patients with inflammatory dis- 
eases and cancer ( 3 - 7 ) .  Recently, we demonstrated that 
sialic acid measured in a tumor marker was originated 
primarily from the plasma AGP content ( 8 ) .  It has been 
shown that plasma AGP is polymorph and individual mo- 
lecular variants with slightly different chemical com- 
position, electrophoretic mobility and affinity to 
lectins can be distinguished (5, 9-11). It has also 
been reported that the compositional changes in human 
serum AGP induced by various acute phase conditions are 
in coincidence with the alterations in the antennary 
structure of glycan chains (10, 12-14). It is of par- 
ticular interest, therefore, to investigate the anoma- 
lies in the molecular heterogeneity of serum AGP in- 
duced by malignant diseases. Recent methods for measur- 
ing and preparation of human serum AGP are based on 
either immunological (diffusion-precipitation, affinity) 
or salting-out and ion exchnage chromatographic tech- 
niques (1, 3-6, 10-13). These procedures may have vari- 
ous difficulties in the time, expenses and purity of 
the product, or in the selectivity of quantitation 
(15-16). In the present paper we worked out a single 
step sample preparation and a microanalytical ion ex- 
change chromatographic method for measuring the AGP 
content of human serum in cancer patients as well as in 
healthy individuals. In order to determine the changes 
in the sialic acid and sugar constituents, serum AGP 
was prepared and purified by ion exchange chromato- 
graphy and analyzed by reversed phase EIPLC methods. 

MATERIALS 

Chemicals and reagents used were o E  analytical 
grade from E. Merck (Darmstadt, Germany) unless stated 
otherwise. All solvents were of HPLC quality (LiChro- 
solv, Merck). Prepacked columns and Q-Sepharose Fast 
Flow were purchased from the producers. Bis-tris-prop- 
ane, reference monosaccharides (glucose, galactose, 
mannose, fucose), N-acetyl neuraminic (sialic) acid, 
serum protein fractions including human serum alpha-l- 
acid glycoprotein and alpha-1-antitrypsin were obtained 
from Sigma Co. (St Louis, MO.). 
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Apparatus 

The Pharmacia-LKB FPLC System composed of two 
P-500 pumps, an LCC-500 Liquid Chromatographic Con- 
troller and a UV-1 Monitor (at 280 nm) was applied to 
the ion exchange and gel chromatographic (desalting) 
separations using MonoQ HR 5/5 (5~0.5 cm I.D., 10 pm), 
Q-Sepharose Fast Flow (30~2.54 cm I.D., 45-165 p m )  and 
Fast Desalting HR 10/10 (10x1 cm I.D.) columns (Pharma- 
cia-LKB, Uppsala, Sweden). Measuring of sialic acid and 
neutral sugars was carried out on a LiChrosorb RP-18 
column (25~0.46 cm I.D., 5 pm) with a Merck-Hitachi 
L-6200A Intelligent Pump and a D-2500 Chromato-Integra- 
tor equipped with an L-4250 UV-VIS and a Shimadzu RF- 
530 fluorscence detector. HPLC columns were thermo- 
stated at 3OoC. 

METHODS 

Sample preparation 

Venous blood was drawn from healthy volunteers and 
hospitalized cancer patients after overnight fasting. 
Blood was allowed to clot and serum was separated byo 
centrifugation (lOOOg, 4OC, 10 min), and kept at -20 C 
until use. One vol of human serum was diluted with 3.5 
vol of ice-cold water and extracted with 15 vol of 
chloroform-mgthanol mixture (2:l v/v) by vigorous 
shaking at 0 C for 45 min. Solveng phases were sepa- 
rated by centrifugation (lOOOg, 4 C, 20 min) and the 
methanol-water upper phase (extract) was collected and 
evaporated 10-20 fold in vacuum for the preparative ion 
exchange chromatography. 

Determination of the serum AGP content 

In the microanalytical procedure 100 pl of human 
serum was treated according to the sample preparation 
with proportionally measured solvent volumes in a glass 
stoppered centrifuge tube (8~1.5 cm I.D.). After cen- 
trifugation 500 pl of upper phase was applied directly 
to the MonoQ HR 5/5 column. Separation of AGP was per- 
formed using a combined pHJNaCl gradient elution system 
(17) with solvents: A - 50 mM bis-tris-propane/HCl 
b u f f e r  (pH:7.5) containing 10% (v/v) of methanol, and 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
3
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1210 KREMMER ET AL. 

B - 50 mM bis-tris-propane/HCl buffer (pH:9 .5)  contain- 
ing 350 mM NaCl according to the elution program: A for 
2.5 ml, B 0-100% for 20 ml, B 100% for 2.5  ml and A for 
5 ml (equilibration). For measuring the serum AGP 
content the MonoQ HR 5/5 column was calibrated with 
commercial AGP in a range of 10-200 p g / 5 0 0  pl of sample 
volume. Serum AGP concentration was calculated from the 
linear correlation of ug AGP vs peak height (AUFS 0.1) 
values obtained considering that 5 0 0  ~1 of methanol- 
water extract was equivalent to 65 pl of serum. Results 
were expressed as mg AGP/dl of serum. 

Preparative isolation of human serum AGP 

In the preparative scale separation of human serum 
AGP 1-2 ml concentrates of the methanol-water extract 
were applied to a Q-Sepharose Fast Flow column (30~2.54 
cm I.D.) and eluted with proportionally increased buff- 
sr volumes excepted that methanol was omitted from the 
buffer A. The gradient elution program was as follows: 
A for 75 ml, B 0-100% for 525 ml, B 100% for 150 rnl, 
then equilibration with 300 ml of buffer A. Flow rate 
cJas 2 ml/min and 20 ml fractions were collected with 
detection at 280 nm. Eluates were desalted on a Fast 
Desalting HR 10/10 column eqilibrated with distilled 
water, lyophilized and analyzed by polyacrylamide gel 
electrophoresis as described earlier (8). Protein con- 
tent was determined according to Hartree (18). 

Reversed phase HPLC methods 

N-Acetyl neuraminic (sialic) acid content of AGP 
samples was determined by the method of Hara et a1 (19). 
1,2-Diamino-4,5-methylenedioxybenzene (DMB) derivative 
of sialic acid was separated by isocratic elution with 
methanol-acetonitrile-water (25:4:91) as mobile phase. 
Fluorescence detection was at excitation: 373 nm, and 
emission: 448 nm. For quantitative measuring cali- 
bration curve was plotted with commercial sialic acid. 
The major monosaccharides (galactose, mannose, fucose) 
were measured according to Eggert and Jones ( 2 0 ) .  
Dansyl monosaccharides were separated on a LiChrosorb 
RP-18 column by isocratic elution with acetonitrile- 
water (1:4 v/v) contajning 10 mM formic acid, 40 m M  
acetic acid and 1 mM triethylamine. Flow rate was 1.0 
rnl/min and detection at 2 5 4  nm. Quqntitation was done 
by means of reference monosaccharides. 
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RESULTS 

In the present work a representative sialoglyco- 
protein AGP was separated and purified partially using 
a single-step solvent extraction with chloroform-metha- 
nol. Chromatographic and electrophoretic analysis of 
the sample preparation demonstrated that under the con- 
ditions reported here solvent extraction resulted in 
the precipitation and bulk elimination of major plasma 
proteins (mostly albumin, alpha-1-antitrypsin, globul- 
ins, Figure 1 1 ,  while serum AGP remained solved in the 
methanol-water (upper) phase, probably, due to its ex- 
ceptionally acidic and soluble character ( 8 ) .  The rela- 
tive enrichment of AGP in the methanol-water extract 
and an improved technique of ion-exchange chromato- 
graphy allowed either the quantitative and selective 
measuring of serum AGP content (Figure 1-B), and/or the 
scaling-up for its preparative isolation (Figure 2). As 
regards as the analytical method studies on pooled 
human serum samples supplemented with AGP in a range of 
10-500 mg/dl showed a recovery of 96% (3.1% C.V.). 
Accuracy of the method was 2.2% (C.V.) in average in a 
range of 10-200 mg AGP/dl of serum, and sensitivity was 
found to be 5 Pg AGP in 500 pl of sample (AUFS 0.1). 
Serum concentrations and retention time of AGP could be 
reproduced with 95% (1.14% C.V.). Our results con- 
cerning the serum total AGP content obtained for 
healthy individuals as well as for cancer patients 
(Table I) are in accordance with the figures of others 
(5, 10, 22). One of the major advantage of the sample 
preparation is that the methanol-water extract of human 
sera can directly be applied to the MonoQ HR 5/5 column 
in a volume of 500 pl. It has been observed that using 
10% (v/v) of an organic modifier (methanol, acetonit- 
rile) in the mobile phase (buffer A) during the equi- 
libration and gradient elution reduced the retention 
of some contaminants (e.g. nucleotides, peak 2 in 
Figure 1-B) by 15-20%, and resulted in sharper peaks 
and better resolution. It has to be noted, on the other 
hand, that the methanol content in the mobile phase 
suppressed the UV absorption of proteins by 30-40% and, 
therefore, the sensitivity of detection. Figure 2 shows 
the ion exchange chromatographic separation of human 
serum AGP on a Q-Sepharose Fast Flow column. In con- 
trast to the polymer based MonoQ particles the methanol 
content of the sample should be removed when the p o l y -  
saccharide Q-Sepharose packing was used. Selectivity of 
the preparative scale isolation was checked by poly- 
acrylamide gel electrophoresis and serum AGP (fractions 
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OD280 A. Alb. 

I 
NUC 

B. 

Elution volume (ml) 

FIGURE 1. 

Ion exchange chromatography of human serum proteins on 
a MonoQ HR 5 / 5  column ( 5 ~ 0 . 5  cm I.D., 10 p m )  operated 
by the Pharmacia-LKB FPLC System. Gradient elution see 
Methods. Flow rate: 0.5 ml/min. Detection: 280 nm (AUFS 
0.1). Abbreviations: NUC - Nucleotides, AGP - Alpha-l- 
acid glycoprotein, Alb - Albumin. 
A - Separation of the total serum protein content, 

(Sample: 50 p l  of diluted (1:25) human serum) 
B - Separation of proteins in the methanol-water ex- 

tract of human serum (Sample: 500 pl of extract). 
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OD280 NUC 
w 

c i r l  cs; - 1  

Fractions 

FIGURE 2. 

Preparative ion exchange chromatographic separation of 
human serum AGP on a Q-Sepharose Fast Flow column (30x 
2.54 cm I.D., 45-165 pm). Gradient elution see Methods. 
Flow rate: 2.0 ml/min. Detection: 280 nm (AUFS 0.2-0.5). 
Sample: 2.0 ml concentrated (10x1 methanol-water ex- 
tract of human serum. Fractions: 20 ml. Abbreviations 
see Figure 1. 

24-25, Figure 2) could be obtained in a purity over 
99%. Alpha-1-antitrypsin contamination could not be 
detected. 

Analytical data concerning the sialic acid and 
monosaccharide constituents of human serum AGP are 
summarized in Table I. Similarly to others (3-7) we 
have found significantly higher total AGP levels in the 
sera of cancer patients (mainly in ovary, colon and 
breast carcinomas) in comparison to the healthy indi- 
viduals. However, there was no specificity for the var- 
ious forms of neoplasma. Our investigations demon- 
strated some characteristic compositional changes of 
serum AGP in the presence of advanced malignancy. 
Figure 3 shows that the distribution of neutral sugars 
in serum AGP was similar to that of reported for the 
healthy individuals (19). On contrary, the non-protein 
constituents (mainly neutral sugars) seemed to be mark- 
edly increased, and significantly higher fucose content 
was measured in the serum AGP of cancer patients sup- 
porting the relevance of serum fucose determination as 
a marker in malignant diseases (21-23). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
3
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1214 KREMMER ET AL. 

TABLE 1 
Human Serum AGP Content and Constituents in Healthy 

Individuals and Cancer Patients 

Serum He a 1 thy Cancer ~ 

mg/dl (n=9 ) (n=15 1 
concentrations individuals pakients 

2 5 5  2 6 2  + Total AGP 8 3 . 3  - 2 1 . 5  

Protein content 4 7 . 0  7 0 . 9  1 3 0 . 6  ; 3 . 5  
Sialic acid 9 . 7  7 1 . 7  2 6 . 4  7 2 . 4  
Galactose 1 7 . 6  7 2 . 3  6 1 . 3  7 6 . 3  
Mannose 8 . 3  7 1.4 3 2 . 1  7 4 . 3  
Fucose 0 . 7  - 0 . 2  4 . 6  - 0 . 5  

( 6 2 ~ 1 0 4 )  ( 1 9 3 - 3 1 7 )  

* Ovary, colon and breast carcinomas 

DISCUSSION 

Sialoglycoproteins, in general, comprise a large 
variety of natural compounds with various molecular 
characteristics and biological activity, and as carrier 
biopolymers represent the typical structural and 
functional forms of carbohydrate and sialic acid trans- 
port i n  the circulation (1, 1 6 ) .  Isolation of these 
solutes from a complex matrix with particular respect 
to the preservation of their structural integrity and 
function requires a reliable combination of sample 
preparation and separation techniques. The present 
method of sample preparation based on solvent extract- 
ion and combined with an improved technique of ion 
exchange chromatography proved to be suitable either 
for analytical purposes in measuring the serum AGP con- 
tent, or €or the preparative scale purification of AGP. 
In comparison to other methods providing high capacity 
(Cohn's fractionation), or selectivity (immunoaffinity) 
in the isolation of AGP, the solvent extraction seems 
to be faster and less expensive. While the automatized 
techniques ( R I A ,  Delphia) are not comparable, but in 
price, the selectivity and accuracy of the analytical 
ion exchange chromatography prevails the immunodiffusion 
or precipitation techniques in the serial investigation 
of individual serum samples. From the results presented 
here it can be concluded that some disadvantages of the 
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Retention t i m e  ( m i n )  

FIGURE 3. 

HPLC separation of dansyl monosaccharides on a LiChro- 
sorb RP-18 column ( 2 5 ~ 0 . 4 6  cm I.D., 5 pm).Isocratic 
elution with acetonitrile-water ( 1 : 4  v / v )  containing 
10 mM formic acid, 40 mM acetic acid and 1 mM triethyl- 
amine. Flow rate: 1 ml/min. Detection: 254 nm. 
A - Refernce monosaccharides: GAL - Galactose, GLU - 
Glucose, MAN - Mannose, FUC - Fucose. 
B - Monosaccharides of human serum AGP. 
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former methods having difficulties in the separation 
and purification of AGP from alpha-1-antitrypsin ( 1 5 )  
can be overcome by selecting a suitable sample prepara- 
tion, an appropriate buffer system (bis-tris-propane) 
with a simultaneous pH-NaC1 gradient elution qrogram, 
and a macroporous anion exchanger with -CH -N (CH 
functional groups ( MonoQ , Q-Sepharose . Hy$roxyla;a$ite 
proved to be useful for the elimination of the alpha-l- 
antitrypsin contamination (15), but without bhe ability 
of fractionating a complex protein mixture. The more 
favourable hydrodynamic properties and the protective 
effects of the polysaccharide matrix prefer to the use 
of dextran-based ion exchangers (Q-Sepharose). 

serum AGP induced by the malignant diseases our results 
seem to confirm that A G P  represents one of the main 
structural forms of serum fucose content elevated in 
cancer, and probably, molecular variants of AGP differ- 
ent from the normally existing biopolymers appear and 
increase in the blood of cancer patients. To clarify 
the molecular bases behind the changes of sugar con- 
stituents related to the malignant diseases further 
attempts are needed to investigate the polymorphism of 
AGP. 

Investigating the compositional changes in human 
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