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Abstract. α2-Heremans-Schmid glycoprotein (human fetuin) 
is one of numerous serum proteins produced in the liver. 
Recently, the biological functions of fetuin, such as calcifica-
tion and insulin resistance, have been clarified. However, these 
effects appear to be indirect, occurring through binding to other 
molecules. When equal amounts of fetuin in sera were treated 
with chymotrypsin, resistance to the protease treatment was 
observed in patients with pancreatic cancer, but not in normal 
volunteers. To investigate the molecular mechanism behind this 
resistance, gel-filtration chromatography was performed. The 
results revealed that high molecular types of fetuin showed a 
resistance to protease treatment. When fetuin was purified from 
sera of patients with pancreatic cancer and normal volunteers, 
certain types of proteins, including haptoglobin (which binds 
to fetuin derived from pancreatic cancer patients), were identi-
fied using mass spectrometry. Furthermore, the oligosaccharide 
structures of fetuin analyzed with lectin microarray differed 
between pancreatic cancer patients and normal volunteers. 
This macro/micro heterogeneity of fetuin might contribute to 
pancreatic cancer resistance to chymotrypsin treatment. 

Introduction 

α2-Heremans-Schmid glycoprotein (aHSG, human fetuin) is 
one of the plasma proteins that occur in high concentrations 
during fetal life and gradually decrease towards adulthood. 

However, fetuin remains abundant in adult serum, and is mostly 
produced in the liver (1,2). Previous studies have demon-
strated that fetuin isolated from cohn's fraction Vi of human 
plasma is a two-chain molecule consisting of an A-chain of 
282 amino acid residues and a B-chain of 27 residues (3,4). 
it is thought that the circulating form of fetuin in serum is a 
two-chain protein with a heavy chain of 321 residues, which 
indicates the A chain with the connecting peptide, and a light 
chain of 27 residues, which indicates the B chain (5). Jahnen 
dechent W et al reported that chymotrypsin cleaved the 
critical Leu-Leu bond flanking the NH2-terminal portion of 
the connecting peptide region, and that this proteolysis was 
accelerated in sera of patients with sepsis (6).  

Fetuin is a glycoprotein with both N- and O-linked   carbo-
hydrate side chains whose structures vary in several biological 
aspects (7,8). Fetuin occurs in large amounts in blood and cere-
brospinal fluid, accumulates to high concentrations in calcified 
bone, and is involved in the regulation of mineral concentration 
(9). Since fetuin belongs to one of the negative acute-phase 
proteins, levels of fetuin in serum are decreased in individuals 
with infections, malignancies, malnutrition and liver and renal 
diseases at the end stage (10-13). Its high affinity for bone 
mineral and ability to prevent the precipitation of basic calcium 
phosphates from supersaturated solutions suggest that fetuin is 
a potent systemic inhibitor of soft tissue calcification (14-17). 
As there is a similarity in anion acid structures between fetuin 
and TGF-β receptor, fetuin acts as an antagonist of TGF-β. By 
contrast, it was reported that fetuin acted as a natural inhibitor of 
the insulin receptor tyrosine kinase in liver and skeletal muscle 
(18-22), and as an inhibitor for TNF-α during inflammation 
(23). recent studies demonstrated that human plasma fetuin-a 
levels were correlated with fatty liver, impaired glucose toler-
ance and insulin resistance (24,25). in order to study a variety 
of biological functions of fetuin in detail, fetuin-deficient mice 
were developed. Unexpectedly, these mice showed normal 
growth. When fed a high-fat diet, they were resistant to weight 
gain, demonstrated significantly decreased body fat and 
remained insulin sensitive (26). However, several studies have 
examined the role of fetuin as a calcification inhibitor, since 
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the mice developed microcalcifications in soft tissue. Fetuin is 
highly effective in the formation and stabilization of protein-
mineral colloids, referred to as calciprotein particles (cPPs). 
cPPs may act as mineral chaperones mediating the stabiliza-
tion, safe transport and clearance of calcium and phosphate 
as colloidal complexes in the body, thus preventing ectopic 
calcification (24,27). All these reports on fetuin suggest that 
fetuin may react biologically with other molecules. Therefore, 
it would be useful to know the heterogenic conditions of 
fetuin in serum, such as complex formation and binding with 
other proteins. In the present study, we found that the limited 
proteolysis of serum fetuin differed between patients with 
pancreatic cancer and normal volunteers. The mechanisms for 
the difference were investigated in terms of differences in the 
heterogeneity of fetuin in serum, complex formation with other 
molecules, and oligosaccharide structures.

Materials and methods

Western blot analysis of fetuin. a rabbit polyclonal antibody for 
fetuin was established as follows: briefly, a rabbit was immu-
nized with commercial fetuin every 2 weeks. After 3 months, 
the total serum of the rabbit was collected. Availability of this 
antibody for Western blot analysis was verified using sera 
or conditioned medium from a hepatoma cell line. To purify 
the fetuin-specific antibody, the rabbit serum was applied to 
an affinity column that was coupled with 3 µg of fetuin after 
the depletion of immunoglobulin G (igG) (cell Signaling 
Technology) using the Protein G column (Ge Healthcare, 
Amersham, UK). An 180 ng aliquot of fetuin was electro-
phoresed on a 10% SdS polyacrylamide gel and transferred 
onto a nitrocellulose membrane (Whatman, Germany). The 
membranes were incubated with 5% skim milk in phosphate 
buffered saline (PBs) for 1 h and then incubated with 1/5,000 
diluted anti-human fetuin antibody, which was established 
by immunizing rabbits with purified human fetuin (sigma, 
st. Louis, MO, UsA) overnight. After washing three times 
with Tris-buffered saline containing 0.05% Tween 20 (TBsT) 
(pH 7.4) for 10 min each, the membranes were incubated 
with peroxidase conjugated anti rabbit IgG for 40 min. After 
washing the membranes three times with TBs-T for 10 min 
each, development was performed using an ImmobilonTM 
Western chemiluminescent HrP Substrate (Millipore corp., 
Billerica, Ma, uSa) according to the standard protocol. 

Column chromatography. serum (0.8 ml) was diluted with 
0.1 M Tris-Hcl pH 7.4 containing 7-aminoheptanoic acid at 
2.4 times and was applied to a superdex 200 pg (1.6x60 cm) 
column at 4˚C using FPLC systems (Ge Healthcare). The 
elution was performed with 0.1 M Tris-HCl pH 7.4 at 0.5 ml/
min conditions, and 1.0 ml of the elution was collected in each 
tube. The protein concentration was detected under UV light 
at 280 nm. The aliquot of 66-75 fractions (superdex 200 pg 
chromatography) was applied to a MonoQ column (HR 5/5: 
equilibrated 0.1 M Tris-HCl pH 7.4) at 25˚C, then the column 
was washed with the buffer for 5 min at a flow rate of 1.0 ml/
min and eluted for 40 min with a linear gradient of A buffer 
(0.1 M Tris-Hcl pH 7.4) and B buffer (0.1 M Tris-Hcl pH 7.4 
with 1 M NaCl). The elution (1 ml) was collected in each tube 
and the protein concentration was detected as above. 

Enzyme linked immunosorbent assay of fetuin. Fetuin levels 
were determined by a competitive enzyme linked immuno-
sorbent assay (eLIsA) system, which was established using 
polyclonal anti-human fetuin antibodies as described above. 
Briefly, anti human fetuin polyclonal antibody was coated 
as a solid phase (96-well plate). Diluted serum (1/200) and 
peroxidase-labeled fetuin were applied to each well and then 
incubated for 30 min at room temperature. After washing 
three times in washing buffer (0.03% Triton X-405, 0.05% 
Tween 80, 0.9% NaCl, 0.005 M sodium phosphate, pH 7), 
TMB (DAKO, Tokyo, Japan) was added to each well. After 
incubation for 30 min, the reaction was stopped by the addition 
of 5% H2So4. Fetuin captured with coated antibodies in each 
well was recognized by the specific fetuin antibody on a solid 
phase, followed by the detection of the reaction signal using 
TMB peroxidase substrate. The signal was measured in a spec-
trophotometric microplate reader (Bio-Rad, Tokyo, Japan).

Limited proteolysis of fetuin by chymotrypsin and tyrpsin. 
Proteolysis of fetuin was carried out in PBs pH 7.2, and sera  
adjusted to fetuin (180 ng concentration) were incubated with 
various concentrations of bovine pancreatic chymotrypsin 
(Calbiochem) for 30 min at 37˚C. After 30 min of incubation 
at 37˚C, the reaction was stopped by the addition of 5 µl sDs 
sample buffer and boiled for 5 min at 100˚C. The samples 
were electrophoresed on a 10% sDs polyacrylamide gel, and 
then Western blot analysis was performed.

Purification of fetuin from sera of patients with pancreatic 
cancer and normal volunteers. To purify fetuin, 100 µl of 
sera was applied to an anti-fetuin affinity column coupled 
with 0.5 mg of anti-human fetuin antibody according to the 
standard protocols of HiTrap nHS-activated HP (amersham 
Bioscience). This antibody was established as previously 
described. Fetuin bound to the antibody column was eluted 
with 5 ml of elution buffer (100 mM glycine, 0.5 M NaCl 
pH 3.0) and then neutralized with Tris.

Mass spectrometry analysis of fetuin-binding proteins. Purified 
fetuin fractions in the affinity column were evaporated until dry, 
and 200 µl of a reducing solution containing 250 mM Tris-HCl 
pH 8.5, 6 M guanidine hydrochloride, 2 mM edTa and 4 mg 
dithiothreitol were added to the residue. The mixture was incu-
bated at 50˚C for 1 h to reduce Cys residues. Iodoacetamide 
(10 mg) was added to the mixture and the reaction was allowed 
to proceed for 30 min at room temperature in the dark. Water 
(300 µl) was added to the reaction solution and the mixture was 
passed through a nap-5 column (Ge Healthcare) equilibrated 
with water to remove salts from the reducing solution and excess 
iodoacetamide. The elute containing S-carbamidomethylated 
fetuin (1 ml, in water) was evaporated until dry. An enzyme 
mixture of lysylendopeptidase (40 ng) and trypsin (40 ng) in 
50 mM ammonium bicarbonate (100 µl) was added to the dried 
residue and incubated for 16 h at 37˚C. After boiling, the solu-
tion was evaporated until dry. The residue was dissolved in 20 µl 
of water. A 10-µl aliquot of the tryptic peptides mixture was 
separated by RPLC (a Cadenza CD-C18 column, 150x2.0 mm 
i.d.; Imtakt, Kyoto, Japan) under the following gradient condi-
tions: mobile phases of i) 0.1% formic acid and ii) 0.1% formic 
acid/80% acetonitrile. The gradient elution was performed from 
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5-50% (i) over 30 min, and then from 50-100% (ii) over 10 min 
with a flow rate of 0.2 ml/min. The eluates were monitored 
at 280 nm, and continuously introduced into an electrospray 
ionization (esI) source (esquire HCT, Bruker Daltonics Inc,). 
The identification of the protein was performed against the 
NCBInr database with the MAsCOT (Matrix science Ltd.) 
database-searching algorithm.

Lectin microarray analysis. Lectin microarray analysis was 
performed as described previously (28). Briefly, ~10 ng of 
fetuin purified from sera of patients with pancreatic cancer 
and normal volunteers and conditioned medium from the 
human hepatoma cell line Hep3B were applied to the lectin 
microarray. This array is capable of comparative binding to 43 
types of lectins (28). Levels of lectin binding were described 
as the relative intensity adjusted to the total fluorescence. 

Results

Proteolysis pattern of fetuin after treatment with chymotrypsin. 
To investigate the limited proteolysis of fetuin in sera of 
patients with pancreatic cancer and normal volunteers, the 
serum samples were incubated with various concentrations of 
chymotrypsin (Fig. 1A). Certain samples were rapidly cleaved 
by chymotrypsin (Groups i and ii). The proteolysis pattern 
of fetuin is categorized into four groups. While the majority 
of normal volunteers belonged to Groups i and ii, 50% of 
patients with pancreatic cancer belonged to Groups III and IV, 
suggesting that certain patients with pancreatic cancer were 
resistant to chymotrypsin treatment (Fig. 1B).

Column chromatography analysis of fetuin in sera. Fetuin 
bands in the Western blot analysis were detected at 53 and 
58 kDa, which are known as major fractions of fetuin A with 
and without the connecting peptide, respectively. To evaluate 
the dynamics of fetuin in sera, gel filtration column chroma-
tography analysis of fetuin was performed using the serum 
from a patient with pancreatic cancer. sera (0.8 ml) were 
applied to a superdex (200 pg) column at 25˚C using FPLC 
systems. When using the sera of another pancreatic cancer 
patient or of normal volunteers, the fractionation pattern of 
fetuin was almost the same. The elution (1 ml) was collected 

in the tubes, and the concentration of fetuin in the fractions 
was determined by a competitive eLIsA (Fig. 2A). The frac-
tions of No. 65-76 peak were identified with a major band of 
fetuin. In contrast, except for this peak, quite low levels of 
fetuin were detected in a high molecular weight fraction, near 
no. 47-56. Western blot analysis using anti-fetuin antibody 
revealed that the expression levels of fetuin in each fraction 
of No. 54-75 were compatible with the fetuin concentration 
determined by a competitive eLIsA (Fig. 2B). 

Molecular mass of fetuin in high molecular fractions differed 
from that in low molecular fractions. as described previously, 
extremely low levels of fetuin were detected in a high molecular 
weight fraction. To investigate the difference between fetuin 
with a high molecular weight fraction and a major fraction of 
low molecular weight, Western blot analysis was performed 
under reducing conditions (Fig. 3). Notably, the molecular 
mass of fetuin in these two fractions was different under 
reducing conditions. To examine whether or not the differ-
ence in this molecular weight is dependent on glycosylation, 
each fraction was treated with N-endglycosidase F (PNGase). 
While the bands of fetuin were suppressed with PNGase treat-
ment, there were no changes in the molecular mass of fetuin 
between high and low molecular fractions, suggesting that the 
molecular difference between the two types of fetuin was not 
dependent on glycosylation (data not shown).

Proteolytic pattern of the eluted fraction after treatment 
with chymotrypsin and trypsin. To investigate the limited 
proteolysis of fetuin in the high molecular weight fraction, 
both fractions were treated with various concentrations of 
chymotrypsin or trypsin. Fetuin in the low molecular fraction 
was cleaved by both chymotrypsin and trypsin. By contrast, 
the high molecular mass fetuin was resistant to chymotrypsin 
and trypsin treatment (Fig. 4).

Identification of fetuin-associated proteins. To examine 
whether or not fetuin specifically binds to other molecules 
in sera of patients with pancreatic cancer, we purified fetuin 
from sera of normal volunteers and patients with pancreatic 
cancer using an anti-fetuin antibody affinity column. eluted 
proteins were electrophoresed on a 10% sDs polyacrylamide 

Figure 1. Proteolysis pattern of fetuin by treatment with chymotrypsin. (A) Proteolysis of fetuin was categorized into four groups (Groups I-IV). sera adjusted 
by fetuin levels (180 ng) were incubated with various concentrations of bovine pancreatic chymotrypsin for 30 min at 37˚C. The chymotrypsin concentration 
in each lane was as follows: lane 1, 0 µg/µl; lane 2, 0.2 µg/µl; lane 3, 0.5 µg/µl. The samples were electrophoresed on a 10% sDs polyacrylamide gel, and then 
Western blot analysis was performed. (B) The proteolysis activity of fetuin differed between the sera of normal volunteers and pancreatic cancer patients. 
While normal volunteers belonged only to Groups Ⅰ and Ⅱ, 50% of patients with pancreatic cancer belonged to Groups Ⅲ and Ⅳ, suggesting that certain cases 
of fetuin derived from sera of patients with pancreatic cancer were resistant to chymotrypsin treatment.
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gel, confirmed by Western blot analysis (Fig. 5A), and visu-
alized using silver staining (Fig. 5B). Co-purified molecules 
with fetuin were identified using mass spectro-metry. Major 
proteins identified by mass spectrometry are listed in Fig. 5C. 

Lectin microarray. Since changes in oligosaccharide structures 
are linked to the susceptibility to certain cases of proteolysis, 
we analyzed the oligosaccharide structures on fetuin with a 
lectin microarray. While this system is limited to quantita-
tion of the details of oligosaccharide structures, the array is 
capable of evaluating native oligosaccharides on glycopro-
teins. increases in fucosylation and decreases in the sialylation 
of fetuin derived from sera of patients with pancreatic cancer 
were observed as expected (Fig. 6). The oligosaccharides of 
fetuin derived from sera of patients with pancreatic cancer 
showed a similar pattern to those in hepatoma cells. 

Discussion

although fetuin is an abundant protein in serum, its biological 
functions remain controversial despite the establishment of 
fetuin-deficient mice. Recently, fetuin levels were found to 
be increased in patients with non-alcoholic fatty liver disease 
(29), as well as in patients with arteriosclerotic calcifications 

(30). These investigations were performed due to previous 
reports that fetuin inhibited the reaction of insulin and TGF-β. 
However, fetuin levels were changed less than 2-fold in these 
diseases. Fetuin is well known as a negative acute reactant, 
while its levels are up- or down-regulated in chronic diseases, 
including cancer and metabolic syndrome. 

The data suggest that the biological reaction of fetuin is 
dependent on the regulation of other molecules. Therefore, the 
question of how fetuin exists in serum is critical. Nawaratil 
et al reported limited proteolysis of fetuin by chymotrypsin 
treatment (6). This prompted us to perform the experiment 
described in Fig. 1. Notably, in 50% of the patients with 
pancreatic cancer, fetuin was resistant to chymotrypsin 
treatment. other serum proteins, such as antitrypsin, hapto-
globin and transferrin, showed no changes in proteolysis by 
chymotrypsin between pancreatic cancer patients and normal 
volunteers (data not shown), suggesting that the heterogeneity 
of fetuin but not the existence of protease inhibitors is a key 
factor in the resistance to chymotrypsin treatment. 

These heterogeneities include glycosylation and complex 
formation. Gel filtration chromatography of sera from a 
patient with pancreatic cancer followed by eLIsA showed 
small amounts of fetuin at a high molecular weight (Figs. 2 
and 3). The data suggest that fetuin forms homo/hetero 

Figure 3. The molecular mass of fetuin in the high molecular fraction eluted on a superdex column differed from fetuin in the low molecular fraction. The 
eluted fractions of the superdex column (10 µl) were electrophoresed on a 10% sDs polyacrylamide gel under reducing conditions. Lane 1, high molecular 
fraction; lane 2, low molecular fraction; lane 3, total serum fetuin. High molecular fetuin was expected as a complete form of fetuin, which consists of an 
A-chain, a connecting peptide (CP) and a B-chain. The molecular mass of fetuin differed slightly between the high and low molecular fractions.

Figure 2. Column chromatography analysis of fetuin in sera. (A) Column chromatography analysis of fetuin in serum of a patient with pancreatic cancer. 
sera (0.8 ml) was applied to a superdex (200 pg) column at 25˚C using FPLC systems. The elution (1 ml) was collected in the tubes. The fetuin concentration 
in the fractions were determined by eLIsA. (B) Fraction samples (10 µl) of Nos. 54-75 were electrophoresed on a 10% polyacrylamide gel under reducing 
conditions. 
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multivalent complexes. While it was unclear whether or not 
the complex formation of fetuin is involved in the resistance 
to chymotrypsin treatment, the molecular weight of fetuin 
differed between the complex and free forms of fetuin at 
58 kDa in a Western blot analysis under reducing conditions. 
Fetuin at 65 kDa is a full form with an A chain, a connecting 
peptide and a B chain. While this form of fetuin was present 
at quite low levels, it was detected with mass spectrometry in 
normal sera (personal communication with Dr yoshinao Wada, 
Osaka Medical Center and Research Institute for Maternal and 
Child Health, Japan). 

Although the total levels of fetuin were decreased in 
patients with pancreatic cancer, a slight increase in the level 
of complex types of fetuin was observed (data not shown). 
However, this mass of fetuin was a minor fraction, possibly 
less than 1%. Haptoglobin was identified as a fetuin-binding 

protein using mass spectrometry analysis. This binding was 
also confirmed by co-purification experiments (data not 
shown). The binding capacity of fetuin with other serum 
proteins may reflect a resistance to various types of proteases. 
notably, fetuin and haptoglobin are target proteins for fucosy-
lation in cancer, since the level of fucosylated haptoglobin was 
increased in patients with pancreatic cancer (31) and fetuin 
was identified as a fucosylated protein in patients with hepa-
tocellular carcinoma (32). a common lectin for fucosylated 
proteins might exist, which binds to fucosylated haptoglobin 

Figure 4. Fetuin in the high molecular fraction was resistant to treatment 
with chymotrypsin and trypsin. High and low molecular fractions eluted on a 
superdex column were incubated with various concentrations of bovine pan-
creatic chymotrypsin for 30 min at 37˚C. (A) Chymotrypsin and (B) trypsin 
concentrations were each as follows: lane 1, 0 µg/µl; lane 2, 0.05 µg/µl, lane 3, 
0.1 µg/µl; lane 4, 0.2 µg/µl, and lane 5, 0.5 µg/µl. each sample was electro-
phoresed on a 10% SdS polyacrylamide gel, and then Western blot analysis 
was performed.

Figure 5. Identification of fetuin-associated proteins. (A) Fetuin was purified 
from sera of patients with pancreatic cancer and normal volunteers using an 
anti-fetuin antibody affinity column, and confirmed by Western blot analysis. 
(B) eluted proteins were visualized by silver stain. (C) Fetuin-associated 
proteins were identified by mass spectrometry. The results are described as 
common proteins for normal volunteers and pancreatic cancer patients, and 
as specific proteins for pancreatic cancer patients.

Figure 6. Lectin microarray analysis on fetuin derived from sera of patients with pancreatic cancer and from normal controls. Fetuin purified from sera of 
patients with pancreatic cancer (Group IV in Fig. 1) and normal volunteers and the conditioned medium of a human hepatoma cell line Hep3B were subjected 
to lectin microarray. aol and aal lectins recognized α1-3/α1-4/α1-6 fucosylation. ssA, sNA and TJA-1 lectins recognized α2-6 sialylation. Fetuin derived 
from Hep3B served as a positive control for fucosylated fetuin. 
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and fetuin. Fucosylation itself might regulate proteolysis with 
chymotrypsin treatment. 

While fetuin was found to have varying heterogeneity in 
serum, we did not find direct evidence for the variation in the 
resistance to protease digestion by fetuin molecules. Further 
studies are required to determine the relationship between the 
heterogeneity of fetuin and various diseases as well for the 
functional analysis of various types of fetuins.

Acknowledgements

This study was supported by a Grant-in-Aid for scientific 
Research (A), No. 21249038, from the Japan society for the 
Promotion of science and the Global COe program of Osaka 
university funded by the Ministry of education, culture, Sports, 
science and Technology of Japan, and the New energy and 
industrial Technology development organization (nedo) as 
part of a developing-technology project for implementing sugar 
chain functions in Japan. We would like to thank Drs Naoyuki 
Taniguchi and Norihiko Nakano (Department of Biochemistry, 
Osaka University Graduate school of Medicine, Japan) for 
assisting in the preparation of the anti-fetuin antibody.  

References

  1. Dziegielewska KM, Brown WM, Casey sJ, Christie DL, 
Foreman RC, Hill RM, saunders NR: The complete cDNA 
and amino acid sequence of bovine fetuin. J Biol Chem 265: 
4354-4357, 1990.

  2. Denecke B, Gräber s, schäfer C, Heiss A, Wöltje M and Jahnen-
dechent W: Tissue distribution and activity testing suggest 
a similar but not identical function of fetuin-B and fetuin-a. 
Biochem J 376: 135-145, 2003.

  3. yoshioka y, Gejyo F, Marti T, Rickli ee, Bürgi W, Offner GD, 
Troxler RF and schmid K: The complete amino acid sequence 
of the A-chain of human plasma alpha 2 Hs-glycoprotein. J Biol 
chem 261: 1665-1676, 1986.

  4. Gejyo F, Chang JL, Bürgi W, schmid K, Offner GD, Troxler RF, 
van Halbeek H, Dorland L, Gerwig GJ and Vliegenthart 
JF: Characterization of the B-chain of human plasma alpha 
2HS-glycoprotein. The complete amino acid sequence and primary 
structure of its heteroglycan. J Biol Chem 258: 4966-4971, 1983.

  5. Kellermann J, Haupt H, Auerswald eA and Müller-esterl W: 
The arrangement of disulfide loops in human alpha 2-Hs glyco-
protein. similarity to the disulfide bridge structures of cystatins 
and kininogens. J Biol Chem 264: 14121-14128, 1989.

  6. Nawratil P, Lenzen s, Kellermann J, Haupt H, schinke T, Müller-
esterl W and Jahnen-Dechent W: Limited proteolysis of human 
α2-Hs glycoprotein/fetuin. J Biol Chem 271: 31735-31741, 1996.

  7. Hayase T, Rice KG, Dziegielewska KM, Kuhlenschmidt M, 
reilly T and lee Yc: comparison of n-glycosides of fetuins 
from different species and human alpha2-HS-glycoprotein. 
Biochemistry 31: 4915-4921, 1992.

  8. edge As and spiro RG. Presence of an O-glycosidically linked 
hexasaccharide in fetuin. J Biol Chem 262: 16135-16141, 1987.

  9. Triffitt JT, Gebauer U, Ashton BA, Owen Me and Reynolds JJ: 
origin of plasma α2HS-glycoprotein and its accumulation in 
bone. nature 262: 226-227, 1976.

10. Ruminy P, Gangneux C, Claeyssens s, scotte M, Daveau M and 
salier JP: Gene transcription in hepatocytes during the acute 
phase of a systemic inflammation: from transcription factors to 
target genes. Inflamm Res 50: 383-390, 2001.

11. szweras M, Liu D, Partridge eA, Pawling J, sukhu B, Clokie C, 
Jahnen-Dechent W, Tenenbaum HC, swallow CJ, Grynpas MD 
and Dennis JW: Alpha 2 Hs glycoprotein, an antagonist of 
transforming growth factor beta in vivo, inhibits intestinal tumor 
progression. cancer res 64: 6402-6409, 2004.

12. Kalabay L, Jakab L, Prohászka Z, Füst G, Benkö Z, Telegdy L, 
Lörincz Z, Závodszky P, Arnaud P and Fekete B: Human fetuin/
alpha 2 HS glycoprotein level as a novel indicator of liver cell 
function and short-term mortality in patients with liver cirrhosis 
and liver cancer. eur J Gastroenterol Hepatol 14: 389-394, 2002.

13. Kishore BK, Gejyo F and Arakawa M: Alpha 2 Hs-glycoprotein 
in the serum and urine of patients with renal diseases. Postgrad 
Med J 59: 304-307, 1983.

14. schinke T, Amendt C, Trindl A, Pöschke O, Müller-esterl W and 
Jahnen-Dechent W: The serum protein alpha2-Hs glycoprotein/
fetuin inhibits apatite formation in vitro and in mineralizing 
calvaria cells. J Biol Chem 271: 20789-20796, 1996.

15. Heiss A, DuChesne A, Denecke B, Grötzinger J, yamamoto K, 
Renné T and Jahnen-Dechent W: structural basis of calcification 
inhibition by alpha2-Hs glycoprotein/fetuin-A. J Biol Chem 278: 
13333-13341, 2003.

16. Price PA and Lim Je: The inhibition of calcium phosphate 
precipitation by fetuin is accompanied by the formation of a 
fetuin-mineral complex. J Biol Chem 278: 22144-22152, 2003.

17. Doherty TM, Fitzpatrick LA, Inoue D, Qiao JH, Fishbein MC, 
detrano rc, Shah PK and rajavashisth TB: Molecular, 
endocrine, and genetic mechanisms of arterial calcification. 
endocr rev 25: 629-672, 2004.

18. Auberger P, Falquerho L, Contreres JO, Pages G, Le Cam G, 
rossi B and le cam a: characterization of a natural inhibitor 
of the insulin receptor tyrosine kinase: cDNA cloning, purifica-
tion, and anti-mitogenic activity. cell 58: 631-640, 1989.

19. Rauth G, Poschke O, Fink e, eulitz M, Tippmer s, Kellerer M, 
Häring HU, Nawratil P, Haasemann M and Jahnen-Dechent W: 
The nucleotide and partial amino acid sequences of rat fetuin. 
Identity with the natural tyrosine kinase inhibitor of the rat 
insulin receptor. eur J Biochem 204: 523-529, 1992. 

20. Srinivas Pr, Wagner aS, reddy lV, deutsch dd, leon Ma, 
Goustin aS and Grunberger G: Serum alpha 2-HS-glycoprotein 
is an inhibitor of the human insulin receptor at the tyrosine 
kinase level. Mol endocrinol 7: 1445-1455, 1993. 

21. Mathews sT, srinivas PR, Leon MA and Grunberger G: Bovine 
fetuin is an inhibitor of insulin receptor tyrosine kinase. Life sci 
61: 1583-1592, 1997. 

22. Mathews sT, Chellam N, srinivas PR, Cintron VJ, Leon MA, 
Goustin As and Grunberger G: Alpha 2-HsG, a specific 
inhibitor of insulin receptor autophosphorylation, interacts with 
the insulin receptor. Mol cell endocrinol 164: 87-98, 2000. 

23. Wang H, Zhang M, soda K, sama A and Tracey KJ: Fetuin 
protects the fetus from TNF. Lancet 350: 861-862, 1997.

24. stefan N, Hennige AM, staiger H, Machann J, schick F, 
Kröber sM, Machicao F, Fritsche A and Häring HU: Alpha2-
Heremans-schmid glycoprotein/fetuin-A is associated with 
insulin resistance and fat accumulation in the liver in humans. 
diabetes care 29: 853-857, 2006.

25. Mori K, emoto M, yokoyama H, Araki T, Teramura M, 
Koyama H, shoji T, Inaba M and Nishizawa y: Association of 
serum fetuin-A with insulin resistance in type 2 diabetic and 
nondiabetic subjects. diabetes care 29: 468, 2006. 

26. Jahnen-Dechent W, schinke T, Trindl A, Müller-esterl W, 
sablitzky F, Kaiser s and Blessing M: Cloning and targeted deletion 
of the mouse fetuin gene. J Biol Chem 272: 31496-31503, 1997.

27. schafer C, Heiss A, schwarz A, Westenfeld R, Ketteler M, 
Floege J, Muller-esterl W, schinke T and Jahnen-Dechent W: 
The serum protein α2-Heremans-Schmid glycoprotein/fetuin-a 
is a systemically acting inhibitor of ectopic calcification. J Clin 
invest 112: 357-366, 2003.

28. Kuno A, Uchiyama N, Koseki-Kuno s, ebe y, Takashima s, 
yamada M and Hirabayashi J: evanescent-field fluorescence-
assisted lectin microarray: a new strategy for glycan profiling. 
nat Methods 2: 851-856, 2005. 

29. Reinehr T and Roth CL: Fetuin-A and its relation to metabolic 
syndrome and fatty liver disease in obese children before and 
after weight loss. J Clin endocrinol Metab 93: 4479-4485, 2008.

30. Ix JH, Chertow GM, shlipak MG, Brandenburg VM, Ketteler M 
and Whooley MA: Association of fetuin-A with mitral annular 
calcification and aortic stenosis among persons with coronary 
heart disease: data from the Heart and Soul Study. circulation 
115: 2533-2539, 2007. 

31. Okuyama N, Ide y, Nakano M, et al: Fucosylated haptoglobin 
is a novel marker for pancreatic cancer. Int J Cancer 118: 
2803-2808, 2006.

32. Comunale MA, Lowman M, Long Re, Krakover J, Philip R, 
seeholzer s, evans AA, Hann HW, Block TM and Mehta As: 
Proteomic analysis of serum associated fucosylated glycopro-
teins in the development of primary hepatocellular carcinoma. J 
Proteome res 5: 308-315, 2006.


