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Abstract

Endogenous N-sulfated glycosaminoglycans (GAGS)
comigrating with standard heparin and sensitive to ni-
trous acid treatment were isolated from plasma of
healthy donors. The amount of these compounds was
7-10 png/ml, and activated partial thromboplastin time,
anti-Xa and anti-lla activities were similar to those of
standard heparin of high molecular mass. Analysis with
gradient PAGE of the putative endogenous heparin
showed a mean molecular mass of 12 kD. These N-sul-
fated GAGs could be isolated only after removal of bind-
ing peptides that impaired purification by ion-exchange
chromatography. We used SDS-PAGE as a tool to sepa-
rate peptides from endogenous GAGs. N-sulfated GAGs
exited the gel before peptides when the electrophoresis
was overrun. Endogenous GAGs could be recovered by
ion-exchange chromatography of the SDS-PAGE buffer,
‘free’ from associating peptides. These results strongly
support the hypothesis that endogenous heparin is asso-

ciated in vitro with a variety of proteins and that this
association could be responsible for modification of both
heparin and protein activities.

Copyright© 2002 S. Karger AG, Basel

Introduction

The role of naturally occurring glycosaminoglycans
(GAGS) in human blood has still to be elucidated. GAGs
circulate in human plasma associated with a variety of
other compounds, mostly proteins or peptides [1-3]. This
association is poorly characterized and makes it quite dif-
ficult to extract and purify plasmatic GAGs. Among plas-
matic GAGs, heparin is the most interesting one for its
anticoagulant/antithrombotic properties, but it is also the
most elusive one. Plasmatic heparin, together with hepa-
rin and heparan sulfate bound to endothelial cells, might
play a physiological role in the maintenance of the hemo-
static balance and might be involved in thrombotic/hem-
orrhagic pathologies [4-8]. The presence of heparin in
human plasma was previously suggested, and all studies
agree that heparin is associated with proteins or peptides
[1, 9-11]. We previously demonstrated that when the
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supernatant of digested human plasma was submitted to
sequential ethanol precipitation, the 60% fraction con-
tained the greatest amount of plasmatic GAGs, and
endogenous heparinase-sensitive material could be evi-
denced in gradient (24-30%) PAGE [9].

In this study, we show that recovery and purification of
endogenous N-sulfated GAGs, including heparin, from
peptide complexes could be achieved by combining the
resolving effect of electric field and molecular sieving of
SDS-PAGE. Human N-sulfated GAGs were ‘stripped’ of
‘masking’ compounds and could be recovered ‘free’ from
interacting peptides, comigrating with standard heparin
and showing anticoagulant activity almost identical to
that of standard heparin.

Materials and Methods

Materials

Heparin EP 756 (average molecular mass 12.9 kD) from bovine
intestinal mucosa, low-molecular-mass heparin (batch 2123, average
molecular mass 4.5 kD) and oligo-heparin (average molecular mass
2.1 kD) were from Opocrin Research Laboratories (Modena, Italy);
the molecular and biological properties of standard heparins were
previously described in detail by Bianchini et al. [12]. Trypsin (EC
3.4.21.4), chymotrypsin (EC 3.4.21.1), chondroitin sulfate A, chon-
droitinase AC (EC 4.2.2.5) and chondroitinase ABC (EC 4.2.2.4)
were from Sigma Chem. Co. (St. Louis, Mo., USA). Papain (EC
3.4.22.2) was from Calibiochem (La Jolla, Calif., USA). Pepsin (EC
3.4.23.1) was from Boehringer Mannheim (Mannheim, Germany).
Diethylaminoethyl (DEAE)-Sephacel was from Pharmacia (Uppsala,
Sweden). Titan III Zip Zone cellulose acetate plates were from He-
lena Laboratories (Beaumont, Tex., USA). Azure A was from BDH
(Poole, UK) and Alcian blue from Fisher Scientific Co. (Pittsburgh,
Pa., USA). Reagents for SDS-PAGE were from Bio-Rad (Hercules,
Calif., USA). Guanidine hydrochloride (GdnHCI) and other com-
mon reagents were from Sigma.

Preparation of the Fraction Containing GAGs from Human

Plasma

All the experiments described thereafter were performed at least
three times, each time starting with a different batch of human plas-
ma collected from known healthy donors who had not received any
heparin treatment for at least 1 year. Human plasma (100 ml) from
the local blood bank was submitted to proteolysis as described else-
where [1]. Briefly, papain (1 mg/ml) was added for 24 h at 60°C. The
sample was then boiled and, at intervals of 24 h, the following
enzymes were added sequentially: trypsin, chymotrypsin, collagenase
and pepsin, each at a final concentration of 1 mg/ml. Each digestion
was performed for 24 h at 37°C. Samples were boiled before addi-
tion of each enzyme. After proteolysis, the sample was centrifuged at
15,000 g for 10 min and clear supernatant was stored at —80°C. The
supernatant of digested plasma was precipitated with 66% ethanol.
The pellet was solubilized in distilled water and dialyzed against
0.05 M Tris-HCI, pH 7.4. Protein concentration was determined
according to the method of Bradford [13].

Heparin in Human Plasma

Ton-Exchange Chromatography

Fractions obtained by 66% ethanol precipitation of the superna-
tant of digested human plasma or SDS-PAGE buffer (fig. 1) were
applied to DEAE-Sephacel columns (I x 3 cm) equilibrated in
0.05 M Tris-HCI, pH 7.4. The columns were washed with 100 ml of
0.1 M NaCl in the same buffer and then eluted in a stepwise manner
with increasing concentrations of GAnHCl starting from 0.2 M.

PAGE

SDS-PAGE (15% acrylamide) was performed according to the
method of Laemmli [14] under reducing conditions (i.e. in the pres-
ence of 0.15% dithiothreitol). To begin with, 20 ul of standard hepa-
rin (1 mg/ml) was loaded onto the gel in a lane distant from that
where standard proteic molecular weight markers were loaded. After
electrophoresis, the gel was cut vertically into two parts; the one con-
taining the lane with molecular weight standards was stained with
Coomassie brilliant blue as usual, while the one where heparin was
loaded was rinsed two times for 10 min in distilled water in order to
remove SDS, then stained with 0.08% (w/v) azure A for 10 min and
finally destained by frequent changes of distilled water. In this way,
standard heparin appeared as a metachromatic spot migrating to-
ward the bottom of the gel and eventually exited the gel if the electro-
phoresis was overrun. Thus, we could determine the length of time
required for standard heparin to exit the gel. In other words, if the
electrophoresis was overrun, the metachromatic spot corresponding
to standard heparin could no longer be evidenced, while the proteic
molecular weight markers, although slightly spread, were still there.
It is worth noting that the metachromatic staining occurred only
when heparin was present alone in the lane; the presence of peptides
comigrating with heparin prevented the staining of heparin by azure
A. Thus, when SDS-PAGE was used as a tool to separate endogenous
N-sulfate GAGs from plasmatic peptides, the electrophoresis was
run for a period of time significantly longer than that usually required
to separate peptides. Typically, we performed six electrophoresis
runs, each time loading 400 ug of protein per slab, and using the same
buffer, in order to accumulate enough GAGs. GAGs from SDS-
PAGE buffer were then isolated by ion-exchange chromatography as
described above, and evidence by cellulose acetate electrophoresis.
Gradient (24-30%) PAGE was performed according to the method
of Lyon and Gallagher [15].

Cellulose Acetate Electrophoresis

Cellulose acetate electrophoresis was performed on fractions
eluted from DEAE-Sephacel columns following the protocol de-
scribed in figure 1 (procedures a and b). The fractions eluted from
DEAE-Sephacel columns were lyophilized, resuspended in distilled
water in order to reach a 4 M concentration fo GdnHCl and precipi-
tated with 2 volumes of absolute ethanol. The precipitated fractions
were solubilized in appropriate amounts of distilled water, and 2 ul
were analyzed by electrophoresis on cellulose acetate at pH 1.0 [8].
Nitrous acid treatment was performed according to the procedure
described by Cappelletti et al. [16]. Enzymatic treatments with chon-
droitinase AC or chondroitinase ABC were performed as described
elsewhere [17]. After electrophoresis on cellulose acetate at pH 1.0,
the sheets were stained in an aqueous solution of 0.1% Alcian blue,
destained in 1% acetic acid, rinsed under running water and dried.

Analysis of Anticoagulant Activities
Conventional tests were performed on fractions eluted from ion
exchanger following the protocol described in figure 1: anti-Xa [18],
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Fig. 1. Scheme of the analytical protocol.

activated partial thromboplastin time (APTT) [19] and anti-IIa [20].
The activity was expressed as units/ml.
A scheme of the analytical protocol is presented in figure 1.

Results

We performed complete proteolysis of human plasma;
as previously demonstrated, this procedure, followed by
centrifugation at 15,000 g for 10 min, released 100% of
the sulfated GAGs in the supernatant [1]. These GAGs,
including heparinase-sensitive material (endogenous hep-
arin?), were precipitated by ethanol together with pep-
tides that impaired migration of standard GAGs in cellu-
lose acetate electrophoresis [9]. Thus, the supernatant of
digested plasma was always treated with 2 volumes of
absolute ethanol (final concentration 66%) in order to
obtain the bulk of endogenous heparin together with hep-
arin-binding compounds. Precipitation with 66% etha-
nol, followed by exhaustive dialysis, reduced the protein
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Procedura b

SDS-PAGE (overrun)
lon-exchange chromatography of the buffer

|

Elution by increasing GdnHCI concentration

{

Ethanol precipitation

|

Cellulose acetate electrophoresis — anti-lla, APTT, anti-Xa

content of the supernatant of the digested plasma sample
from 0.66 to 0.18 mg/ml.

As a first attempt to isolate endogenous GAGs, the
fraction from 66% ethanol precipitation was submitted to
chromatography on a DEAE-Sephacel column and eluted
with increasing GdnHCI concentrations (fig. 1); eluted
fractions were analyzed with cellulose acetate electropho-
resis (fig. 2). Figure 2 shows that no Alcian blue-positive
material comigrating with standard heparin was recogniz-
able. No anticoagulant activity was detected in fractions
eluted from ion exchanger. Figure 2 also shows Alcian
blue-positive bands comigrating with or migrating slower
than chondroitin sulfate A. This material was insensitive
to nitrous acid, but was sensitive to chondroitinase AC
and chondroitinase ABC (not shown). These bands repre-
sent chondroitin sulfate with different degree of sulfation,
1.e. compounds that have been described among plasmat-
ic GAGs [21, 22].

The experiments shown in figure 2 demonstrated that
ion-exchange chromatography alone was unsuitable to
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Fig. 2. Analysis of the fractions obtained by ion-exchange chroma-
tography (procedure a) by cellulose acetate electrophoresis at pH 1.0.
Fractions were eluted from DEAE-Sephacel columns at 0.2 (lane 1),
0.3 (lane 2), 0.4 (lane 3), 0.6 (lane 4), 1.0 (lane 5) and 2.0 M (lane 6)
GdnHCI. 2 ul of an aqueous solution of heparin, oligo-heparin and
chondroitin sulfate A at a concentration of 200 ug/ml were used as
standard. The precipitated fractions obtained by ion-exchange chro-
matography were solubilized in distilled water and 2 ul were submit-
ted to electrophoresis on cellulose acetate at pH 1.0. This aliquot
(2 ul) was the equivalent of 1.0 ml of the starting plasma sample.
Thus, the amount of plasmatic GAGs isolated by ion-exchange chro-
matography of the supernatant of digested plasma, calculated by den-
sitometric comparison with standard molecules, was 1.0 ug/ml. H =
Heparin (12.9 kD); C = chondroitin sulfate A.

separate plasmatic N-sulfated GAGs endowed with anti-
coagulant activity from the binding peptides. Assuming
that formation of GAG-peptide complexes was responsi-
ble for this failure, we used SDS-PAGE as a tool to entrap
peptides and separate endogenous N-sulfated GAGs
(fig. 1). Figure 3 demonstrates that standard heparin mi-
grated toward the bottom of the gel in SDS-PAGE (15%)
and could be evidenced using the staining procedure
described in Materials and Methods. Thus, an aliquot of
the 66% ethanol precipitate, after dialysis and concentra-
tion, was loaded onto the gel for SDS-PAGE. The electro-
phoresis was overrun as described in Materials and Meth-
ods. The buffer containing the material thus recovered
from the gel was then submitted to ion-exchange chroma-
tography on DEAE-Sephacel columns, and the eluted
fractions, after dialysis, concentration and precipitation
with ethanol, were analyzed with cellulose acetate electro-
phoresis (fig. 4). Figure 4 shows that after these experi-
mental steps, in the fractions eluted at 0.4, 1.0 and 2.0 M
GdnHCI, there were endogenous N-sulfated GAGs evi-
denced as Alcian blue-positive material comigrating with

Heparin in Human Plasma

Fig. 3. SDS-PAGE (15%) of standard hepa-
rin. Standard heparin (lane a) was run in
SDS-PAGE (15%) and stained with azure A
after removing SDS as described in Materi-
als and Methods. Lane b shows the position
of the proteic molecular markers stained by
Coomassie brilliant blue in the same running
gel.

standard heparin (fig. 4A) and sensitive to nitrous acid
treatment (fig. 4B). The bulk of N-sulfated GAGs was
recovered in the 1.0 M GdnHCI fraction. The amount of
material eluted in all the fractions could be calculated as
7-10 pg/ml of the starting plasma sample by densitomet-
ric comparison with the known amount of standard hepa-
rin. Anticoagulant activity of these fractions was assayed
in vitro by different tests: anti-Xa, anti-Ila and APTT (ta-
ble 1). The bulk of anti-Xa, anti-Ila and APTT activity
was present in the fraction eluted with 1.0 M GdnHCL.
Anticoagulant activity of the fraction eluted with 1.0 M
GdnHCI was as follows: anti-Xa 256.2 + 34.8 units/ml;
anti-Ila 262.8 £+ 29.1 units/ml; APTT 265.5 £ 18.1
units/ml. The ratio of anti-Xa to anti-Ila was quite similar
to that of standard heparin of high molecular mass [12,
23]. The fraction eluted at 1.0 M GdnHCI, when submit-
ted to gradient PAGE, evidenced a metachromatic spot of
approximate mean molecular mass of 12 kD on the basis
of comparison with standard heparin of known molecular
mass (fig. 5).
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Discussion

In this study, we describe the isolation and recovery of
circulating N-sulfated GAGs from plasma of healthy sub-
jects. The amount of N-sulfated GAGs endowed with
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Table 1. Anticoagulant activity of fractions obtained by ion-

exchange chromatography using two different procedures

Fractions eluted Anti-Xa Anti-Ila APTT
at a GdnHC1 units/ml units/ml units/ml
molarity of

Procedure a

0.2 <l <1 <1

0.3 <1 <1 <1

0.4 <1 <1 <1

0.6 <l <1 <1

0.6 <1 <1 <1

1.0 <1 <1 <1

2.0 <l <1 <1
Procedure b

0.2 <1 <1 <1

0.3 <l <1 <1

0.4 <1 <1 <1

0.6 6.4+1.1 7.0+2.7 6.8+2.1
1.0 256.2+34.8 262.8+29.1 265.5+18.1
2.0 16.8£2.7 24.0%2.1 18.3£2.1

Fig. 4. Analysis of the fractions obtained by ion-exchange chroma-
tography of SDS-PAGE buffer (procedure b) by cellulose acetate elec-
trophoresis at pH 1.0. A Fractions eluted from DEAE-Sephacel col-
umns at 0.2 (Iane 1), 0.3 (lane 2), 0.4 (lane 3), 0.6 (lane 4), 1.0 (lane 5)
and 2.0 M (lane 6) GdnHCI. B The same fractions treated with
nitrous acid. 2 pl of an aqueous solution of heparin and chondroitin
sulfate A at a concentration of 200 pug/ml were used as standard. The
precipitated fractions were solubilized in distilled water and 2 ul
were submitted to electrophoresis on cellulose acetate at pH 1.0. This
aliquot (2 ul) was the equivalent of 1 ml of the starting plasma sample
in fractions eluted at 0.2, 0.3, 0.4, 0.6 and 2.0 M GdnHCI and of
0.1 ml in the fraction eluted at 1.0 A GdnHCI. Thus, the amount of
nitrous acid-sensitive material isolated by ion-exchange chromatog-
raphy of the SDS-PAGE ecluting buffer, calculated by densitometric
comparison with standard molecules, was about 7-10 pg/ml of
human plasma. H = Heparin (12.9 kD); C = chondroitin sulfate A.
Fig. 5. Gradient (24-30%) PAGE of standard heparins of different
molecular mass and of the sample eluted at 1.0 A GdnHCI. Lane a:
standard heparin EP 756, average molecular mass 12.9 kD; lane b:
standard heparin-derived oligosaccharides, average molecular mass
2.1 kD; lane c: standard heparin of low molecular mass, average
molecular mass 4.5 kD; lane 1M: fraction eluted at 1 A GdnHCl
from ion-exchange chromatography.

anticoagulant activity was significant; thus, considering
that much lower amounts of exogenous heparin would
render blood uncoagulable, it is conceivable that circulat-
ing N-sulfated GAGs were associated with other endoge-
nous compounds, such as peptides. Among the recovered
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endogenous GAGs, an N-sulfated GAG species comigrat-
ing with standard heparin, endowed with significant anti-
coagulant activity and sensitive to nitrous acid treatment
was recognizable. The pattern of anticoagulant activity of
this N-sulfated GAG species was indistinguishable from
that of standard heparins [12, 23].

The presence of endogenous circulating GAGs with
anticoagulant activity has been discussed for a long time.
In rare pathological conditions, heparan sulfate and hepa-
rin-like molecules have been described as responsible for
bleeding disorders [6, 24, 25]. However, the presence of
‘real’ heparin in plasma of healthy subjects is still a matter
of discussion [11, 22]. In this study, thanks to the sequen-
tial application of different separation techniques (fig. 1),
we demonstrated that an N-sulfated GAG species show-

ing all the anticoagulant features of ‘real’ heparin could be
recovered from normal human plasma. We hypothesize
that under normal conditions, endogenous binding com-
pounds, such as proteolysis-resistant peptides, associate
with these GAGs and mask or modulate their availability.
It will be interesting to determine whether and how circu-
lating anticoagulant GAGs are released from association
with these compounds, and how these activities are regu-
lated in normal and pathological conditions.
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