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Abstract

Wehave previously shown that von Willebrand factor (vWF), a
glycoprotein which plays a critical role in the adhesion of plate-
lets to iniured blood vessels, is present within vascular suben-
dothelium. Weinvestigated the identity of the subendothelial
binding site(s) for vWFby examining vWFbinding to subendo-
thelial constituents and solubilized a 150-kD protein with SDS-
urea that bound vWF. This protein had an amino-acid composi-
tion similar to that of the type VI collagen a-1/a-2 chains, was
recognized by specific polyclonal antibodies against type VI
collagen, and had a similar acidic isoelectric point. Further-
more, we found that purified type VI collagen also bound vWF.
Thus, we have identified the extracted 150-kD protein as type
VI collagen. This protein may play a significant role in the
binding of vWF to vascular subendothelium in vivo. (J. Clin.
Invest. 1991. 88:253-259.) Key words: von Willebrand factor-
collagen * subendothelium * type VI collagen - umbilical vein

Introduction

Wehave previously shown that von Willebrand Factor (vWF)'
is present in vascular subendothelium (1), and have also found
that the deposition of vWFrequires the presence of endothelial
cells (2). vWFmediates the adhesion of platelets to exposed
vascular subendothelium (3, 4) and supports subsequent
thrombus formation (5). Although vWFis generally thought of
as a plasma glycoprotein, platelet adhesion to subendothelium
is, to a significant extent, dependent upon the pool of vWF
which has been incorporated into the subendothelial ma-
trix (6-8).

It is unclear as to how vWFis bound to the subendothe-
lium. Although vWF is known to bind to fibrillar collagens
types I and III (9-12), there are several reasons to doubt their
involvement in vWFbinding to subendothelium. Firstly, vascu-
lar subendothelium lacks significant quantities of these types of
collagen (13-15). Also, Wagner et al. (16) concluded that the
subendothelial binding site is not fibrillar collagen, because
they found that collagenase digestion of tissue culture-derived
subendothelial matrix did not remove vWF. Also, subendothe-
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1. Abbreviation used in this paper: vWF, von Willebrand factor.

lial matrix of cultured endothelial cells treated with a-l-a-l-di-
pyridyl, an inhibitor of collagen synthesis, retained the capacity
to bind vWF (16). Finally, monoclonal antibodies directed
against vWFhave been raised which specifically interfere with
vWF-dependent platelet adhesion to subendothelial matrix but
not to fibrillar collagen (17), along with antibodies which inter-
fere with vWF-dependent platelet adhesion to the fibrillar col-
lagens but not to subendothelium. Thus, the subendothelial
binding site(s) for vWFappear(s) to be material(s) other than
the fibrillar collagens.

The aim of this study was, therefore, to investigate how
vWFis bound to vascular subendothelium. Studies were initi-
ated to examine whether purified basement membrane compo-
nents bind vWF. Whenthese studies failed to detect any bind-
ing activity, we also determined whether vWFbinding proteins
could be identified in extracts of vascular subendothelium.
One vWFbinding protein was isolated and was found to be
type VI collagen.

Methods

A. Screening of basement membrane components
Basement membrane components, including purified laminin, types
IV and V collagens and an unfractionated basement membrane extract
(18), and specific polyclonal antibodies directed against laminin and
types IV and V collagen were kindly provided by Dr. Hynda Kleinman
and Dr. George Martin of the National Institute of Dental Research.
Fibrillar collagens I and III were purchased from Sigma Chemical Co.
(St. Louis, MO) and were used as positive controls to check the ade-
quacy of the screening methods.

Protein "dot-binding" assays were performed as described (19),
with the following modifications. Nitrocellulose sheets (Schleicher &
Schuell, Keene, NH) were demarcated by template into 1.0-cm
squares. Varying amounts of up to 20 ,ug of each material, in a total
volume of up to 20 z1, were applied to the center of each square. The
sheets were then blocked with three 10-min incubations in a solution
containing 0.25% BSA, 0.02% SDS, 0.1% Triton X-100, and 10 mM
Tris in PBSpH 7.5 at room temperature.

Binding of laminin and types IV and V collagen to the nitrocellu-
lose sheets was demonstrated by incubating the sheets containing each
protein with its specific antibody (1/500 dilution in blocking buffer)
overnight at room temperature. After three washes in the blocking
buffer, the sheets were incubated with a 1/2,000 dilution of peroxidase-
conjugated goat anti-rabbit immunoglobulins (Organon Teknika; Cap-
pel Laboratories, Cochraneville, PA), followed by three additional 10-
min washes in distilled water and were then incubated with a solution
containing 0.5 mg/ml chloronaphthol (Bio-Rad Laboratories, Rich-
mond, CA), 0.01% hydrogen peroxide and 8.3 mMsodium citrate.

The sheets were then assayed for vWFbinding activity in the follow-
ing two ways: by incubation with vWFfollowed by probing with anti-
body against vWF, and by incubation with radiolabeled vWFfollowed
by autoradiography.

The first approach was as follows: After blocking, the sheets were
incubated for up to 18 h in purified vWF(20 jig/ml in blocking buffer)
at room temperature. The sheets were washed three times in the above
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blocking buffer, incubated overnight in a 1/1,000 dilution of rabbit
polyclonal anti-vWF (Calbiochem-Behring Corp., San Diego, CA),
washed three times in blocking buffer, and incubated for 2 h at room
temperature with a 1/2,000 dilution of peroxidase-conjugated goat
anti-rabbit immunoglobulins. After washing in distilled water, the
sheets were incubated with chloronaphthol and hydrogen peroxide so-
lution as described above.

The second approach was as performed as follows: After incubation
with the above blocking buffer, the sheets were incubated overnight
with -44Ci of '25I-vWF (see Methods, section D) in blocking buffer.
The sheets were then washed five times with blocking buffer containing
5%Tween-20, and subjected to autoradiography. Both of these meth-
ods detected the binding of vWFto types I and III collagen.

B. Extraction of subendothelium
Umbilical cords were collected immediately after delivery and the
veins were flushed free of blood with isoosmotic PBS, pH 7.4, contain-
ing the following protease inhibitors to optimize protein integrity: 10
mMn-ethyl maleimide, 5 mMphenyl-methyl-sulfonyl-fluoride, 0.1 M
epsilon-aminocaproic acid, 50 mMsodium ethylene-diamine-tetra-
acetic acid, and 5 mMbenzamidine. The veins were then mechanically
deendothelialized using a modification of the Baumgartner method as
previously described (1), and rinsed again with the above buffer. The
lumens of the veins were incubated with 2%SDS, 8 Murea in 0.01 M
Tris containing the above protease inhibitors (pH 8.0) for 90 min at
370C. Typically, 55 ml of fluid was harvested from a 15-cm length of
umbilical vein, yielding a protein concentration (20) of 2-5 mg/ml.
Subsequent to our initial identification of a 150-kD vWF-binding pro-
tein in these extracts as a component of type VI collagen (see below),
the procedure was improved by the addition of 0.02 Mdithioerythritol
(DTE) to the incubating solution. The extracts were initially screened
for vWF binding activity by nitrocellulose dot-binding utilizing ra-
dioiodinated vWFas the probe as described above in section A. To
assess the effects of the extraction process upon the internal elastic
lamina, 0.5-1-cm cross-slices of umbilical vein were obtained before
and after extraction, frozen in methylbutane containing dry ice, and
embedded in O.C.T. (Miles Laboratories, Inc., Napierville, IL). Frozen
cross-sections, measuring 2-4 mmwere cut and mounted on glass
slides, after which they were stained with Jenner-Giemsa and viewed.

C. Polyacrylamide gel electrophoresis and radioligand
binding studies
The proteins in the extracts were resolved by electrophoresis through
discontinuous PAGE(21, 22). The gels consisted of 4%(wt/vol) stack-
ing gels over 5-15% linear gradient gel. Prestained molecular weight
markers (BRL Laboratories, Gaithersburg, MD) ranging between
14,000 and 200,000 were used. After electrophoresis, the gels were
equilibrated in 20 mMsodium phosphate buffer, pH 8.0, and were
electrophoretically transferred at 2 A for 2 h at 4°C onto nitrocellulose
sheets using an E-C electroblot chamber with an E-C 420 power supply
(E-C Apparatus, St. Petersburg, FL) (23, 24).

The nitrocellulose sheets were incubated with three changes of the
same blocking buffer described above for the dot-blotted proteins for a
total of 30 min. The blots were then incubated overnight with -4 ,uCi
of '25I-vWF in the blocking buffer with or without a 20-fold excess of
unlabeled vWF. The sheets were then washed with five changes of
blocking buffer containing 0.5% Tween-20, dried, and autoradio-
graphed using Kodak XAR-2 film in Kodak cassettes with Lanex en-
hancement screens and kept at -80°C until they were developed.

D. Radiolabeling of vWF
vWFwas prepared from fresh frozen plasma and cryoprecipitate as
described (1), and was labeled with 125I by Iodogen (Pierce Chemical
Co., Inc., Rockford, IL) as described (25). Labeled vWFwas separated
from free 125I by chromatography through PD-10 columns containing
Sephadex G-25 (Pharmacia Fine Chemicals, Piscataway, NJ) and the
protein-associated peak was collected. Typically, the specific activity of
the preparation was - 0.2 uCi/;tg of protein. Radioactivity was mea-

sured with a model 1197 automatic gammacounter (Tracor Analyti-
cal, Chicago, IL).

E. Isolation of vWFbinding protein
Subendothelial extracts were electrophoresed into 5-15% gradient poly-
acrylamide gels that were modified by having a long central trough to
increase the specimen load. After electrophoresis, the 150-kD band was
removed. The strips of gel containing the band were chopped and elec-
troeluted (26) at 3 Wconstant power at 00C for 2 h using an ISCO
model 1750 sample concentrator apparatus. The protein was concen-
trated by centrifugation through Centricon-10 microconcentrators
(Amicon) and the protein concentration was then determined by the
method of Bradford (20). The extent of purity of the eluates was evalu-
ated by silver staining (27) of electroeluted bands following reelectro-
phoresis on SDS-PAGE.

F. Characterization of the 150-kD protein
vWFbinding activity. Varying quantities of protein, between 0.75 and
6 ug, were dot-blotted onto nitrocellulose sheets, as described above in
section A, washed with blocking buffer, and incubated with 4 ACi of
'25I-vWF in blocking buffer overnight. The experiments were per-

formed in pairs, one of which included a 20-fold excess of unlabeled
vWF. The blots were washed with 0.5% Tween-20 in the blocking
buffer and autoradiography was performed as described above. The
pairs of autoradiograms were exposed under identical conditions and
were scanned with an LKB Ultroscan XL laser densitometer.

Isoelectric focusing. Isoelectric focusing was performed utilizing
LKB Ampholine PAGplates with ampholytes having a pH range of
3.5-9.5 following the procedure recommended in the supplier's man-
ual. Samples were applied in various positions in different lanes to
avoid potential artifacts caused by the sample application sites. The
gels were then fixed in a solution of 30% methanol/10% TCA/3.5%
5-sulfosalicylic acid in water for 1 h, followed by 30% methanol/12%
TCA for 2 h, followed by two separate incubations of 15 min each in
10% ethanol/5% acetic acid. The gels were then silver stained as de-
scribed (27).

Radioimmunoligand Western blot studies. For radioimmunoligand
blots, the nitrocellulose sheets were blocked with 2%nonfat dry milk in
PBS, pH 7.5. They were incubated overnight with specific rabbit anti-
sera against collagens types I, III, and VI. The antitypes I and III were
kindly provided by Dr. Hynda Kleinman and Dr. George Martin ofthe
National Institutes of Dental Research, and the antitype VI was pro-
vided by Dr. Rupert Timpl of the Max Planck Institute. The blots were
then washed with three changes of blocking buffer at 10 min each,
followed by three changes of PBS, and then were incubated with 2.5
UCi of 1251-protein A (Amersham Corp., Arlington Heights, IL) for 1 h
in PBSwithout the nonfat dry milk, following which they were again
washed in PBSand autoradiographed as described above.

Amino acid analysis. Lyophilized specimens were hydrolyzed for
24 h in constant boiling HOat 1070 under vacuum. Amino acid resi-
dues were derivatized with 9-fluorenylmethylchloroformate and were

Table L Binding of vWFto Extracellular Matrix Constituents

Basement membrane extract*
Subendothelial extractt +
Laminin*
Type IV collagen*
Type V collagen*

* As described in Methods, these studies were negative by dot-binding
assays nitrocellulose assays done separately with both radiolabeled
vWFand with unlabeled vWFwhich was probed with anti-vWF an-
tibodies. t Probed by radiolabeled vWFalone, because it contains en-
dogenous vWFwhich would be detected by anti-vWF antibodies.
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then resolved by reverse-phase HPLC (28) using a 250 X 4.6 mm
Spherisorb ODS-2 column in a Kratos chromatographic system (Ap-
plied Biosystems, Foster City, CA). The separations were carried out at
a flow rate of 1-1/min by gradient elution, using 60% acetic acid
(0.37%, pH 4.2), 15% H20, 25% acetonitrile, and for the first 15 min,
then progressing to 8%acetic acid, 7%H20, and 65%acetonitrile over
the following 60 min.

G. vWFbinding activity ofpurified type VI collagen
Human type VI collagen was kindly provided by Dr. Rupert Timpl
(29). The lyophilized protein was dissolved in 0.2 Macetic acid to yield
varying quantities of protein, ranging between 1.25 and 10 Ag which
were then applied onto strips of nitrocellulose paper to form dot-blots.
After this, the strips were treated as described above for the vWFbind-
ing protein.

Results

Our screening studies of all the initial candidate materials, in-
cluding laminin, types IV and V collagen, and an unfraction-
ated basement membrane extract failed to demonstrate any
binding to vWFusing both screening methods (Table I). Be-
cause of these negative studies, we proceeded to investigate
extracts of blood vessel subendothelium. When assays of the

A

L

B
LS

Figure 1. Histology of the umbilical vein pre- and postextraction of
subendothelium. (a) Preextraction deendotheliaized umbilical vein
showing internal elastic lamina (arrow), above the media (M), facing
lumen (L). (b) Deendothelialized umbilical vein postextraction of
subendothelium. The internal elastic lamina (arrow) is noted to be
intact (original magnifications, 400).

1 2 3 4 5...... ...
...

*' ?0 *.

Figure 2. Binding of 1251-vWF to electroblotted subendothelial extract.
(Lanes 1-3) Coomassie blue-stained unboiled, boiled, and reduced
and boiled SDS-urea extracts of subendothelium, respectively. After
electroblotting onto nitrocellulose paper, the unboiled extract binds
125I-vWF at a position which are consistent with a mass of 150 kD,
with two additional bands observed at positions consistent with
masses of - 200 and 80 kD (lane 4). The binding of '"'I-vWF is
blocked in the presence of a 20-fold excess of unlabeled vWF(lane 5).

subendothelial extracts demonstrated vWF binding activity
(Table I), we undertook the subsequent experiments to identify
which components of the subendothelium are responsible for
the binding activity.

The histology of the deendothelialized umbilical vein was
observed before and after extraction of subendothelium (Fig.
1). The extraction procedure did not result in disruption of the
internal elastic lamina. Protein bands were resolved from the
extract by gradient polyacrylamide gel electrophoresis (Fig. 1).
When the proteins were electroblotted onto nitrocellulose, in-
cubated with '25I-vWF and autoradiographed, three major pro-
tein bands with molecular weights of 200,000, 150,000, and
80,000 were observed. The appearance of the bands was
blocked by coincubation of the 123I-vWF with an excess of un-
labeled vWF(Fig. 2).

By means of electroelution, protein showing single bands at
the 150 kD position, as assessed by silver staining of polyacryl-
amide gels, was obtained (Fig. 3). The 1 50-kD protein retained
the capacity to bind vWFspecifically (Fig. 4, Table II). Binding
could be blocked by a 20-fold excess of unlabeled vWF. The
protein had an isoelectric point of 6.0±0.2 (Fig. 5).

Western blot studies utilizing specific antisera against colla-
gens showed reactivity between the 150-kD protein and anti-
type VI collagen antibodies, but not with antibodies against
types I or III collagens (Fig. 6). Subsequent Western blot studies
utilizing the whole vessel extract, also demonstrated identifica-
tion of the 150-kD band by the antitype VI collagen antibodies,
along with higher molecular weight bands (Fig. 7).

Amino acid analysis (Table III) showed the 1 50-kD mate-
rial to be a protein containing significant quantities of proline
(71 residues/1,000 residues) and hydroxyproline (10 residues/
1,000 residues).

Purified type VI collagen, which had been derived by stan-
dard methods, and was dot-blotted onto nitrocellulose sheets
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also bound '25I-vWF (Fig. 8 and Table IV). This binding was
also inhibited by a 20-fold excess of unlabeled vWF.

In summary, after we were unable to demonstrate any vWF
binding activity in purified basement membrane and unfrac-
tionated basement membrane preparations, we proceeded to
studies with extracts of human umbilical vein subendothelium.
Using an SDS-urea extract of subendothelium, we identified
and characterized a 1 50-kD vWF-binding protein which is rec-
ognized by antibodies against type VI collagen, has a pI of

- 6.0, and has the amino acid composition of a collagenlike
protein. Also, we found that purified type VI collagen binds
vWFspecifically.

Discussion

Wehave identified a 1 50-kD vWF-binding protein which shares
characteristics of type VI collagen, and have furthermore
found that purified type VI collagen binds to vWF. The 1 50-kD
protein that we have isolated binds vWFand is recognized by

251-vWF $.

5I-vWF

excess unlabeled vWF

w f 1/2 1/4 1/8 alb
Figure 4. Binding of 25I-vWF to electroeluted 150-kD protein. These
are autoradiograms of nitrocellulose strips onto which the electro-
eluted 150-kD protein was dot-blotted and then incubated with '25I-
vWF. The upper strip was incubated with 4 ,uCi of '25I-vWF, and the
lower strip was incubated with the same quantity of radioiodinated
vWFin the presence of a 20-fold excess of unlabeled vWF. The first
dot is the whole unfractionated whole extract before electroelution
(W), followed by the "full-strength" 150-kD protein with 6 Mg/dot,
followed by 1/2, 1/4, and I/s serial dilutions containing 3, 1.5, and 0.75

Mg per dot, respectively. The last dot contains 1.6 ,ug BSA (alb). There
is correlation between the quantity of 150-kD protein blotted and the
amount of vWFwhich is bound. Densitometric analysis is shown in
Table III. Binding of '251-vWF to the 1 50-kD protein is blocked by
an excess of unlabeled vWF.

Table I. Densitometric Analysis of Binding of '25vWF
to Electroeluted 15S-kD Protein

Quantity of 150-kD protein Binding of 12sVWF

14g arbitrary densitometric units

6.0 122.0
3.0 64.3
1.5 41.7
0.75 36.5

Densitometric analysis of autoradiograms of nitrocellulose dot blots,
to which varying quantities of the isolated 150 kD were applied,
followed by incubation with '25I-vWF. The arbitrary densitometric
units represent the calculated area under each curve.

antibodies against type VI collagen, but not by antibodies
against types I and III collagen. Also, its amino acid composi-
tion demonstrates a hydroxyproline-containing collagenlike
protein which is similar to the compositions which have thus
far been reported for type VI collagen (30-33). Also, unlike the
fibrillar collagens which have basic pl's, the 1 50-kD vWF-bind-
ing protein had a pl of - 6.0, similar to that previously re-
ported for the 1 50-kD subunit of type VI collagen (34).

It is of interest that whereas type VI collagen has, with a
different purification scheme and in different tissues been ex-
tracted in a disulfide bonded form (35), our initial extraction
method, without reduction, identified the presence of free
chains. There was, however, increased yield in the amount of
1 50-kD protein obtained after incubation with 0.02 MDTE.
The presence of free chains has been previously described in
porcine fibroblasts (34), human WI-38 fibroblasts (36), and in
cutis laxa fibroblasts (37) but has not been observed in vascular
subendothelium.

With respect to previous work on the vascular binding of
vWF, our finding of type VI collagen in the subendothelium is
consistent with the studies of Fauvel et al. who had concluded
that microfibrils constitute the blood vessel binding site for
vWF(38), because it is now known that type VI collagen is a
major component of the microfibrils. They showed that micro-
fibrils extracted from bovine aorta using 6 Mguanidine HO

pH

8.45-
7.35-

6.55-

5.85-

5.2
Figure 5. Isoelectric focusing of
the 150-kD protein and subse-
quent silver staining reveals the
protein to have a pI of 6.0±0.2.
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Figure 6. Recognition of
theelectroeluted 150

kD protein by antitype
VI collagen antibodies.
These are autoradio-
grams of Western blots
of the electroeluted 150-
kD protein which were
incubated with specific
antisera against colla-
gens types I, III, and VI,
followed by incubation
with "25I-protein A, as

described in Methods.
The antitype VI colla-
gen antibodies recognize

1 the 150-kD protein,
whereas the antitypes I
and III collagen anti-

anti - I III VI bodies do not.

cancel platelet aggregation mediated by vWF, indicating that
the vWFbecame bound to the microfibrils. It should, however,
be noted that Perret et- al. doubted the composition ofthe mate-
rial extracted by Fauvel's group (39).

Our work also may explain the results of Wagner et al. (16)
who, in tissue culture studies, found evidence that the extracel-
lular matrix binding site for vWF is resistant to digestion by
bacterial collagenase. Native type VI collagen has that property
(29, 40), whereas fibrillar collagens do not.

The histology of the umbilical veins postextraction of su-

bendothelium showed an intact internal elastic lamina indicat-

Kda

200-

2

t"

97

68

43-

25.
18-
14-

Figure 7. Reactivity of whole subendothelial extract with antitype VI
collagen antibodies. These are autoradiograms of Western blots of
the whole subendothelial extract which show reactivity of antitype VI
collagen antibodies with the 150-kD protein along with additional
bands at higher molecular weights. The left blot had been incubated
with rabbit antitype VI collagen, followed by '25I-protein A, as de-
scribed in Methods. The right blot was similarly treated except for
having been incubated with normal rabbit serum in place of the anti-
type VI antibody. The major bands recognized by the antitype VI
antibody are at the 150-kD and 240-260-kD positions, along with a
fainter band at the 200-kD position.

Table III. Amino Acid Compositions (Residues per 1,000
Residues) of 150-kD vWF-binding Protein Isolatedfrom
Subendothelium and Type VI Collagen Alpha Chains

Amino acid residue Subendothelial 1 50-kD protein Fibroblasts (reference 3 1)

Hydroxyproline 10 14
Proline 71 69
Aspartic acid 56 103
Serine 79 71
Glutamic acid 166 116
Threonine 48 70
Glycine 156 134
Arginine 73 24
Alanine 94 59
Tyrosine nd 26
Valine 55 60
Phenylalanine 10 32
Isoleucine 26 44
Leucine 73 79
Hydroxylysine 9 9
Lysine 74 34
Histidine nd 16
Methionine nd 11

ing that the material derived from our extraction procedure
was most likely subendothelial in nature. However, we cannot
totally exclude the possibility that the extraction procedure re-
sulted in removal of protein from deeper portions of the blood
vessel. Weshould also point out that our work utilized umbili-
cal veins, and that these findings cannot yet be generalized to
other blood vessels.

Type VI collagen is an important component of microfi-
brillar structures in the extracellular matrix (for review see refer-
ence 41). The molecular weights of its a- 1 and a-2 chains are in
the range of 140,000-160,000 (33). This form of collagen was
initially isolated from blood vessel intima (42) and is currently
recognized to be present in a variety of different tissues. It is
unique among the collagens in that somewhat less than half of
its mass is triple-helical, the larger portion of the protein being
globular. By rotary shadow imaging, type VI collagen has been

125I-vW F

125,-vWF
excess unlabeled vWF f 1/2 1/4 1/8 alb

Figure 8. Binding of '25I-vWF to purified type VI collagen. These are
autoradiograms of nitrocellulose dot blots of purified type VI collagen
incubated with 25I-vWF performed in the same manner as the ex-
periment with the electroeluted 150-kD protein shown in Fig. 3. 10
,ug of protein were applied to square (f); the 1/2, 1/4, and 1/8 squares are
serial dilutions containing 5.0, 2.5, and 1.25 ,um of type VI collagen,
respectively. The last dot (alb) has 1.6 Ag of BSA. The top strip was
incubated with 4 MCi of 23I-vWF; the bottom strip was incubated with
the same amount of labeled vWFtogether with a 20-fold excess of
unlabeled protein. There is a correlation between the amount of type
VI collagen applied and the amount of vWFbound (Table III). Bind-
ing of 25I-vWF is inhibited by the presence of excess unlabeled vWF.
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Table IV. Densitometric Analysis of Binding of'25I-vWF
to Type VI Collagen

Quantity of type VI Binding of
collagen protein '251-vWF

fig arbitrary densitometric units

10.0 175.7
5.0 86.1
2.5 43.2
1.25 31.0

Densitometric analysis of autoradiograms of nitrocellulose dot blots,
to which varying quantities of the purified type VI collagen were
applied, followed by incubation with 12I-vWF. The arbitrary densi-
tometric units represent the calculated area under each curve.

observed to have a dumbell-like structure in which the central
fibrillar domain is attached at each end to large globular do-
mains (29, 43).

Because the domains on vWFwhich are involved in bind-
ing to types I and III collagen have been identified (44-48), and
the structure of type VI collagen is known, it would be interest-
ing to learn whether there is specificity in the interaction of any
of the vWFdomains with the various domains of type VI colla-
gen. Specifically, are the portions of vWFwhich bind to type VI
collagen the same as those responsible for binding to fibrillar
collagens? And, is the fibrillar portion of the type VI molecule
the region which is recognized by vWF, or do the globular
portions of the molecule play a role in this binding? Interest-
ingly, in preliminary studies, we have been unable to inhibit the
binding of vWFto type VI collagen with specific antitype VI
antibodies. Because these antibodies are extensively cross-ab-
sorbed with fibrillar collagens to remove cross-reactive species,
it is intriguing to speculate that the binding site(s) for vWFis
present on shared domain(s).

It has recently been reported that the amino acid sequence
of the globular domain of type VI collagen shows striking ho-
mology to the collagen binding motifs of vWF(49-51), and
also has a region which bears homology to platelet glycoprotein
lb (52). Thus, a portion of the type VI collagen protein also
shares vWFs collagen binding structure, and a portion shares
homology to a glycoprotein which serves as the major platelet
binding site for vWF. However, the functional significance of
these homologies and the questions of whether vWF itself
binds to type VI collagen via vWFspreviously described bind-
ing domains for fibrillar collagens, or via a different mecha-
nism, or a combination of mechanisms, still remain to be de-
termined.

Wehave not yet identified the 80-kD band which binds
vWFand suspect that this may be a partially proteolyzed chain
of type VI collagen.

In conclusion, this study is the first identification of a vWF-
binding protein in subendothelium. These studies implicate
type VI collagen in the process of vWFbinding to subendothe-
lium and, therefore, to the process of platelet adhesion. Studies
are in progress in our laboratory to further characterize the
binding of vWFto type VI collagen.
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