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SUMMARY: Interaction of anti-human collagen types I and III
antibodies, as well as human red blood cells conjugated with
these antibodies, with the surface of denuded intima of human
aorta has been studied. Data on the accessibility of antige-
nic determinants of collagen types I and III for antibodies
and red blood cells conjugated with these antibodies have
been obtained in ex vivo experiments in an original model. On
the basis of the obtained results it is concluded that anti-
genic determinants of collagen types I and III exposed as a
result of blood vessel wall injury can serve as a target for
drug delivery to the injured site(s).

According to the current views injury of vascular endo-
thelial lining and subsequent exposure of intimal underlying
layers is one of the pathogenetic components of many cardio-
vascular diseases (1-3). In treatment of these diseases the
most promising methods of therapy are those which can provide
high local drug concentration at the injured sites. For this
purpose methods of drug targeting in containers (liposomes or
red blood cells) carrying vectors ~ molecules with high speci-
fic affinity to exposed subendothelial structures - are being
developed (4, 5).

According to the data of immunomorphological studies of
vessel wall cross-sections, collagen types I and III which

normally do not have a direct contact with blood are represen-
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ted in subendothelial stroma (6). These interstitial collagens,
in contrast to basement membrane collagen types IV and V can
induce thrombogenesis while exposed into the lumen after the
vessel wall injury (2, 3).

Using marked antigenic differences between various colla-
gen types (7), it is possible to use antibodies to interstitial
collagens as a vector in drug targeting to the injured site.
Recently (5) we have demonstrated in vitro selectivity of bin-
ding of red blood cells carrying specific antibodies on their
surface with the plastic supports coated with collagen of ap-
propriate type.

In the present study we solved two guestions related to
drug targeting to the injured blood vessel wall. First, it has
been found that specific antigenic determinants of interstitial
collagens are exposed on the injured intimal surface and acces-
sible for antibody binding like those of collagen adsorbed at
plastic surface in radioimmuncassay. Second, significant
roughness of subendothelial surface microrelief does not pre-
vent formation of contacts between collagen antigenic deter-
minants and antibodies fixed on red blood cell surface neces-

sary for container attachment.

MATERIALS AND METHODS: Types I and III collagen preparations
were purified by differential salt precipitation in neutral
and acid solutions from pepsin extract of human placenta (8,
9). Antisera were obtained after repeated immunization of rab-
bits by collagen solutions emulsified in Freund adjuvant. An-
tibodies mainly represented by IgG were isolated by affinity
chromatography of antisera on immunosorbents obtained by at-
tachment of collagen of the corresponding type to CNBr-activa-
ted Sepharose 4B (Pharmacia) (8, 9). Rabbit immunoglobulins
were purified from serum of non-immune animals by chromato-
graphy on DEAE-cellulose (10). Goat antibody to rabbit IgG
kindly given by Dr. V.S.Rukosuev (USSR Cardiology Research
Center) was labelled by 1251 according to (11) (specific ra-
diocactivity was 4-:105 cpm/pg) .

The attachment of immunoglobulins to human red blood cell
surface was performed by non-covalent binding through avidin
as described earlier (5). Washed red blood cells were treated
by biotin N-hydroxysuccinimide ester and then non-bound rea-
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gent was washed out. Biotin-modified immunoglobulins were ob-
tained by the same technique. Biotin-carrying red blood cells
were incubated with avidin, washed and mixed with immunoglobu-
lins carrying attached biotin. The method provides a stable
binding of about 10 molecules per one red blood cell.

Vessel segments of thoracic aorta were obtained on sec-
tion within 2-6 h after death of children aged under 3. Blood
clots were washed out by medium 199 (Gibco) and vessels were
immediately used in experiments.

Accessibility of subendothelial collagens for antibodies
was studied by indirect radioimmunoassay. Vessel segments were
cut longitudinally, flattened and endothelial layer was mecha-
nically removed. "Microtest" plate (Falcon) with well bottoms
cut out was put on the top. This procedure provided us with
the number of identical wells which bottoms represented denu-
ded vessel wall (surface area 0.2 cm?). In control experiments
types I and III collagen were adsorbed on the bottom of "Mic-
rotest" plate wells §12).

From 5 to 5-107° pg of antibody or non-immune IgG in 50
pl of PBS-BSA (phosphate buffered saline containing 2 mg/ml of
bovine serum albumin /Sigma/, pH 7.4) were added into the
wells by serial dilution. In control wells only 50 pl of PBS-
BSA were added. After incubation for 1 h at 250C the gglls
were repeatedly washed by PBS-BSA. Then 0.25 ug of 1 I]-la—
belled goat anti-rabbit IgG antibody in 50 pl PBS-BSA were ad-
ded into each well. After incubation (1 h, 259C) the wells
were thoroughly washed by PBS-BSA. Bottoms of microplate well
or the corresponding vessel sites were cut out and the amount
of bound 1251 was determined in "Rackgamma" counter (LKB}. The
background sorption of labelled antibody determined in the
control wells was subtracted.

Accessibility of intimal collagens for antibodies attach-
ed to red blood cells was also determined by indirect radio-
immunoassay in the same way. 2-10° antibody- or non-immune
IgG~-carrying red blood cells were added into the wells in 50
Pl PBS-BSA. Then the same procedure as described above was
performed.

Red blood cell binding was also studied by the following
way: aorta segments 0.3-0.6 cm in diameter, 1.5-2.5 cm in
length, thoroughly washed by medium 199 were everted and endo-
thelial layer was mechanically removed. The segments were li-
gated near the edges so that homogenous central site 1-2 cm in
length was formed. Then segments were incubated in PBS-BSA
containing antibody-carrying red blood cells (5-107 cells/ml)
for 1 h at 259C in a rotator (15 rpm). Then the vessels were
washed by PBS-BSA and placed into solution containing 1 pg of

1251] -1abelled goat anti-rabbit IgG antibody. After the se-
cond 1incubation at the same conditions and washing the ligated
areas were cut out, the central part was fixed in 0.5% glutar-
aldehyde and the amount of 1257 pound was determined.

RESULTS AND DISCUSSION: Fig. 1 demonstrates typical results of

the experiments on antibody binding to collagen-coated surface.
Antibodies to collagen types I and III did not significantly
differ by the interaction with homologous collagen types. As

can be seen from the titration curves, antibody to type III
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Figure 1: Binding of anti-collagen antibodies to the collagens
adsorbed on the plastic surface. a - Antibody to type I col-
lagen; b - antibody to type III collagen. Collagen adsorbed:

o - type I; @ - type III. @ - binding of non-immune rabbit

IgG tozboth collagen types. Background is subtracted (300 cpm/
0.2 cm4).

collagen weakly binds to the surface coated with type I colla-

gen. In contrast, antibody to type I collagen has the affinity
to determinants common for type I and III collagens.
Fig. 2 presents the results of experiments on antibody

binding to the injured wall surface. Titration curve for an-
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Figure 2: Binding of anti-collagen antibodies to denuded ves-
sel wall. e - Antibody to type I collagen; o - antibody to

type III collagen; & - non-immune rabbit IgG. Background is
subtracted (800 cpm/0.2 cm?) .
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tibody to type III collagen practically coincides with the
curve obtained in the experiments on plastic surface coated
with type III collagen (Fig. 1b). This data confirm the acces-
sibility of a significant part of antigenic determinants of
type III collagen prevalent in children's vessels (13) for
plasma protein after the mechanical injury of vessel wall. In
contrast, titration curve for antibody to type I collagen in-
dicates that antigenic determinants of type III collagen com-
mon to type I collagen are partially masked, and type I col-~
lagen is insignificantly exposed. This agrees with the data
on low relative content of type I collagen in intima of chil-
dren's vessels (13).

Fig.»3 presents diagrams showing the results of experi-
ments on interaction of antibody~ or non-immune IgG-carrying
red blood cells with injured vessel surface. It is seen that
use of antibodies to collagen as a vector increases binding to
a vessel by 9-10-fold as compared to non-immune IgG. This re-

sult was reproducible in a series of experiments irrespective

%
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Figure 3: Binding of antibody- or non-immune IgG-carrying red
blood cells to denuded vessel wall (experimental model - bot-
toms of microtitration plate). Proteins attached to the red
blood cell surface: 1 - antibody to type I collagen; 2 - anti-
body to type III collagen; 3 -~ non-immune rabbit IgG. Back-
ground is subtracted (400 cpm/0.2 cm?).
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of the experimental model of injured site (microtitration
plate bottom or everted aorta segment). This result is also
confirmed by scanning electron microscopy (data not shown).
The obtained data confirm the possibility to use collagen
types I and III as a target for delivery of drug entrapped in
red blood cell to the site(s) of vessel wall injury. However,
for more complex experimental models it is necessary to have
more detailed data on distribution of collagen different types
in intact and denuded vessels in normal conditions and in dif-
ferent forms of vascular pathology. Possibly, in these studies
it is reasonable to use methodological approaches described
above together with conventional immunomorphological methods
for investigation of interaction of blood components with ves-
sel luminal surface. On the other hand, one must keep in mind
possible competition between antibody-carrying red blood cells
and human platelets for the collagen exposed at the vessel
wall surface. We hope that the knowledge on the exposure of
different types of collagen and on the interaction of anti-
body-carrying red blood cells with this and other proteins at
the site of vessel wall injury will stimulate further advance

in the field of drug targeting.

REFERENCES :

1. Ross, R., Glomset, J., Kariya, B.,and Harker, L.A. (1974)
Proc.Natl.Acad.Sci.Usa 71, 1207-1211.

2. Mustard, J.F., Pakham, M.A., and Kinlough-Rathbone, R.L.
(1978) in Thrombosis. Animal and Clinical Models, Day, H.J.,
Molony, B.A., Nishizawa, E.E., and Rinbrandt, R.H., eds,
pp. 7-30, Plenum, New York.

3. Baumgartner, H.R., and Muggli, R. (1976) in Platelets in
Biology and Pathology, Gordon, J.L., ed, pp.23-60, Elsevier/
North Holland, Amsterdam.

4. Chazov, E.I., Alexeev, A.V., Antonov, A.S., Koteliansky,
V.E., Leytin, V.L., Lyubimova, E.V., Repin, V.S., Sviridov,
b.D., Torchilin, V.P., and Smirnov, V.N. (1981) Proc.Natl.
Acad.Sci.USA 78, 5603-5607.

5. Samokhin, G.P., Smirnov, M.D., Muzykantov, V.R., Domogatsky,
S.P., and Smirnov, V.N. (1983) FEBS Letters 154, 257-261.

104



Vol. 116, No. 1, 1983 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

10.
1.
12,

13.

. McCullagh, K.G., Duance, Y.C., and Bishop, K. (1980) J. Pa-

thology 130, 45-55.

Timpl, R. (1976) in Biochemistry of Collagen, Romachandran,
G.N., and Raddi, A.H., eds, pp. 361-375, Plenum, New York.
Grimand, J.A., Drugnet, M., Peyrd, S., Chevalier, 0.,
Herbago, D., and El-Badrawy, N. (1980) J. Histochem. Cyto-
chem. 28, 1145-1156.

. Nowack, H., Gay, S., Wick, G., Becker, U., and Timpl, R.

(1976) J. Immunol. Meth. 12, 117-124.

Levy, H.B., and Sober, H.A. (1960) Proc. Soc. Exp. Biol.

Med. 103, 250-252.

Bale, W.P., Hemkamp, R.W., Izzo, M.J., Contrecas, M.A., and
Spar, I.L. (1966) Proc. Soc. Exp. Biol. Med. 122, 407-411.
Rennard, S.J., Berg, R., Martin, G.R., Foidart, J.M., and
Robey, P.G. (1980) Anal. Biochem. 104, 205-214.

Gay, S., Balleisen, L., Remberger, K., Fictrek, P.P.,
Adelmann, B.C., and Kuhn, K. (1975) Klin. Wschr. 53, 899-902.

105



