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Introduction:

Fibronectin is a glycoprotein which has an important
role in the reticulo-endothelial host defense system. It
promotes opsonization of bacterial particles , «cell debris
and fibrin aggregates thus promoting their clearance by the
monocyte-macrophage system (Mossesson M. and Amrani D.,

1980}.

A fzll in plasma fibronectin level was found in burns ,

trauma , major surgeries (Lanser and Saba , 1982).

In open heart surgery , the use of cardio-pulmonary
bypass machine , although is an indispensible technigue ,
yet itself is probably associated with temporary organ
and system dysfunction following its use. Despite impro-
vement in surgical technique, technologica’ advances , pre-
operative patient ewvaluation , and current antibiotic
therapy in patients undergoing cardiac surgery , infection

is still an important factor in post-operative morbidity.

Aim of the work:

The aim of this work is to estimate fibronectin level
before and after cardio-pulmonary bypass in order to assess
the extent of change as a base for consideration , for

replacement therapy (Gershon et al. , 1985).
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FIBRONECTIN

Fibronectin is a high molecular weight glycoprotein
that exists in a soluble form in plasma and in an insoluble
form in tissues. Plasma fibronectin can modulate phagocytic
function as well as incorporate into the tissue matrix
where it is believed to influence microvascular integrity
and tissue repair (Cohler et al. , 1985).

Interaction with certain discrete extracellular
substances such as fibrin , collagen , and with cell
surface structures accounts for its biolegic activities
{Mossesson et al. , 1980).

Prior to the suggestion of the name fibronectin , it
has been known by variety of terms including opsonic
protein (Saba , 1970) ‘ soluble fibroblast antigen
(Rouslahi et al. , 1974) , cell surface protein (Yamada et
al. , 1974) , cold insoluble globulin (Chen et al. , 197¢},
and cell adhesion factor (Pearlstein , 1976).

At present , there is a general acceptance of the term
fibronectin. The word itself was created to emphasize the
propensity of the protein to bind to fibrous protein like
collagen and fibrin (fibra , fibre , and nectere , to
bind).

Historical events:

In 1948 , Morrison and co-worker describhei. a protein
component of fibrinogen which was cold insoluble and unlike
fibﬁnogen was not thrombin coagulable. It had a more rapiad
anodal electrophoretic migration rate and higher

sedimentation coefficient than did fibrinogen.
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Later in 1957 , Smith and Van Korff described a
protein with properties similar to those <¢f +the cold
insoluble protein that they had found in heparin induced
cold precipitate plasma.

In 1968 , Mossesson and co-worker invesfigated
patients with chronic intravascular coagulation secondary
to an occult neoplasm. The illness was characterized by

the persistence of cold induced plasma preciplitate termed

“cryofibﬁnogen". The solubilized cryofibrinogen was
partially cocagulable by thrombin , thus preving that
fibﬁnogen was present . Another major compcnent resembling

cold insoluble globylinwas also found in the fractions and
was shown to be immunochemically identical with a normal
serum protein unrelated to fibrdnogen. Follow up
investigation by Mossesson and Uﬁfleet in 1870 presented a
method for isolation and purification of cold insoluble
globulin and provided clear evidence that it was a unigue

and major plasma protein {300 + 100 ug/ml)}.

In the early 1970 , a number of investigations had
focused on the changes that ocecurred in cell surface
protein cof fibroblsst as a conseguence of transformaticn by
oncogenic viruses. Particular attention was paid to a
large transformation-sensitive glycoprotein that was
released from the fibroblast cell surface 1into culture

medium {Hynes et al. , 1974},
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The report by Ruoslahti in 1975 that cold inseluble
globulin was antigenically identical to the transformation
sensitive glucoprotein brought to light the uniqueness of
fibronectin as both a cell-surface / matrix protein and a
bleocod protein and has stimulated numerous investigations on
cf the
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Structure:

Structural studies of fibronectin derived from cell
surfaces , tissue cultunre medium , or extracellular fluids
pointed to the presence cof molecular heterogencity (Chen et
al. , 1977).

Despite this , the outline of basic molecular archi-
tecture can be sketched (Fig. 1).

Plasma fibronectin molecules have a molecular weight
of 450,000 Daltons and composed o0of two similar but
nonidentical polypeptide chains with estimated molecular
weights of 220,000 and 210,000 (Masher , 1975). The two
chains are disulfide linked at the carboxyl - end of the
molecule (Balian et al. , 1979).

Intrachain disulfide bridges are clustered in the
terminal thirds of each chain , most of them lccated at the
aming terminal end (Iwanga et al. , 1978).

There 1s also a significant number of free sulf-
hydryl groups {Pearlisten et al. , 1980). Blocking of
these groups Iinterferes with binding to the cell surface

{Wagner and Hynes , 1979).

Central Library - Ain Shams University



% s LT
FISRINIOGEN! é,

{7
¥
3
[
by Je
s
[
|
Jl’(
h
i
It

D )

!
ol wl -235000 — mol wi, 200000

Fig. 1

Structural model of plasma fibronectin:

Most circulating molecules are composed of two more-or-
less 1identical chains of approximate mol.wt. 220,000
Daltons , each 1linked near the COOH-terminal end by
disulfide bridging (5-S). The NH2 terminus is designated
PCA (Pyrrolidone Carboxylic Acid). The general location of
intrachain disfluide bridging is also depicted as are the
approximate locations of sulfhydryl groups (SH},
Carbohydrate groups (CHO), and collagen-binding,
fibrijnpegen-binding, cell-binding, Cross linking (XL), and
Heparin (HEP) - binding sites. The dashed arrow indicate a
region in the dimeric molecule which is cleaved during the
course of hydrolysis by several proteolvytic enzymes
(Mossesson & Amrani , 1980).
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Several minor fibronectin components of smaller size
than the two chain structure have been identified in plasma
melecules and most of them range in size from 235,000 to
146,000 Daltons. It may be derived by catabolic Processes
from large parent molecules (Chen et al. , 1977} , and it
is not yet known whether the degradative processes
appear to reflect ; occur intravascularly (Mossesson ,
1580).

f.azxa  fibronectin contains also 5 % carbohydrate
(Fukuda and Hakomori . 1879). All oligosaccharide units
are linked to the peptide backbone by asparagine residues
at 4-6 sites along the middle porticn of the peptide chain
{(Yamda et al. , 1977). The major sugars in plasma molecules
aré mannose , galactose , N, acetyl glucosamine‘and sialic
acid (Fukuda and Hakomori ; 1975). It was suggested that

carbchydrate Ffraction may serve to increase fibronectin

resistance to Proteolysis ({(Fukuda and Hakomori ;s 19793,

Central Library - Ain Shams University



- 10 -

Structural differenges among fibronectin:

Many of the essential characteristics of fibronectin
are shared by all forms including affinities for f£ibrin and
collagen. Nevertheless , there is a structural difference
between plasma fibronectin which is dimeric and cellular

> _—— o — T - F- e -
fibronectin wioich is
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indicate a higher degree of interchain disulfide bridging
and could account for the lower solubllity cf the tissve
fibronectin in aqueocus buffer at neutral pH (McCennel et
al. , 1978). The relationship between plasma and cell
fibronectin has not been well established and it seenms
likely that a dynaﬁic equilibrium exists between circu-
lating and cell associated fibronectin ané that a variation
in plasma concentration may reflect important changes at

the tissue level {(Masher et zl., , 1984}.

Svnthesis and kinetic:

Although many cell types have the capaclity to synthsize
fibronectin evidence suggests that most , 1if not all ,
circulating fibronectin is produced by hepatoccyte (Gonzalez
et al. , 1982}.

Radiolabelled plasma fibronectin is cleared from the
circulation in & complex manner after intravenous
injection. Half lives of 24 to 72 hours have been esti-
mated. The fates of fibronectin leaving the circulation are
obscure. Immunoflucrescence and tissue extraction studies,

however , indicate that some cof the protein is deposited in
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extracellular tissue matrices (Sherman and Lee , 1982).

Fibronectin either in soluble or matrix form |is
sensetive to neutral tissue proteinases. Destruction of
fibronectin may be critically involved after mast cell
activation and in inflammatory conditions in vivo (Alan et
al. , 1981).

nteractions of bronectin:

1. Interaction with collagen and fibrinogen:

It is well established that £fibronectin binds to
denatured collagen and to several types of native collagen
(Engvall et al. , 1978). The affinity of fibronectin for
denatured collagen |is greater than that for native
collagen. This sort of affinity evidently is a facteor in
its ability to promote adhesion and spreading of cells on
collagen-coated or plastic substrate (Grinell et al. ,
1977). The collagen binding site is located in the terminal
region of each polypeptide chain in a segment containing
intrachain diulfide bridges {Balian et aal. , 1979). A
region mediating cell attachment is close but separable
from the collagen binding site (Grinell et al. , 1977).

The £ibrinogen binding site on fibronectin is 1located
in the same region as the collagen binding site , it may
even be identical. Fibrinogen binding to fibronectin can be
inhibited by preincubation of £ibronectin witﬁ gelatin.
similarly , fibrinogen partially inhibits the binding of

fibronectin to gelatin {(Engvall et al. , 1978).
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The fibrinogen binding site for fibronectin appears to
be located in the carboxyl terminal region of the
fibrinogen A alpha chain (Stathakis et al. , 1978). This
region also contains a site that is utilized during factor
¥IIIa - catalysed cross linking of fibrin alpha chain. The
presence of this fibronectin binding region in £ibrincgen
molecule may account in part for the ability of <fibrinogen
to bind to the surface of fibroblasts or to induce £ibrin
clot retraction (Colvin , et al. , 1978). It is suggested
that fibronectin élays a major role in clearence of fibrin-
fibrinogen complexes produced in blood under certain
conditions because of the affinity between fibrinogen and
fibronectin (Clemmensen , 1984}.

2. Interaction with heparin:

At 4 degree centi grade heparin induces precipitation
of plasma fibronectin (Yamada et al. , 1974). It changes
the shape of fibronectin from globular tc an elongated
filomentary form (Jilek et al. , 1979). The binding of
heparin to fibronectin does not depend on its anticoagulant
activity and the fraction of heparin which is present in
heparin precipitated fibronectin is not enriched or
depleted in anticoagulant activity (Stathakis et al. ,
1977). It has also been known that precipitation in plasma
can be induced by a variety of sulfated mucopolfsaccharides
having 1little or no anticoagulant potential (Smith and Van

Karf€ , 1957).
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The precipitation of fiktronectin by heparin is a
contrubiting factor to the £all in plasma fibronectin which
gccurs soon after iniBation of the extra corporesl by pass

circulation during cardiac surgery (Gershon et al. , 1985).

3. Interaction with macrophages and granulacyte:

Fibronect

="

n has a phagocytic functisn which is
mediated through its interaction with macreophage and
granulocy*e, It has been shown that exposure cf macrophage
tc fibronectin enhanced the phagocytosis ¢I sheep eryth-
rocyte. On the other hand , when these erthrcoccyte were
allowed +to act with macrophages alone , phagocytesis was
less enhanced {Bohnsack et al. , 198%);, The fibreonectin
enhanced phagocytosis can bg inhibited by treating
macrophage with a monoclonal antibody tec C4b/C3b receptor
(CR1). Many investigator have demonstrated that f£ibro-
nectin acts as signal for CR1 activation and the molecular
mechanismr for this activation of complement recertors are
as yet unexplained (Chadiwck et al. , 19B88&).

Studies have been made to demonstrate which domains In
fibronectin structure are responsible for the enhancing
effect of fibrorectin on macrophage phagocytecsis. John and
co-worker at 1986 feound that a unigue tetrapeptide sequence
in fibronectin composed of arginine - glgcine - aspartic
acid - serine (RGDS) is responsible for 1ts phagocytosis

enhancement (John et al. , 1986}.
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