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Expression of Extracellular Matrix Components Fibronectin and Laminin

in the Human Fetal Heart
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ABSTRACT. 1t has been well documented that the extracellular matrix components fibronectin and laminin
promote or regulate morphogenesis of the myocardial cells in mammalian heart. However, their chronologi-
cal change of expression (or localization) in the human heart remains elusive. In this study, fibronectin and
laminin in the left ventricle of forty-two human fetuses aged from 8 to 26 weeks gestation and left ventricu-
lar tissues obtained from a 2-week old infant and two adults were investigated by Western blot analyses and
indirect immunofluorescence technique with monoclonal antibodies. In the fetal heart, fibronectins were pre-
sent along the endocardium, epicardium, and linings of larger blood vessels. In 14-16 weeks gestation, fibro-
nectin immunofluorescence became stronger but not evenly dispersed in the interstitium. After 24 weeks ges-
tation, they were strongly positive only in the relatively larger blood vessels, as well as those in the infant and
adult cardiac tissues. Laminins were strongly positive along the endocardium and basement membrane of the
myocardial cells and fibroblasts during fetal life. After birth, laminins formed fine fibrillar network along the
basement membrane in association with the transverse tubules of myocardial cell; these morphological char-
acteristics remained in the adult cardiac tissues. These results indicate that fibronectin expression is relatively
constant during fetal life but decreases after birth; in contrast, laminin expression is not age-dependent and

constant throughout the life.

Key words:

ardiovascular development is the net result of
‘ a complex genetic program subject to regula-

tion by signals transmitted among cardiac cells
and its extracellular environment. Recent data indicate
that the cardiac extracellular matrix plays a critical role
in growth and development. They significantly contri-
bute to heart development, growth, and cardiac func-
tion by direct modulation of the behavior of cells that
contact it (6, 23, 34). The role of the extracellular ma-
trix in heart development during embryonic, fetal, and
neonatal stages includes signaling necessary for cell
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migration, cell sorting, adhesion, differentiation, angio-
genesis, and valve formation (8, 9). The major compo-
nents of the extracellular matrix include structural pro-
teins, cell adhesive molecules, and proteoglycans. These
may be variable in amount in response to various stim-
uli to the heart during embryonic, fetal, neonatal, and
adult periods.

Cell adhesive molecules, fibronectin and laminin are
important non-collagenous glycoproteins. Organiza-
tion of these two high molecular weight protein net-
work is essential for maintenance of constant and ade-
quate cardiac function (4, 5). Fibronectin is homogene-
ously distributed throughout the extracellular space in
which elements such as the T-tubule network of car-
diac myocytes and collagens are located (30); it influ-
ences a variety of cell behaviors, including cell growth,
adhesion, migration, and wound healing (12). Laminin
is the most extensively characterized member of base-
ment membrane component; its function includes me-
diation of adhesion, migration, growth, and differentia-
tion of cells (11, 14).

Recently, we described fetal age-dependent expres-



sion of cardiac cytoskeletal proteins in human fetal
heart development (19, 20). However, there are few re-
ports in the literature on the structural expression and
roles of the extracellular matrix components in the de-
veloping human heart. In this respect, we aimed to de-
scribe the localization of fibronectin and laminin in the
developing human heart as a part of consecutive stud-
ies on the molecular mechanism of cardiac dysmorpho-
genesis in humans by use of immunohistochemical tech-
niques with monoclonal antibodies. We hope that it will
facilitate the interpretation of changes observed in con-
genitally defective or diseased human hearts.

Materials and Methods

Materials

The protocol for this study was reviewed and approved by the
Ethics Committee of the Institute of Medical Science, Chung-
Ang University. Left ventricular tissues of 42 hearts includ-
ing the interventricular septum from human fetuses of either
sex between 8 and 26 weeks of gestation were investigated
(Table I). Fetuses were obtained from therapeutic or sponta-
neous abortions or from deaths during parturition between
April 1, 1989, and January 24, 1996. Fetuses were collected
within a few hr after death, and they showed no congenital
anomalies or specific findings at autopsy. The gestation age
was estimated by the date of the last menstrual period (LMP)
or by crown-rump length as previously described (19), if the
LMP was not clear. The specimens were rapidly frozen in lig-
uid nitrogen with or without treatment in phosphate buffered
saline (PBS; 0.02 M, pH 7.2)-sucrose (10, 15, and 25 vol% in
ascending order), and stored in a deep-freezer until use. Left

ventricular tissues from a 2-week old infant and two adults

(21-year old male and 35-year old female) who had died from
an accident were used for the control (or comparison). Tis-
sues were sampled with a biopsy needle during autopsy a few

Table 1. HUMAN MATERIALS USED IN THIS STUDY.
No. of fetuses 1
investigated CRL o

Fetal age (in weeks gestation)?

under 103 8

10-15 14 23+1.0

15-20 12 141+1.8

21-26 8 189+2.1
Postnatal, 2-week? 1 unknown
Adult® 2 unknown

! Crown-rump length (in mm, mean=s.d.).

2 Fetuses obtained from legal abortion or death during part-
urition.

3 Fetal age estimated only by the LMP (last menstrual period).

45 QObtained from a death by accident.

5 Obtained from a 25-year-old male and a 35-year-old female.
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hr after death. These samples were fixed in periodate-lysine-
paraformaldehyde (PLP) for 6-8 hr; overnight in 4% para-
formaldehyde (pH 7.4, 4°C) and treated with PBS-sucrose for
4 hr.

Monoclonal antibodies to laminin and fibronectin were
purchased from Sigma Chemicals (St Louis, USA) or Novo-
castra (Newcastle upon Tyne, UK); fluorescein isothiocya-
nate (FITC)-labeled sheep anti-mouse IgG was purchased
from Sigma Chemicals or Becton-Dickinson (San Jose, USA).

Western Blot Analysis

Fibronectin and laminin were isolated and analyzed three
times each by Western blot. In brief, left ventricular tissues
including interventricular septa from the hearts of 8-, 16-, 24-
week gestation, infant, and adults were homogenized in a
sample buffer (containing 0.0625 M Tris-HCl, 2% sodium do-
decyl sulphate, 10% glycerol, 15% 2-mercaptoethanol, pH
6.8) and centrifuged (10,000 rpm for 30 min). Protein con-
centrations were determined with a commercial kit (Bio-Rad,
Hercules, USA). Using Laemmli’s buffer system, superna-
tants, each containing 50 pg of protein, were electrophoresed
in a gradient resolving gel (7.5-12.5% for fibronectin; 3-15%
for laminin) and electroblotted onto nitrocellulose at 100 V at
4°C for 2 hr. The blots were blocked with Tris-buffered sa-
line-Tween 20 (TBS/T, containing 50 mM Tris, 150 mM
NaCl, 0.05% Tween 20, pH 9.0) containing 5% skim milk at
room temperature for 1 hr. They were, then, incubated with a
1:1,000 dilution (TBS/T containing 5% skim milk) of mouse
monoclonal antibodies to human fibronectin or laminin (B2
chain) at room temperature for 2 hr, followed by incubation
in alkaline phosphatase conjugated with anti-mouse IgG
(1:1,000). The blots were developed with an enhanced chemi-
luminiscence (ECL) kit (Amersham, Little Chalfont, UK).
Density of each protein band was quantified by computer-
ized image analyzing system (Pias, Osaka, Japan).

Immunohistochemistry

Frozen left ventricular tissue sections, 4 p¢m in thickness, were
fixed in a mixture of cold methanol and acetone (1:2) at
—20°C for 10-20 min (PLP-fixed sections excluded this step),
rinsed in PBS, and incubated in goat serum (Vector Labora-
tory, Burlington, CA; 1:30 in PBS-BSA; Boehringer Mann-
heim, Germany, 0.1vol%) to block nonspecific reactions.
Sections were then incubated overnight with the primary anti-
bodies (1:30 dilution of anti-human laminin (B2 chain) or
1:20 dilution of anti-human fibronectin mouse monoclonal
antibodies) in a moist chamber at 4°C and with the second-
ary antibody (1:30 dilution of FITC-labeled goat anti-mouse
1gG) at room temperature for 1 hr; cleared in PBS, mounted
with Crystal/Mount (Biomeda, Foster City, CA), and exam-
ined with a light microscope (Olympus BHS-2, Tokyo, Japan)
equipped with reflected light fluorescence. Photographs were
taken with Kodak Tri-X Pan black-and-white negative or
Ektachrome color reversal films (ISO 400) with compensa-
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tion filters. Frozen sections treated the same way except incu-
bation with the primary antibodies were used for negative
controls.

Results

Western blot analysis

Fibronectin and laminin bands were identified by tripli-
cate Western blot analyses with monoclonal antibod-
ies. Figures 1 and 2 show that 230-kDa fibronectin sub-
units and 200-kDa laminin B2 chain bands are clearly
present in the left ventricular samples with little varia-
tion. The intensity of the immunoblot reacted with
anti-fibronectin antibody tended to remain relatively
constant during fetal life but abruptly decrease after-
wards (Fig. 1), whereas, that with anti-laminin anti-
body tended to remain constant (Fig. 2).

Immunohistochemistry

Since there was an overlap of similar localization pat-
terns of extracellular matrix proteins during fetal life,
three consecutive periods are described in this study:
before 10, 11-19, and after 20 weeks of gestation. All
sections without the primary monoclonal antibodies re-
vealed absolutely negative results (data not shown).
Moderate degree of positive reaction with anti-fibro-
nectin monoclonal antibody was present alongside the
endo- or epicardium in 8-10 weeks of gestation; strong
positive reaction was present around the linings (endo-
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Fig. 1. Western blot analysis of fibronectin. During fetal life (8-24
w gestation), relative densities (mean=s.d.) of fibronectin are not sig-
nificantly different but abruptly decrease after birth (2wP, 2-week
postnatal; and adult). C indicates positive control.
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Fig. 2. Western blot analysis of laminin. Relative densities
(mean-s.d.) of laminin tended to be constant regardless of age (fe-
tal, neonatal, and adult). C indicates positive control.

thelial cells) of relatively larger blood vessels. How-
ever, positive reactions were not found in the myocardi-
al cells or other sites of the interstitium (Figs. 3 and 4).
By 14-16 weeks of gestation, positive reaction with
anti-fibronectin monoclonal antibody became stronger
but not evenly dispersed in the interstitium (Fig. 5).
After 24 weeks gestation, strong positive reaction with
anti-fibronectin monoclonal antibody was mainly pre-
sent in relation with the endothelial cells, however,
distribution was not significantly different from the
previous perid (Fig. 6). In the neonatal left ventricular
tissues, strong positive reaction with anti-fibronectin
monoclonal antibody was present only in the perivascu-
lar regions (Fig. 7); similar findings were observed in the
adult left ventricular tissues (Fig. 8). These findings in-
dicate that fibronectin is strongly localized along the
coverings (endo- and epicardium) and blood vessels
and its density is relatively constantly maintained in the
fetal life regardless of gestational age, but expression
or localization of fibronectin is considerably decreased
after birth.

Relatively strong positive reaction with anti-laminin
monoclonal antibody was found along the endocardi-
um or basement membrane of the myocardial cells in
the left ventricular tissues of 8-10 weeks gestation (Fig.
9). Reaction with anti-laminin monoclonal antibody be-
came stronger alongside the basement membrane of
the myocardial cells in the left ventricular tissues (Fig.
10) of 14-16 weeks gestation, especially in the papillary
muscles (Fig. 11). These morphological characteristics
were not significantly different even after 24 weeks ges-
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Fig. 3. Fetal left ventricular tissue, 9 weeks gestation. Strongly positive reaction to anti-fibronectin antibody is seen along the endocardium
(arrow) or surroundings of blood vessels. Scale bar = 100 zm.

Fig. 4. Fetal left ventricular tissue, 10 weeks gestation. Strongly positive reaction to anti-fibronectin antibody is seen along the surroundings of
blood vessels. Scale bar = 50 zm.

Fig. 5. Fetal left ventricular tissue, 15 weeks gestation. Moderately positive reaction to anti-fibronectin antibody is seen along the surround-
ings of blood vessels. Scale bar = 50 ym.

Fig. 6. Fetal left ventricular tissue, 24 weeks gestation. Relatively strong positive reaction to anti-fibronectin antibody is seen along the sur-
roundings of blood vessels. Scale bar = 50 pm.

Fig. 7. Neonatal left ventricular tissue, 2 weeks after birth. Positive reaction to anti-fibronectin antibody is seen along the surroundings of
relatively larger blood vessels. Scale bar = 100 pm.

Fig. 8. Adult left ventricular tissue. Strong positive reaction to anti-fibronectin antibody is seen along the surroundings of relatively larger
blood vessels. Scale bar = 100 gzm.
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Fig. 9. Fetal left ventricular tissue, 8 weeks gestation. Strongly positive reaction to anti-laminin antibody is seen along the endocardium (ar-
row). Scale bar = 50 ym.

Fig. 10. Fetal left ventricular tissue, 14 weeks gestation. Strongly positive reaction to anti-laminin antibody is seen along the basement mem-
brane of myocardial cells. Scale bar = 50 pm.

Fig. 11. Fetal left ventricular tissue, 16 weeks gestation. Relatively strong positive reaction to anti-laminin antibody is seen along the papil-
lary muscles. Scale bar = 50 ym.

Fig. 12. Fetal left ventricular tissue, 24 weeks gestation. Relatively strong positive reaction to anti-laminin antibody is seen along the endocar-
dium (arrow) or in the extracellular matrix. Scale bar = 50 gm.

Fig. 13. Neonatal left ventricular tissue, 2 weeks after birth. Positive reaction to anti-laminin antibody is seen along the basement membrane of
myocardial cells (arrow); laminin forms fibrillar network. Scale bar = 100 zm.

Fig. 14. Adult left ventricular tissue. As in Fig. 13, positive reaction to anti-laminin antibody is seen along the basement membrane of myo-
cardial cells (arrow); laminin forms fine fibrillar network. Scale bar = 100 zm.
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tation (Fig. 12). However, after birth (in the 2-week old
infant left ventricular tissues) strong positive reaction
was present along the basement membrane of the myo-
cardial cells in association with the transverse tubules
and laminin formed a fine fibrillar network (Fig. 13).
These structural characteristics were obvious in the
adult left ventricular tissues (Fig. 14). These findings in-
dicate that expression or distribution of laminin is not
evenly dispersed in the extracellular matrix, but is rela-
tively constantly maintained throughout the life regard-
less of age (before or after birth).

Discussion

Fibronectin

Fibronectin is composed of two chains that are con-
nected by disulfide bonds at the carboxy-terminal end;
it exhibits numerous binding domains for collagen,
heparin, fibrin, factor 13a, proteoglycans and for many
types of cells (7). The subunits of fibronectins vary in
size between approximately 235 and 270 kDa plus car-
bohydrate. They occur in plasma, body fluids and in
tissues in a large number of animal species including all
mammals. Therefore, fibronectin may play a key role
in linking the extracellular matrix and organ specific
cells (23); it is produced by endothelial and smooth
muscle cells, fibroblasts and myotubes (28, 29). Streuli
and Bissell (32) suggested a feedback mechanism that
regulates the synthesis of fibronectin and other extracel-
lular matrix proteins in cell cultures. It may be im-
portant to elucidate cellular receptors reacting with the
extracellular proteins, since cell receptors possess differ-
ent affinity which makes possible complicated regula-
tory mechanisms for synthesis and breakdown of the
different components of the extracellular space, al-
though cellular receptors for extracellular proteins are
largely identical (33). Fibronectins promote adhesion of
cultured cells (17); they influence the organization of
tissue in embryogenesis (2); they have a growth regula-
tory function as shown in the capillary endothelial cells
(18); and fibronectin produced by mesenchymal cells in
rat myocardium has a regulatory function in embryo-
genesis and maintenance of tissue structure in adult
organs (1). In this study, we found that expression of
fibronectin is relatively constant before birth but after-
wards it is abruptly decreased; fibronectins are present
mainly in association with blood vessels of embryo, fe-
tal, and adult human left ventricular tissues. The pat-
tern of expression of fibronectin in human fetal heart is
similar to that in rat. Samuel et al. (26) described that
during the development of the fetal rat heart fibronec-
tin gene transcription is active and progressively de-
creases with age. Our results are partly consistent with
previous studies (7) in which fibronectins are mainly lo-
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calized at the vascular endothelium in rat myocardium.
These results suggest that fibronectins mediate a tight
connection between endothelial cell and proteins of in-
terstitium and basement membrane (33), although we
did not examine whole spectrum of left ventricular tis-
sues in fetal period. Fibronectins have been shown to
connect collagen and other matrix proteins (31); they
interact with the intracellular cytoskeleton through ta-
lin-vinculin-actin connection (15), and also play a role
in blood coagulation and in would healing (12, 14). In
contrast to our results, Speiser ef al. (30) found a con-
siderable amount of fibronectin in normal adult myo-
cardium, in porcine as well as in human heart. It is not
clear why we could not find considerable amounts of
fibronectin in the interstitium and why localization of
fibronectin is restricted to perivascular area. However,
it could be supposed that: 1) fibronectin is weakly at-
tached to myocardial cells, therefore, certain parts of
the molecule are highly susceptible to proteolysis during
earlier phase of postmortem change; and 2) fibronectin
is deposited largely from plasma (16), not principally by
mesenchymal cells.

Laminin

Basement membrane (or basal lamina) serves as molec-
ular filters and is part of cell membrane specialization,
basal scaffolds that hold together the cells and the ex-
tracellular matrix (3). Laminin is the best known mem-
ber of a family of basement membrane glycoproteins. It
is composed of three subunits, the 400 kDa A-chain and
two 200 kDa B-chains; it has an extended four-arm cru-
ciform shape with many functional domains, i.e. the
neurite outgrowth fragment, receptor mediated cell at-
tachment sites, heparin, and collagen binding sites (3,
11, 21). Different isoforms of laminin exist in different
tissues from the same animal (27) and it has been sug-
gested that the different composition of the basal lami-
na may have functional importance. Panayotou et al.
(22) and Ekblom et al. (10) found that assembly of
basement membrane was inhibited by application of
anti-laminin antibody. This means that laminin has an
important role in cell attachment, spreading, differenti-
ation and growth, and angiogenesis in embryogenesis
and tumors.

In this study, regardless of age (before or after birth),
laminin was relatively constantly expressed (200 kDa
B2 chains were identified by Western blot) and local-
ized in the endo- or epicardium, endothelial cells, fibro-
blasts, and basement membrane of myocardial cells in
the infant and adult left ventricular tissues; it is also
present along transverse tubules and formed fine fibril-
lar network. Our results are partly in agreement with
previous studies (10, 30). Speiser et al. (30) found that
B-chain is present in all basement membranes in associ-
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ation with transverse tubules and A-chain especially in
blood vessels of adult human myocardium; Ekblom e?
al. (10) found only little laminin A-chain activity in the
mouse embryos, but both B-chains were abundantly
present. In contrast, report from Borg’s laboratory (24)
described that distribution of laminin in neonatal rat
cardiac tissue is marked by increased absolute amount.
This discrepancy may be due to rather differences in the
sensitivity of the laminin antigen to the different anti-
bodies than a different composition of laminin. Rescan
et al. (25) have found that different labeling pattern of
laminin was evident for the different antibodies em-
ployed. This means that labeling pattern of laminin
may vary in different regions even in the same tissue or
same animal. However, judging from our results, 1) de-
velopment and growth of laminin in the human heart
are not quite different from those of laboratory ani-
mals; and 2) laminin attaches well to myocardial cells as
a principal cell adhesive molecule, for maintenance of
architecture of the interstitium and for cell differentia-
tion and growth.

Conclusively, these results indicate that the expres-
sion of laminin is not age-dependent and constant
throughout the life; in contrast, that of fibronectin is
relatively constant during fetal life but decreases after
birth.

Acknowledgments. The present work was supported in part by a re-
search grant (for basic medical science, No. 258) from the Ministry of
Education, Republic of Korea, 1996—-1997.

References

1. AnamUDA, G., RENNARD, S., FIGUEROA, A., and SILVER, M.
1981. Cardiac fibronectin: Developmental distribution and
quantitative comparison of possible sites of synthesis. J. Mol.
Cell. Cardiol., 13: 667-678.

2. ARMSTRONG, P. and ARMSTRONG, M. 1990. An instructive role
for the interstitial matrix in tissue patterning: tissue segregation
and intercellular adhesion. J, Cell Biol., 110: 1439-1455.

3. Beck, K., HUNTER, 1., and ENGEL, J. 1990. Structure and
function of laminin: anatomy of a multidomain. FASEB J., 4:
148-160.

4. Borg, T.K, 1982. Development of the connective tissue net-
work in the neonatal hamster heart. Anat. Rec., 165: 435-444.

5. Borg, T.K. and TERRACIO, L. 1990. Interaction of the extra-
cellular matrix with cardiac myocytes during development and
disease. In Issues in Biomedicine (T. Robinson, ed.), Karger,
Basel, pp.113-129.

6. Borg, T.K., Xuenul, M., Hoexski, L.L., ViNson, N., and
TERRACIO, L. 1990. The role of extracellular matrix on myo-
fibrillogenesis in vitro. In Developmental Cardiology: Morpho-
genesis and Function (E.B. Clark and A. Takao, eds.), Futura,
Mt. Kosco, pp.175-190.

7. Cassceris, W., Kmura, H., Sancmez, J., Yu, Z., and
FERRANS, V. 1990. Immunohistochemical study of fibronectin
in experimental myocardial infarction. Am. J. Pathol., 137.
801-810.

25

10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Damsky, C.H. and WERB, Z. 1992. Signal transduction by in-
tegrin receptors for extracellular matrix: cooperative processing
of extracellular information. Curr. Opin. Cell Biol., 4: 772-281.
DusanD, J.-L., DUFOUR, S., and THIErY, J.P. 1990. The in-
structive role of fibronectins in cell migration during embryonic
development. Ann. N.Y. Acad. Sci., 588: 273-280.

EcksroM, M., KLeIN, G., and MUGRAUER, G. 1990. Transient
and locally restricted expression of laminin A-chain mRNA by
developing epithelial cells during kidney organogenesis. Cell,
60: 337-346.

EncvalL, E. 1993. Laminin. In Guidebook to the extracellu-
lar matrix and adhesion proteins (T. Kreis and R. Vale, eds.),
Oxford University Press, Oxford, pp.66—68.

FaruapIAN, F., CoNTARD, F., CORBIER, A., BARRIEUX, A.,
RappaPORT, L., and SamuEL, J.L. 1995, Fibronectin expres-
sion during physiological and pathological cardiac growth. J.
Mol. Cell, Cardiol., 27: 981-990.

GrinNgL, F. and PHAN, T. 1985. Platelet attachment and
spreading on polystyrene surfaces: dependence on fibronectin
and plasma concentration. Thromb. Res., 39: 165-171.
Hmenskl, L.L., TERrAcIO, L., and Borg, T.K. 1991. Myo-
fibrillar and cytoskeletal assembly in neonatal rat cardiac myo-
cytes cultured on laminin and collagen. Cell Tissue Res., 264:
577-587.

Hyn~es, R. 1981. Relationships between fibronectin and the
cytoskeleton. Cell Surf. Rev., 7: 97-139.

HynEs, R. 1990. Fibronectins. Springer, New York-Berlin-Hei-
delberg, pp.1-545.

HyYNES, R., DESTREE, A., and WAGNER, D. 1982. Relationship
between fibronectin, actin, and cell substratum adhesion. Cold
Spring Harbor Sym. Quant. Biol., 46: 659-670.

INGBER, D. 1990. Fibronectin controls capillary endothelial cell
growth by modulating cell shape. Proc. Natl. Acad. Sci., 87:
3579-3583.

Km, H.-d. 1996. Expression of intermediate filament desmin
and vimentin in the human fetal heart. Anaf. Rec., 246: 271—
278.

Km, H.-d., Kmm, H., KM, H.-c., and RaH, B.-j. 1996. Devel-
opment of microtubule components a- and $-tubulin in the hu-
man fetal heart. Korean J. Anat., 29: 31-40.

MARTIN, G. and TimpL, R. 1987. Laminin and other basement
membrane components. Ann. Rev. Cell Biol., 3: 57-85.
Panavorou, G., EnNDp, P., AumanLey, M., TimpL, R., and
ENGEL, J. 1989. Domains of laminin with growth-factor activi-
ty. Cell, 56: 93-101.

PreLoucH, V., Dixon, I.M.C., GoLFMaN, L., BeamisH, R.E.,
and DHALLA, N.S. 1993. Role of extracellular matrix proteins
in heart function. Mol. Cell. Biochem., 129: 101-120.

Pricg, R.L., NaKaGawa, M., Terracio, L., and Borg, T.K.
1992, Ultrastructural localization of laminin in vivo embryon-
ic, neonatal, and adult rat cardiac myocytes and in early em-
bryos raised in whole-embryo culture. J. Histochem. Cyto-
chem., 40: 441-450.

REescan, P., CLEMENT, B., YamaDpa, Y., SEGUI-REAL, B.,
BarrET, G., GUGEN-GUILLOUZO, C., and GulLLouzo, A. 1990.
Differential expression of laminin chains and receptor (LBP-32)
in fetal and neoplastic hepatocytes compared to normal adult
hepatocytes in vivo and in culture. Am. J. Pathol., 137: 701—
709.

Samuer, J.L., FAruADIAN, F., SABRI, A., MaroTTE, F.,
ROBERT, V., and RAPPAPORT, L. 1994. Expression of fibronec-
tin during rat fetal and postnatal development: an in situ hy-
bridization and immunohistochemical study. Cardiovasc. Res.,



27.

28.

29.

30.

31.

28: 1653-1661.

SanEs, J., ENgvall, E., Butkowskl, R., and HuNTER, D. 1990.
Molecular heterogeneity of basal laminae: isoforms of laminin
and collagen I'V at the neuromuscular junction and elsewhere. J.
Cell Biol., 111: 1685-1699.

SHEKONIN, B., DomacaTsky, §S., Ibewson, G., and
KOTELANSKY, V. 1988. Participate of fibronectin and various
collagen types in the formation of fibrous extracellular matrix in
cardiosclerosis. J. Mol. Cell. Cardiol., 20: 501-508.

SHEKONIN, B., GURIEV, S., IRGASHEV, S., and KOTELIANSKY, V.
1990. Immunofluorescent identification of fibronectin and
fibronectin/fibrin in experimental myocardial infarction. J.
Mol. Cell. Cardiol., 22; 533-541.

SpeISER, B., WEmHRAUCH, D., Riess, C.F., and SCHAPER, J.
1992. The extracellular matrix in human cardiac tissue. Part I1I:
vimentin, laminin, and fibronectin. Cardioscience, 3: 41-49.
STENMAN, S. and VAHERI, A. 1978. Distribution of a major
connective tissue protein, fibronectin, in normal human tissues.
J. Exp. Med., 22: 1054-1064.

26

32.

33.

34.

H.-d. Kim et al.

StrEULI, C. and Bisserr, M. 1990. Expression of extracellular
matrix components is regulated by substratum. J. Cell Biol.,
110: 1405-1415.

WAYNER, E., CarTER, W., PioTROWICZ, R., and Kunickl, T.
1988. The function of multiple extracellular matrix receptors in
mediating cell adhesion to extracellular matrix: preparation of
monoclonal antibodies to fibronectin receptor that specifically
inhibit cell adhesion to fibronectin and react with platelet glyco-
proteins Ic-11a. J. Cell Biol., 107: 1881-1891.

Weser, K.T., Sun, Y., Traai, S.C., and CLEUTIENS, J.P.M.
1994. Collagen network of the myocardium: function, struc-
tural remodeling and regulatory mechanisms. J. Mol. Cell. Car-
diol., 26: 279-292.

(Received for publication, August 5, 1998

and in revised form, November 20, 1998)



