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Abstract This review deals with biological and patho- 
logical aspects of various isoforms of the matrix mole- 
cules fibronectin and laminin. They are generated by dif- 
ferent molecular mechanisms: ED-A + and ED-B + fibro- 
nectin by alternative splicing of pre mRNA, de novo-gly- 
cosylated fibronectin by alternative post-translational O- 
linked glycosylation of the IIICS region, and the laminin 
isoforms by exchange of single chains of the heterotri- 
meric molecule. In contrast to the "common" fibronec- 
tin, the distribution of ED-B ÷ and de novo-glycosylated 
fibronectin is restricted to embryonic tissues; they subse- 
quently reappear in granulation tissue, in fibrosing pro- 
cesses and in turnout stroma. The expression of these so- 
called oncofetal fibronectins is stimulated by growth fac- 
tors (TGF~). The association of the ED-B ÷ fibronectin 
with proliferative activity and newly formed vessels 
identifies this fibronectin variant as a marker of cellular 
activity in the process of fibrosis and as a suitable agent 
for the evaluation of tumour angioneogenesis. Initial re- 
sults suggest a correlation between the amount of ED-B ÷ 
and de novo-glycosylated fibronectin in tumour stroma 
and the behaviour of carcinomas with regard to their in- 
vasiveness and propensity for metastatic dissemination. 
The current nomenclature of the laminin molecule fami- 
ly is presented. The laminin chain constitution of base- 
ment membranes switches from embryonic or prolifera- 
tively active to adult terminally differentiated tissues 
[disappearance of the laminin ~32 (s) chain] and depends 
on the tissue type. The discrepancy between the loss of 
basement membranes (multiple basement membrane de- 
fects) in carcinomas and the recently reported increased 
laminin chain synthesis in these tumours may be ex- 
plained by abundant laminin chain deposition outside the 
basement membrane in the carcinoma invasion front, 
possibly associated with enhanced adhesion of budding 
tumour ceils, 
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Introduction 

Histopathology is based on the microscopic evaluation of 
cells and their arrangement within extracellular matrix 
(tissue structure). It is well accepted that there is a close 
relationship between cellular phenotype and specialized 
extracellular matrix formation. Cells synthesize an extra- 
cellular matrix according to their state of maturation and 
function and, matrix components are able to modulate 
fundamental cellular properties, for example prolifera- 
tion and differentiation [ 1, 8, 9]. 

Tissue modulation processes in embryonal and imma- 
ture tissues require a supporting and connecting extracel- 
lular matrix, which enables sufficient flexibility for 
structural changes. Specialized and terminally differenti- 
ated cells in mature tissues are associated with a more 
complex extracellular matrix, often organized into a bas- 
al lamina [1]. In differentiation, the extracellular matrix 
molecules fibronectin and laminin have been investigated 
extensively, and fibronectin has been found to be a near- 
ly ubiquitous cell-cell and cell-matrix adhesion mole- 
cule. Vertebrate cells express fibronectin during morula- 
tion; it is a precondition for gastrulation and further mor- 
phogenetic cell migration during embryogenesis [10]. Fi- 
bronectin preferentially supports cellular proliferation, 
migration and early differentiation [ 129]. 

In contrast to this, laminin seems to be more related 
to advanced cellular differentiation. In various cell lin- 
eages laminin is a prerequisite for terminal differentia- 
tion and the realization of specialized cell functions. 
Only in the presence of laminin are rhabdomyoblasts ca- 
pable of cell fusion and myotube formation [70, 82]. 
Breast epithelium requires contact with laminin for milk 
protein synthesis [114]. Unlike fibronectin, laminin is 
almost exclusively localized in basal laminae and base- 
ment membranes as part of a specialized structural ma- 
trix organization. Laminin is the quantitatively most ira- 
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portant non-collagenous matrix protein of basement 
membranes. 

In spite of its association with fundamental cellular 
functions and its presence in nearly all tissues, detection 
of fibronectin has had no importance for diagnostic pa- 
thology until recently. Detection of laminin may have a 
diagnostic significance owing to its exclusive occurrence 
in basement membranes, and the immunohistochemical 
demonstration of laminin can discriminate basal lamina 
forming from basal lamina-free sarcomas and may visu- 
alize basement membrane defects in carcinomas [24, 67, 
9O]. 

Studies on the structure of both matrix proteins have 
revealed isoforms that show a distinct tissue distribution 
pattern, which is in line with the assumption of different 
biological functions. This article reviews the present 
knowledge on fibronectin and laminin isoforms with re- 
gard to their structure and their occurrence under physio- 
logical and pathologic conditions. 

Fibronect in  and its molecu lar  var iants 

Fibronectin is a high-molecular-mass dimer glycoprotein 
(about 2500 amino acids). As shown by sequence analys- 
es, the molecule consists of three different sequence ho- 
mologies, designated type I, II and III repeats. In the mo- 
lecular architecture the repeats form globular domains 
with affinities for cell surface and other ligands (e.g. 
heparin, DNA, gelantin, collagen) [1281. 

Molecular variants of fibronectin are generated by al- 
ternative processing of the pre-mRNA (alternative splic- 
ing) or by post-translational modifications of the protein 
itself (de novo glycosylation). 

The alternative splicing of the pre-mRNA comprises a 
facultative elimination of encoding sequences. As a con- 
sequence, an alternative mRNA strand results compared 
with the original sequence. There are three sites of alter- 
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native splicing identified within the fibronectin mole- 
cule: the ED-A (extra domain A), ED-B (extra domain 
B) and IIICS (type Ill homology connecting segment) re- 
gions. 

Fibronectin occurs in two different forms. The soluble 
plasma fibronectin is found in blood and other body flu- 
ids. An insoluble form, cellular fibronectin, is part of the 
extracellular matrix [107, 129]. Plasma fibronectin has a 
lower molecular mass because of the shorter peptide se- 
quence in the C-terminal region (alternative splicing of 
the IIICS region). This form of alternative splicing is im- 
portant in hepatocytes, since the liver is the source of 
plasma fibronectin in the body. Cellular fibronectin is a 
larger molecule, with an additional domain in the IIICS 
region. The molecular polymorphism of fibronectin is 
extensive owing to splicing variants with additional do- 
mains, including the domain ED-A and/or the domain 
ED-B (type III repeats). 

Moreover, a further fibronectin isoform has been 
characterized, defined by a de novo O-linked glycosyla- 
tion in the IIICS domain (Fig. 1) [88]. The enzymatic ba- 
sis of this alternative glycosylation of the fibronectin 
protein seems to be a small change in the substrate speci- 
ficity of the c~-Gal-NAc transferase [25, 76]. 

The regulation of the expression of the different fibro- 
nectin isoforms is incompletely understood. Induction of 
ED-A + and ED-B + fibronectin by TGFI3 has been dem- 
onstrated in cell culture fibroblasts and endothelium [4, 
12, 64]. Moreover, there is colocalization of ED-B ÷ fi- 

Fig. 1 Model of the domain structure of a fibronectin subunit. The 
subunit consist of internal homologies, type I, II and III repeats, 
and are assembled into disulfide bounded dimers via the pair of 
cysteine residues at the carboxyterminus. The three sites of alter- 
native splicing (ED-B, ED-B and IIICS), the locus of the O-linked 
de novo-glycosylation and the major macromolecules interacting 
with the various fibronectin domains are indicated. (Adapted from 
[20]) 
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bronectin, de novo-glycosylated fibronectin, TGF[3 syn- 
thesis and TGF[3 protein labelling in vivo [7]. A reduced 
intracellular pH also results in an increased expression of 
the ED-B-containing fibronectin (Dr. L. Zardi, personal 
communication). 

The biological significance of the alternative splicing 
of the IIICS region is that it determines the pattern of in- 
corporation of fibronectin into the extracellular matrix. 

The ED-A and ED-B regions are also of importance 
for the function of the molecule. Their localization adja- 
cent to the central cell-binding region suggests a role in 
cell adhesion and migration [112]. Mardon et al. and 
Devlin and Harris found that tumorigenic and non-tu- 
morigenic fibroblasts incorporated the ED-B + fibronec- 
tin-splicing variant in their matrix in a different manner 
[26, 78], suggesting a role in proliferation control. These 
findings are in keeping with the occurrence of ED-B + fi- 
bronectin in embryonic tissues [36]. 

Isoforms of laminin 

Laminin is a heterotrimeric cross-shaped molecular com- 
plex of 850 000 Da. The laminin molecule consists of a 
large cz chain and two different smaller chains, the [3 and 
the y chains, connected by disulfide bridges. Large {x-he- 
lical segments included in each chain are responsible for 
the assembly of the single chains to a coiled-coil domain 

Table 1 Nomenclature of the 
laminin chains (new and former 
names) and their genes [15] 

New Former Genc 

c~l A, Ae LAMA1 
o~2 M, Am LAMA2 
c~3 200 kDa LAMA3 
[3t B1, Ble LAMB1 
~2 s, B 1 s LAMB2 
~3 140 kDa LAMB3 
y1 B2, B2e LAMC] 
"{2 B2t LAMC2 

Fig. 2 Laminin chain composi- 
tion of the seven different lami- 
nin isoforms [117] laminin 1 

(EHS laminin) 

A(~I)  

B1 (131)1 IB2(3,1) 
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at the base of the long arm of the laminin molecule [29]. 
The three short arms of the laminin molecule, formed by 
the N-terminal part of the single chains, consist of EGF- 
like repeats and globular domains. 

The prototype of laminin is EHS laminin, isolated 
from the murine Engelbreth-Holm-Swarm tumour in 
1979. It is made up of the czl (formerly A), ~31 (B1) and 
71 (B2) chains [118]. The sequences of the single chains 
have been determined [96]. Known proteins, such as me- 
rosin, and newly discovered proteins have been recog- 
nized as variants of laminin, resulting in a new definition 
of laminin as a molecule family [119]. 

The new laminins retain the originally described tri- 
mer molecular structure. The laminin isoforms arise 
from an exchange of single chains. In 1994 a uniform 
nomenclature of the laminin chains, their genes and of 
the whole laminin molecules was proposed (Table 1, 
Fig. 2) [15]. The laminin isoforms can be identified in 
situ by chain-specific antibodies or by mRNA in situ hy- 
bridization with probes applied to the individual chains 
[56, 85, 106, 117]. 

Immunohistochemical studies using antibodies to ex- 
tracellular matrix components of the skeletal muscle 
showed different staining of synaptic and extrasynaptic 
basal lamina structures of cross-striated muscle [83, 109, 
110]. Later the synaptic laminin, s-Laminin (laminin-3 
according to the current nomenclature), was identified by 
means of molecular cloning. The s chain is a homologue 
of the laminin 131 (B1) chain [55, 83]. 

In the basal lamina of skeletal muscle cells and in the 
basal lamina of murine cardiomyocytes a novel laminin 
variant, merosin, containing the o~2 (M) chain was dem- 
onstrated. The o~2 (M) chain was classified as a homo- 
logue of the laminin (xl (A) chain [28, 71,101]. 

In 1991 Rousselle and her group [106] defined an epi- 
thelial basement membrane-specific adhesion molecule, 
which they designated as kalinin and which, as shown la- 
ter, corresponds to the adhesion molecule nicein [80]. 
The kalinin/nicein molecule belongs to the laminin fami- 
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Fig. 3a-f Examples of fibronectin and laminin isoform distribu- 
tion in human tissues. Immunohistochemical demonstration of 
ED-B + fibronectin in the stroma of invasive ductal carcinoma of 
the breast (a), in the lining layer and some newly formed blood 
vessels of synovial tissue in rheumatoid arthritis (e) and in biopsy 
specimen of a human endomyocardium affected by dilated cardio- 
myopathy (d). Monoclonal antibody BC1, APAAP tech- 
nique,xl50, b Colocalization of a-smooth muscle actin (monoclo- 
nal antibody 1A4, APAAP technique, red labelling) and ED-B + fi- 
bronectin synthesis (mRNA in situ hybridization, black labelling) 

in nodular palmar fibromatosis indicates that the myofibroblast is 
a source of ED-B + fibronectin, x75. e In contrast to normal adult 
oral squamous epithelium, the basement membrane of hyperplas- 
tic epithelium contains the laminin 62 chain. Monoclonal antibody 
C4, APAAP technique, x150. Demonstration of the laminin e~3 
chain in the invasion front of oral squamous carcinoma. The im- 
munostaining makes the ~3 chain visible both in the basement 
membrane and in the adjacent stroma and reveals focal membrane 
defects (arrowhead). Monoclonal antibody BM165, APAAP tech- 
nique, x150 



ly and contains a new large A (c~3) chain, a new B (~33) 
[102] and new truncated B2t (t for truncated, 3'2) chain 
with identified sequences [63, 117]. Another molecule of 
the epithelial basement membranes is epiligrin [19, 125]. 
Epiligrin, kalinin, and nicein appear to be closely related 
[120, 127], although complete identity has not been 
shown[108]. In the new nomenclature of the laminins 
they are uniformly classified as laminin-5 [117], which 
has already been accepted as an appropriate term in fur- 
ther publications [105]. 

Marinkovich et al. [79] separated a further representa- 
tive of the laminin family from the kalinin molecule: k- 
laminin (laminin-6 according to the modern nomencla- 
ture) with the ~31 (B1) and the y1 (B2) chains known 
from EHS laminin, and the large a3 chain. Like kalinin, 
k-laminin is also localized in the anchorage filaments of 
the dermal-epidermal junction. The cz3 chain of laminin- 
5 (kalinin) is probably not completely identical with the 
~z chain of laminin-6 (k-laminin) and laminin-7 (ks-lami- 
nin) [41], as assumed in the nomenclature proposal. Iiv- 
anainen et al. [57] presented a new cz4 chain, which is 
similar to the o~3 chain. In one of their publications 
Matsui et al. [86] have already used the designation "cz4 
chain" for the large chain of laminin-6. 

Histopathological aspects of fibronectin variants 

Because of the preferential occurrence of the ED-B ÷ and 
de novo-glycosylated fibronectin variants in fetal and tu- 
mour tissues these fibronectin isoforms are designated 
oncofetal [87, 98, 130] or embryonic [37] fibronectins. 
In contrast to "common fibronectin", the demonstration 
of ED-A +, ED-B + and de novo-glycosylated fibronectin 
may have some diagnostic significance in histopatholo- 
gy. The reasons for this are (1) the substantially more se- 
verely restricted tissue distribution pattern of these iso- 
forms than of common fibronectin and (2) the availabili- 
ty of specific monoclonal antibodies that label these ex- 
tra domains or domain-associated molecule configura- 
tion changes [11, 17, 76, 87, 131]. ED-B + and de novo- 
glycosylated fibronectin are present in large amounts in 
fetal tissues and are not demonstrable in adult tissues 
[37, 99], apart from some rare exceptions, for example 
nontracheal cartilage [132]. A raised level of de novo- 
glycosylated fibronectin in the cervix or vaginal secre- 
tion may serve as predictor of preterm delivery [74, 92]. 

ED-B + and de novo-glycosylated fibronectin 
in granulation tissue, organ fibrosis and fibromatosis 

Regular reappearance of the ED-B + and de novo-glyco- 
sylated fibronectin variants is observed in granulation 
tissue and related tissue alterations [38], including fibro- 
sis (liver cirrhosis [115], dilated cardiomyopathy [40]) 
and fibromatosis [45]. Fibroblasts and macrophages in 
healing wounds are able to express ED-A + and ED-B + fi- 
bronectin [14]. There is some evidence that the regenera- 
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tion of other tissues, such as peripheral nerves, is accom- 
panied by a re-expression of ED-B + fibronectin [84]. 

In normal adult myocardium ED-B÷ and de novo-gly- 
cosylated fibronectin were not detected. However, in di- 
lated cardiomyopathy, defined histologically by dis- 
turbed tissue integrity and interstitial fibrosis, spot-like 
interstitial deposition of ED-B + and de novo-glycosylat- 
ed fibronectin was revealed in human endomyocardial 
biopsies before the appearance of other microscopic al- 
terations of the myocardium (Fig. 3d). The quantity of 
interstitial ED-B + and de novo-glycosylated fibronectin 
correlates with the decrease in the left ventricular ejec- 
tion fraction of the heart in this disease [40]. The re-ex- 
pression of the ED-B + and de novo-glycosylated fibro- 
nectin in the adult heart is not disease specific; it is also 
found in myocardial hypertrophy in the rat [33, 34]. 

In experimental proliferative glomerulonephritis a 
spatial and temporal modulation of the mRNA level of 
ED-A + and ED-B + fibronectin occurs [5]. ED-A + and 
ED-B + fibronectin mRNAs are most abundant within 
sclerosing crescents (late scar forming phase of the dis- 
ease) [93]. As shown by immunohistochemistry, in nodu- 
lar palmar fibromatosis the active fibromatosis nodules 
(proliferative and early involutional phase according to 
Luck) alone showed ED-A +, ED-B +, and de novo-glyco- 
sylated fibronectin, whereas in the residual phase of fi- 
bromatosis none of these fibronectin variants could be 
demonstrated. From the congruity of the immunostaining 
results (ED-B +, de novo-glycosylated fibronectin) with 
the signal of RNA in situ hybridization using fibronectin 
cDNA it can be concluded that the synthesis of these fi- 
bronectin isoforms is restricted to the active foci of fibro- 
matosis. Therefore, it seems justified to regard these fi- 
bronectin isoforms as markers of an active disease pro- 
cess in fibromatosis. 

In nodular palmar fibromatosis the active fibromatosis 
nodules consist mainly of myofibroblasts. By means of 
immunohistochemical double staining an association of 
the myofibroblast phenotype with an ED-B + and de 
novo-glycosylated fibronectin containing extracellular 
matrix has been demonstrated [69]. Moreover, using 
double labelling (x-smooth muscle actin immunohisto- 
chemistry and mRNA in situ hybridization for ED-B+ fi- 
bronectin, ED-B + fibronectin synthesis by the myofibro- 
blast is shown (Fig. 3b). 

We are presently seeing the first observations con- 
cerning ED-B+-and de novo-glycosylated fibronectin ex- 
pression in rheumatoid arthritis (Fig. 3c). ED-A + fibro- 
nectin, however, which is not so strictly related to onco- 
fetal tissue modulation processes, is synthesized by the 
synovial lining fibroblast-like (type B) cells and appears 
to be expressed in association with activated or trans- 
formed states of synovium [53]. In rheumatoid arthritis a 
high level of oncofetal glycosylated fibronectin can be 
detected in the synovial fluid, whereas in osteoarthritis 
only a small increase is observed [18]. 
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ED-B + and de novo-glycosylated fibronectin 
in tumour stroma 

ED-B + and de novo-glycosylated fibronectin are regular- 
ly detected in the stroma of carcinomas by means of im- 
munohistochemistry (Fig. 3a). In principle, the expres- 
sion of ED-B + and de novo-glycosylated fibronectin is 
also possible in benign tumours, and it has been de- 
scribed in pituitary adenomas, for example [35]. As in fi- 
bromatosis, in the stroma of breast carcinoma colocaliza- 
tion of ED-B + fibronectin and myofibroblasts was found 
[13]. In cell culture studies, activated stromal fibroblasts 
and transformed fibroblasts are able to synthesize onco- 
fetal fibronectin, but the extent of epithelial tumour cell 
production of oncofetal fibronectins is not clear [59, 94]. 

The quantity of ED-B + and de novo-glycosylated fi- 
bronectin deposition in the stroma of various carcinoma 
types is different. It can be shown that, regardless of the 
morphological malignancy grade in invasive ductal carci- 
nomas of the breast [61] and oral squamous cell carcino- 
mas [77], the whole stroma compartment shows a diffuse 
positivity for ED-B + and de novo-glycosylated fibronec- 
tin. However, in adenocarcinomas of the colon [59] and 
in renal cell carcinomas [75, 95] ED-B + and de novo- 
glycosylated fibronectin depositions were detected most- 
ly in a spot-like manner. In colon carcinomas a correla- 
tion was noted between a large amount of stromal onco- 
fetal fibronectin and advanced local stage of disease 
(Dukes C), liver metastasis and general prognosis [47, 
59]. Therefore, there may be correlations between the in- 
vasive capacity of colon carcinoma cells and the extent 
of oncofetal glycosylation of fibronectin. This assump- 
tion is supported by findings in the placenta. Frank et al. 
[39] observed the oncofetal glycosylated domain of fi- 
bronectin exclusively in the invasive phenotype of the 
placental trophoblast. Differences in the depositions of 
oncofetal fibronectins between different carcinoma types 
and the correlations with the malignancy grade may mir- 
ror the different capability of carcinoma cells to recruit 
and activate a supportive stroma by means of growth fac- 
tors [7, 13]. 

ED-B + fibronectin - a marker of angioneogenesis 

At present, the microvessel density in tumour stroma of 
carcinomas is a frequently investigated and critically dis- 
cussed prognostic variable [42, 62, 126]. Whereas ED- 
B + fibronectin is never seen in mature vessels, newly 
formed vessels in normal and turnout tissues are charac- 
terized by an abundant ED-B + fibronectin matrix [16] 
(Fig. 3c). The association of ED-B + fibronectin with an- 
giogenesis is demonstrated by study of endometria. 
There is a strong reaction in the vessels of the functional 
layer, where the angiogenetic process is present during 
the proliferative phase, but not in the endometrial basal 
layer and in the myometrium. The immunohistochemical 
finding of a ED-B + fibronectin-positive cytoplasm sug- 
gests synthesis by the activated endothelial cells them- 

selves. Because growing and migrating endothelial cells 
are associated with a fibronectin-rich extracellular matrix 
[58], a role is assumed for ED-B + fibronectin in endothe- 
lial cell migration during angioneogenesis [20]. There- 
fore, quantification of the ED-B + fibronectin-positive 
vessels should allow conclusions about the capability of 
tumours to induce a new vasculature (angioneogenesis) 
[21]. To date, there are no investigations on the question 
of whether or not quantification of ED-B + fibronectin- 
positive vessels in tumour stroma is superior to the eval- 
uation of microvessel density with regard to prognostic 
significance. 

Histopathological aspects of laminin isoforms 

In contrast to the preferential occurrence of ED-B + and 
de novo-glycosylated fibronectin in relation to cellular 
immaturity, expression of the different laminin isoforms 
is dependent on tissue type and tissue maturation, result- 
ing in a differentiation- and maturation-dependent het- 
erogeneity of basement membranes [32, 100]. A com- 
plete catalogue of the distribution pattern of the laminin 
isoforms in adult and embryonic tissues is not yet avail- 
able. In general, there seems to be a relation of the ex- 
pression of the c~2 (M) chain with cross-striated muscle, 
the expression of ~32 (s) chain with nerve and the expres- 
sion of c~3, [~3 and y2 chain (laminin-5/kalinin) with epi- 
thelial basement membranes. 

Laminin-5 in gene dermatosis 

Against the background of the close association of lami- 
nin-5 (kalinin) to the anchorage filaments of the dermo- 
epidermal junction, it is not surprising that in dermatosis 
characterized by altered adhesion (blistering) in the epi- 
thelium-stroma interface of skin and mucous membranes 
[102] mutations in the genes of laminin-5 can be found 
(laminin-5 gene dermatosis) [103]. Different mutations 
in the laminin-5 genes are accompanied by a different se- 
verity of clinical symptoms in this group of genetic der- 
matoses [89, 120]. Examples of prenatal diagnosis of 
Herlitz junctional epidermiolysis bullosa have been al- 
ready published [81,121]. 

Laminin-2 in muscle and nerve 

In congenital muscular dystrophies, a heterogeneous 
group of autosomal recessive skeletal muscle diseases, 
mutations in the LAMA2 gene of the c~2 chain of lami- 
nin-2 (merosin) have been found, which cause an im- 
munohistochemically detectable laminin-2 (merosin) de- 
ficiency [48-50, 52]. In the corresponding mouse model 
with laminin-2 deficiency dysmyelinization also occurs 
[3, 30]. Laminin-2 may be more responsible for the cel- 
lular integrity of skeletal muscle than for skeletal muscle 
cell development, because in laminin-2-deficient mouse 



muscle differentiation in the embryo does not seem to be 
seriously affected [44]. The immediate application of the 
recent findings in the case of merosin allows the molecu- 
lar classification of muscular dystrophies, and this in- 
cludes the possibility of prenatal diagnosis [31]. 

In peripheral nerves the perineurial basal lamina 
shows preferential laminin-3 (s-laminin) and no laminin- 
2 (merosin), whereas the endoneurial basal lamina con- 
tains laminin-2 and no laminin-3 [111]. 

Smooth muscle cells and myofibroblasts produce a 132 
(s) chain-positive matrix [43], as confirmed in cell cul- 
ture investigations [ 124]. 

Laminin chain distribution in kidney 

In arteries and in the glomerular basement membrane, 
laminin-3 (s-laminin) is present but no laminin-2 (mero- 
sin) [111]. Laminin-2 (merosin) is found in the glomeru- 
lar mesangial matrix [54]. Reports on the composition of 
the tubular basement membranes are not completely con- 
sistent. Virtanen et al. [122] did not find immunoreactivi- 
ty for the o~3 and 133 chain of laminin-5 (kalinin), but in 
the collecting tubules of embryonic and adult mice lami- 
nin-5 can be visualized by means of an in situ hybridiza- 
tion technique [2, 41]. The results agree with our own 
findings (demonstration of kalinin using the monoclonal 
antibody BM 165 [106]) in collecting tubules of human 
adult kidney. In contrast to the adult tubule system, the 
wide distribution of the [32 (s) chain in embryonic tu- 
bules is undisputed [56, 122]. The laminin chain hetero- 
geneity of the tubular basement membranes related to tu- 
bule segmentation and maturation con'esponds to a seg- 
ment-related heterogeneity of integrin type receptors [66, 
116]. The variations of laminin matrix and integrins in 
normal tissues should therefore be kept in mind when the 
integrin pattern of the pertinent tumours is interpreted. 

Laminin chain distribution in gastric mucosa 

In gastric mucosa a correlation has been shown between 
the laminin chain content of epithelial basement mem- 
branes, integrins and the proliferation and differentiation 
of the glandular epithelium. The chains of laminin-1 are 
ubiquitous throughout the epithelial basement mem- 
branes. The basement membranes of glands and the low- 
er parts of the gastric pits contain the laminin 0¢2 chain, 
whereas the laminin cz3 chain immunoreactivity is con- 
fined to basement membranes underneath the surface ep- 
ithelium and upper parts of the pits [123]. 

Laminin chains in tumours 

In principle, the differentiation-associated laminin chain 
pattern of normal tissues is retained by their correspond- 
ing tumours. For example, laminin-2 (merosin) is seen as 
a characteristic feature of Schwann cells and Schwann 
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cell tumours [73]. Furthermore, it is found in association 
with intermediate trophoblast cells of the placenta as 
well as in choriocarcinoma [72]. Laminin-5 is a feature 
of the basement membrane of the squamous epithelium 
and squamous cell carcinoma [104]. 

The diminution of cellular differentiation in malig- 
nant turnouts can be accompanied by a re-expression of 
embryonal properties and proteins such as ~-fetoprotein 
or carcinoembryonal antigen. In this context, in contrast 
to adult tissues, there is a wide distribution of the I]2 (s) 
chain in embryonic basement membranes. In embryonic 
tissues the 132 chain seems to replace the 131 chain func- 
tionally [56]. In proliferating benign and carcinomatous 
lesions of the breast [51], in hyperplastic oral squamous 
epithelium (Fig. 3e) and in activated fibro/myofibroblasts 
of nodular palmar fibromatosis [69] a re-expression of 
the 132 chain can be demonstrated regularly in line with a 
proliferation and differentiation-associated developmen- 
tal switch [91]. Simultaneously, there is a decrease in ~1 
and c~2 chain expression [127]. Remarkably, carcinoma 
cell lines synthesize the 132 (s) chain independently of 
their differentiation [127], which may be interpreted as 
the reappearance of an embryonic pattern in culture. 

Structural irregularities of basement membranes in 
malignant tumours are well defined [23]. Basement mem- 
brane defects with a coincident loss of integrin chains are 
characteristic for at least some carcinoma types [22, 27, 
68]. The quantity of the basement membrane defects cor- 
relates with the invasive and metastatic potential of oral 
squamous cell carcinoma [46]. However, reports on the 
association of an increased expression of the c~2 (M) 
chain in malignant turnouts with raised metastatic ability 
[60] or on the existence of a preferential and increased y2 
chain expression of laminin-5 (kalinin) in budding carci- 
noma cells of the invasion front are perplexing with re- 
gard to the aforementioned focal loss of basement mem- 
brane [104, 105]. Perhaps the increased synthesis of sin- 
gle laminin chains indicates turnout-associated disorgani- 
zation accompanied by incomplete molecule assembly 
and/or an irregular deposition in the extracellular matrix. 
Indeed, in the invasion front of oral squamous cell carci- 
noma basement membrane defects can be detected im- 
munohistochemically in association with deposition of 
laminin chains both on the surfaces of budding cells and 
in the neighbouring stroma (Fig. 3f). The presentation of 
single laminin chains on turnout cell surfaces and the loss 
of structural basement membrane organization may lead 
to retention of the cellular adhesion and support turnout 
cell invasion. There is further evidence that a structurally 
altered basement membrane is able to modulate the adhe- 
sive and invasive properties of turnout cells, perhaps by 
virtue of its altered laminin isoforms. On electron micros- 
copy the loss of hemidesmosomes is a characteristic fea- 
ture of invasive breast cancer cells [6]. Laminin-5 is a 
component of the anchoring filaments that are the con- 
necting elements between hemidesmosome and basement 
membrane [97, 106]. Indeed, in breast carcinoma a strong 
diminution of the ~3 chain of laminin 5 (antibody 
BM165) has been demonstrated [51]. 
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Concerning the regulation of the laminin isoforms or 
single chain expression very few data are available. 
Without doubt, cytokines are involved: in squamous epi- 
thelium cell culture TGF[3 enhances the expression of the 
ct3, [~3 and y2 chains, whereas TNFc~ reduces the synthe- 
sis of the c~3 chain without any influence on the other 
chains [65]. Ultimately, the ideas concerning the differ- 
ent expression of laminin chains are provisional, since it 
is unlikely that all laminin chains have been identified 
[113]. 

Prospects for further investigation 
and application of fibroneetin and laminin isoforms 
for histopathological diagnosis 

The association of ED-B + and de novo-glycosylated fi- 
bronectin with activated and proliferating fibro/myofi- 
broblasts qualifies these proteins as markers of an active 
disease process in nonneoplastic and neoplastic fibropla- 
sia. Simultaneously, in organ fibrosis the amount of on- 
cofetal fibronectins may reflect the extent of disturbance 
of parenchymal stromal cells and may correlate with 
functional restriction. From the examples discussed it is 
clear that the expression of ED-A +, ED-B + and de novo- 
glycosylated fibronectin is not disease specific but it is 
strictly correlated with the extent of the tissue modula- 
tion process, and in particular with connective tissue for- 
mation (fibroplasia). 

ED-B + and de novo-glycosylated fibronectin are in- 
duced by growth factors. Therefore, the amount of onco- 
fetal fibronectins in the tumour stroma may indicate the 
ability of the turnout cells to recruit a supporting stroma. 
Because of changed adhesive properties, the oncofetal fi- 
bronectins should be associated with invasion and metas- 

tasis. An examination of a possible prognostic value of 
these fibronectin variants is required. 

The association of ED-B + fibronectin with newly 
formed vessels enables an appraisal of true angioneogen- 
esis. It might be expected that neo-angiogenesis has a 
higher predictive value for tumour behaviour than micro- 
vessel density. Therefore, the screening of this fibronec- 
tin variant could be a valuable tool in the determination 
of a prognosis (Table 2). 

The differentiation-dependent laminin isoform consti- 
tution of basement membranes discloses two different di- 
agnostic applications. First, at least in skin, muscle and 
nerve, distinct laminin isoforms are a prerequisite for dif- 
ferentiation and/or tissue integrity. The immunohisto- 
chemical or molecular biological demonstration of missed 
or altered laminin proteins allows the definitive classifica- 
tion of blistering genetic dermatoses and skeletal muscle 
dystrophies. Second, the retention of a distinct laminin 
isoform pattern in normal tissue in the corresponding tu- 
mour may serve as a diagnostic aid in turnout typing. 

Moreover, as demonstrated for the renal tubulus 
system or the gastric mucosa, a topographical and per- 
haps functional laminin isoform heterogeneity of the 
basement membrane exists. It might be supposed that 
disease processes have an influence on the arrangement 
of laminin isoforms in the basement membrane. The his- 
topathological evaluation of these basement membrane 
alterations should be the object of further investigations. 

Apart from the differentiation-dependent modulation 
of laminin isoform content in basement membranes, 
there are maturation-associated changes [97], which may 
have diagnostic implications. There is a developmental 
switch in the laminin isoform content of the basement 
membranes from embryonic or proliferatively active to 
adult terminally differentiated tissues. Because of the 

Table 2 Potential applications of fibronectin and laminin isoforms in diagnostic histopathology 

Isoforms of fibronectin and laminin Histopathological relevance References 

Fibronectin ED-A ÷ fibronectin Marker of an inflammatory active disease [ 18, 53] 

Laminin 

ED-B ÷ and/or de novo-glycosylated 
fibronectin 

ED-B + and/or de novo-glycosylated 
fibronectin 
ED-B + fibronectin 

De novo-glycosylated fibronectin 

Changes in organotypic laminin chain 
distribution 

Laminin-5 
Laminin-2 
Differentiation-dependent laminin chain 
distribution 
Focal loss of laminin chains, re-expression of 
the [~2-chain, raised expression of the ~2-chain 

in rheumatoid arthritis 
Marker of an active fibroplasia in fibromatosis, [40, 69, 93, 115] 
liver cirrhosis, dilated cardiomyopathy 
and proliferative glomerulonephritis 
Prognostic marker in some carcinoma [59, 95] 
entities (colon and renal carcinoma) 
Marker of angioneogenesis in [20, 21] 
tumour and nontumour diseases 
Predictor of preterm birth [74, 92] 

Disease marker indicating severity of tissue [91, 123] 
alterations in inflammatory and degenerative 
diseases 
Classification of blistering gene dermatosis [81, 89, 120, 121] 
Classification of congenital muscular dystrophies [31, 48-50] 
Diagnostic aid in tumour typing [72, 73] 

Assessment of tumour malignancy [51, 60, 104, 105, 127] 



widespread distribution of  the laminin [32 (s) chain dur- 
ing embryogenesis ,  the laminin [32 (s) chain can reflect 
the state of  tissue maturation. Immature  tissue has a ~2 
(s) chain, and mature tissue usually has none. The dem- 
onstration of  the laminin [32 (s) chain in degeneratively 
or inf lammatory  damaged  adult tissue permits the evalu- 
ation of  the extent o f  the cell and tissue disturbance. 

With reference to the evaluation of  tumour  tissue dis- 
organization and mal ignancy grade three facts should be 
pointed out. 

First, a carcinoma-associated embryonal  basement  
membrane  and a embryonal  s t roma milieu occur, with 
their distinct composit ions.  The tumour  cells and stromal 
cells (myofibroblasts)  are able to re-express the laminin 
[32 (s) chain. Additionally, the myofibroblasts  synthesize 
oncofetal  fibronectin variants, resulting in an embryonic  
matrix milieu in the tumour  stroma, with the effect o f  
supporting the invasion and migrat ion of  tumour  cells. 

Second, several carc inoma types show structural 
changes of  laminin isoform distribution. For instance, 
laminin-5 is no longer demonstrable in association with 
hemidesmosome structures or is totally lost. 

Third, besides the loss of  laminin chains in the base- 
ment membrane,  an increased laminin chain synthesis by 
budding cells of  the tumour  invasion front is seen. The 
deposit ion o f  these laminin chains outside the basement  
membrane  may represent a molecular  pathway and pro- 
mote tumour  cell migrat ion and invasion. 

Quantification o f  these phenomena  should contribute 
to mal ignancy grading and may have a predictive value 
(Table 2). 
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