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The glomerular distribution of laminin 
and fibronectin in glomerulonephritis 

L. Nakapoulou, K. Stefanaki, P.M. Zeis, J. Papadakis, J. Boletis, G. Vosnidis and P. Davaris 
Department of Pathology, Medical School, University of Athens, Athens, Greece 

Summary. Laminin (LAM) and fibronectin (FI) are 
regarded as major components of the glomerular 
extracellular matrix 

The aim of this study was to define the distribution of 
LAM and F1 in primary glomerulonephritis (GN) and 
GN of systemic lupus erythematosus (SLE) and to 
correlate the type of glomerular disorders with possible 
changes in the expression of these components. Normal 
portions of kidney tissue from 10 patients with renal 
tumors and sixty-six renal biopsies obtained from 
patients with GN were studied by the immuno- 
peroxidase-antiperoxidase (PAP) method for the 
detection of LAM and FI. Twelve patients had 
membranous GN (MGN), 8 mesangiocapillary GN 
(MCGN), 2 1 mesangioproliferative GN (MPGN), 
including I l cases of IgA nephropathy, 11 focal 
segmental glomerulosclerosis (FSGS) and 14 had SLE. 
In MGN, LAM was detected more intensely than F1 
along the glomerular basement membranes (GBM), in 
subepithelial GBM protrusions and in the newly-formed 
GBM. On the contrary, F1 was intensely expressed in the 
mesangium. LAM and FI expression was pronounced in 
stages I1 and 111 of MGN. In MCGN, LAM and F1 were 
diffusely expressed along the GBM and in the 
mesangium. The distribution of the two antigens in 
MPGN and FSGS was similar to that seen in normal 
glomeruli. However, the F1 staining reaction was more 
intense in severe mesangioproliferative lesions, mainly 
observed in the cases of IgA-nephropathy, There were 
no differences in the distribution of LAM and F1 
between primary and SLE GN. The antigen staining 
pattern was pronounced in the membranous and 
mesangiocapillary lesions of SLE GN. The crescents 
observed in 7 cases contained increased amounts of both 
LAM and FI, while the adhesions with Bowman's 
capsule seen in 9 cases demonstrated increased amounts 
of LAM. In contrast, the large adhesions observed in 2 
cases and the sclerotic lesions in 4 cases contained only 
small amounts of LAM. 
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In conclusion, the increased LAM and F1 glomerular 
expression mainly in MGN and MCGN, and the F1 
overexpression in severe mesangioproliferative lesions 
of IgA nephropathy suggest that the disturbance of 
extracellular glomerular matrix is probably due to the 
damage of glomerular cells or the involvement of the 
above components in immune-complex formation. 
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Introduction 

Laminin (LAM) and fibronectin (FI)  are non 
collagenous glycoproteins and are regarded as major 
components of extracellular matrix (Stenhman and 
Vaheri, 1978; Ekblom et al., 1982). 

The normal glomerular basement membrane (GBM) 
is a specialized extracellular matrix, composed of type 
IV collagen, LAM, heparan sulphate proteoglycan and 
small amounts of entactin, nidogen and chondroitin 
sulphate proteoglycans (Martinez-Hernindez and 
Amenta, 1983; Timpl et al., 1983a; Martinez-HernBndez 
and Chung, 1984; Oikawa et al., 1989; Van den Heuvel 
et al., 1989). LAM the predominant glycoprotein in the 
GBM binds to type IV collagen and has cell-adhesive 
properties (Foidart et al., 1980; Timpl et al., 1983b; 
Laurie et al., 1984; Mounier et al., 1986). According to 
previous data, LAM is preferentially localized in the 
lamina rara (Foidart et al., 1980) and the subendothelial 
part of GBM. Nevertheless, recent immunohisto- 
chemical studies indicate that LAM is distributed 
throughout the GBM (Laurie et al., 1984; Abrahamson, 
1986) and in the mesangiu~n (Scheinman et al., 1980; 
Courtoy et al., 1982; Shinkai et al., 1990; Weeks et al., 
199 1). 

F1 is mainly observed in renal interstitium, vessel 
walls, and glomerular mesangium (Dixon et al., 1980; 
Linder et al., 1980; Courtoy et al., 1982). Several authors 
have reported F1 detection along the subendothelial part 
of GBM (Petterson and Colvin, 1978; Courtoy et al., 
1982; Fouser and Michael, 1987) but it has not been 
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fully established whether this glycoprotein is an intrinsic 
component of mature GBM or an exogenous serum- 
derived element (Martinez-Hernindez and Amenta, 
1983). 

Several investigators have reported changes in the 
distribution or quantity of extracellular components in 
glomerular lesions of patients with renal disease 
(Schiffer et al., 1981; Fukatsu et al., 1988; Funabiki et 
al., 1990) and experimental models (Matsuo et al., 
1986). However, there is some controversy about the 
alteration of the extracellular matrix in glomerulo- 
nephritis. 

Therefore, the aim of this study was to investigate the 
nature of the glomerular extracellular matrix in primary 
glomerulonephritis (GN) and GN of systemic lupus 
erytheinatosus (SLE) by assessment of LAM and F1 
immunohistochemical distribution. 

Materials and methods 

Percutaneous needle renal biopsies were obtained 
from 66 patients with various types of GN. Fifty-two 
patients suffered from primary forms of the disease and 
14 from GN of SLE (Table 1 ) .  Histologically normal 
kidney tissue was obtained from 10 patients with renal 
tumor. The specimens were fixed in buffered formalin 
and embedded in paraffin. 

Serial sections were cut at 4 pm, and stained with 
haematoxylin eosin, PAS, Silver-Methenamine and 
Trichrome Masson. In all cases diagnosis of the type of 
glomerulonephritis was based on the characteristic 
findings by light and immunofluorescence microscopy. 

The immunoperoxidase-antiperoxidase (PAP) method 
(Sternberg, 1979) was used on paraffin sections for the 
detection of LAM and FI. Deparaffinized and rehydrated 
paraffin sections were treated with methanol containing 
0.3% H202 in order to block the endogenous peroxidase. 
After incubation with 0.01% pronase for 60 min, in 
order to unmask the antigenic determinants, sections 
were treated with the following antibodies: 

a) normal swine serum ( 1  :20, Dakopatts, Denmark) 
b) primary antibodies: polyclonal rabbit anti-LAM 

antibody (1:60, Eurodiagnostics); and polyclonal rabbit 
anti-F1 antibody (150, Dakopatts, Denmark). 

C) Swine anti-rabbit IgG (1:40, Dakopatts, Denmark). 
d) Peroxidase anti-peroxidase complex (PAP) ( I  :60, 

Dakopatts', Denmark). 
Sections were thoroughly rinsed with Tris Buffer 

solution (pH 7.6) between reaction steps. Finally, slides 
were immersed in Tris buffer solution (pH 7 .6 )  
containing 0.6 mglml Diarninobenzidine and 0.03% 
H202 to visualize immunoreactivity. Sections incubated 
with normal rabbit serum in place of the primary 
antibody were used as negative controls. 

The extraglomerular vessels and the mesangium in 
every case were used as positive controls for LAM and 
F1 respectively. The positive staining for both antigens 
was classified as faint (+), moderate (++) and intense 
(+++). 

Results 

In the ten cases of normal kidney tissue, LAM was 
detected along the glomerular and tubular basement 
membranes, in the mesangium and extraglomerular 
arteriolar walls. On the other hand, F1 was expressed 
mainly in the mesangium and less frequently in the 
estraglomerillar arteriolar walls. 

In all cases of membranous glomerulonephritis 
(MGN) LAM and F1 were detected along the GBM, in 
si~bepithelial basement-membrane protrusions (spikes) in 
newly-formed basement membrane material above the 
subepithelial deposits and less intensely in the 
mesangium (Fig. I ). 

The staining intensity of LAM was more pronounced 
in stages I1 and I11 of MGN (Table 1). Although F1 was 
also expressed along the GRM, the staining appeared 
less conspicuous than for LAM. F1 was expressed with 
increased staining intensity in the mesangium (Table 2). 
In mesangiocapillary glornerulonephritis (MCGN) both 
LAM and F1 were expressed along the basement 

Fig. 1. LAM expression in MGN along some basement membranes 
(arrows) and in the mesangium. PAP. X 500 
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membranes and in the mesangium (Fig. 2). segmental glomerulosclerosis (FSGS) was similar to that 
The tlistribution of the two antigens in mesangio- seen in normal glomeruli .  However ,  in the severe  

proliferative glomerulonephritis (MPGN) and focal mesangioproliferative lesions mainly observed in IgA 

Table 1. Distribution of laminin in various types of glomerulonephritis (GN). 

TYPE OF GN NUMBER GBM' MESANGIUM CR. SYN' SCL' 
OFCASES + ++ +++ + ++ +++ + ++ +++ + ++ +++ + ++ +++ 

Membranous GN (MGN) 12 
Stage I 2  1 1 2  
Stage II 6 2 2 2  1 
Stage Ill 4 2  2  2  2  

Mesangiocapillary GN (MCGN) 8 2 5  1 2 3 3  

Mesangioproliferative GN (MPGN) 10 6 4 6 2  1 

Focal segmental 
glomerulosclerosis (FSG) l l 8 3  3 1 1  

Systemic lupus erythematosus (SLE) 14 3 3  1 
Stage Ill 3 2  1 2  
Stage IV 6 1 3 2  1 4 1  1 
Stage V 5 1 2 2  2 1 2  

': GEM, glomerular basement membranes: CR, crescents; SYN, synechiae with Bowman's capsule: SCL, sclerotic lesions. 

* .* - * , S .- 
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Fig. 2. LAM expresston in MCGN along the basement membranes and Fig. 3. FI expression In MPGN, mainly in the severe mesangto- 
in the mesangium. PAP. X 250 proliferative lesions (arrows) and in the vessel walls . PAP. X 300 
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Table 2. Distribution of fibronectin in various types of glomerulonephritis (GN). 

TYPE OF GN NUMBER GEM' MESANGIUM CR. SY N' SCL' 
OFCASES + ++ +++ + ++ +++ + ++ +++ + ++ +++ + ++ +++ 

Membranous GN (MGN) 12 
Stage I 2 1 1  1 l 
Stage II 6 2 4 2 2 1  1 
Stage Ill 4 3 1 4 

Mesangiocapillary GN (MCGN) 8 2 4  2 4 3 1  

Mesangioproliferative GN (MPGN) 10 10 3 6 1 

Focal segmental 
glomerulosclerosis (FSG) 1 1  1 1  

Systemic lupus erythematosus (SLE) 14 1 3 2  
Stage Ill 3 3 1 2  
Stage IV 6 4 2 1 4 1  
Stage V 5 3 2 

*: GBM, glomerular basement membrane; CR, crescents; SYN, synechiae 

nephropathy the F1 expression was more pronounced 
(Fig. 3). 

There was no difference in the distribution of LAM 

Fig. 4. FI expression in MPGN, mainly in the severe mesangio- 
proliferative lesions and in a small crescent (star). PAP. X 300 

with I Bowman's capsule; SCL, sclerotic lesions. 

and F1 between GN of SLE and primary glomerulo- 
nephritis. 

The staining pattern of the two antigens was more 
intense in the membranous and mesangiocapillary 
lesions of SLE glomerulonephritis. 

Notably, all cellular and fibrocellular crescents 
observed in 7 cases, contained increased amounts of 
both LAM and FI. The staining for F1 was particularly 
intense. In contrast, the adhesions with Bowman's 
capsule seen in 9 cases, demonstrated increased amounts 
of LAM and in only 2 cases they faintly expressed small 
amounts of FI. 

Moreover, the large adhesions observed in 2 cases 
and the sclerotic lesions in 4 cases contained small 
amounts of LAM and stained faintly with F1 (Tables 1, 
2). 

Discussion 

The GBM and the mesangial matrix represent the key 
structural elements of the renal glomerulus. The GBM is 
formed by endothelial and epithelial cells, which 
contribute to the orderly maintenance of the mature 
GBM through biosynthesis and degradation of specific 
components (Sariola et al., 1984). Recently, several lines 
of evidence indicate that glomerular cells display surface 
receptors that bind basement membrane components like 
LAM, F1 and type IV collagen (Abrahamson et al., 
1988). These receptors are extremely important in the 
development and maintenance of normal glomerular 
architecture, as they act cooperatively to cement 
endothelial and epithelia1 cells to GBM. The distribution 
of the extracellular structural components is altered in 
some experimental models of GN (Matsuo et al., 1986; 
Okuda et al., 1992). 

Although several immunohistochemical studies on 
extracellular matrix components have been conducted, 
the distribution of these components in various types of 
GN has not been fully determined (Schiffer et al., 198 1; 
Martinez-Hernindez and Amenta, 1983; Yoshioka et al., 
1989). 



525 

Laminin and fibronectin in glomerulonephritis 

In the present study, all the cases of MGN expressed 
LAM more intensely than F1 along the GBM, in 
subepithelial basement membranes protrusions (spikes) 
and in newly formed material above the subepithelial 
deposits. However, F1 expression was more pronounced 
in the mesangial areas. The staining intensity for both 
antigens was more pronounced in stages I1 and I11 of 
MGN. Our findings referring to the distribution and 
expression of LAM are compatible with those observed 
in MGN by Fukatsu et al. (1988). In the literature, F1 
expression in MGN is a matter of controversy. Linder et 
al. (1980), reported decreased expression of the antigen 
in the mesangium of the 4 cases of MGN studied, while 
Petterson and Colvin (1978) did not observe any 
reduction in mesangial F1 of their MGN cases. The 
discrepancy of F1 expression in MGN between our 
results and the above data, may be due to the greater 
sensitivity of the immunoperoxidase method used in our 
study than that of the immunofluorescence performed by 
the other authors in addition to the few cases included in 
their series. Moreover, another possible explanation 
could be that renal biopsies with MGN might have been 
obtained from patients during different stages of the 
disease process. Recent experimental studies concerning 
the distribution of type IV collagen, LAM and F1 in 
passive Heymann nephritis suggest that the increased 
width of the GBM is not accompanied by an increase in 
the amount of structural GBM components or their 
synthetic rates (Fogel et al., 1991), although the above 
authors cannot exclude the possibility that increased 
matrix synthesis may occur as a late phenomenon, which 
supports our findings in advanced stages of MGN. In 
MCGN LAM and F1 were detected along the GBM and 
in the mesangium. Striker et al. (1984) and Funabiki et 
al. (1990) have examined 4 and 15 cases of MCGN 
respectively and reported an increase in the components 
of glomerular extracellular matrix, in which LAM and F1 
were included. The distribution of LAM and F1 in the 
above studies is comparable to ours. 

The increased amounts of LAM and F1 in MGN and 
MCGN may be due to the disturbance of the coordinate 
synthesis of GBM components by epithelia1 and 
mesangial cells, because of the immunological injury 
caused from the deposition or the in situ formation of 
immune complexes. Lake et al. (1985) and Cosio et al. 
(1990) have suggested that F1 plays a key role in the 
initiation of the in situ formation of immune complexes 
and the progression of glomerular injury, which supports 
our findings. 

The distribution of LAM and F1 in MPGN and FSG 
was similar to that seen in normal glomeruli, as has been 
reported by other authors (Striker et al., 19854). 
However, F1 expression \ \ as  more pronounced in the 
severe mesangioproliferative lesions, mainly observed in 
the cases of IgA nephropathy. Several serological studies 
have been conducted referring to the circulating 
antibodies in IgA-nephropathy (Shinkai et al., 1990). 
Moreover, Jenette et al. (1991) suggest that the presence 
of F1 in the circulating IgA F1 aggregates may play an 

important role in the preferential mesangial deposition 01' 
the immune complexes, since the above aggregates have 
the same unusual predominance of h to K chains as that 
observed in the glomerular deposits of IgA-nephropathy. 

The  increased expression of F1 in the severe 
mesangioproliferative lesions of our IgA nephropathy 
cases is supported by recent experimental observations 
suggesting that immune complexes containing antigens 
that bind to F1 localize in the mesangium and cause GN 
(Cosio et al., 1990). 

There were no differences in the distribution of LAM 
and F1 between our cases of SLE GN with membranous 
type lesions and primary MGN, a finding also observed 
by Fukatsu et al. (1988). The staining pattern of the two 
antigens was more intense in the membranous and 
mesangiocapillary lesions of SLE GN. 

Notably, all cellular and fibrocellular crescents in our 
cases contained increased amounts of both LAM and FI. 
The staining for F1 was particularly intense. The 
pronounced expression of the above antigens in the 
crescents observed in our cases and the detection of 
collagen type IV in them, as reported by other authors 
(Foidart et al., 1980; Striker et al., 1984; Funabiki et al., 
1990), indicate an involvement of epithelial cells in the 
development of crescents. 

In contrast, the crescents studied in cases with 
vasculitis were mainly composed of extraglomerular 
matrix components like collagen type 111 (Striker et al., 
1984; Yoshioka et al., 1989) which supports the 
proposed theory, that fibroblasts migrate into the 
glomeruli from the interstitium when Bowman's capsule 
is disrupted. The large adhesions with Bowman's 
capsule and the sclerotic lesions observed in our cases 
contained small amounts of LAM. Our observation, as 
well as the detection of collagen type 111 reported by 
other authors (Striker et al., 1984; Yoshioka et al., 1989; 
Funabiki et al., 1990) in combination with recent 
experimental findings (Okuda et al., 1992), suggest that 
extraglomerular matrix components are closely linked to 
the progression of glomerulosclerosis. The immuno- 
histochemical results of our study, indicate that the 
increased amounts of LAM and FI, mainly in 
membranous and MCGN, as well as in MPGN may be 
due to their overproduction caused by damage in the 
glomerular cells or their participation in the formation of 
immune complexes. Further investigation is necessary to 
define if the possible disturbance of LAM and F1 surface 
receptors is involved in the pathogenesis of these types 
of GN. 
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