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Summary. This  overview summarizes  recent 
information concerning the biopathology of mesangial 
cell proliferation and matrix expansion which constitute 
fundamental features in human IgA nephritis. The 
currently available knowledge. mainly stemming for 
immunohistochemical observation of human materials, 
experimental investigations with laboratory animals, and 
mesangial cell  cul ture  studies,  emphasizes  the 
importance of cell to cell, cell to soluble factors, and cell 
to matrix interactions. Mesangial cells, activated by 
cytokines and growth factors ,  express  adhesion 
molecules, stimulate proliferation both of themselves 
and neighbouring cells, and synthesize extracellular 
matrix. Matrix components, in turn, may influence the 
behaviour and proliferation activity of mesangial cells, 
or act as a receptor or reservoir for growth factors. 
Expression of protooncogenes, regulating cell  
proliferation and apoptosis, by glomerular cells could be 
associated with persistent cell replication and chronic 
tissue damage. These disease processes seem to be 
common to a group of diseases  termed chronic 
inflammatory proliferative disorders. 
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lntroduction 

IgA nephritis (IgA nephropathy or Berger's disease) 
(Berger and Hinglais, 1968) is recognized worldwide as 
the most common form of primary glomerulonephritis in 
children, adolescents and adults (D'Amico, 1987). The 
clinical manifestations of this disease vary, ranging from 
macroscopic hematuria coinciding with an upper 
respiratory infection to nephrotic syndrome with or 
without hypertension, but is often asymptomatic (Silva 
and Hoggs, 1989). The prevalence of IgA nephritis 
largely depends upon the urinary screening program and 

biopsy policy. In those countries where renal biopsies 
are performed fairly routinely to diagnose asymptomatic 
hematuria andlor proteinuria, the frequency of this 
disease ranges from severa1 percent to 50% or more 
(D'amico, 1987; Silva and Hoggs, 1989). High rates of 
incidence have documented especially in France, Spain, 
Italy, and Eastern Asia including Japan. Genetic factors 
and environmental influences may also contribute to the 
geographical differences in prevalence. The high 
frequency rate in Japan is certainly influenced by the 
urine screening system performed annually for al1 school 
children. 

IgA nephritis is identified by the presence of 
dominant glomerular mesangial staining for IgA in the 
absence of systemic lupus erythematosus, Schonlein- 
Henoch purpura nephritis, or liver disease (D'Amico, 
1987; Silva and Hoggs, 1989). Deposition of IgG, C3 
and also rarely IgM may be present.  The  main 
morphological feature of this disease is mesangial cell 
proliferation in combination with increases in matrix 
components. The affected glomeruli may show crescents 
or foca1 or  global sclerosis accompanying various 
degrees of tubulo-interstitial changes. The severity of 
these histological changes are good predictors of the 
progression of this disease (Silva and Hoggs, 1989). 
Prognosis of IgA nephritis was initially considered 
favourable, but recent surveys on the outcome of 
patients are unanimously emphasizing the slowly 
progressive nature of this disease. The frequency of 
endstage renal disease in adult series may be as high as 
30%-50% after 10-20 years of follow-up (Silva and 
Hoggs, 1989). 

This article reviews recent immunocytochemical and 
molecular evidence indicating that IgA nephritis has 
features of a chronic inflammatory proliferative disorder. 
The mechanisms of persistent mesangial cel l  
proliferation and matrix accumulation are also discussed. 

Triggers of mesangial injury 
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Hinglais, 1968). Patients with IgA nephritis seem to 
have abnormalities in the amounts of IgA produced and 
its chemical nature, and also tend to tiap this immuno- 
globulin to the glomerular mesangium (Williams, 1993). 
The deposition of IgA in the glomeruli may be explained 
as  an immune complex disease or  an autoimmune 
disease (D'Amico, 1987; Silva and Hoggs, 1989). 
Certain viruses, bacteria, dietary components or self- 
components existing in the glomerulus are candidate 
foreign- or self-antigens (Silva and Hoggs, 1989; 
Montinaro et al., 1992), but their precise nature and role 
are only speculative. The intraglomerular depositon of 
IgA due to either trapping of circulating IgA immune 
complexes or interaction of circulating IgA with resident 
or  «planted» glomerular antigens can trigger the 
elaboration of an array of chemoattractans by severa1 
mechanisms (Couser,  1990). The activation of 
complement pathways generates C5a (anaphylatoxin), a 
potent chemotactic peptide. Interaction of Fc region of 
immunoglobulins with the Fc receptors on the resident 
glomerular cells and infiltrating phagocytes stimulates 
the cells to release chemoattractants such as interleukin 
(1L)-8, monocyte chemotactic protein- 1, granulocyte- 
macrophage colony-stimulating factor, tumor necrosis 
factor (TNF), platelet-activating factor, and leukotriene 
B4. 

Monocytelmacrophage infiltration 

Leukocyte subset analyses in both human renal 
biopsy specimens and experimental renal diseases show 
that mononuclear and polymorphonuclear leukocytes 
infiltrate the glomeruli, and that they significantly 
contribute to glomerular injury (Shigematsu, 1970; Hook 
et al., 1987; Wilson, 1991). In IgA nephritis, monocytesl 
macrophages are the dominant celll types infiltrating 
glomeruli (Yoshioka et al., 1989a; Arima et al., 1991). 
There is a significant correlation between macrophage 
infiltration and the degree of proteinuria (Yoshioka et al., 
1989a; Arima et al., 1991). Cytokines, growth factors, 
oxigen radicals, proteolytic enzymes, and autacoids. 
released by infiltrating monocytes/macrophages, may 
induce cell damage directly, alter glomerular hemo- 
dynamics, promote mesangial cell proliferation, and 
stimulate matrix production by resident glomerular 
cells.. 

Increased numbers of both CD4+ and CD8+ T cells 
have also been found in glomeruli of patients with IgA 
nephritis, but T cells tend to be located in periglomerular 
and interstitial areas (Li et al., 1990). The CD4+/CD8+ 
ratio varies,  depending on disease activity and 
chronicity. In IgA nephritis, the presence of T cells 
correlated with renal function and the activity of 
glomerular crescents (Li et al., 1990). 

Adhesion rnolecules 

Under physiological conditions, random contact 
between leukocytes and vascular endothelial cells does 

not produce adhesion. Adhesion occurs via specific 
interactions of leukocyte adhesion molecules with 
counter-receptors on endothelial cells. Major leukocyte 
adhesion molecules include selectins, carbohydrate- 
containing selectin ligands, integrins, and immuno- 
globulin (Ig) superfamily (Brady, 1994). The initial 
adhesion («rolling») of circulating leukocytes to endo- 
thelial cells is facilitated by interaction of selectins with 
their l igands, and further tight adhesion («immo- 
bilization») is mediated by interaction of leukocyte 
integrins, very late activation antigen-4 (VLA-4) and 
lymphocyte function-associated antigen (LFA- 1) with Ig 
superfamily, intercellular adhesion molecules- l (ICAM- 
1) and vascular cell adhesion molecule- 1 (VCAM- 1), on 
endothelium (Pober and Cotran, 1990). 

ICAM-1 is constitutively expressed at low levels by 
glomerular endothelial cells, mesangial cells, and 
parietal epithelial cells, and has been reported to be 
frequently up-regulated in murine autoimmune lupus 
nephritis and proliferative types of human nephritis 
including IgA nephritis, crescentic glomerulonephritis, 
and lupus nephritis (Bishop and Hall, 1989; Wuthrich et 
al., 1990; Muller et al., 199 1; Briscoe and Cotran, 1993). 
Recent studies of leukocyte-endothelial adhesion in 
experimental  nephritis have indicated that there 
are selective requirements for adhesion molecules 
(Mulligan et al., 1993; Brady, 1994). In neutrophils and 
complement-dependent anti-glomerular basement 
membrane (GBM)-induced acute nephritis in rats. VLA- 
4, ICAM- 1, and macrophage- 1 (Mac- 1) are important 
for full development of injury. ICAM-1 has as its ligands 
members of the B2 integrin family; LFA- 1, expressed on 
most leukocytes; and Mac- 1 expressed by polymorpho- 
nuclear cells and macrophages (Pober and Cotran, 
1990). 

The potential of ICAM-1 as a target for intervention 
in inflammatory renal diseases has been tested in 
experimental models of glomerulonephritis, tubulo- 
interstitial nephritis, and renal allograft rejection. 
Treatment of animals with anti-ICAM-1 monoclonal 
antibody alone or in combination with anti-LFA-1 
monoclonal antibody, prior to induction of disease, 
clearly attenuated glomerular injury (Kawasaki et al., 
1993; Nishikawa et al., 1993). In rat crescentic nephritis, 
antibody treatment, even when instituted after the 
disease was established, retarded progression of the 
disease (Kawasaki et al., 1993), implying that such 
antibodies may be clinically useful as new therapeutic 
tools for human nephritis. 

Integrins are a family of related proteins that are 
composed of a and B chains, and participate in contact 
between cells and the extracellular matrix. At least eight 
distinct B chains noncovalently linked to fifteen different 
a chains with different ligand specificities have been 
identified (Ruoslahti  e t  al . ,  1994):  B1 integrins 
participate mainly as  cell membrane receptors for 
extracellular matrices (ECM); a 1 B l .  a2B 1, and a3B 1 are 
capable of mediating the binding of cells to more than 
one matrix component (type IV collagen, laminin, etc.); 
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and a5B1 and a6B1 favour fibronectin and laminin, 
respectively, as a ligand. Previous studies have 
established the preferential localization of B1 integrins in 
the human kidney (Kerjaschki et al., 1989; Korhonen 
et al., 1990). a l B l ,  a2B1, and a3B1 are distributed in 
mesangial cells,  and a3B1 is  also present on the 
glomerular endothelial and epithelial cells.  In 
proliferative types of human glomerulonephritis, 
including IgA nephritis, expression of B1 integrins and 
avB3 (vitronectin receptor) is augmented in the 
mesangium (Kerjaschki et al., 1989). The functional role 
of integrins is difficult to demonstrate in vivo, but it is 

assumed that overexpression of B1 integrins and avB3 
are responsible for firm cell-matrix adhesion (Roth et al., 
1993), ECM accumulation, and trapping terminal 
complement complex, S-protein (vitronectin)-C5b-9 
(Okada et al., 1993). 

Proinflammatory cytokines 

Cytokines are polypeptides secreted by specific cells 
which act as growth promoters and biological modifiers. 
IL-1, IL-6, IL-8, and TNF-a are major cytokines which 
initiate immunological and inflammatory events. These 
proinflammatory cytokines can be produced by 
infiltrating mono~yte~/macrophages or mesangial celk 
themselves. IL-1 and TNF-cx share some biological 
properties (Baud et al., 1992; Sedor et al., 1992); both 
stimulate mesangial cells to generate IL-6 and IL-8, 
induce the formation of oxygen radicals by mesangial 
cells, enhance tissue factor expression by endothelial and 
mesangial cells, and promote the synthesis of the 
vasodilator prostaglandin E2. 

IL-1 is a co-mitogen for cultured mesangial cells 
(Sedor et al., 1992). Rat IL-1 enhances the rate of 
proliferation of mesangial cells only in the presence of 
serum or other growth factors such as fibroblast growth 
factor (FGF). TNF-cx can either enhance or inhibit 
growth of cultured mesangial cells. whose effects aDDear 
Lo be influenced by thg  endogénous p r o s t a g l ~ ~ d i n  
production (Baud et al., 1992). IL-6 is another cytokine 
that mediates proliferative glomerular diseases. Rat 
mesangial cells in culture can synthesize IL-6 and 
proliferate in response to IL-6 (Horii et al., 1989). 
Immunoreactive IL-6 has been detected in mesangium, 
parietal epithelial cells, synechiae, damaged tubular 
epithelium, and arteria1 muscle cells in human mesangial 
proliferative glomerulonephritis (Fukatsu et al., 1991). 
Our own data (Yoshioka et al., 1993a,b; Takemura et al., 
1994) indicate a more restricted distribution of IL-6, and 
that monocytes/macrophages are a major source of 
glomerular IL-6. Mice transgenic for IL-6 have been 
shown to develop plasmacytosis and mesangial 
proliferative glomerulonephritis (Suematsu et al., 1989). 
On the other hand, SCID mice transgenic for IL-6 lack 
mesangial proliferation, suggesting other immunological 
factors in addition to IL-6 are necessary to induce 
mesangial cell proliferation. Urinary excretion of IL-6 is 
increased in the active phase of IgA nephritis and lupus 
nephritis, possibly reflecting the presence and severity of 
mesangial proliferation (Horii et al., 1989; Dohi et al., 
1991; Iwano et al., 1993). In addition to its mesangial 
origin, excretion from tubular epithelial cells might also 
contribute to urinary IL-6 leve1 (Fukatsu et al., 1993). 

Using immunofluorescence and immunoperoxidase- 
in situ hybridization double-labelling techniques, we 
recentlv demonstrated the concurrent ex~ression of IL- 

Fig. 1. Glomerular expression of IL - la  (A), TNF-a@), and TGF-0 (C) in la, IL:lfi, IL-6, IL-8 and T N F - ~  in glom~mli of patients 
IgA nephritis, detected by immunofluorescence. Note cytoplasmic with I~~ nephritis (yoshioka et al., 1993a,b). IL-la (Fig. 
staining for IL - la  (A, arrow), glomerular resident cell staining for TNF-a 
(B), and mesangial staining for mature form of TGF-B ( C ) .  G: 1L-6, and 1L-8 were ex~ressed  d O m i n a n t l ~  
glomerulus. x 400 monocytes-macrophages infiltrating glomeruli rather 



Human IgA nephrítis 

than resident glomerular cells. TNF-a was expressed by 
resident glomerular cells (Fig. 1B) and infiltrating 
leukocytes (Yoshioka et al., 1993b). The number of 
11,-l a, IL-6, and TNF-a  positive cells infiltrating 
glomeruli showed a significant correlation with 
mesangial hypercellularity. The frequency of IL-8- and 
TNF-a positive intraglomerular cells and that of IL-la-, 
11-6. 11-S-, and TNF-a positive interstitial cells were 
significantly associated with histological changes in 
glomeruli and interstitium, respectively. IL-8 is a 
chemoattractant for lymphocytes as well as neutrophils 
(Matsushima et al.. 1992). Thus, IL-8 may play a role in 
the infiltration of neutrophils and T cells, which are 
occasionally found in tissues of patients with IgA 
nephritis (Kincaid-Smith et al., 1989; Li et al., 1990). 

Growth factors 

The role of growth factors in mesangial cell 
proliferation and tissue remodelling have been well 
studied in experimental nephritis and also in materials 
biopsied from patients. Evidence indicates that platelet- 
derived growth factor (PDGF) (Johnson et al., 1993) and 
transforming growth factor-B (TGF-B) (Border et al., 
1992) are factors cmcial for mesangial cell proliferation 
and matrix accumulation 

PDGF is a 30 kD cationic protein consisting of two 
disulphide-bonded chains existing as a homodimer 
(PDGF-AA or PDGF-BB) or as a heterodimer (PDGF- 
AB). PDGF is stored in the alpha granules of platelets, 
and released into the extracellular environment 

following activation of the platelets by various stimuli. 
PDGF is also synthesized by many other cell types, 
including macrophages, glomerular mesangial cells, 
renal microvascular endothelial cells, and smooth 
muscle cells. PDGF induces mesangial cell proliferation 
through autocrine and paracrine mechanisms. In addition 
to its potent mitogenic effect,  PDGF possesses 
other biological activities suh as chemoattraction, 
inflammatory cell activation, and vasoconstriction 
(Johnson et al., 1993). Studies from severa1 laboratories 
have indicated that PDGF is involved in mesangial 
proliferation in both animal models and human IgA 
nephritis. Johnson and co-workers (Iida et al., 1991; 
Johnson et al., 1992) have demonstrated a cmcial role of 
PDGF for mesangial proliferation in rat anti-Thy 1 
nephritis, which has certain morphological similarities 
with human IgA nephritis in its proliferative phase. 
Increased expression of PDGF protein and PDGF-B 
chain mRNA was observed in mice with IgA nephritis 
induced by immunization with anionic and cationic 
dextrans, or dextran sulphate (Gesualdo et al., 1991), or 
in rats with Habu snake venon-induced glomerulo- 
nephritis (Bames and Abboud, 1993). PDGF protein and 
PDFG-B-chain mRNA were also demonstrated in the 
mesangium of patients with IgA nephritis (Gesualdo et 
al., 1991; Waldherr et al., 1993). 

TGF-B is a multifunctional regulator of cell growth 
and functions (Roberts and Sporn, 1990). TGF-B is 
secreted by various types of cells, mostly in a latent form 
which is composed of three components; mature 
(functionally active) TGF-B, latency associated peptide 

Fig. 2. lmmunoelectron microscopic 
observation of type III collagen within the 
glomerular mesangium in a patient with IgA 
nephritis, stained with monoclonal antibody 
to type III collagen and peroxidase-labelled 
secondary antibody. The reaction products 
were distributed in the mesangial area 
Inset: a higher magnification. The reaction 
products are shown by arrows. MC: 
mesangial cell. US: Urinary space. x 5,000 
(inset, x 10,000). 
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(LAP), and latency-associated peptide binding protein 
(Miyazono and Helden, 1991). Mature TGF-B can be 
cleaved and activated in vitro by heat, proteolytic 
enzymes, low or  high pH, and denaturation with 
chemical agents.  Glomerular mesangial cells and 
possibly epithelial cells can express TGF-B. Platelets and 
monocytes/macrophages, both of which are high-leve1 
sources of TGF-B. are often found within nephritic 
kidneys. TGF-B stimulates the synthesis of collagen, 
fibronectin, and proteoglycans in cultured mesangial 
cells. Our immunocytochemical studies in human IgA 
nephritis have shown that mature TGF-B (Fig. 1C) and 
TGF-B LAP are localized in association with matrix 
components of GBM or mesangium, and within immune 
deposits, and that mesangial staining for TGF-B LAP 
protein shows a significant correlation with increase in 
the mesangial matrix (Yoshioka et al., 1993a). Waldherr 
et al. (1993) reported increased TGF-B immunoreactivity 
in mesangium, blood vessels, and interstitium in IgA 
nephritis. In situ hybridization studies (Waldherr et al., 
1993; Yoshioka et al., 1993a) further confirmed TGF-B 
mRNA expression by glomerular resident cells, rather 
than by infiltrating monocytes/macrophages. 

Experimentally, infusion of recombinant PDGF-BB 
into rats which had received a subnephritogenic dose of 
anti-Thy 1 antibody, induced mesangial cell proliferation 
along with increased ECM deposition (Floege et al., 
1993). Administration of anti-PDGF and anti-TGF-B 
antibodies or an inhibitor (decorin) of TGF-B to rats 
with anti-Thy-1 nephritis suppressed mesangial cell 
proliferation and matrix increase, respectively (Border et 
al., 1990; Border and Ruoslahti 1992; Johnson et al., 
1992). Recent studies by Isaka et al. (1993), using the in 
vivo gene transfection technique, more directly 
demonstrated their role in glomerular cell proliferation 
and progression of glomerulosclerosis. 

Epidermal growth factor (EGF), insulin-like growth 
factor (1GF)-1 and basic FGF also have mitogenic effects 
on cultured mesangial cells (Floege et  al., 1993b). 
Although EGF and its receptor are immunolocalized to 

the glomerular endothelial cell surface in normal and 
nephritic human kidneys, little is known at present 
concerning the in vivo effects on mesangial cells 
(Yoshioka et al., 1990b). Mice transgenic for IGF-1 did 
not develop glomerular lesions or glomerular hyper- 
trophy (Doi et al., 1990). Recent studies using the anti- 
Thy-l model have shown the capability of basic FGF to 
mediate mesangial proliferation (Floege et al., 1993a). 

Protooncogenes 

Protooncogenes, cellular homologues of oncogenes, 
have been implicated in the control of normal cell 
proliferation and differentiation (Bishop, 1983). One 
class of protooncogenes including c-myc, c-max, c-fos, 
and c-jun encode nuclear proteins (Weinberg, 1985). 
Mitogenic stimuli such as growth factors and phorbol 
acetate, activate signal transduction pathways that 
induce expression of these genes. c-myc, c-max, c-fos 
and c jun  have been identified as immediate early genes 
in severa1 in vivo models of cell proliferation. The 
complex of c-myc and c-max, and that of c-fos and c-jun 
(activator protein-1 complex) promptly stimulate 
quiescent cells to switch from the GO phase entering the 
G1 stage of the cell cycle. The other group of proto- 
oncogenes of which protein products act  in the 
cytoplasm includes c-raf, c-ras, and c-mos (Weinberg, 
1985). These regulate the second messenger molecules 
in the cytoplasm. overexpression of protooncogenes 
such as c-myc, c-raf, c-fos, and c-jun have been detected 
in peripheral mononuclear cells from patients with lupus 
nephritis (Boumpas et al., 1986) and IgA nephropathy 
(Ebihara et  al., 1991). We recently identified and 
localized cells expressing c-myc, c-fos, and c-raf mRNA 
and their protein products in glomeruli of patients with 
IgA nephritis (Takemura et al., 1993). The frequency of 
protoncogene-positive cells showed a strong correlation 
with the population of glomerular cells positive for 
proliferating cell nuclear antigen and increases in 
mesangial cells and matrix. These results indicate that 

Fig. 3. Immunofluorescent staining 
isoform in IgA nephritis. Segmental 
and expression by interstitial cells 
x 400 

for a-smoc 
glomerular 
are seen. 

~ t h  muscle 
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G: glome 

actin 
irrow) 
rulus. 
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Table 1. Chronic inflarnrnatory proliferative disease (Hirano, 1994) 

Characteristics 
Chronic inflarnrnation 

lrnrnune response 
Proliferation of tissue-specific cells 

Matrix accurnulation 

Proliferating tissue-specific cells - Typical diseases in humans 
Mesangial cell Mesangial proliferative 

Glornerulonephritis 
(IgA nephritis) 

Synovial cell Rheurnatoid arthritis 

Vascular srnooth rnuscle cell Atherosclerosis 
Keratinocyte Psoriasis 

Participants 
Leukocytes (rnonocytes/rnacrophages, T cells, polyrnorphonuclear 

cells), platelets 

Adhesion rnolecules 

Cytokines 
Growth factors 

Protooncogenes 

Extracellular rnatrix 

protooncogene expression is associated with glomerular 
cell proliferation and matrix increase in IgA nephritis. 

Apoptosis 

«Apoptosis» or cprogramed cell deathn is a tightly 
controlled mechanism of cellular self-destruction. It has 
become clear that cell death through this process is 
crucial to cell proliferation and differentiation in the 
fields of immunological tolerance, embryology, 
infection, and oncology. Cells undergoing apoptosis are 
characterized by a cascade of genetic and biochemical 
events that cause cell shrinkage, cytoplasmic 
condensation, cleavage of chromosomal DNA, and 
formation of apoptotic bodies. Apoptotic cellslbodies 
are cleared by phagocytosis by macrophages or 
neighbouring cells in epithelia and tumors. Depending 
on the cell type, apoptosis can be initiated by 
either steroid hormones, irradiation or TNF-a, and 
inhibited by IL-1 and endotoxins. Certain proto- 
oncogenes modulate apoptosis. For instance, p53 and 
bcl-2 have been shown to be an inducer and suppresser 
of apoptosis, espectively (Cohen, 1993). It is possible 
that apoptosis is a part of a remodelling process relevant 
to glomerular injury. A previous study by Harrison 
(1988) showed that apoptotic cells are present within the 
glomeruli of patients with various types of nephritis, 
especially in those infiltrated by neutrophils. In rats with 
anti-Thy-1 nephritis, proliferating mesangial cells seem 
to undergo apoptosis in the resolving phase (Shimizu et 
al., 1993). On the other hand, defective regulation of 
apoptosis might be linked to prolonged tissue injury. We 
very recently detected bcl-2-expressing glomerular cells 
in patients with progressive type of IgA nephritis 
(Yoshioka, K., unpublished observation). Bcl-2 is known 

to contribute to oncogenesis by promoting tumor cell 
longevity and inducing resistance to anti-cancer drugs 
(Korsmeyer, 1992). We speculate that suppression of 
apoptosis by bcl-2 or other unknown factors may 
represent a new mechanism by which both infiltrated 
leukocytes and intrinsic glomerular cells survive in 
diseased kidney, leading to delayed healing of 
inflammation. 

Accumulation of extracellular matrix 

Glomerular ECM accumulation seems to be a final 
common pathway to glomerular destruction in a variety 
of glomerular diseases. Immunohistochemical studies in 
human chronic forms of glomerulonephritis (Yoshioka et 
al., 1987a,b, 1989b; Oomura et al., 1989) and relevant 
animal models (Ebihara et al., 1993) have shown that: 
(1) normal ECM components are overexpressed, due to 
either increased synthesis (Okuda et al., 1990; Floege et 
al., 1991; Nakamura et al., 1991; Ebihara et al., 1993) or 
imbalance between matrix proteases and their inhibitors 
(Jones et al., 1992; Nakamura et al., 1993), or both; and 
(2) ECM molecules, such as type 1 and 111 collagens, 
normally undetectable in the glomerulus, participate in 
the sclerotic process (Ebihara et al., 1993; Minto et al., 
1993). These alterations seem to be common to various 
types of glomerular diseases, except for passive 
Heymann nephritis (Fogel et al., 1991). In both immune- 
and non-immune-mediated glomerulonephritis, major 
normal ECM components, including type IV collagen, 
laminin, and fibronectin, and also minor components 
such as tenascin, are accumulated in expanded 
mesangium and glomerular crescents (Yoshioka et al., 
1987a,b; Oomura et al., 1989; Truong et al., 1994). Type 
1 and 111 collagens, due to de novo synthesis by intrinsic 
glomerular cells (Ebihara et al., 1993; Minto et al., 1993) 
or migration from interstitium through damaged 
basement membrane of the Bowman's capsule into 
glomeruli (Wiggins et al., 1993; Striker et al., 1984), are 
also deposited in the glomerulus. 

The process of glomerular accumulation of ECM is 
affected by a variety of factors that are active either at 
the leve1 of ECM generation or removal. Soluble 
mediators (IL-1, PDGF, IGF-1, and basic FGF) from 
either infiltrating inflammatory cells or resident 
glomerular cells may directly stimulate ECM production 
by mesangial cells, or induce the synthesis of matrix 
degrading enzymes, matrix metalloproteases and 
plasminogen activators, and their respective inhibitors, 
tissue inhibitors of metalloproteases and plasminogen 
inhibitors (Border and Ruoslahti, 1992; Sedor et al., 
1992; Floege et al., 1993a,b). Accumulated ECM may in 
turn influence glomerular cell behaviour; experimental 
evidence from cell and organ culture models indicates a 
variety of cellular responses to ECM; adhesion and 
spreading, changes in cytoskeleton and cell shape, 
induction of polarity and differentiation, stimulation of 
proliferation and migration, induction of proteases, and 
platelet migration (Sterzel et al., 1992). 
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Phenotypic transforrnation of rnesangial cells 

Intrinsic mesangial cells act as a framework within 
the glomerular tuft, a cellular source of growth factors 
and cytokines, and a modulator of glomerular hemo- 
dynamics. They also synthesize and secrete ECM 
components. After exposure to a variety of stimuli such 
as immune complexes, complement components and 
proinflammatory cytokines, they undergo striking 
phenotypic transformations. Mesangial cells upon 
various types of experimental glomerular injury such as 
anti-Thy-1 nephritis (Johnson et al., 199 1; Alpers et al., 
1992), aminonucleoside nephrosis with glomerular 
sclerosis (Ebihara et al., 1993), 516 nephrectomy (Floege 
et al., 1992), and streptozotocin-induced diabetes (Fukui 
et al., 1992), express de novo types 1 and 111 collagen, a -  
smooth muscle actin (Alpers et al., 1992; Johnson et al., 
1991), and embryonic type myosin isoform (SMemb) 
(Kuro-o et al., 1991), although the expression of these 
molecules by mesangial cells are normally repressed and 
undetectable in normal glomeruli by immunohisto- 
chemical means. Temporal analysis of ECM expression 
in the puromycin nephrosis model of foca1 and 
segmental glomerulosclerosis indicated that the 
expression of normally expressed ECM components is 
enhanced with time, and that there is a delayed de novo 
expression of types 1 and 111 collagen, not normally 
found within the glomeruli (Ebihara et al., 1993). In 
human IgA nephritis, appearance of type 111 collagen 
(Yoshioka et al., 1989b) (Fig. 2), a-smooth muscle actin 
(Fig. 3) and SMemb (Kimura et al., 1993) within 
mesangium parallels mesangial expansion. Type 1 
collagen tends to emerge in sclerotic glomeruli at the 
advanced stage (Yoshioka et al., 1990a). Certain cyto- 
kines and transcription factors might be responsible for 
phenotypic modulation, but detailed mechanisms are 
unclear. 

Chronic inflarnrnatory proliferative disorder 

Although not in general use, the term «chronic 
inflammatory proliferative disorder (CIPD)», was 
originally introduced by Hirano (1994) to describe a set 
of diseases characterized by (1) chronic infiltration of 
inflammatory cells, (2) provocation of immune response, 
and (3) persistent proliferation of a tissue-specific cell 
type (Table 1). This disease process accompanies the 
participation of a variety of mediators such as adhesion 
molecules, cytokines and growth factors. Expression of 
protooncogenes and accumulation of extracellular 
cellular matrix are also observed. CIPD typically 
includes rheumatoid arthritis, atherosclerosis, and 
psoriasis, where the dominant proliferating tissue- 
specific cell types are synovial cells, vascular smooth 
muscle cells, and keratinocytes, respectively (Hirano, 
1994). Mesangial proliferative IgA glomerulonephritis 
may also be a CIPD due to the pathologic features 
described above. 

In CIPD, details of why cell proliferation persists are 

still unclear. Future studies to elucidate the regulatory 
mechanisms of cell replication and cell death at the 
molecular leve1 are awaited. The development of 
manoeuver to control cell growth in vivo will introduce 
a novel way to the treatment of chronic kidney 
inflammation. 

Acknowledgements. This work was supported by a Grant for 
-Progressive Renal Diseases(< from the Ministry of Health and Welfare 
projects for [[Specially selected diseases>> (K.Y.). The authors thank Ms. 
Y. Shima for secretaria1 assistance. 

Alpers C.E., Hudkins K.L., Gown A.M. and Johnson R.J. (1992). 
Enhanced expression of (<muscle-specific>, actin in glomerulo- 
nephritis. Kidney Int. 41, 1134-1 142. 

Arima S., Nakayama M., Naito M., Sato T. and Takahashi K. (1991). 
Significance of mononuclear phagocytes in IgA nephropathy. Kidney 
Int. 39, 684-692. 

Barnes J.L. and Abboud H.E. (1993). Temporal expression of autocrine 
growth factors corresponding to morphological features of mesangial 
proliferation in Habu snake venom-induced glomerulonephritis. Am. 
J. Pathol. 143, 1366-1 376. 

Baud L., Fouqueray B., Philippe C. and Amrani A. (1992). Tumor 
necrosis factor alpha and mesangial cells. Kidney Int. 41, 600-603. 

Berger J. and Hinglais N. (1968). Les depots intercapillaires d'lgA-IgG. 
J. Urol. Nephrol. 74, 694-695. 

Bishop G.A. and Hall B.M. (1989). Expression of leukocyte and lympho- 
cyte adhesion molecules in the human kidney. Kidney Int. 36, 1078- 
1085. 

Bishop J.M. (1983). Cellular oncogenes and retroviruses. Annu. Rev. 
Biochem. 52, 301 -354. 

Border W.A. and Ruoslahti E. (1992). Transforming growth factor-B: the 
dark side of tissue repair. J. Clin. Invest. 90, 1-7. 

Border W.A., Okuda S., Languino L.R., Sporn M.B. and Ruoslahti E. 
(1990). Suppression of experimental glomerulonephritis by anti- 
serum against transforming growth factor B1. Nature 346, 371 -374. 

Border W.A., Noble N.A., Yamamoto T., Harper J.R., Yamaguchi Y., 
Pierschbacher M. and Ruoslahti E. (1992). Natural inhibitor of 
transforming growth factor-B protects against scarring in 
experimental kidney disease. Nature 360, 361 -364. 

Boumpas D.T., Tsokos G.C., Mann D.L., Eleftheriades E.G., Harris C.C. 
and Mark G.E. (1986). lncreased expression in peripheral blood 
lymphocytes from patients with systemic lupus erythematous and 
other autoimmune diseases. Arthritis Rheum. 29, 755-760. 

Brady H.R. (1994). Leukocyte adhesion molecules and kidney diseases. 
Kidney Int. 45, 1285-1300. 

Briscoe D.M. and Cotran R.S. (1993). Role of leukocyie-endothelial cell 
adhesion molecules in renal inflammation: in vitro and in vivo 
studies. Kidney Int. 44, S27-S36. 

Cohen J.J. (1993). Apoptosis. Immunol. Today 14, 126-130. 
Couser W.G. (1990). Mediation in glomerular immune injure. J. Am Soc. 

Nephrologie 1. 13-29. 
D'Amico G. (1987). The commonest glomerulonephritis in the world: IgA 

nephropathy. Q. J. Med. 64, 709-727. 
Dohi K., lwano M., Muraguchi A., Horii Y., Hirayama T., Ogawa S., 

Shiiki H., Hirano T., Kishimoto T. and lshikawa K. (1991). The 



Human IgA nephritis 

prognostic significance of urinary interleukin 6 in IgA nephropathy. 
Clin. Nephrol. 35, 1-5. 

Doi T., Striker L.J., Gibson C.C., Agodoa L.Y., Brinster R.L. and Striker 
G.E. (1990). Glomerular lesions in mice transgenic for growth 
hormone and insulin-like growth factor-l. Am. J. Pathol. 137, 541- 
552. 

Ebihara l., Nakamura T., Suzuki S., Tomino Y. and Koide H. (1991). 
Proto-oncogene expression in peripheral blood mononuclear cells in 
IgA nephropathy. Kidney Int. 39, 946-953. 

Ebihara l., Suzuki S., Nakamura T., Fukui M., Yaguchi Y., Tomino Y. 
and Koide H. (1993). Extracellular matrix component mRNA 
expression in glomeruli in experimental focal glomerulosclerosis. J. 
Am. Soc. Nephrol. 3, 1387-1397. 

Floege J., Johnson R.J., Gordon K., lida H., Prizl P., Yoshimura A., 
Campbell C., Alpers C.E. and Couser W.G. (1991). lncreased 
synthesis of extracellular matrix in mesangial proliferative nephritis. 
Kidney Int. 40, 477-488. 

Floege J., Alpers C.E., Burns M.W., Pritzl P., Gordon K., Couser W.G. 
and Johnson R.J. (1992). Glomerular cells, extracellular matrix 
accumulation, and the development of glomerulosclerosis in the 
remnant kidney model. Lab. Invest. 66, 485-497. 

Floege J., Eng E., Young B.A., Alpers C.E., Barrett T.B., Bowen-Pope 
D.F. and Johnson R.J. (1993a). lnfusion of platelet-derived growth 
factor or basic fibroblast growth factor induces selective glomerular 
mesangial cell proliferation and matrix accumulation. J. Clin. Invest. 
92, 2952-2962. 

Floege J., Eng E., Young B.A. and Johnson R.J. (1993b). Factors 
involved in the regulation of mesangial cell proliferation in vitro and 
in vivo. Kidney Int. 39, S47-S54. 

Fogel M.A., Boyd C.D., Leardkamilkarn V., Abrahamson D.R., Minto 
A.W..M. and Salant D.J. (1991). Glomerular basement membrane 
expansion in passive Heymann nephritis. Absence of increased 
synthesis of type IV collagen, laminin, or fibronectin. Am. J. Pathol. 
138, 465-475. 

Fukatsu A., Matuso S., Tamai H., Sakamoto N,, Matsuda T. and Hirano 

T. (1991). Distribution of interleukin-6 in normal and diseased 
human kidney. Lab. Invest. 65, 61-66. 

Fukatsu A., Matsuo S., Yuzawa Y., Miyai H., Futenma A. and Kato K. 
(1993). Expression of interleukin 6 and major histocompatibility 
complex molecules in tubular epithelial cells of diseased human 
kidneys. Lab. Invest. 69, 58-67. 

Fukui M.. Nakamura T., Ebihara l., Shirato l., Tomino Y. and Koide H. 
(1992). ECM gene expression and its modulation by insulin in 
diabetic rats. Diabetes 41, 1520-1527. 

Gesualdo L., Pinzani M., Floriano J.J., Hassan M.O., Nagy N.U., 
Schena F.P., Emancipator S.N. and Abboud H.E. (1991). Platelet- 
derived growth factor expression in mesangial proliferative 
glomerulonephritis. Lab. Invest. 65, 160-167. 

Harrison D.J. (1988). Cell death in the diseased glomerulus. 
Histopathology 12, 683-697. 

Hirano T. (1994). Abnormal gene expression in chronic inflammatory 
proliferative disease (CIPD). J. Jpn. Soc. Dialysis Ther. Osaka. p 
610. (Abstract). 

Hook D.H., Gee D.C. and Atkins R.C. (1987). Leukocyte analysis using 
monoclonal antibodies in human glomerulonephritis. Kidney Int. 31, 
964-972. 

Horii Y., Muraguchi A., lwano M., Matsuda T., Hirayama T., Yamada H., 
Fujii Y., Dohi K., lshikawa H., Ohmoto Y., Yoshizawa K., Hirano T. 
and Kishimoto T. (1989). lnvolvement of interleukin-6 in mesangial 

proliferative glomerulonephritis. J. Immunol. 143, 3949-3955. 
lida H., Seifert R., Alpers C.E., Gronwald R.G.K., Philips P.E., Pritzl P., 

Gordon K., Gown A.M., Ross R., Bowen-Pope D.F. and Johnson 
R.J. (1991). Platelet-derived growth factor (PDGF) and PDGF 
receptor are induced in mesangial proliferative nephritis in the rat. 
Proc. Natl. Acad. Sci. USA 88, 6560-6564. 

lsaka Y., Fujiwara Y., Ueda N., Kaneda Y., Yamada T. and lmai E. 
(1 993). Glomerulosclerosis induced by in vivo transfection of 
transforming growth factor4 or platelet-derived growth factor gene 
into the rat kidney. J. Clin. Invest. 95, 2597-2601. 

lwano M., Dohi K., Hirata E., Kumumatani N,, Horii Y., Shiiki H., Fukatsu 
A,, Matsuda T., Hirano T., Kishimoto T. and Ishikawa H. (1993). 
Urinary levels of IL-6 in patients with active lupus nephritis. Clin. 
Nephrol. 40, 16-21. 

Johnson R.J., lida H., Alpers C.E., Majesly M.W., Schwariz S.M., Pritzl 
P., Gordon K. and Gown A.M. (1991). Expression of smooth muscle 
cell phenotype by rat mesangial cells in immune complex nephritis. 
J. Clin. Invest. 87, 847-858. 

Johnson R.J., Raines E., Floege J., Yoshimura A,, PritzlP., Alpers C. 
and Ross R. (1992). lnhibition of mesangial cell proliferation and 
matrix expansion in glomerulonephritis in the rat by antibody to 
platelet derived growth factor. J. Exp. Med. 175, 1413-1416. 

Johnson R.J., Floege J., Couser W.G. and Alpers C.E. (1993). Role of 
platelet-derived growth factor in glomerular disease. J. Am. Soc. 
Nephrol. 4, 11 9-1 28. 

Jones C.L., Buch S., Post M., McCulloch L., Liu E. and Eddy A.A. 
(1992). Renal extracellular matiix accumulation in acute amino- 
nucleoside nephrosis in rats. Am. J. Pathol. 141, 1381-1396. 

Kawasaki K., Yaoita E., Yamamoto T., Tamatani T., Miyasaki M. and 
Kihara 1. (1993). Antibodies against intercellular adhesion molecule- 
1 and lymphocyte function associated antigen-1 prevent glomerular 
injury in rat experimental crescentic glomerulonephritis. J. Immunol. 
150, 1074-1 083. 

Kerjaschki D., Ojha P.P., Susani M., Howat R., Binder S., Hovorka A., 
Hillemanns P. and Pytela R. (1989). A BI-integrin receptor for 
fibronectin in human kidney glomeruli. Am. J. Pathol. 134, 481-489. 

Kimura K., Nagai R., Hirata Y., Aikawa M., Hayakawa H., Kuro-o M., 
Gotoh A,, Yazaki Y. and Omata M. (1993). Phenotypic modulation of 
mesangial cells in human glomerular diseases determined by the 
expression of embryonic-type smooth muscle myosin heavy chain 
isoform (SMemb). J. Am. Soc. Nephrol. 4, 682. 

Kincaid-Smith P., Nicholls K. and Birchall 1. (1989). Polymorphs infiltrate 
glomeruli in mesangial IgA glomerulonephritis. Kidney Int. 36, 1108- 
1111. 

Korhonen M., Ylanne J., Laitinen L. and Virianen 1. (1990). Distribution 
of B1 and B3 integrins in human fetal and adult kidney. Lab. Invest. 
62, 616-625. 

Korsmeyer S.J. (1992). Bcl-2 initiates a new category of oncogenes: 
regulators of cell death. Blood 80, 879-886. 

Kuro-o M., Nagai R., Nakahara K., Katoh H., Tsai R-C., Tsuchimochi H., 
Yazaki Y., Ohkubo A. and Takaku F. (1991). cDNA cloning of a 
myosin heavy chain isoform in embryonic smooth muscle and its 
expression during vascular development and in arieriosclerosis. J. 
Biol. Chem. 266, 3768-3773. 

Li H.L., Hancock W.W., Hooke D.H., Dowling J.P. and Atking R.C. 
(1990). Mononuclear cell activation and decreased renal function in 
IgA nephropathy with crescents. Kidney Int. 37, 1552-1556. 

Matsushima K., Baldwin E.T. and Mukaida N. (1992). Interleukin-8 and 
MCAF: Novel leukocyte recruitment and activating cytokines. Chem. 





Human IgA nephritis 

Ooshirna A. and Maki S. (1990a). Distribution of type I collagen in Yoshioka K., Takernura T., Murakarni K., Okada M., Hino S., Miyazato 

hurnan kidney diseases in cornparison with type III collagen. J. H. and Maki S. (1993a). Transforrning growth factor4 protein and 
Pathol. 162, 141 -148. rnRNA in glorneruli in normal and diseased hurnan kidneys. Lab. 

Yoshioka K., Takernura T., Murakarni K., Akano N., Matsubara K., Aya Invest. 68, 154-1 63. 
N. and Maki S. (1990b). ldentification and localization of epiderrnal Yoshioka K., Takernura T., Murakarni K., Okada M., Yagi K., Miyazato 

growth factor and its receptor in the hurnan glornerulus. Lab. Invest. H., Matushirna K. and Maki S. (1993b). In situ expression of cyto- 

63, 189-196. kines in IgA nephritis. Kidney Int. 44, 825-833. 


