
 

Clin Exp Immunol 2002; 

 

130

 

:1–3

© 2002 Blackwell Publishing Ltd

 

1

 

Blackwell Science, Ltd

 

Oxford, UK

 

CEIClinical and Experimental Immunology

 

0009-9104Blackwell Science, 2002

 

130

Editorial review

N. S. Sheerin & S. H. SacksDoes complement activation cause tubulointerstitial injury

 

Correspondence: Neil S. Sheerin, Department of Nephrology and
Transplantation, Guy’s Hospital, King’s College London, London SE1
9RT, UK.

E-mail: neil.sheerin@kcl.ac.uk

 

Leaked protein and interstitial damage in the kidney: is complement the 
missing link?

 

N. S. SHEERIN & S. H. SACKS 

 

Department of Nephrology and Transplantation, 
Guy’s Hospital, King’s College London, London, UK

(Accepted for publication 25 July 2001)

 

The link between glomerular leakage of protein and progressive
renal damage is a recurrent but incompletely understood obser-
vation in many clinical and experimental studies. High urinary
protein levels in patients with glomerular disease predicts an
adverse outcome. These patients frequently demonstrate tubular
and interstitial fibrosis on renal biopsy. From this has emerged the
hypothesis, supported by animal studies, that proteinuria leads to
a fibrotic response within the tubulointerstitial compartment. The
exact mechanism by which proteinuria exerts this effect is
unknown.

 

Proteinuria and progressive injury

 

Many glomerular diseases cause proteinuria. The outcome of
these diseases is in part dependent on the degree of proteinuria
and the extent of tubulointerstitial fibrosis. There is increasing evi-
dence that the proteinuria may lead directly to interstitial fibrosis
and inflammation. Therapeutic interventions that reduce the level
of proteinuria also decrease the level of fibrosis in animal models,
and in clinical studies slow down the loss of renal function in
patients with progressive disease. Tubular epithelial cells are at
the interface between high concentrations of protein in the uri-
nary space and inflammatory and fibrotic reactants generated
within the interstitium. It is probable, therefore, that the tubular
epithelium has a critical role in determining events within the tub-
ulointerstitial compartment. Epithelial responses may simply be
modified by an excess of protein in the tubular lumen or by expo-
sure to specific plasma proteins, for example transferrin and lipo-
proteins. The presence of complement proteins in the tubular
lumen is one such influence that may affect fibrotic and inflam-
matory responses within the interstitium.

Complement proteins, including the complex C5b-9, can be
detected in the urine of patients with proteinuria. The high molec-
ular weight of C5b-9 means that it is unlikely to enter the urinary
space by glomerular filtration. It could be derived from shedding
from the glomerulus in immune complex diseases such as mem-
branous nephropathy. However, C5b-9 can be found in the urine
from proteinuric patients who do not have C5b-9 in their glom-
eruli [1]. This suggests strongly that complement components are

reaching the tubular lumen and that C5b-9 is being assembled at
this site. In human biopsy studies and animal models, deposition
of complement components can be identified at sites of tubuloint-
erstitial injury [2,3]. Such observations support the notion that
complement activation in the tubular compartment may contrib-
ute to proteinuria-associated tubulointerstitial injury, but do not
establish a causal relationship.

 

The effect of complement activation on the renal tubule

 

Activation of the complement cascade generates a number of
proinflammatory products. The fragment C5a is chemotactic and
activates leucocytes; and C5b-9, the membrane attack complex,
inserts into cell membranes and induces injury. Nucleated cells
are relatively resistant to lysis by C5b-9 but undergo functional
and structural changes depending on cell type. 

 

In vitro

 

, C5b-9-
stimulated proximal tubular epithelial cells (PTEC) undergo
cytoskeletal and structural changes and produce proinflammatory
mediators, including arachadonic acid products, IL-1 and TNF-

 

α

 

[4]. Mesangial cells stimulated by C5b-9 produce several pro-
fibrotic factors including TGF-

 

β

 

, b-FGF, PDGF and matrix com-
ponents such as Collagen IV [5,6]. It is reasonable to assume that
tubular epithelial cells and interstitial fibroblasts may react in a
similar manner to stimulation by C5b-9 (Fig. 1).

What makes the proximal tubule vulnerable to attack by com-
plement? The PTEC luminal border possesses convertase-like
activity that leads to the enzymatic splitting of the pivotal com-
ponent C3 [7]. Secondly, PTEC produce ammonia that can also
activate C3 [8]. Finally, the luminal border of PTEC is relatively
deficient in complement inhibitory proteins, proteins that inhibit
convertase activity or block the assembly of C5b-9 [9]. All of these
factors may contribute to the activation of complement by the
renal epithelium.

In this issue Welch and coworkers suggest an additional
mechanism by which complement activation contributes to pro-
teinuria-associated tubulointerstitial injury [10]. If C5b-9 is being
formed C5a will also be released. Proteinuric mice that are defi-
cient in the C5a receptor have a reduced interstitial inflammatory
response, including fewer infiltrating cells. This suggests that C5a
is an important interstitial chemoattractant mediating cellular
infiltration and tissue damage. The situation is, however, perhaps
more complex than this. C5a receptor is expressed on the tubular
epithelium [11] and C5a may therefore act directly the PTEC to
induce release of other proinflammatory molecules and induce
apoptosis (Fig. 1).
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What is the source of complement within the tubule?

 

Most of the proteins required for complement activation have a
molecular weight of 80–200 kDa, falling well within the range of
proteins filtered in non-selective proteinuria. Therefore, one
probable source of tubular complement proteins in proteinuric
patients is the glomerular filtrate.

What has emerged more recently is the capability of the kid-
ney itself to synthesize the complement proteins required to acti-
vate both the classical and alternative pathways [12]. A number of
renal cell types can synthesize complement components, with a
potential further contribution from infiltrating leucocytes. Tissue
injury increases the level of C3 and C4 transcripts within the kid-
ney [13,14]. Evidence of increased glomerular gene expression is
seen in several of the immune-mediated glomerulonephritides,
including IgA nephropathy and membranous nephropathy. How-
ever, it is clear from many studies of glomerular disease that the
principal site of complement gene expression is in fact the renal
tubule [15,16]. Synthesis may be stimulated by cytokines [17],
secreted locally or from activated glomerular cells. Alternatively,
non-physiological exposure of filtered proteins could stimulate C3
production by PTEC [18].

An unknown factor is the amount of complement the kidney
produces in proteinuric states. Studies of transplant recipients
receiving kidneys from donors with a different C3 allotype have
indicated that up to 12% of circulating C3 may be of renal origin

[19]. In this instance the most prominent source of C3 seems to be
the tubular epithelium. The tubular cells therefore have signifi-
cant capability to synthesize complement that may contribute to
local injury.

 

Evidence form animal models

 

It follows that if complement plays a role in mediating pro-
teinuria-associated tubulointerstitial injury, complement inhibi-
tion should reduce the extent of this injury. Complement
inhibition using either cobra venom factor or soluble complement
receptor-1 reduces tubulointerstitial injury and functional impair-
ment in two models of proteinuria in the rat [20,21]. An alterna-
tive approach has been to use rats that have an inherited
deficiency in C6 and therefore are unable to generate C5b-9. C6-
deficient mice are protected from proteinuria-associated tubu-
lointerstitial injury [22,23]. This confirms specifically the impor-
tance of the membrane attack complex, C5b-9, in the generation
of injury as these rats will generate C5a normally. A final
approach has been to reduce expression of complement inhibitors
to determine whether this increases the degree of injury. Blocking
the expression of the rat complement inhibitor 

 

crry

 

 with antisense
oligonucleatides did indeed result in increased proteinuria-
associated tubulointerstial injury [24].

In summary, a growing number of studies indicate that com-
plement proteins, derived either from the glomerular filtrate or

 

Fig. 1.

 

 Schematic representation of the possible roles of complement in the generation of tubulointerstitial inflammation and fibrosis.
Complement components derived from either the glomerular infiltrate or local synthesis by resident cells are activated on the luminal
border of the PTECs with the generation of C5B-9 and C5a. These products activate PTECs leading to synthesis of new matrix, secretion
of fibrogenic and proinflammatory cytokines and cell apoptosis. Additionally, C5a may have a direct chemoattractant effect.
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from local production, reach the tubular compartment. Comple-
ment activation, both in the urinary space and interstitium,
generates the complement effector proteins C5b-9 and C5a.
Consequently, complement activation at this site enhances the
production of proinflammatory and pro-fibrotic cytokines, leuco-
cyte infiltration and resident cell apoptosis, contributing to pro-
gressive tubulointerstitial injury and decline in renal function. The
increasing availability of molecules that can block complement
activation raises the possibility that this may be a target for future
therapeutic intervention.
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