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CHAPTER 4

Abstract

Activation of filtered complement products on the brush border of the tubular
epithelium is thought to be a key factor underlying proteinuria-induced tubu-
lointerstitial injury. However, the mechanism of tubular complement activation
is still unclear. Recent studies on mechanisms of complement activation
indicate a key role for properdin in the initiation of alternative pathway. We
hypothesized that properdin serves as a focal point for complement activation
on the tubulus.

We observed a strong staining for properdin on the luminal surface of the
tubules in kidney biopsies from patients with proteinuric renal disease. In
vitro experiments revealed dose-dependent binding of properdin to PTEC
whereas no significant binding to endothelial cells was detected. Exposure of
PTEC with normal human serum as a source of complement resulted in
complement activation with deposition of C3 and generation of C5b-9. These
effects were virtually absent with properdin deficient serum. Pre-incubation of
PTEC with properdin before addition of properdin-depleted serum fully
restored complement activation on the cells, strongly suggesting a key role for
properdin in the activation of complement at the tubular surface.

In proteinuric renal disease, filtered properdin may bind to PTEC and act as a
focal point for alternative pathway activation. We propose that this contribution
of properdin is pivotal in tubular complement activation and subsequent
damage. Interference with properdin binding to tubular cells may provide an

option for the treatment of proteinuric renal disease.
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Introduction

Worldwide, the number of patients suffering from chronic kidney disease
(CKD)isincreasing dramatically|[1]. The two mostimportant factors contributing
to the global rise in CKD are ageing of the population and the epidemic of type
2 diabetes mellitus [2]. It has been well established now that in chronic kidney
disease, regardless of the aetiology, proteinuria is a strong and independent
predictor for the progression of chronic renal failure to end-stage renal disease
(ESRD) [3,4]. Anti-proteinuric treatment is associated with preservation of renal
function [5,6].

Several pathophysiologic mechanisms have been proposed to account for pro-
teinuria-induced tubulointerstitial injury. These include lysosomal rupture
due to reabsorbed proteins, oxidative damage induced by transferrin
reabsorption, and the stimulatory effects of various plasma proteins on the
expression of proinflammatory and profibrotic mediators in renal tubular
epithelial cells [7-9]. There is accumulating evidence for complement activation
as a powerful mechanism underlying the progression of proteinuric renal
disease.

In the setting of proteinuria, plasma complement components may enter the
tubular lumen [10]. If these complement components are then locally activated
this would lead to cell activation and resulting tubular damage and interstitial
fibrosis [11,12]. Indeed, proximal tubular epithelial cells (PTEC) activate serum
complement in vitro via the alternative pathway [13,15]. Also in vivo, both in
human chronic proteinuric disease and in experimental models, evidence of
complement activation can be detected on the apical surface of the renal
tubules [14,16,17]. The protective effect of C6 deficiency in the puromycin model
of nephrotic syndrome, as well as in the remnant kidney model, provides
further evidence for the role of complement in mediating tubulointerstitial
injury [16,18|. Targeting complement inhibitory molecules to the proximal
tubules in a rat model of proteinuric kidney disease protects against renal
dysfunction [19].

However, the exact mechanism of the unique complement activating property
of the proximal tubules has not yet been elucidated. Previous studies reported
arole for local ammonium (NH,) in initiating alternative complement pathway
activity [20,21]. We hypothesize that besides ammonium, other mechanisms
might be involved in triggering tubular complement activation.

The alternative pathway of complement is triggered by spontaneous hydrolysis
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of C3, which generates C3a and C3b. Cleavage of C3 results in the formation of
a positive feedback loop to produce a rapid local response [22]. Properdin,
discovered in 1954 by Pillemer et al.[23], is the only known positive regulator of
the complement system and consists of dimers, trimers and tetramers arranged
in a head-to-tail orientation|24,25]. Properdin binds to C3b and enhances
complementactivation by stabilizing the alternative pathway C3 convertase[26].
Lately, there has been renewed interest in properdin. It was shown that
target-bound properdin may serve as a focal point for amplification of C3
activation. Each subunit in the oligomer provides a ligand-binding site and the
unoccupied ligand-binding sites can assemble the alternative pathway
convertase on target surfaces [27,28]. It has recently been re-emphasized that
properdin may act as a focal point in the activation of the alternative pathway
of complement [27-30]. It was suggested already in 1954 that properdin might
interact directly with cell surfaces [23,31].

In this study, we show that properdin binds to viable tubular epithelial cells

and via this mechanism initiates complement activation.

Materials and methods

Immunohistochemical staining

Frozen 4 ym tissue sections were used to determine the presence of properdin
in cortical tissue of human kidneys. After the sections were fixed with acetone,
endogenous peroxidase activity was blocked with 0.1% H,0, and 0.1% NaN, for
30 min at room temperature (RT). Then the slides were washed and subsequently
blocked with phosphate-buffered saline (PBS), 1% bovine serum albumin (BSA)
and 5% heat-inactivated normal human serum for 45 min at RT. Next, sections
were incubated with a polyclonal rabbit anti-human properdin antibody
(Laboratory of Nephrology, Leiden, the Netherlands) in PBS, 1% BSA and 1%
normal human serum in a humid atmosphere overnight at RT. After washing
with PBS, antibody binding was detected with horseradish peroxidase
(HRP)-labeled goat anti-rabbit Ig (DAKO, Glostrup, Denmark) in PBS, 1% BSA and
1% normal human serum (60 min RT) followed by washing with PBS, incubation
with Tyramide-fluorescein isothiocyanate in tyramide buffer (NEN™ Life
Science Products, Boston, MA, USA; 20 min RT), washing with PBS, incubation
with HRP-conjugated rabbit anti-fluorescein isothiocyanate (DAKO) for 60 min
at RT, washing with PBS and development with DAB (Sigma, St Louis, MO, USA).
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Sections were counterstained with hematoxylin (Merck, Darmstadt, Germany)

and mounted with imsol (Klinipath, Duiven, The Netherlands).

Cell culture

The immortalized renal proximal tubular epithelial cell-line HK-2 was kindly
provided by M. Ryan, University College Dublin, Ireland [32]. Cells were grown
in serum-free DMEM/HAMF12 (Bio-Whittaker, Walkersville, MD) supplemented
with 100 U/ml penicillin, 100 ug/ml streptomycin (Invitrogen, Breda, the
Netherlands), insulin (5 pg/ml), transferrin (5 pg/ml), selenium (5 ng/ml), tri-io-
dothyronine (40 pg/ml), epidermal growth factor (10 ng/ml), hydrocortisone (36
ng/ml, all purchased from Sigma). Primary human proximal tubular epithelial
cells (PTEC) were isolated from pre-transplant biopsies or from kidneys not
suitable for transplantation and cultured as described earlier (33). HUVEC were
isolated from umbilical cords as described previously [34]. Cells were cultured
on a matrix of fibronectin in M199 medium containing 20% heat-inactivated
FCS, 100 U/ml penicillin, 100 ug/ml streptomycin, 50 ug/ml Bovine Pituitary
Extract (all from Invitrogen) and 10 U/ml heparin (LEO Pharma B.V., Breda, the
Netherlands). The cell lines ECRF-24, Jurkat, HL-60 and U937 were cultured as
described earlier [35,36].

Isolation of properdin

Properdin was isolated from pooled human donor serum. First, a precipitation
step was performed by dialyzing the serum against water containing 5 mM
EDTA, pH 6.0. The resulting precipitate was dissolved in Veronal-buffered saline
(2x VBS, 1.8 mM Na-5,5-diethylbarbital, 0.2 mM 5,5-diethylbarbituric acid, 145
mM NaCl), dialyzed against 0.01 M NaAc containing 2mM EDTA, pH 6.0 and
applied to a Sulphopropyl Sephadex C50 cation exchange colomn (Pharmacia
Biotech, Uppsala, Sweden). Properdin was eluted from the column with a linear
salt gradient. Properdin-containing fractions, as determined by enzyme-linked
immunosorbent assay (ELISA), were pooled, concentrated, and subsequently
applied to a Sephacryl S-300 gel filtration column (Pharmacia), after which
properdin-containing fractions were pooled. In order to remove contaminating
C1q from the preparation, the properdin-pool was dialyzed against PBS, 2 mM
EDTA and further purified using human IgG coupled to a Biogel A5 column
(Bio-Rad, Hercules, CA). Purity of the properdin preparation was confirmed by
analysis on 10% non-reducing SDS-PAGE gel. A single band of 220 kDa was
observed.
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Serum preparation

Normal human serum was depleted of properdin by immune adsorption using
Biogel-coupled anti-human properdin monoclonal antibodies (a gift of State
Serum Institute, Copenhagen, Denmark). The properdin-depleted serum
showed normal classical and lectin pathway activity in hemolytic assay.
C4-depleted serum, which lacks both classical and lectin pathway activity, was
prepared by affinity adsorption using goat anti-human C4 IgG coupled to
CNBr-activated Sepharose 4 Fast Flow (Amersham Bioscience Europe,
Roosendaal, the Netherlands). After C4 depletion, the serum was free of C4
antigen and classical pathway hemolytic activity could be restored fully by

purified hemolytically active C4.

FACS analysis

Deposition of complement on cells was determined by flow cytometry. Properdin
binding to the cells was visualized using a polyclonal rabbit anti-human
properdin antibody followed by RPE-conjugated goat anti-rabbit IgG (Southern
Biotechnology Associates, Birmingham, US). Deposition of C3, C5b-9, C1q, and
MBL on the cells was detected using a mouse monoclonal anti-human C3
antibody (RFK22, Laboratory of Nephrology, Leiden, the Netherlands),
anti-human C5b-9 (mAb AE11, kindly provided by Dr. T.E. Mollnes, Nordland
Central Hospital, Bodo, Norway), anti-human C1q (mAb 2204, kindly provided
by Dr. C.E. Hack, Sanquin Research, Amsterdam) and anti-human MBL (mAb
3E7, kindly provided by Dr. T. Fujita, Medical University School of Medicine,
Fukushima, Japan) respectively, followed by RPE-conjugated polyclonal goat
anti-mouse Ig (DAKO). All antibody incubations were performed on ice for 30
min. Cell surface staining was assessed using a FACScalibur flow cytometer
(Becton Dickinson, Mountain View, CA). Propidium iodide (1pg/ml, Molecular
Probes, Leiden, the Netherlands) was used for exclusion of dead cells.

Properdin binding and complement activation assays

For FACS experiments, cells were grown to confluence in 48-well tissue culture
plates. HK-2 cells and HUVEC were exposed to 20% normal human serum
diluted in serum-free DMEM/HAMF12 for 2 h at 37°C. C3, C5b-9, C1q, MBL and
properdin were assessed on the cell surface by FACS analysis. Alternative
pathway mediated complement activation by HK-2 was tested by incubating the
cells with 20% normal human serum in the presence of 5 mM Mg EGTA.
Properdin binding to HK-2, primary PTEC, HUVEC, ECRF-24, U937, HL-60 and
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Jurkat was assessed by incubating the cells with purified human properdin (20 pg/
ml) diluted in serum-free DMEM/HAMF12 for 1 h at 37°C. Dose-dependent
properdin binding to HK-2 and HUVEC was tested by incubating the cells with
increasing concentrations of human properdin (10 to 40 pg/ml). The functional
consequences of properdin binding were determined by incubating the cells
with 5% properdin-depleted, normal human serum or C4-depleted human
serum as a complement source, diluted in serum-free DMEM/HAMF12 culture
medium, for 2 h at 37°C after pre-incubation with properdin. Following
properdin and/or serum incubation, the cells were washed twice in PBS,
harvested by scraping and resuspended in FACS-buffer (1% BSA and 0.02 %
sodium azide in PBS) for FACS staining.

Results

Properdin is present on the tubular brush border in proteinuric
kidneys

The presence of properdin on the brush border of the proximal tubules was
determined in renal biopsies of three patients with membranous nephropathy
and in pretransplant renal biopsies of three living related kidney donors.
Properdin could be detected along the brush border of the tubules in diseased
kidneys, whereas properdin was absent in the tubules of healthy kidney tissue
(Figure 1). Since the presence of properdin on the tubular brush border of
proteinuric kidneys does not distinguish where in the cascade of complement
activation properdin comes in, we proceeded to in vitro studies to determine

whether properdin is an initiating factor in tubular complement activation.

Complement activation by HK-2 cells

Incubation of Human Kidney-2 (HK-2) cells with normal human serum resulted
in fixation of complement products on the cell surface. C3, C5b-9 and properdin,
but not C1q and mannan-binding lectin (MBL) could be detected (Figure 2a).
The complement system was activated on the cell surface via the alternative
pathway since deposition of C3 and C5b-9 was unaffected by Mg EGTA, which
interferes with the classical and lectin pathway of complement by chelating
calcium (Figure 2b). In contrast, complement fixation was completely blocked
by EDTA, which inhibits all three pathways of complement activation. C3 and
C5b-9 deposition was also detected on HK-2 cells after exposure to C4-depleted
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Figure 1 Properdin staining on the tubular brush border in proteinuric
kidneys

Cryosections of (a and b) a renal biopsy of a patient with membranous nephropathy and (c and
d) a pretransplant biopsy of a healthy donor were stained immunohistochemically for
properdin. (a and c) Original magnifications were either x 100 or (b and d) x 250. Pictures are
representative for three patients with membranous nephropathy and three healthy kidneys
donors.

human serum, which excludes involvement of the classical or lectin pathway
(Figure 2c). To assure that complement activation was localized to the apical
surface, serum incubations were performed on cells that were grown to
confluence in a tissue culture plate. Human umbilical vein endothelial cells
(HUVEC) were used as a control. No complement deposition was observed on
these cells after treatment with normal human serum.
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Figure 2 Complement activation by HK-2 cells
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(a) HK-2 cells were incubated with 20% normal human serum (NHS). C3, C5b-9, C1q, mannan-
binding lectin (MBL) and properdin binding (filled histograms) were assessed on the cells using
the mAbs RFK22, AE11, 2204, 3E7 and a polyclonal rabbit anti-properdin antibody, respectively.
Open histograms show staining on cells that were not exposed to serum. (b) C3 deposition was
assessed on HK-2 cells after incubation with 20% human serum in the presence or absence of
5mM Mg EGTA or 10 mM EDTA. Results are expressed as the mean fluorescence intensity, MFI.
(c) C3 and C5b-9 deposition on HK-2 cells after exposure to 20% C4-depleted human serum.
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Binding of properdin to HK-2 cells

We then questioned whether properdin could bind to tubular cells prior to the
activation of complement and the deposition of its known ligand C3b. In order
to study binding of properdin to the cell surface, confluent cells in a tissue
culture plate were incubated with purified human properdin at a concentration
of 20 pg/ml. Properdin binding was analysed by flow cytometry. Only cells
which were negative for propidium iodide staining were analysed in order to
exclude properdin binding to dead cells. As shown in Figure 3a, strong binding
of properdin to viable HK-2 cells was detected, whereas no significant binding
was shown on HUVEC. As a negative control, the fluorescence intensity of cells
incubated with detection antibody only, i.e., without pre-incubation with
properdin, is shown. Properdin binds to viable HK-2 cells in a dose-dependent
manner (Figure 3b). The cell lines HL-60, U937 (monocytes), Jurkat (T-cell
leukaemia) and ECRF-24 (immortalized HUVEC) were all negative for properdin
binding (Figure 3c).

Properdin binding is a focal point for alternative pathway activation
on HK-2 cells

Next, we investigated whether properdin, after binding to the tubular surface,
acts as a focal point for local amplification of the alternative pathway of
complement. To demonstrate properdin-dependent complement activation,
deposition of C3 and C5b-9 was assessed on HK-2 cells and HUVEC incubated
with properdin-deficient normal human serum, with and without
pre-incubation of the cells with purified properdin. HK-2 cells incubated with
properdin-depleted serum show a strongly reduced C3 deposition compared to
cells exposed to normal human serum. This is accompanied by a strong
reduction of C5b-9 deposition. Complement activation was restored completely
on cells that had been pre-incubated with properdin, prior to exposure to prop-
erdin-deficient serum (Figure 4a and b). HUVEC showed no significant
complement activation, both with and without pre-incubation with purified
properdin. This indicates that properdin, bound to the cellular surface of HK-2,
initiates and targets the amplification of the complement cascade to the surface
of tubular cells.

To confirm that complement activation on HK-2 is properdin-dependent, cells
were pre-exposed to different concentrations of purified properdin, ranging
from 2,5 to 40 pg/ml, before incubation with 5% normal human serum.
Properdin was shown to increase the deposition of both C3 and C5b-9 on HK-2
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Figure 3 Properdin binding to HK-2 cells
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(a) HK-2 cells and human umbilical vein endothelial cells (HUVEC) were incubated with 20 pg/
ml purified human properdin. Binding of properdin (filled histograms) was detected with a
polyclonal rabbit anti-human properdin antibody followed by goat anti-rabbit conjugated with
PE. As a negative control, staining with both primary and secondary antibody was performed
on cells that were not exposed to properdin (open histograms). (b) Dose-dependent binding of
properdin to HK-2 and HUVEC is shown as the mean fluorescence intensity (MFI). Data are
representative for two individual experiments. (c) Binding of properdin (shown as the mean
fluorescence intensity, MFI) to the cell lines Jurkat, HL-60, U937, ECRF-24, HUVEC and HK-2.
Data are expressed as the mean #+ SD of three independent experiments.

in a dose-dependent way (Figure 5a). Similar dose-dependent effects were
detected when increasing concentrations of properdin were added prior to
incubation with C4-depleted human serum (Figure 5b).
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Figure 4 Properdin-dependent complement activation
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HK-2 cells and human umbilical vein endothelial cells (HUVEC) were pre-incubated with
properdin (P, 20 ug/ml), washed and subsequently exposed to 5% properdin-depleted human
serum (Pds). (@) C3 and (b) C5b-9 deposition (shown as the mean fluorescence intensity, MFI) was
detected on the cells using the mAbs RFK22 and AE11, respectively. The results are expressed as
the mean * SD of three independent experiments.

Properdin binding and complement activation on PTEC

In order to test whether the PTEC cell line HK-2 is representative for primary
PTEClines, properdin binding and properdin-dependent complementactivation
was assessed on primary PTEC cultures. As shown in Figure 6a, properdin
binding on PTEC is comparable to HK-2 (Figure 3a). The six tested PTEC cell
lines showed variability in properdin binding (Figure 6b). None of the three
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Figure 5 Dose-dependent effect of properdin on complement deposition
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HK-2 cells were pre-incubated with increasing concentrations of human properdin. After
extensive washing, cells were exposed to (a) 5% normal human serum or (b) 5% C4-depleted
human serum. Complement deposition (expressed as the mean fluorescence intensity, MFI) was
assessed by flow cytometry using mAbs RFK22 and AE11 for staining of C3 and C5b-9,

respectively. Results represent one out of two experiments.

HUVEC cell lines showed significant binding of properdin. However, the extent
of properdin binding to PTEC was strongly correlated with the level of C3

deposition on these cells, r = 0.96 [ p = 0.002 (Figure 6¢).
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Figure 6 Properdin-mediated complement fixation on primary PTEC
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(a) Primary proximal tubular epithelial cell (PTEC) lines were analysed for properdin binding
(filled histogram) by flow cytometry after incubation with 20 ug/ml purified human properdin. The
open histogram shows staining on cells that were not incubated with properdin. (b) Binding of
properdin to different PTEC and human umbilical vein endothelial cell (HUVEC) lines. Properdin
binding is expressed as the mean fluorescence intensity (MFI). The background fluorescence
(primary and secondary antibody without properdin pre-incubation) is subtracted for each cell
line individually. (c) Properdin binding and resulting properdin-dependent complement activation
was tested by incubating the cells with 5% properdin-depleted human serum (Pds) after pre-exposure
to 20 pg/ml purified properdin. Properdin binding and C3 deposition is shown as the mean
fluorescence intensity (MFI). The association between properdin binding and the level of C3
deposition was analysed by calculating the Pearson correlation coefficient.
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Discussion

In the present study, we show that properdin binds to the surface of viable
PTEC. Properdin binding serves as a focal point for local amplification of the
alternative pathway of complement on PTEC and explains the complement
activating capacity of these cells.

It has been known for a long time that the apical surface of human proximal
tubular epithelial cells activates the complement system in vitro and in vivo via
the alternative pathway [13,14]. In patients suffering from chronic proteinuric
renal disease, deposition of complement along the tubular brush border is
accompanied by tubulointerstitial injury and progressive loss of renal function.
Experimental models of non-selective proteinuria provide further evidence for
the role of tubular complement activation in mediating tubulointerstitial
injury [17,19]. C6 deficiency protects kidney function in the remnant kidney
model as well as in the puromycin-induced model of nephrotic syndrome
[16,18].

Although in physiological conditions complement components are not filtered
through the glomerular barrier, several studies demonstrated the presence of
complement activation products (CAP) in the urine of patients with nephrotic
syndrome due to a variety of causes [10,37-39]. These studies showed a positive
correlation between tubular C3 fixation and the excretion of complement
components as well as complement activation products (including iC3b, Bb and
C5b-9) in the urine. Interestingly, the level of urinary CAP excretion was
significantly decreased after two weeks of oral sodiumbicarbonate
administration (38;40). The protective effect of bicarbonate was suggested to be
due to lowering of the tubular ammonium concentration but may also be
explained by a direct effect of increasing the urinary pH [41].

Despite extensive research, the mechanism of complement activation on the
tubular brush border has not yet been fully elucidated. It was suggested that
local ammonium reacts biochemically with the thioester of C3 and thereby
acts as a C3 activator [20,21|. However, the addition of ammonium to serum
only resulted in 15% increase in lysis of rabbit erythrocytes. This weak effect of
ammonium on complement activation was only present in the lower
concentration range. At higher concentrations, ammonium inhibited the
alternative pathway. Recently, the activation of complement in proximal tubule
cells was studied using proteinuric urine [41]. Increasing concentrations of

ammonium resulted in an inhibition of complement activation. Ammonium
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excretion obviously does not fully explain the propensity of the renal tubule
cells to activate the complement system.

Others have suggested that the lack of complement regulatory molecules on
the apical surface of PTEC may explain the capacity of these cells to activate
complement. Indeed, CD46 (membrane cofactor protein, MCP) only seems to be
expressed on the basolateral surface of PTEC and CD55 (decay accelerating
factor, DAF) could not be detected at all [42,43]. On the other hand CD59 is
expressed abundantly on PTEC and surface expression of both CD46 and CD55
were detected on a PTEC cell line [44].

We suggest that the unique properdin binding capacity of PTEC critically
controls the tubular complement activation in proteinuric states. In 1974, Sato
et al. described that the damaging effect of intraluminally perfused normal rat
serum on the rat kidney proximal tubule could be abolished by pre-incubating
the serum with a brush border membrane fraction [45]. Possibly the effect of
pre-inbcubation with the brush border membrane fraction is explained by its
capacity to absorb properdin.

It was recently re-emphasized that properdin, the only known naturally
occurring positive regulator of complement, can act as a focal point for
alternative pathway amplification [27,28], thereby directing complement
activation to the cell surface of apoptotic and necrotic cells [29,46]. Several
decades before, Pillemer et al. suggested that properdin might also interact
directly with target surfaces [23,31] Likewise, we hypothesized that properdin
might be the activator of the alternative pathway on the tubular brush border
by interacting with molecules present on the cell membrane.

At the moment, the ligand on PTEC that mediates the interaction with properdin
has not yet been identified. Properdin has been shown to bind to surface-bound
C3Db via one of its subunits followed by the assembly of the alternative pathway
convertase at the ligand-binding sites of the adjoining subunits [27]. At the
moment we can not fully exclude that properdin binds to PTEC via cell-bound
C3b that is derived from endogenously produced and activated C3. Although C3b
is undetectable by flow cytometry on PTEC, it might be present below the
detection limit. On the other hand, it seems unlikely that significant amounts of
C3b are present on quiescent cells. Recent data suggest that properdin also binds
to the glycosphingolipid sulfatide [47]. The presence of sulfatide on the brush
border of the tubules has been demonstrated in the rat kidney [48]. It is likely
that these molecules are also expressed on the tubules in the human kidney,

where they may mediate properdin binding to PTEC.
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The mechanism by which a sublytic dose of C5b-9 on PTEC leads to tubular
damage and subsequent tubulointerstitial fibrosis is thought to be via activation
of proinflammatory and fibrogenic pathways [4]. Insertion of C5b-9 into the
cell membrane of PTEC results in the production of proinflammatory cytokines
and collagen synthesis. Interestingly, PTEC have been shown to synthesize a
functional alternative pathway of complement, which is capable of activating
the cells [49]. This intratubular complement activation is tightly regulated and
probably plays a role in protecting the kidney from urinary tract infections.
Since the apical tubular surface does not come into contact with high
concentrations of plasma proteins in normal physiology, protection against
circulating complement is of less importance compared to circulating cells
and the endothelium. However, in proteinuric renal disease, the tubules are
exposed to filtered complement components. In these circumstances, the
complement activating capacity of PTEC is harmful, especially since the apical
surface has virtually no protection against complement attack [42].

Our data show that properdin binding to the brush border is the rate-limiting
step in tubular complement activation. Targeting the interaction between
properdin and the tubular brush border might be a therapeutic approach for
controlling tubulointerstitial injury, thereby preventing progressive loss of
kidney function in patients with chronic proteinuric renal disease.
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