
Summary. In the last few years great progress has been
made in the search for the cellular and molecular
mechanisms of chronic kidney disease and its
progression to end-stage renal failure. The possibility of
remission/regression of chronic nephropathy has become
a reality for some patients on therapy based on renin-
angiotensin system blockade – an example of how a
public health concern can be successfully addressed by
translational medicine. This review describes
experimental and clinical investigations documenting the
advances achieved in the management of chronic kidney
diseases by targeting angiotensin II.
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Introduction

Chronic kidney disease (CKD) is a major cause of
morbidity and mortality. Independently of the primary
insult, progression to end-stage renal disease (ESRD) is
unfortunately the common outcome. The rate of
progression varies among nephropathies and for the
same disease in different individuals; patients whose
CKD inexorably evolves to renal insufficiency are at
high risk of dying from cardiovascular complications
(Dirks et al., 2005; Perico et al., 2005). CKD that
requires renal replacement therapy (RRT) – primarily
kidney transplantation, hemodialysis and peritoneal
dialysis – is on the increase world-wide and the number
of patients estimated to progress toward ESRD may well
exceed two million by the year 2010 (Xue et al., 2001).
Thus, CKD is emerging as a global threat to human

health and represents a major public health challenge for
nephrologists in the 21st century.
Glomerular hypertension, angiotensin II and
proteinuria in the progression of chronic
nephropathy

Over the last two decades research in experimental
models and in humans has focussed on clarifying the
mechanism(s) responsible for renal disease progression
in an attempt to identify therapeutic targets and therefore
to delay or prevent progression to ESRD and the need
for RRT. Intraglomerular hemodynamic changes and
proteinuria are key determinants of this progression. 
Glomerular hypertension and angiotensin II

In the early 1980s Brenner and coworkers
introduced the concept that following nephron loss due
to the original insult, the remnant nephrons undergo
glomerular hypertrophy and rising intraglomerular
capillary pressure that leads to hyperfiltration (Hostetter
et al., 1981; Brenner et al., 1982). This response, initially
compensatory, later becomes maladaptive, contributing
to the impairment of the permselectivity of the
glomerular barrier and consequent development of
proteinuria and progressive glomerulosclerosis (Brenner
et al., 1982).

The theoretical model for the size-selectivity
function of the glomerular capillary wall (GCW), the
heteroporous membrane model, is based on the
assumption that the GCW is perforated by hypothetical
cylindrical pores with a size distribution (Deen et al.,
1985). Small pores dominate in number and serve as the
main pathway for water and small molecules across the
glomerular membrane, but small population of large
pores shows negligible selectivity, even for molecules of
molecular radius 60Å, and these form the so-called
“shunt” pathway through which 1% of filtrate volume
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passes (Deen et al., 1985). Experimental investigation of
glomerular permselectivity defects in passive Heymann
nephritis, a model of membranous glomerulopathy, in
which there is an abnormally high transcapillary
hydraulic pressure difference and massive proteinuria,
has documented an increase in the ratio of large to small
pores, suggesting that proteinuria depends on
recruitment of previously unexposed non-selective pores
that offer an escape pathway permeable to
macromolecules (Yoshioka et al., 1987). 

Glomerular hypertension exposes glomerular cells to
mechanical load that affects their functions, including
differentiation and proliferation, matrix production and
intracellular signal transduction. Mesangial cells respond
to mechanical stretch in vitro by proliferating (Ingram et
al., 1999), whereas podocytes undergo actin cytoskeleton
reorganization (Endlich et al., 2001), hypertrophy
(Petermann et al., 2005), reduced adhesion through alpha
3 beta1 integrin down-regulation (Dessapt et al., 2009),
and apoptosis due to local activation of the angiotensin
system (Durvasula et al., 2004). Increased angiotensin II
(Ang II) production by mechanically stretched podocytes
might in its turn raise intraglomerular capillary pressure
(Yoshioka et al., 1987), thus setting in motion a vicious
circle that perpetuates further damage to the podocyte.
Ang II has also a direct effect on podocyte functions
(Fig. 1). It depolarizes them by opening up chloride
conductance through the angiotensin type 1 receptor

(AT1R) (Gloy et al., 1997). The intracellular calcium
that is increased by Ang II (Nitschke et al., 2000), quite
likely regulates the activation of this ion conductance.
Ang II induces cytoskeletal reorganization and shedding
of the slit diaphragm-associated protein nephrin, the key
regulator of the filtration barrier (Doublier et al., 2003).
Ang II-induced reorganization of F-actin fibers is also
instrumental for the redistribution of zonula occludens-1
(ZO-1), a functionally important molecule of the foot
process that is physically associated with actin in
podocytes, and with other actin-related proteins,
including α-actinin. This results in permselective
dysfunction of podocyte-podocyte contact and increased
albumin permeability (Macconi et al., 2006a). Changes
in both F-actin and ZO-1 patterns are found in glomeruli
of rat isolated perfused kidneys after short infusion of
Ang II, leading to increased protein excretion (Macconi
et al., 2006a). All these findings indicate Ang II’s direct
action in perturbing the glomerular sieving function,
which is independent of hemodynamic changes. Ang II
induces podocyte dysfunction through the AT1R,
partially dependent on Src kinase-phospholipase C
(PLC) activation (Macconi et al., 2006a). 

Another mechanism whereby Ang II causes actin
cytoskeleton reorganization has been recently elucidated.
Persistent renin-angiotensin system (RAS) activation,
such as that in cultured podocytes with stable AT1R
expression exposed to Ang II, results in reactive oxygen
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Fig. 1. Interplay between mechanical
stretch, Ang II, and protein load in renal
disease progression. Glomerular capillary
hypertension mechanically stretches
mesangial cells and podocytes with two
opposite effects: respectively proliferation
and distress/apoptosis. The latter is partly
due to local activation of Ang II, which in
turn raises intraglomerular capil lary
pressure, thus perpetuating podocyte
damage. Activation of Ang II signaling
leads to podocyte dysfunction and
ultimately to loss of permselectivity of the
glomerular barrier. Abnormal filtration of
proteins results in proteinuria.
Accumulation of proteins (protein load) in
the podocytes causes cell de-differentiation
and injury and up-regulation of TGF-ß that
triggers podocyte apoptosis and mesangial
cell activation. Increased extracellular
matrix synthesis by TGF-ß and reduced
degradation by PAI-1 lead to the
accumulation of extracellular matrix which,
together with podocyte loss, contributes to
the development of glomerulosclerosis.
Both Ang II and protein load stimulate
tubular cells to release pro-fibrotic and
inflammatory mediators. The inflammatory
enviroment stimulates renal dendritic cells

to become immunogenic and to take up albumin fragments generated by distressed tubules and process them into antigenic peptides, triggering an
immune response. Abbreviations: Ang II, angiotensin II; ET-1, endothelin-1; MCP-1, monocyte chemoattractant protein-1; PAI-1, plasminogen activator
inhibitor 1; TGF-ß, transforming growth factor-ß. In red, Ang II; green, mechanical stretch; blue, protein load signaling.



species (ROS)-dependent F-actin cytoskeleton
reorganization and acquisition of a migratory phenotype
(Hsu et al., 2008). Activation of small GTPases Rac1
and RhoA and phosphorylation of the ERM
(ezrin/radixin/moesin) proteins gives the intracellular
signaling involved in cortical F-actin ring formation and
down-regulation of α-actinin 4. This protein regulates
the podocyte-matrix interaction and is required for
normal podocyte adhesion (Dandapani et al., 2007).
Mutation or depletion of α-actinin 4 is linked to focal
segmental glomerulosclerosis (Kaplan et al., 2000; Kos
et al., 2003). Intracellular signaling downstream Ang II-
induced Rac1 activation is probably responsible for
podocyte detachment and the development of
glomerulosclerosis in transgenic rats overexpressing
AT1R specifically and exclusively in podocytes
(Hoffmann et al., 2004). 

Ang II also contributes to renal disease progression
through its pro-fibrotic and pro-inflammatory effects by
targeting other resident glomerular cells besides
podocytes and tubules (Fig. 1). It stimulates extracellular
matrix (ECM) synthesis in mesangial cells by inducing
transforming growth factor ß (TGF-ß) (Kagami et al.,
1994); it also triggers plasminogen activator inhibitor-1
(PAI-1) production by mesangial and tubular cells, thus
favouring ECM deposition in the glomerulus and
interstitial space (Wilson et al., 1997; Nakamura et al.,
2000; Fintha et al., 2007) and induces mesangial and
tubular cell hypertrophy (Anderson et al., 1993; Jaimes
et al., 1998; Hannken et al., 1998). 

Ang II concurs in the development of glomerular
inflammation by activating in mesangial and glomerular
endothelial cells nuclear factor-κB (NF-κB)-dependent
genes for the chemokines monocyte chemoattractant
protein-1 (MCP-1) (Ruiz-Ortega et al., 1998) and
RANTES (Wolf et al., 1997) that recruit
monocytes/macrophages within the tuft. In vivo evidence
of Ang II-induced phenotypic changes of glomerular
cells associated with glomerular inflammatory cell
infiltrates (De Craemer et al., 2001), as well as redox
imbalance and increased oxidative stress, upholds the
causal role of Ang II in renal damage (Haugen et al.,
2000).
Protein load

Rather than simply a marker of damage, abnormal
filtration of plasma proteins through the GCW has
intrinsic toxicity on the proximal tubule and
subsequently on the whole kidney. Proximal tubular cells
exposed in vitro to high concentrations of albumin
undergo apoptosis through a mechanism involving
reduced expression of its receptor megalin that binds to
protein kinase B (PKB) at the plasma membrane,
reducing PKB activity and phosphorylation of Bad
protein by PKB (Caruso-Neves et al., 2006). Overload of
plasma proteins (albumin, IgG and transferrin)
stimulates proximal tubular cells to synthesize and
release inflammatory mediators responsible for

macrophage, lymphocyte, and neutrophil recruitment
(MCP-1, RANTES and interleukin 8) and pro-fibrotic
factors such as endothelin-1 (ET-1) and TGF-ß, the most
potent inducer of epithelial-to-mesenchymal transition
(EMT) (see for reviews Abbate et al., 2006; Strutz,
2009) (Fig. 1). Protein kinase C-dependent hydrogen
peroxide production, extracellular signal-regulated
kinases and mitogen-activated protein kinases, as well as
signal transducer and activator of transcription (STAT)
proteins, are intracellular signaling pathways involved in
the NF-κB-dependent activation of chemokines induced
by protein load, mainly albumin (Abbate et al., 2006). In
vivo studies have convincingly documented a causal
association between proteinuria and tubulo-interstitial
disease, correlating with the degree and rate of
progression of renal failure. Activation of chemokine
and ET-1 pathways has been proved by detection of high
mRNA and/or protein levels during interstitial
infiltration of inflammatory and immune cells (Abbate et
al., 2006). Among the latter, CD8+ T cells and dendritic
cells (DC) that accumulate in the renal parenchyma are
hallmarks of proteinuric nephropathies even in the
absence of an immune insult. Recently a link has been
described between the biology of the tubular epithelial
cells and the role of DC (Macconi et al., 2009a), the
main professional antigen-presenting cell population of
the healthy kidney (John and Nelson, 2007). Proteolysis
of excess albumin by proximal tubular cells provides the
substrate to DC for the generation – through a
proteasome-dependent pathway – of antigenic peptides
recognized by CD8+ T cells (Macconi et al., 2009a).
Normally ignored self-proteins can, on renal injury,
generate antigenic peptides, thus triggering an immune
response. 

The gene expression profile of renal proximal
tubules micro-dissected from mouse proteinuric kidneys
has revealed dramatic changes in the expression pattern
compared to normal animals (Nakajima et al., 2002).
Over 1000 genes are upregulated by proteinuria,
including those involved in the albumin metabolism
and/or degradation pathway, as well as in inflammation
and immunity (Nakajima et al., 2002). Similarly, cDNA
microarray of proximal tubular cells from patients with
proteinuric nephropathies showed more than 160
differentially expressed genes including those involved
in signal transduction, cell proliferation and cell cycle
control, differentiation, immune response, and
intracellular transport and metabolism (Rudnicki et al.,
2007). 

Besides the proximal tubular cell, the podocyte is the
cellular target of protein load. In the renal mass ablation
model intraglomerular accumulation of plasma proteins
mainly in podocytes is observed one week after surgery
and precedes myofibroblast transformation of the
surrounding mesangial cells (Abbate et al., 2002).
Morphological changes consist of segmental adhesion of
the capillary tuft to the Bowman’s capsule that develops
into glomerulosclerosis. Protein-overloaded podocytes
undergo de-differentiation and injury, as evidenced by
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loss of synaptopodin expression and increased staining
for desmin, with up-regulation of TGF-ß1 expression
(Fig. 1). This latter is responsible for sclerosing
activation of mesangial cells (Abbate et al., 2002). TGF-
ß1 can have autocrine effects on podocytes, inducing
EMT (Li et al., 2008), reduced adhesion (Dessapt et al.,
2009), and apoptosis (Schiffer et al., 2001; Niranjan et
al., 2008) which lead to podocyte dysfunction and loss
(Fig. 1). 

These findings all uphold the concept that excess
proteins are per se toxic on glomerular and tubular cells
and make their own contribution to renal disease
progression independently of Ang II. This is further
borne out by evidence that targeted deletion of AT1a
does not protect mice from progressive nephropathy of
overload proteinuria (Benigni et al., 2004). 
From retarding renal disease progression to
remission of CKD: renoprotection by RAS blockade

Proteinuria is a reliable biomarker of the severity of
renal disease and predicts the risk of progression.
Changes in proteinuria and in the decline in glomerular
filtration rate (GFR) are closely correlated in diabetic
(Breyer et al., 1996) and non-diabetic renal disease
(Peterson et al., 1995; Ruggenenti et al., 1998b). A study
in a large Caucasian population reported that proteinuria
independently predicted the risk of ESRD and overall
mortality (Tarver-Carr et al., 2000). Mass-screening of
more than 100,000 individuals in Japan found, during a
17-year follow-up, a positive relationship between
baseline proteinuria (dipstick urine analysis) and the risk
of developing ESRD (Iseki et al., 2003). Even a slight
increase in proteinuria was an independent risk factor for
ESRD. Evidence that reducing proteinuria always results
in a better disease outcome further supports its
pathogenic role in the progression of CKD. The
Modification of Diet in Renal Disease study showed that
reduction of proteinuria was associated with a decrease
in the rate of GFR decline, and that protection achieved
by lowering blood pressure depended on the extent of
initial proteinuria (Peterson et al., 1995). 
Angiotensin-converting enzyme inhibitors in non-diabetic
nephropathies

In the Ramipril Efficacy in Nephropathy (REIN)
trial (Core study), patients with non-diabetic proteinuric
chronic nephropathy, after stratification for baseline
proteinuria 1-3 g/day (stratum 1) or ≥ 3 g/day (stratum
2), were randomly assigned to receive the angiotensin-
converting enzyme inhibitor (ACEi) ramipril or placebo,
plus conventional antihypertensive therapy to maintain
diastolic blood pressure at 90 mmHg or less (Gisen
Group, 1997). The effects of both treatments on the
following end points were compared: proteinuria, GFR
decline, and ESRD. The GFR declined faster in patients
with higher urinary protein excretion at baseline (≥ 3
g/day). These were the patients who benefited most from

ACE inhibition. Despite comparable blood pressure
control, ramipril was more renoprotective than placebo
in these patients; it significantly slowed renal function
decline and halved the combined risk of doubling of
serum creatinine or end-stage renal failure – ESRF
(Gisen Group, 1997). Proteinuria significantly decreased
by month 1 in the ramipril-treated patients and remained
lower than baseline throughout the study, whereas it did
not change in the placebo group. In the ramipril group,
the one-month proteinuria reduction was also inversely
correlated with long-term rate of GFR decline (six
months or more after randomization) (Gisen Group,
1997). 

This study provides the first demonstration that the
beneficial effects of ACEi on renal function deterioration
go beyond the anti-hypertensive action. A post-hoc
analysis of the REIN study data indicated that besides
basal proteinuria, residual proteinuria predicts
progression of CKD to ESRF independently of blood
pressure control and treatment randomization
(Ruggenenti et al., 2003). 

Meta-analysis of data from 1860 patients, enrolled in
11 randomized controlled trials (including the REIN
study), comparing the effects of antihypertensive
regimens, including ACEi or not including ACEi, on the
progression of non-diabetic renal disease, confirms and
extends previous findings. A higher level of proteinuria,
either at baseline or during the follow-up, is an
independent risk factor for the progression of non-
diabetic renal disease (Jafar et al., 2001). The greater
renoprotective effects of ACEi in patients with higher
baseline urine protein excretion reflect their greater
antiproteinuric effect in these patients. 

In view of the efficacy of ramipril, the REIN Core
study was prematurely stopped and all patients with
proteinuria (≥ 3 g/day) were put on ramipril therapy
regardless of the original randomization and followed
for two years (REIN follow-up). This study showed that
prolonged ACE inhibition efficiently stopped the
tendency of GFR to decline with time and prevented the
risk of progression to ESRF (Ruggenenti et al., 1998a).
After 36 months of continued ramipril treatment, no
patient progressed to the point of requiring dialysis,
whereas 30% of patients originally randomised to
placebo plus conventional antihypertensive therapy and
switched to ramipril still developed ESRD (Ruggenenti
et al., 1998a).

These data suggest that the earlier the ACEi
treatment starts the greater the effect in protecting from
GFR decline and ESRD. In patients who continued on
ramipril, with at least six GFR determinations, the mean
rate of GFR decline improved with time, parallel with a
significant reduction in proteinuria, and in the cohort
with the longest follow-up (60 months) it reached about
1 mL/min per 1.73 m2 per year, approximating the
physiologic age-related loss of GFR with time in people
with no evidence of renal disease. Analyses of the slopes
in individual patients confirmed stabilization or even an
increase in GFR in some cases (Ruggenenti et al., 1999).
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Thus, remission or even regression of non-diabetic
chronic nephropathy can be achieved in some patients by
prolonged ACEi therapy. 
ACEi in diabetic nephropathies

In a prospective study in a small number of insulin-
dependent diabetic patients long-term antihypertensive
treatment with an ACEi (≥ 6 years) progressively
reduced the rate of GFR decline (Parving et al., 1987). In
another study, at comparable blood pressure, the ACEi
were more effective than a beta blocker in reducing
proteinuria and the rate of decline of kidney function
(Bjorck et al., 1992). In a large randomized controlled
trial in 409 type 1 diabetic patients the ACEi captopril
approximately halved the risk of the combined end-
points of doubling serum creatinine, ESRD or death, as
compared to placebo (Lewis et al., 1993). Some patients
who had nephrotic syndrome (proteinuria ≥ 3.5 g/day),
randomized to ACEi enjoyed long-term remission of the
nephrotic syndrome (proteinuria ≤ 1g/day) and
stabilization of GFR during an eight-year follow-up
(Wilmer et al., 1999).
A multimodal approach in CKD patients

A multimodal approach was formalized in an
intervention protocol, “the Remission Clinic program”
for patients with CKD and heavy proteinuria despite
ACEi therapy (Ruggenenti et al., 2001b). Evaluation of
the rate of GFR decline and incidence of ESRD in a
cohort of 56 patients with nephrotic range proteinuria (>
3 g/day) enrolled in this program showed that over a
median follow-up of four years multidrug treatment
titrated to the urinary protein level slowed GFR decline
and reduced the risk of ESRD 8.5-fold. Normalization of
proteinuria and stabilization of GFR was achieved in 26
patients who would have otherwise been expected to
progress rapidly to ESRD on conventional therapy
titrated to target blood pressure (Ruggenenti et al.,
2008).
How blockade of the RAS provides renoprotection

Experimental models of progressive nephropathies
have provided more information on the mechanisms
through which inhibition of Ang II can achieve
renoprotection. The sieving properties of the glomerular
membrane by Ficoll fractional clearance in a model of
spontaneous glomerular injury and in diabetes indicated
that both ACEi and angiotensin receptor blockers
(ARBs) prevent proteinuria by preserving the size-
selective function of the glomerular capillary (Remuzzi
et al., 1990, 1993). This has also been demonstrated in
human renal diseases such as diabetic, IgA, and
membranous nephropathies (Parving et al., 1988;
Morelli et al., 1990; Remuzzi et al., 1991; Ruggenenti et
al., 2000). Preservation of the permselective properties
of the glomerular capillary reflects the fact that Ang II

blockade prevents the dislocation and/or loss of slit
diaphragm-associated molecules (i.e. ZO-1 and nephrin),
which are essential for maintaining the filtration barrier
(Macconi et al., 2000; Benigni et al., 2001b; Bonnet et
al., 2001; Kelly et al., 2002). Targeting proteinuria by
Ang II blockade provides renoprotection by preventing
glomerulosclerosis, glomerular-tubule disconnection and
atrophy and interstitial inflammation (Remuzzi et al.,
1994; Abbate et al., 1999; Benigni et al., 2001a). 

The podocyte is a therapeutic target of RAS
blockade; preservation of its structural and functional
integrity is instrumental to nephron function. Podocyte
dysfunction plays a key role in proteinuria and
glomerulosclerosis (see for reviews Shankland, 2006;
Wiggins, 2007). Podocyte loss is a causal factor for renal
disease progression in animals (Kim et al., 2001;
Kuhlmann et al., 2004; Wharram et al., 2005; Wiggins et
al., 2005; Macconi et al., 2006b) and humans
(Pagtalunan et al., 1997; Meyer et al., 1999; Steffes et
al., 2001; White et al., 2002; Lemley et al., 2002; Dalla
Vestra et al., 2003). Podocyte detachment from the
glomerular basement membrane and loss into the urine is
a cause of podocytopenia (Vogelmann et al., 2003;
Petermann et al., 2003). Urinary podocytes may be a
useful marker of disease activity in experimental models
(Yu et al., 2005) and in patients with diabetic (Nakamura
et al., 2000b) or IgA nephropathy (Nakamura et al.,
2000c). They have also been suggested as a diagnostic
indicator for differentiating focal segmental
glomerulosclerosis and minimal change nephrotic
syndrome (Nakamura et al., 2000a). Both ACEi and
ARBs prevent podocyte loss in experimental diabetes
(Gross et al., 2003a,b) and podocyturia in human
nephropathies (Nakamura et al., 2000b,c). 

Long-term treatment of MWF rats, uni-
nephrectomized to accelerate renal disease progression,
with ACEi that completely prevents proteinuria, also
prevents ESRF and improves survival (Remuzzi et al.,
1995). Like in animals, long–term remission of
nephrotic-range proteinuria achieved by treatment with
ACEi or ARBs can also reduce the risk of ESRD and all-
cause mortality in patients with type 2 diabetes (Rossing
et al., 2005).
Regression of glomerulosclerosis and glomerular
cell remodeling: information from experimental
models

Studies in animals and in patients with type 1
diabetes with sustained normoglycemia after pancreatic
islet or pancreas transplantation have proved that
regression of glomerulosclerosis is possible (Mauer et
al., 1975; Fioretto et al., 1998). But can drug therapy
reverse glomerular lesions? In experimental models of
progressive nephropathies treatments based on Ang II
blockade started in the early stages of the disease help
prevent renal disease progression (see above). In MWF
rats, a genetic model of progressive nephropathy, ACEi
given when proteinuria is already important still exert

659
Remission/regression of CKD



renoprotection by reducing the urinary protein excretion
rate below baseline and halting the progression of renal
damage (Remuzzi et al., 1999).

Lately scientists’ attention has moved to more
advanced stages of the disease with the purpose of
verifying the efficacy of treatment once glomerular
lesions are already manifest. This mimics therapeutic
intervention in patients who show signs of renal failure
when they come to the physician’s attention. Fogo’s
group was the first to investigate the efficacy of a
delayed treatment with different ACEi dosages on
established glomerular sclerosis in a model of subtotal
nephrectomy (Ikoma et al., 1991). Glomerular sclerosis
was assessed on glomeruli sampled from serially
sectioned kidney specimens at biopsy and at autopsy,
and were ranked on the basis of their severity. In
untreated animals sclerosis advanced during the four
weeks after biopsy in all glomeruli, while low-dose
enalapril attenuated the progression of sclerosis,
preserving the structure of glomeruli with early or no
sclerotic lesions. However, glomeruli with more
advanced sclerosis at biopsy, which tend to progress
further, did not benefit from the treatment. Compared to
the low dose, high-dose ACEi, was equipotent in
controlling both systemic and glomerular hypertension,
but had greater beneficial effects on glomerular structure
(sclerosis being less at autopsy than at biopsy in half the
treated rats). 

The same group extended these observations to other
experimental models. Six months’ treatment of
normotensive aging rats with the ARB, losartan, induced
regression of vascular and glomerular lesions, with a
significant reduction of kidney collagen content.
Proteinuria was also reduced and apoptosis of tubular
and interstitial cells was less than at baseline. AT1Rblockade attenuated TGF-ß1 mRNA and protein
expression and markedly reversed PAI-1 mRNA and
protein expression (Ma et al., 2000). 

Control of extracellular matrix accumulation by
inhibiting PAI-1 or TGF-ß1 has also been proposed as
underlying the therapeutic effect of Ang II blockade
respectively in the 5/6 nephrectomy (Ma et al., 2005) or
nitric oxide (NO) deficiency model (Boffa et al., 2003).
In both studies, regression of glomerulosclerosis was
independent of the ARBs’ effects on the expression of
matrix metalloproteases MMP-2 and MMP-9, which
play a key role in glomerular collagen remodeling. In
rats with 5/6 nephrectomy that achieved regression of
sclerosis in response to treatment, the lower PAI-1
expression was paralleled by restoration of plasmin
activity in the kidney, indicating degradation of
extracellular matrix proteins as a key process to
remodeling of sclerosis. Activation of MMPs observed
in the NO model, probably due to an adaptive response
to kidney fibrosis, additionally contributed to sclerosis
reabsorption in losartan-treated rats (Boffa et al., 2003).

In the 5/6 nephrectomy model, exuberant RAS
activation, due to the high expression of AT1R within
the inflamed renal parenchyma, might hamper complete

renoprotection by ACEi or ARBs at “conventional”
antihypertensive doses (Goncalves et al., 2004). An
extremely high dose of the ARB losartan was therefore
used in an attempt to obtain complete renoprotection.
With a comparable antihypertensive effect, an ultrahigh
dose of losartan did indeed provide maximal protection
by halting renal inflammation and glomerular/interstitial
damage at pre-treatment levels, and promoted the
regression of urinary albumin excretion (Fujihara et al.,
2005).

Ultrahigh-dose ARB candesartan also showed
superior protection against chronic renal inflammation in
spontaneously hypertensive rats, attributed to its
particular antioxidant action unrelated to AT1R blockade
(Chen et al., 2008). The effect of delayed treatment with
ultrahigh-dose losartan compared to a conventional dose
on the extent of moderate or advanced glomerular
lesions was also studied in type 1 diabetic rats
maintained in a state of moderate hyperglycemia by
daily insulin injections for ten months (Teles et al.,
2009). Independently of the dose, losartan induced the
regression of both albuminuria and glomerular injury, as
documented by a reduction of mesangial expansion and
of the severity of sclerotic lesions to below baseline.
However, the percentage of glomeruli with severe
sclerotic lesions associated with synechiae to Bowman’s
capsule was similar to that before treatment, suggesting
incomplete resolution of advanced glomerulosclerosis
(Teles et al., 2009).

Further investigation of the volume of sclerosis and
remodeling of the glomerular structure with treatment is
now possible with three-dimensional reconstruction of
the entire capillary tuft. This technique was instrumental
in demonstrating that in MWF rats with very advanced
nephropathy a high dose of ACEi not only markedly
reduced sclerosis volume in most glomeruli, but also
increased the volume of intact capillaries by up to 40%,
indicating substantial glomerular tuft repair (Remuzzi et
al., 2006). Regression of glomerular lesions was
associated with regression of proteinuria and
stabilization of renal function. Worsening of interstitial
changes was also prevented. 

These findings raised the question whether
glomerular tuft repair is due to restucturing or
regeneration, and which glomerular cell component is
involved (Joles et al., 2006). In subtotally
nephrectomized rats, reversal of glomerulosclerosis by
high-dose ACEi was associated with a reduction in
glomerular volume due to the decreases in mesangial
and endothelial cells per glomerulus and in capillary
number (Adamczak et al., 2003, 2004). These data
suggest that reversal of glomerular lesions involves
restructuring of the glomerular microvasculature. In a
different variant of the remnant kidney model, however,
reabsorption of glomerulosclerosis with ARB treatment
was paralleled by increased complexity and branching of
capillaries, suggesting potential regeneration of
glomerular segments (Fogo, 2005; Scruggs et al., 2005).

In MWF rats, in which loss of podocytes with age
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contributes to disease progression (Macconi et al.,
2006b), regression of glomerular lesions in response to
ACEi was associated with remodeling of glomerular cell
components, resulting in a selective increase in podocyte
number from baseline (Macconi et al., 2009b). Besides
podocyte repopulation, enhanced endothelial cell volume
density and reduced mesangial hyperplasia were
observed in response to treatment (Macconi et al.,
2009b). That the increases in podocytes might be the
driving event for endothelial cell remodeling in response
to ACEi is supported by recent findings that ARB can
restore podocyte potential to promote glomerular
endothelial cell sprouting, proliferation, and migration
through the induction of podocyte-derived angiogenic
factors (Liang et al., 2006). 

The mechanism underlying the increase in podocyte
number per glomerulus induced by ACE inhibition is
still not clear. Repopulation of podocytes in the
glomerular tuft was associated with an increase in the
number of cells positive for both the podocyte-specific
nuclear antigen WT1 and the proliferation marker Ki-67
(Macconi et al., 2009b). Considering that podocytes
have limited ability to proliferate, these positive cells
might derive from podocyte precursors. Ultrastructural
features characteristic of podocytes (i.e. foot processes)
have been documented in some parietal epithelial cells
(PECs) of the Bowman’s capsule (Gibson et al., 1992;
Macconi et al., 2009b). These cells express epitopes of
mature visceral podocytes and retain the ability to divide
(Bariety et al., 2006); “transitional cells” – so called
because of their intermediate phenotype between PECs
and podocytes –, are mainly located in the glomerular
vascular stalk (Appel et al., 2009).

In MWF rats the parietal podocytes as a percentage
of total PECs increased in response to ACE inhibition
(Macconi et al., 2009b). Electron microscopy revealed
continuity between the inner surface of the Bowman’s
capsule and the outer glomerular capillary membrane,
indicating that parietal cells can probably migrate from
Bowman’s capsule to the capillary tuft even in normal
physiological conditions (Macconi et al., 2009b) (Fig.
2). The occasional finding of PECs protruding toward
the tuft suggests that these cells can also migrate to the
tuft through cellular bridges in areas other than the
vascular pole (Macconi et al., 2009b).

Overall, these results suggest that remodeling of the
PECs of the Bowman’s capsule contributes to podocyte
restoration in response to ACE inhibition. This is further
supported by two recent studies showing that PECs do
regenerate podocytes. Monitoring the fate of genetically
tagged PECs and their progeny in juvenile transgenic
mice provided experimental proof that PECs are
recruited onto the glomerular tuft and differentiate into
podocytes (Appel et al., 2009). These findings parallel
the identification in the adult human kidney of a subset
of renal progenitor cells that express the stem cell
markers CD133+CD24+ but no podocyte markers
(podocalixin, PDX-), exhibit self-renewal potential and
high cloning efficiency, and act as bipotent progenitors

for both tubules and podocytes (Sagrinati et al., 2006;
Ronconi et al., 2009). These cells are localized at the
urinary pole of the Bowman’s capsule and are distinct
from a transition population expressing both renal
progenitors and podocyte markers that is present
between the urinary and the vascular poles, and can
differentiate only into podocytes. Injection of
CD133+CD24+PDX- cells into adriamycin-treated
Severe Combined Immunodeficiency (SCID) mice, a
model of progressive nephropathy involving podocyte
depletion, results in these cells being grafted into both
glomerular and tubular structures. In the glomerulus,
progenitor cells acquire podocyte-specific markers,
regenerating podocytes (Ronconi et al., 2009). 

All the above evidence suggests that regression of
the glomerular scarring induced by ACEi implies a
pleiotropic effect not simply based on the control of
extracellular matrix deposition, but also on the
remodeling of resident glomerular cells and very likely
of renal progenitors too (Fig. 3).
Dual RAS blockade and multidrug approach 

Although ACEi and ARB have comparable
beneficial effects on progressive renal diseases in
experimental models, the combination has been tested as
a way to maximize RAS blockade and improve
renoprotection. In MWF rats with overt nephropathy
combined treatment with lisinopril and valsartan
normalized proteinuria, halted progressive glomerulo-
sclerosis, and reversed type III collagen accumulation
and protein casts. Treatment also suppressed
inflammatory cell infiltrates in the renal parenchyma
(Remuzzi et al., 2002). Multidrug intervention based on
dual blockade of RAS with the addition of statins
induced the regression of proteinuria, stabilization of
renal function, and complete renoprotection of
glomerular and tubular morphology in a severe model of
progressive nephropathy resistant to ACEi alone (Zoja et
al., 2002). 

In experimental studies high-dose ACEi and
high/ultrahigh-dose ARB provide greater renoprotection
than conventional doses. On clinical grounds, ultrahigh
doses of the ARB candesartan had a greater
antiproteinuric effect than a standard dose in patients
with CKD and overt proteinuria (Schmieder et al.,
2005). However, whether the antiproteinuric effect
translates into a slower rate of renal and cardiovascular
endpoints was not addressed in that study. Type 2
diabetic patients with hypertension and micro or macro
albuminuria randomized to higher doses of the ARB
valsartan showed a two-fold reduction in urinary
albumin excretion rate as compared with patients given
the doses commonly used for blood pressure control.
Twice as many patients on the highest dose returned to
normal albuminuria (Hollenberg et al., 2007). However,
additional renoprotection in terms of greater reduction of
proteinuria, GFR decline, and rate of doubling serum
creatinine, ESRD or death is not peculiar to high-dose
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Fig. 2. Connection between parietal epithelial cells and visceral podocytes. A. Semithin section of a glomerular tuft. Arrow indicates a parietal epithelial
cell (PEC) connecting Bowman's capsule with the glomerular capillary tuft. B. Representative transmission electron microscopy image of the glomerular
vascular pole showing the connection between a visceral podocyte (white arrow) and a PEC (black arrow). BC, Bowman's capsule; US, urinary space.



ARBs, as it is equally achieved by ACEi up-titrated to
the maximal tolerated dose (Hou et al., 2007).

Combined therapy with ACEi and ARB has been
used in CKD patients to minimize proteinuria and
optimize renoprotection. Except in one study (Agarwal,
2001), dual RAS blockade had a greater antiproteinuric
effect than monotherapy (Kunz et al., 2008; Catapano et
al., 2008). ARB added on top of ACE inhibition over
three years’ follow-up was more effective than ACEi
alone in slowing the progression of renal insufficiency in
hypertensive patients with non-diabetic renal disease,
through reduction of proteinuria (Kanno et al., 2006). A
recent clinical trial, the ONTARGET study (Ongoing
Telmisartan Alone and in Combination with Ramipril
Global Endpoint Trial) in patients with established
atherosclerotic vascular disease or diabetes with end-
organ damage, confirmed the efficacy of combined
therapy in reducing proteinuria more than
monotheraphy. The incidence of ESRD was identical on
dual RAS blockade and ACEi or ARB monotherapy
(Mann et al., 2008) and this lack of any appreciable
additional benefit can be explained on the basis that the
rate of GFR decline in ONTARGET patients was within
the physiologic range of GFR loss found in adults with
aging; this is why the small percentage of those who
progressed to ESRD was similar to that observed in the
general population, or in patients with diabetes or
hypertension, but without proteinuria. Indeed only 4% of
ONTARGET patients had overt proteinuria (Ruggenenti
and Remuzzi, 2009). Mortality and doubling of serum
creatinine were not significantly different with combined
therapy or monotherapies. An adverse side effect more
frequent in patients on combined therapy – not to be

taken for a renal outcome – was the need for acute
hemodialysis to treat transient functional impairment.
This was quite likely due to transient kidney
hypoperfusion (Ruggenenti and Remuzzi, 2009), and
recovered when treatment was withdrawn (Mann et al.,
2008). 

Drugs added on top of dual RAS blockade provide
further renoprotection, as documented in the Remission
Clinic (see above). Experimental data suggest that
multimodal strategy can achieve regression of CKD in
patients who do not respond fully to ACEi therapy. This
is proved by the case of a young girl with nephrotic
proteinuria and systemic lupus who received, in addition
to a sodium and protein-restricted diet, triple therapy
with an ACEi, an ARB, and a statin. This treatment not
only induced remission of proteinuria within six months,
but reduction of proteinuria to < 0.3 g/day and improved
GFR seven years later indicated regression of CKD
(Ruggenenti et al., 2001a). 
Conclusions

Regression of proteinuria and remission/regression
of glomerular lesions can be achieved by treatment
based on RAS blockade in non-diabetic and diabetic
experimental nephropathies. Time of administration is
important, earlier and more prolonged treatment being
more protective. Monotherapy with high or ultra-high
doses of ACEi or an ARB can preserve renal structure
more effectively than a conventional dose, and a
multidrug approach can be useful in case of resistance to
Ang II blockade. Translation of experimental knowledge
into clinical practice has improved the quality of life for
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Fig. 3. The mechanisms
underlying glomerular capillary
restructuring and repair by
renin-angiotensin system
(RAS) blockade. Control of
extracellular matrix deposition
and remodeling of glomerular
cells are the basis for
regression of glomerular
structural injury.



patients with CKD and, in some of them – especially
those with non-diabetic nephropathies – induced
regression. However, despite these positive results,
investigations in animal models show that renoprotection
is not complete, advanced structural injury such as
interstitial inflammation is less prone to regression, and
renal function, although stable, does not improve.
Similarly, not all patients with CKD benefit from
therapy based on RAS blockade. Thus, together with
deeper investigation of the mechanisms regulating
glomerular cell survival and repair on therapy, research
needs to focus on improving knowledge of new
pathways not involving Ang II (see review, Perico et al.,
2008). Help from tools such as proteomics will help
identify new targets and develop novel strategies for
patients who remain at high risk for poor renal and
cardiovascular outcomes. 
References

Abbate M., Zoja C., Rottoli D., Corna D., Perico N., Bertani T. and
Remuzzi G. (1999). Antiproteinuric therapy while preventing the
abnormal protein traffic in proximal tubule abrogates protein- and
complement-dependent interstitial inflammation in experimental
renal disease. J. Am. Soc. Nephrol. 10, 804-813.

Abbate M., Zoja C., Morigi M., Rottoli D., Angioletti S., Tomasoni S.,
Zanchi C., Longaretti L., Donadelli R. and Remuzzi G. (2002).
Transforming growth factor-beta1 is up-regulated by podocytes in
response to excess intraglomerular passage of proteins: a central
pathway in progressive glomerulosclerosis. Am. J. Pathol. 161,
2179-2193.

Abbate M., Zoja C. and Remuzzi G. (2006). How does proteinuria cause
progressive renal damage? J. Am. Soc. Nephrol. 17, 2974-2984.

Adamczak M., Gross M.L., Amann K. and Ritz E. (2004). Reversal of
glomerular lesions involves coordinated restructuring of glomerular
microvasculature. J. Am. Soc. Nephrol. 15, 3063-3072.

Adamczak M., Gross M.L., Krtil J., Koch A., Tyralla K., Amann K. and
Ritz E. (2003). Reversal of glomerulosclerosis after high-dose
enalapril treatment in subtotally nephrectomized rats. J. Am. Soc.
Nephrol. 14, 2833-2842.

Agarwal R. (2001). Add-on angiotensin receptor blockade with
maximized ACE inhibition. Kidney Int. 59, 2282-2289.

Anderson P.W., Do Y.S. and Hsueh W.A. (1993). Angiotensin II causes
mesangial cell hypertrophy. Hypertension 21, 29-35.

Appel D., Kershaw D.B., Smeets B., Yuan G., Fuss A., Frye B., Elger
M., Kriz W., Floege J. and Moeller M.J. (2009). Recruitment of
podocytes from glomerular parietal epithelial cells. J. Am. Soc.
Nephrol. 20, 333-343.

Bariety J., Mandet C., Hill G.S. and Bruneval P. (2006). Parietal
podocytes in normal human glomeruli. J. Am. Soc. Nephrol. 17,
2770-2780.

Benigni A., Gagliardini E., Remuzzi A., Corna D. and Remuzzi G.
(2001a). Angiotensin-converting enzyme inhibition prevents
glomerular-tubule disconnection and atrophy in passive Heymann
nephritis, an effect not observed with a calcium antagonist. Am. J.
Pathol. 159, 1743-1750.

Benigni A., Tomasoni S., Gagliardini E., Zoja C., Grunkemeyer J.A.,
Kalluri R. and Remuzzi G. (2001b). Blocking angiotensin II
synthesis/activity preserves glomerular nephrin in rats with severe

nephrosis. J. Am. Soc. Nephrol. 12, 941-948.
Benigni A., Corna D., Zoja C., Longaretti L., Gagliardini E., Perico N.,

Coffman T.M. and Remuzzi G. (2004). Targeted deletion of
angiotensin II type 1A receptor does not protect mice from
progressive nephropathy of overload proteinuria. J. Am. Soc.
Nephrol. 15, 2666-2674.

Bjorck S., Mulec H., Johnsen S.A., Norden G. and Aurell M. (1992).
Renal protective effect of enalapril in diabetic nephropathy. BMJ
304, 339-343.

Boffa J.J., Lu Y., Placier S., Stefanski A., Dussaule J.C. and
Chatziantoniou C. (2003). Regression of renal vascular and
glomerular fibrosis: role of angiotensin II receptor antagonism and
matrix metalloproteinases. J. Am. Soc. Nephrol. 14, 1132-1144.

Bonnet F., Cooper M.E., Kawachi H., Allen T.J., Boner G. and Cao Z.
(2001). Irbesartan normalises the deficiency in glomerular nephrin
expression in a model of diabetes and hypertension. Diabetologia
44, 874-877.

Brenner B.M., Meyer T.W. and Hostetter T.H. (1982). Dietary protein
intake and the progressive nature of kidney disease: the role of
hemodynamically mediated glomerular injury in the pathogenesis of
progressive glomerular sclerosis in aging, renal ablation, and
intrinsic renal disease. N. Engl. J. Med. 307, 652-659.

Breyer J.A., Bain R.P., Evans J.K., Nahman N.S. Jr, Lewis E.J., Cooper
M., McGill J. and Berl T. (1996). Predictors of the progression of
renal insufficiency in patients with insulin-dependent diabetes and
overt diabetic nephropathy. The Collaborative Study Group. Kidney
Int. 50, 1651-1658.

Caruso-Neves C., Pinheiro A.A., Cai H., Souza-Menezes J. and
Guggino W.B. (2006). PKB and megalin determine the survival or
death of renal proximal tubule cells. Proc. Natl. Acad. Sci. USA 103,
18810-18815.

Catapano F., Chiodini P., De Nicola L., Minutolo R., Zamboli P., Gallo C.
and Conte G. (2008). Antiproteinuric response to dual blockade of
the renin-angiotensin system in primary glomerulonephritis: meta-
analysis and metaregression. Am. J. Kidney Dis. 52, 475-485.

Chen S., Ge Y., Si J., Rifai A., Dworkin L.D. and Gong R. (2008).
Candesartan suppresses chronic renal inflammation by a novel
antioxidant action independent of AT1R blockade. Kidney Int. 74,
1128-1138.

Dalla Vestra M., Masiero A., Roiter A.M., Saller A., Crepaldi G. and
Fioretto P. (2003). Is podocyte injury relevant in diabetic
nephropathy? Studies in patients with type 2 diabetes. Diabetes 52,
1031-1035.

Dandapani S.V., Sugimoto H., Matthews B.D., Kolb R.J., Sinha S.,
Gerszten R.E., Zhou J., Ingber D.E., Kalluri R. and Pollak M.R.
(2007). Alpha-actinin-4 is required for normal podocyte adhesion. J.
Biol. Chem. 282, 467-477.

De Craemer D., Lobe E., Pauwels M., Verbeelen D. and Van den
Branden C. (2001). Angiotensin II administration causes enhanced
expression of glomerulosclerosis-related markers and decreased
renal antioxidant enzyme activities in rats. Exp. Nephrol. 9, 125-132.

Deen W.M., Bridges C.R., Brenner B.M. and Myers B.D. (1985).
Heteroporous model of glomerular size selectivity: application to
normal and nephrotic humans. Am. J. Physiol. 249, F374-389.

Dessapt C., Baradez M.O., Hayward A., Cas A.D., Thomas S.M., Viberti
G. and Gnudi L. (2009). Mechanical forces and TGF{beta}1 reduce
podocyte adhesion through {alpha}3{beta}1 integrin downregulation.
Nephrol. Dial. Transplant. 24, 2645-2655.

Dirks J.H., de Zeeuw D., Agarwal S.K., Atkins R.C., Correa-Rotter R.,

664
Remission/regression of CKD



D'Amico G., Bennett P.H., El Nahas M., Valdes R.H., Kaseje D.,
Katz I.J., Naicker S., Rodriguez-Iturbe B., Schieppati A., Shaheen
F., Sitthi-Amorn C., Solez K., Viberti G., Remuzzi G. and Weening
J.J. International Society of Nephrology Commission for the Global
Advancement of Nephrology Study Group 2004. (2005). Prevention
of chronic kidney and vascular disease: toward global health equity--
the Bellagio 2004 Declaration. Kidney Int. Suppl. S1-6.

Doublier S., Salvidio G., Lupia E., Ruotsalainen V., Verzola D., Deferrari
G. and Camussi G. (2003). Nephrin expression is reduced in human
diabetic nephropathy: evidence for a distinct role for glycated
albumin and angiotensin II. Diabetes 52, 1023-1030.

Durvasula R.V., Petermann A.T., Hiromura K., Blonski M., Pippin J.,
Mundel P., Pichler R., Griffin S., Couser W.G. and Shankland S.J.
(2004). Activation of a local tissue angiotensin system in podocytes
by mechanical strain. Kidney Int. 65, 30-39.

Endlich N., Kress K.R., Reiser J., Uttenweiler D., Kriz W., Mundel P. and
Endlich K. (2001). Podocytes respond to mechanical stress in vitro.
J. Am. Soc. Nephrol. 12, 413-422.

Fintha A., Sebe A., Masszi A., Terebessy T., Huszar T., Rosivall L. and
Mucsi I. (2007). Angiotensin II activates plasminogen activator
inhibitor-I promoter in renal tubular epithelial cells via the AT1
receptor. Acta Physiol. Hung. 94, 19-30.

Fioretto P., Steffes M.W., Sutherland D.E., Goetz F.C. and Mauer M.
(1998). Reversal of lesions of diabetic nephropathy after pancreas
transplantation. N. Engl. J. Med. 339, 69-75.

Fogo A.B. (2005). New capillary growth: a contributor to regression of
sclerosis? Curr. Opin. Nephrol. Hypertens. 14, 201-203.

Fujihara C.K., Velho M., Malheiros D.M. and Zatz R. (2005). An
extremely high dose of losartan affords superior renoprotection in
the remnant model. Kidney Int. 67, 1913-1924.

Gibson I.W., Downie I., Downie T.T., Han S.W., More I.A. and Lindop
G.B. (1992). The parietal podocyte: a study of the vascular pole of
the human glomerulus. Kidney Int. 41, 211-214.

Gisen Group (1997). Randomized placebo-controlled trial of effect of
ramipril on decline in glomerular filtration rate and risk of terminal
renal failure in proteinuric, non-diabetic nephropathy. Lancet 349,
1857-1863.

Gloy J., Henger A., Fischer K.G., Nitschke R., Mundel P., Bleich M.,
Schollmeyer P., Greger R. and Pavenstadt H. (1997). Angiotensin II
depolarizes podocytes in the intact glomerulus of the Rat. J. Clin.
Invest. 99, 2772-2781.

Goncalves A.R., Fujihara C.K., Mattar A.L., Malheiros D.M., Noronha
Ide L., de Nucci G. and Zatz R. (2004). Renal expression of COX-2,
ANG II, and AT1 receptor in remnant kidney: strong renoprotection
by therapy with losartan and a nonsteroidal anti-inflammatory. Am. J.
Physiol. Renal Physiol. 286, F945-954.

Gross M.L., El-Shakmak A., Szabo A., Koch A., Kuhlmann A., Munter
K., Ritz E. and Amann K. (2003a). ACE-inhibitors but not endothelin
receptor blockers prevent podocyte loss in early diabetic
nephropathy. Diabetologia 46, 856-868.

Gross M.L., Ritz E., Schoof A., Helmke B., Parkman A., Tulp O., Munter
K. and Amann K. (2003b). Renal damage in the SHR/N-cp type 2
diabetes model: comparison of an angiotensin-converting enzyme
inhibitor and endothelin receptor blocker. Lab. Invest. 83, 1267-
1277.

Hannken T., Schroeder R., Stahl R.A. and Wolf G. (1998). Angiotensin
II-mediated expression of p27Kip1 and induction of cellular
hypertrophy in renal tubular cells depend on the generation of
oxygen radicals. Kidney Int. 54, 1923-1933.

Haugen E.N., Croatt A.J. and Nath K.A. (2000). Angiotensin II induces
renal oxidant stress in vivo and heme oxygenase-1 in vivo and in
vitro. Kidney Int. 58, 144-152.

Hoffmann S., Podlich D., Hahnel B., Kriz W. and Gretz N. (2004).
Angiotensin II type 1 receptor overexpression in podocytes induces
glomerulosclerosis in transgenic rats. J. Am. Soc. Nephrol. 15, 1475-
1487.

Hollenberg N.K., Parving H.H., Viberti G., Remuzzi G., Ritter S.,
Zelenkofske S., Kandra A., Daley W.L. and Rocha R. (2007).
Albuminuria response to very high-dose valsartan in type 2 diabetes
mellitus. J. Hypertens. 25, 1921-1926.

Hostetter T.H., Olson J.L., Rennke H.G., Venkatachalam M.A. and
Brenner B.M. (1981). Hyperfiltration in remnant nephrons: a
potentially adverse response to renal ablation. Am. J. Physiol. 241,
F85-93.

Hou F.F., Xie D., Zhang X., Chen P.Y., Zhang W.R., Liang M., Guo Z.J.
and Jiang J.P. (2007). Renoprotection of Optimal Antiproteinuric
Doses (ROAD) Study: a randomized controlled study of benazepril
and losartan in chronic renal insufficiency. J. Am. Soc. Nephrol. 18,
1889-1898.

Hsu H.H., Hoffmann S., Endlich N., Velic A., Schwab A., Weide T.,
Schlatter E. and Pavenstadt H. (2008). Mechanisms of angiotensin II
signaling on cytoskeleton of podocytes. J. Mol. Med. 86, 1379-1394.

Ikoma M., Kawamura T., Kakinuma Y., Fogo A. and Ichikawa I. (1991).
Cause of variable therapeutic efficiency of angiotensin converting
enzyme inhibitor on glomerular lesions. Kidney Int. 40, 195-202.

Ingram A.J., Ly H., Thai K., Kang M. and Scholey J.W. (1999).
Activation of mesangial cell signaling cascades in response to
mechanical strain. Kidney Int. 55, 476-485.

Iseki K., Ikemiya Y., Iseki C. and Takishita S. (2003). Proteinuria and the
risk of developing end-stage renal disease. Kidney Int. 63, 1468-
1474.

Jafar T.H., Stark P.C., Schmid C.H., Landa M., Maschio G., Marcantoni
C., de Jong P.E., de Zeeuw D., Shahinfar S., Ruggenenti P.,
Remuzzi G. and Levey A.S. (2001). Proteinuria as a modifiable risk
factor for the progression of non-diabetic renal disease. Kidney Int.
60, 1131-1140.

Jaimes E.A., Galceran J.M. and Raij L. (1998). Angiotensin II induces
superoxide anion production by mesangial cells. Kidney Int. 54, 775-
784.

John R. and Nelson P.J. (2007). Dendritic cells in the kidney. J. Am.
Soc. Nephrol. 18, 2628-2635.

Joles J.A., Braam B. and Verhaar M.C. (2006). ACE inhibition and
glomerular repair: restructuring or regeneration? Kidney Int. 69,
1105-1107.

Kagami S., Border W.A., Miller D.E. and Noble N.A. (1994). Angiotensin
II stimulates extracellular matrix protein synthesis through induction
of transforming growth factor-beta expression in rat glomerular
mesangial cells. J. Clin. Invest. 93, 2431-2437.

Kanno Y., Takenaka T., Nakamura T. and Suzuki H. (2006). Add-on
angiotensin receptor blocker in patients who have proteinuric
chronic kidney diseases and are treated with angiotensin-converting
enzyme inhibitors. Clin. J. Am. Soc. Nephrol. 1, 730-737.

Kaplan J.M., Kim S.H., North K.N., Rennke H., Correia L.A., Tong H.Q.,
Mathis B.J., Rodriguez-Perez J.C., Allen P.G., Beggs A.H. and
Pollak M.R. (2000). Mutations in ACTN4, encoding alpha-actinin-4,
cause familial focal segmental glomerulosclerosis. Nat. Genet. 24,
251-256.

Kelly D.J., Aaltonen P., Cox A.J., Rumble J.R., Langham R.,

665
Remission/regression of CKD



Panagiotopoulos S., Jerums G., Holthofer H. and Gilbert R.E.
(2002). Expression of the slit-diaphragm protein, nephrin, in
experimental diabetic nephropathy: differing effects of anti-
proteinuric therapies. Nephrol. Dial. Transplant. 17, 1327-1332.

Kim Y.H., Goyal M., Kurnit D., Wharram B., Wiggins J., Holzman L.,
Kershaw D. and Wiggins R. (2001). Podocyte depletion and
glomerulosclerosis have a direct relationship in the PAN-treated rat.
Kidney Int. 60, 957-968.

Kos C.H., Le T.C., Sinha S., Henderson J.M., Kim S.H., Sugimoto H.,
Kalluri R., Gerszten R.E. and Pollak M.R. (2003). Mice deficient in
alpha-actinin-4 have severe glomerular disease. J. Clin. Invest. 111,
1683-1690.

Kuhlmann A., Haas C.S., Gross M.L., Reulbach U., Holzinger M.,
Schwarz U., Ritz E. and Amann K. (2004). 1,25-Dihydroxyvitamin D3
decreases podocyte loss and podocyte hypertrophy in the subtotally
nephrectomized rat. Am. J. Physiol. Renal Physiol. 286, F526-533.

Kunz R., Friedrich C., Wolbers M. and Mann J.F. (2008). Meta-analysis:
effect of monotherapy and combination therapy with inhibitors of the
renin angiotensin system on proteinuria in renal disease. Ann.
Intern. Med. 148, 30-48.

Lemley K.V., Lafayette R.A., Safai M., Derby G., Blouch K., Squarer A.
and Myers B.D. (2002). Podocytopenia and disease severity in IgA
nephropathy. Kidney Int. 61, 1475-1485.

Lewis E.J., Hunsicker L.G., Bain R.P. and Rohde R.D. (1993). The
effect of angiotensin-converting-enzyme inhibition on diabetic
nephropathy. The Collaborative Study Group. N. Engl. J. Med. 329,
1456-1462.

Li Y., Kang Y.S., Dai C., Kiss L.P., Wen X. and Liu Y. (2008). Epithelial-
to-mesenchymal transition is a potential pathway leading to
podocyte dysfunction and proteinuria. Am. J. Pathol. 172, 299-308.

Liang X.B., Ma L.J., Naito T., Wang Y., Madaio M., Zent R., Pozzi A.
and Fogo A.B. (2006). Angiotensin type 1 receptor blocker restores
podocyte potential to promote glomerular endothelial cell growth. J.
Am. Soc. Nephrol. 17, 1886-1895.

Ma L.J., Nakamura S., Aldigier J.C., Rossini M., Yang H., Liang X.,
Nakamura I., Marcantoni C. and Fogo A.B. (2005). Regression of
glomerulosclerosis with high-dose angiotensin inhibition is linked to
decreased plasminogen activator inhibitor-1. J. Am. Soc. Nephrol.
16, 966-976.

Ma L.J., Nakamura S., Whitsitt J.S., Marcantoni C., Davidson J.M. and
Fogo A.B. (2000). Regression of sclerosis in aging by an
angiotensin inhibition-induced decrease in PAI-1. Kidney Int. 58,
2425-2436.

Macconi D., Ghilardi M., Bonassi M.E., Mohamed E.I., Abbate M.,
Colombi F., Remuzzi G. and Remuzzi A. (2000). Effect of
angiotensin-converting enzyme inhibition on glomerular basement
membrane permeability and distribution of zonula occludens-1 in
MWF rats. J. Am. Soc. Nephrol. 11, 477-489.

Macconi D., Abbate M., Morigi M., Angioletti S., Mister M., Buelli S.,
Bonomelli M., Mundel P., Endlich K., Remuzzi A. and Remuzzi G.
(2006a). Permselective dysfunction of podocyte-podocyte contact
upon angiotensin II unravels the molecular target for renoprotective
intervention. Am. J. Pathol. 168, 1073-1085.

Macconi D., Bonomelli M., Benigni A., Plati T., Sangalli F., Longaretti L.,
Conti S., Kawachi H., Hill P., Remuzzi G. and Remuzzi A. (2006b).
Pathophysiologic implications of reduced podocyte number in a rat
model of progressive glomerular injury. Am. J. Pathol. 168, 42-54.

Macconi D., Chiabrando C., Schiarea S., Aiello S., Cassis L., Gagliardini
E., Noris M., Buelli S., Zoja C., Corna D., Mele C., Fanelli R.,

Remuzzi G. and Benigni A. (2009a). Proteasomal processing of
albumin by renal dendritic cells generates antigenic peptides. J. Am.
Soc. Nephrol. 20, 123-130.

Macconi D., Sangalli F., Bonomelli M., Conti S., Condorelli L.,
Gagliardini E., Remuzzi G. and Remuzzi A. (2009b). Podocyte
Repopulation Contributes to Regression of Glomerular Injury
Induced by Ace Inhibition. Am. J. Pathol. 174, 797-807.

Mann J.F., Schmieder R.E., McQueen M., Dyal L., Schumacher H.,
Pogue J., Wang X., Maggioni A., Budaj A., Chaithiraphan S.,
Dickstein K., Keltai M., Metsarinne K., Oto A., Parkhomenko A.,
Piegas L.S., Svendsen T.L., Teo K.K. and Yusuf S. (2008). Renal
outcomes with telmisartan, ramipril, or both, in people at high
vascular risk (the ONTARGET study): a multicentre, randomised,
double-blind, controlled trial. Lancet 372, 547-553.

Mauer S.M., Steffes M.W., Sutherland D.E., Najarian S., Michael A.F.
and Brown D.M. (1975). Studies of the rate of regression of the
glomerular lesions in diabetic rats treated with pancreatic islet
transplantation. Diabetes 24, 280-285.

Meyer T.W., Bennett P.H. and Nelson R.G. (1999). Podocyte number
predicts long-term urinary albumin excretion in Pima Indians with
Type II diabetes and microalbuminuria. Diabetologia 42, 1341-1344.

Morelli E., Loon N., Meyer T., Peters W. and Myers B.D. (1990). Effects
of converting-enzyme inhibition on barrier function in diabetic
glomerulopathy. Diabetes 39, 76-82.

Nakajima H., Takenaka M., Kaimori J.Y., Nagasawa Y., Kosugi A.,
Kawamoto S., Imai E., Hori M. and Okubo K. (2002). Gene
expression profile of renal proximal tubules regulated by proteinuria.
Kidney Int. 61, 1577-1587.

Nakamura S., Nakamura I., Ma L., Vaughan D.E. and Fogo A.B. (2000).
Plasminogen activator inhibitor-1 expression is regulated by the
angiotensin type 1 receptor in vivo. Kidney Int. 58, 251-259.

Nakamura T., Ushiyama C., Suzuki S., Hara M., Shimada N., Ebihara I.
and Koide H. (2000a). The urinary podocyte as a marker for the
differential diagnosis of idiopathic focal glomerulosclerosis and
minimal-change nephrotic syndrome. Am. J. Nephrol. 20, 175-179.

Nakamura T., Ushiyama C., Suzuki S., Hara M., Shimada N., Ebihara I.
and Koide H. (2000b). Urinary excretion of podocytes in patients
with diabetic nephropathy. Nephrol. Dial. Transplant. 15, 1379-1383.

Nakamura T., Ushiyama C., Suzuki S., Hara M., Shimada N., Sekizuka
K., Ebihara I. and Koide H. (2000c). Effects of angiotensin-
converting enzyme inhibitor, angiotensin II receptor antagonist and
calcium antagonist on urinary podocytes in patients with IgA
nephropathy. Am. J. Nephrol. 20, 373-379.

Niranjan T., Bielesz B., Gruenwald A., Ponda M.P., Kopp J.B., Thomas
D.B. and Susztak K. (2008). The Notch pathway in podocytes plays
a role in the development of glomerular disease. Nat. Med. 14, 290-
298.

Nitschke R., Henger A., Ricken S., Gloy J., Muller V., Greger R. and
Pavenstadt H. (2000). Angiotensin II increases the intracellular
calcium activity in podocytes of the intact glomerulus. Kidney Int. 57,
41-49.

Pagtalunan M.E., Miller P.L., Jumping-Eagle S., Nelson R.G., Myers
B.D., Rennke H.G., Coplon N.S., Sun L. and Meyer T.W. (1997).
Podocyte loss and progressive glomerular injury in type II diabetes.
J. Clin. Invest. 99, 342-348.

Parving H.H., Andersen A.R., Smidt U.M., Hommel E., Mathiesen E.R.
and Svendsen P.A. (1987). Effect of antihypertensive treatment on
kidney function in diabetic nephropathy. Br. Med. J. (Clin. Res. Ed.)
294, 1443-1447.

666
Remission/regression of CKD



Parving H.H., Hommel E. and Smidt U.M. (1988). Protection of kidney
function and decrease in albuminuria by captopril in insulin
dependent diabetics with nephropathy. BMJ 297, 1086-1091.

Perico N., Benigni A. and Remuzzi G. (2008). Present and future drug
treatments for chronic kidney diseases: evolving targets in
renoprotection. Nat. Rev. Drug Discov. 7, 936-953.

Perico N., Codreanu I., Schieppati A. and Remuzzi G. (2005). The
scientific care for prevention: an overview. Kidney Int. Suppl. S8-13.

Petermann A.T., Krofft R., Blonski M., Hiromura K., Vaughn M., Pichler
R., Griffin S., Wada T., Pippin J., Durvasula R. and Shankland S.J.
(2003). Podocytes that detach in experimental membranous
nephropathy are viable. Kidney Int. 64, 1222-1231.

Petermann A.T., Pippin J., Durvasula R., Pichler R., Hiromura K.,
Monkawa T., Couser W.G. and Shankland S.J. (2005). Mechanical
stretch induces podocyte hypertrophy in vitro. Kidney Int. 67, 157-
166.

Peterson J.C., Adler S., Burkart J.M., Greene T., Hebert L.A., Hunsicker
L.G., King A.J., Klahr S., Massry S.G. and Seifter J.L. (1995). Blood
pressure control, proteinuria, and the progression of renal disease.
The Modification of Diet in Renal Disease Study. Ann. Intern. Med.
123, 754-762.

Remuzzi A., Puntorieri S., Battaglia C., Bertani T. and Remuzzi G.
(1990). Angiotensin converting enzyme inhibition ameliorates
glomerular filtration of macromolecules and water and lessens
glomerular injury in the rat. J. Clin. Invest. 85, 541-549.

Remuzzi A., Perticucci E., Ruggenenti P., Mosconi L., Limonta M. and
Remuzzi G. (1991). Angiotensin converting enzyme inhibition
improves glomerular size-selectivity in IgA nephropathy. Kidney Int.
39, 1267-1273.

Remuzzi A., Perico N., Amuchastegui C.S., Malanchini B., Mazerska M.,
Battaglia C., Bertani T. and Remuzzi G. (1993). Short- and long-term
effect of angiotensin II receptor blockade in rats with experimental
diabetes. J. Am. Soc. Nephrol. 4, 40-49.

Remuzzi A., Imberti O., Puntorieri S., Malanchini B., Macconi D.,
Magrini L., Bertani T. and Remuzzi G. (1994). Dissociation between
antiproteinuric and antihypertensive effect of angiotensin converting
enzyme inhibitors in rats. Am. J. Physiol. 267, F1034-1044.

Remuzzi A., Benigni A., Malanchini B., Bruzzi I., Foglieni C. and
Remuzzi G. (1995). ACE inhibition prevents renal failure and death
in uninephrectomized MWF/Ztm rats. Kidney Int. 47, 1319-1326.

Remuzzi A., Fassi A., Bertani T., Perico N. and Remuzzi G. (1999).
ACE inhibit ion induces regression of proteinuria and halts
progression of renal damage in a genetic model of progressive
nephropathy. Am. J. Kidney Dis. 34, 626-632.

Remuzzi A., Gagliardini E., Donadoni C., Fassi A., Sangalli F., Lepre
M.S., Remuzzi G. and Benigni A. (2002). Effect of angiotensin II
antagonism on the regression of kidney disease in the rat. Kidney
Int. 62, 885-894.

Remuzzi A., Gagliardini E., Sangalli F., Bonomelli M., Piccinelli M.,
Benigni A. and Remuzzi G. (2006). ACE inhibition reduces
glomerulosclerosis and regenerates glomerular tissue in a model of
progressive renal disease. Kidney Int. 69, 1124-1130.

Ronconi E., Sagrinati C., Angelotti M.L., Lazzeri E., Mazzinghi B.,
Ballerini L., Parente E., Becherucci F., Gacci M., Carini M., Maggi
E., Serio M., Vannelli G.B., Lasagni L., Romagnani S. and
Romagnani P. (2009). Regeneration of glomerular podocytes by
human renal progenitors. J. Am. Soc. Nephrol. 20, 322-332.

Rossing K., Christensen P.K., Hovind P. and Parving H.H. (2005).
Remission of nephrotic-range albuminuria reduces risk of end-stage

renal disease and improves survival in type 2 diabetic patients.
Diabetologia 48, 2241-2247.

Rudnicki M., Eder S., Perco P., Enrich J., Scheiber K., Koppelstatter C.,
Schratzberger G., Mayer B., Oberbauer R., Meyer T.W. and Mayer
G. (2007). Gene expression profiles of human proximal tubular
epithelial cells in proteinuric nephropathies. Kidney Int. 71, 325-335.

Ruggenenti P. and Remuzzi G. (2009). Is the ONTARGET renal
substudy actually out of target? Nat. Rev. Nephrol. 5, 436-437.

Ruggenenti P., Perna A., Gherardi G., Gaspari F., Benini R. and
Remuzzi G. (1998a). Renal function and requirement for dialysis in
chronic nephropathy patients on long-term ramipril: REIN follow-up
trial. Gruppo Italiano di Studi Epidemiologici in Nefrologia (GISEN).
Ramipril Efficacy in Nephropathy. Lancet 352, 1252-1256.

Ruggenenti P., Perna A., Mosconi L., Pisoni R. and Remuzzi G.
(1998b). Urinary protein excretion rate is the best independent
predictor of ESRF in non-diabetic proteinuric chronic nephropathies.
"Gruppo Italiano di Studi Epidemiologici in Nefrologia" (GISEN).
Kidney Int. 53, 1209-1216.

Ruggenenti P., Perna A., Benini R., Bertani T., Zoccali C., Maggiore Q.,
Salvadori M. and Remuzzi G. (1999). In chronic nephropathies
prolonged ACE inhibition can induce remission: dynamics of time-
dependent changes in GFR. Investigators of the GISEN Group.
Gruppo Italiano Studi Epidemiologici in Nefrologia. J. Am. Soc.
Nephrol. 10, 997-1006.

Ruggenenti P., Mosconi L., Vendramin G., Moriggi M., Remuzzi A.,
Sangalli F. and Remuzzi G. (2000). ACE inhibition improves
glomerular size selectivity in patients with idiopathic membranous
nephropathy and persistent nephrotic syndrome. Am. J. Kidney Dis.
35, 381-391.

Ruggenenti P., Brenner B.M. and Remuzzi G. (2001a). Remission
achieved in chronic nephropathy by a multidrug approach targeted
at urinary protein excretion. Nephron 88, 254-259.

Ruggenenti P., Schieppati A. and Remuzzi G. (2001b). Progression,
remission, regression of chronic renal diseases. Lancet 357, 1601-
1608.

Ruggenenti P., Perna A. and Remuzzi G. (2003). Retarding progression
of chronic renal disease: the neglected issue of residual proteinuria.
Kidney Int. 63, 2254-2261.

Ruggenenti P., Perticucci E., Cravedi P., Gambara V., Costantini M.,
Sharma S.K., Perna A. and Remuzzi G. (2008). Role of remission
clinics in the longitudinal treatment of CKD. J. Am. Soc. Nephrol. 19,
1213-1224.

Ruiz-Ortega M., Bustos C., Hernandez-Presa M.A., Lorenzo O., Plaza
J.J. and Egido J. (1998). Angiotensin II participates in mononuclear
cell recruitment in experimental immune complex nephritis through
nuclear factor-kappa B activation and monocyte chemoattractant
protein-1 synthesis. J. Immunol. 161, 430-439.

Sagrinati C., Netti G.S., Mazzinghi B., Lazzeri E., Liotta F., Frosali F.,
Ronconi E., Meini C., Gacci M., Squecco R., Carini M., Gesualdo L.,
Francini F., Maggi E., Annunziato F., Lasagni L., Serio M.,
Romagnani S. and Romagnani P. (2006). Isolation and
characterization of multipotent progenitor cells from the Bowman's
capsule of adult human kidneys. J. Am. Soc. Nephrol. 17, 2443-
2456.

Schiffer M., Bitzer M., Roberts I.S., Kopp J.B., ten Dijke P., Mundel P.
and Bottinger E.P. (2001). Apoptosis in podocytes induced by TGF-
beta and Smad7. J. Clin. Invest. 108, 807-816.

Schmieder R.E., Klingbeil A.U., Fleischmann E.H., Veelken R. and
Delles C. (2005). Additional antiproteinuric effect of ultrahigh dose

667
Remission/regression of CKD



candesartan: a double-blind, randomized, prospective study. J. Am.
Soc. Nephrol. 16, 3038-3045.

Scruggs B., Donnert E., Ma L.-J., Bertram J. and Fogo A.B. (2005).
Capillary branching contributes to regression of sclerosis by
angiotensin receptor blocker (ARB). J. Am. Soc. Nephrol. 674A.

Shankland S.J. (2006). The podocyte's response to injury: role in
proteinuria and glomerulosclerosis. Kidney Int. 69, 2131-2147.

Steffes M.W., Schmidt D., McCrery R. and Basgen J.M. (2001).
Glomerular cell number in normal subjects and in type 1 diabetic
patients. Kidney Int. 59, 2104-2113.

Strutz F.M. (2009). EMT and proteinuria as progression factors. Kidney
Int. 75, 475-481.

Tarver-Carr M.E., Brancati F.L., Eberhardt M.S. and Powe N.R. (2000).
Proteinuria and the risk of chronic kidney disease (CKD) in the
United States. J. Am. Soc. Nephrol. 11, 168A.

Teles F., Machado F.G., Ventura B.H., Malheiros D.M., Fujihara C.K.,
Silva L.F. and Zatz R. (2009). Regression of glomerular injury by
losartan in experimental diabetic nephropathy. Kidney Int. 75, 72-
79.

Vogelmann S.U., Nelson W.J., Myers B.D. and Lemley K.V. (2003).
Urinary excretion of viable podocytes in health and renal disease.
Am. J. Physiol. Renal Physiol. 285, F40-48.

Wharram B.L., Goyal M., Wiggins J.E., Sanden S.K., Hussain S.,
Filipiak W.E., Saunders T.L., Dysko R.C., Kohno K., Holzman L.B.
and Wiggins R.C. (2005). Podocyte depletion causes
glomerulosclerosis: diphtheria toxin-induced podocyte depletion in
rats expressing human diphtheria toxin receptor transgene. J. Am.
Soc. Nephrol. 16, 2941-2952.

White K.E., Bilous R.W., Marshall S.M., El Nahas M., Remuzzi G., Piras
G., De Cosmo S. and Viberti G. (2002). Podocyte number in
normotensive type 1 diabetic patients with albuminuria. Diabetes 51,
3083-3089.

Wiggins J.E., Goyal M., Sanden S.K., Wharram B.L., Shedden K.A.,
Misek D.E., Kuick R.D. and Wiggins R.C. (2005). Podocyte
hypertrophy, "adaptation," and "decompensation" associated with

glomerular enlargement and glomerulosclerosis in the aging rat:
prevention by calorie restriction. J. Am. Soc. Nephrol. 16, 2953-
2966.

Wiggins R.C. (2007). The spectrum of podocytopathies: a unifying view
of glomerular diseases. Kidney Int. 71, 1205-1214.

Wilmer W.A., Hebert L.A., Lewis E.J., Rohde R.D., Whittier F., Cattran
D., Levey A.S., Lewis J.B., Spitalewitz S., Blumenthal S. and Bain
R.P. (1999). Remission of nephrotic syndrome in type 1 diabetes:
long-term follow-up of patients in the Captopril Study. Am. J. Kidney
Dis. 34, 308-314.

Wilson H.M., Haites N.E. and Booth N.A. (1997). Effect of angiotensin II
on plasminogen activator inhibitor-1 production by cultured human
mesangial cells. Nephron 77, 197-204.

Wolf G., Ziyadeh F.N., Thaiss F., Tomaszewski J., Caron R.J., Wenzel
U., Zahner G., Helmchen U. and Stahl R.A. (1997). Angiotensin II
stimulates expression of the chemokine RANTES in rat glomerular
endothelial cells. Role of the angiotensin type 2 receptor. J. Clin.
Invest. 100, 1047-1058.

Xue J.L., Ma J.Z., Louis T.A. and Collins A.J. (2001). Forecast of the
number of patients with end-stage renal disease in the United States
to the year 2010. J. Am. Soc. Nephrol. 12, 2753-2758.

Yoshioka T., Rennke H.G., Salant D.J., Deen W.M. and Ichikawa I.
(1987). Role of abnormally high transmural pressure in the
permselectivity defect of glomerular capillary wall: a study in early
passive Heymann nephritis. Circ. Res. 61, 531-538.

Yu D., Petermann A., Kunter U., Rong S., Shankland S.J. and Floege J.
(2005). Urinary podocyte loss is a more specific marker of ongoing
glomerular damage than proteinuria. J. Am. Soc. Nephrol. 16, 1733-
1741.

Zoja C., Corna D., Camozzi D., Cattaneo D., Rottoli D., Batani C.,
Zanchi C., Abbate M. and Remuzzi G. (2002). How to fully protect
the kidney in a severe model of progressive nephropathy: a
multidrug approach. J. Am. Soc. Nephrol. 13, 2898-2908.

Accepted October 30, 2009

668
Remission/regression of CKD


