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Abstract: Prorenin receptor (PRR) has been implicated in the onset and progression of various renal diseases,
though its possible association with immunoglobulin A (IgA) nephropathy remains unclear. In the present study,
we tried to clarify expression and pathophysiological significance of PRR in IgA nephropathy. We immunohisto-
chemically assessed PRR levels in renal biopsy specimens from 48 patients with IgA nephropathy and evaluated its
relevance to the clinical and pathological features of the disease. PRR was detected mainly in renal tubular cells,
which was confirmed at the subcellular level using immunoelectron microscopy. The PRR-positive area (%PRR area)
correlated with daily urinary protein, which is known to reflect disease severity (r=0.286, P=0.049). PRR levels
were weaker in tubular cells bordering areas of severe interstitial fibrosis, where a-smooth muscle actin-positive
myofibroblasts were present. We also used immunohistochemical detection of microtubule-associated protein-1
light chain 3 (LC3) and electron microscopy to assess autophagy, a cytoprotective mechanism downstream of PRR.
We noted an apparent coincidence between autophagy activation in tubular cells and PRR expression in the same
cells. Taken together, our findings suggest that renal expression of PRR in IgA nephropathy may be a compensatory
response slowing disease progression by preventing tubular cell death and subsequent fibrosis through activation of
cytoprotective autophagic machinery. Further studies using different type of kidney diseases could draw conclusion
if the present finding is a generalized observation beyond IgA nephropathy.
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Introduction

The prorenin receptor (PRR) was first identified
as a receptor for both prorenin and renin in
2002 [1]. Binding to PRR induces not only enzy-
matic activation of prorenin and renin, but also
angiotensin ll-independent intracellular signal-
ing. Moreover, it now appears that PRR is criti-
cally involved in the tissue renin-angiotensin
system (RAS), and that it plays a key role in the
development of organ damage in hypertension
and diabetes. For example, PRR blockade sig-
nificantly inhibits the development and pro-
gression of nephropathy in animal models of
diabetes and hypertension [2, 3]. Conversely,
glomerulosclerosis develops in transgenic rats
overexpressing PRR [4]. These findings suggest

PRR may contribute to the pathophysiology
underling the development and progression of
kidney disease in humans.

Immunoglobulin A (IgA) nephropathy is the most
common form of primary glomerulonephritis. In
Asia, it typically represents 30-35% of all pri-
mary glomerular diseases, though it has been
reported as high as 45% [5]. In Europe, the inci-
dence of IgA nephropathy ranges from about
30% to 40%. IgA nephropathy was also recently
reported to be the most common primary glo-
merulopathy among young adult Caucasians in
the USA [6]. IgA nephropathy is diagnosed
through kidney biopsy and is defined as the
occurrence of mesangial IgA deposits within
glomeruli and the presence of recurrent epi-
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sodes of macroscopic hematuria with upper
respiratory tract infection or microscopic hema-
turia and/or proteinuria [7, 8]. This condition
was initially thought to be benign, but is now
recognized to be a major health problem, as
20% to 40% of patients progress to end-stage
renal disease within 20 years after disease
onset [9].

Despite the fact that PRR has been implicated
in the onset and progression of various renal
diseases and the critical importance of IgA
nephropathy, information is entirely lacking on
the possible involvement of PRR in IgA nephrop-
athy. In an effort to address that issue, we eval-
uated the relevance of PRR expression to the
clinical and pathological features in IgA ne-
phropathy patients. We also examined the rel-
evance of PRR expression to autophagy, as
PRR is known to be an integral component of
mammalian vacuolar-type H*-ATPase (V-ATPa-
se), which is essential for activation of the au-
tophagic process [10, 11]. Autophagy is a cel-
lular mechanism that enables cells to rid them-
selves of superfluous or damaged organelles
and misfolded cytoplasmic proteins, and is a
central biological pathway that functions to pro-
mote cell survival [12, 13]. Here we describe
the distribution of PRR in the kidneys of patients
with IgA nephropathy and propose a hypothesis
that renal PRR expression may be a compensa-
tory mechanism functioning to mitigate disease
severity in IgA nephropathy.

Materials and methods
Patients

We retrospectively reviewed the medical re-
cords of 48 patients (34 males and 14 females;
median age, 48 years) with biopsy-proven IgA
nephropathy diagnosed between February
2010 and January 2013. Clinical data, includ-
ing age, gender, history of disease, medication,
and blood and urine chemistry were obtained.
The criteria used in the decision to perform a
biopsy were recurrent macroscopic hematuria,
persistent proteinuria of > 0.5 g/day, and per-
sistent microscopic hematuria. The diagnosis
of IgA nephropathy was based on the finding of
sole or predominant glomerular IgA immunoflu-
orescence in the biopsy specimen and the
absence of clinical evidence for Henoch-Sch-
oenlein purpura. All of the patients gave infor-
med consent, and the study was performed in
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accordance with the Declaration of Helsinki.
The ethical committee of Gifu University Gra-
duate School of Medicine has approved this
study.

Measurement of plasma prorenin

Plasma prorenin levels were measured using
an ELISA kit (LINCO Research Inc., St. Charles,
MO, USA).

Renal pathology

Four-um-thick paraffin sections stained with
hematoxylin-eosin, periodic acid-Schiff (PAS),
Masson’s trichrome, periodic acid-methena-
mine-silver (PAM) and Sirius red were examined
using a light microscope. Mesangial hypercellu-
larity, increased mesangial matrix, glomerulo-
sclerosis, extracapillary lesions (crescent for-
mation), interstitial fibrosis and inflammation,
tubular atrophy, tubulitis and arterial hyalinosis
were evaluated. A single observer blinded to
the study protocols performed grading of these
features.

Mesangial hypercellularity was classified into
the following four groups according to Oxford
classification: normal (< 4 cells per mesangial
zone), mild (4-5 cells per mesangial zone), mod-
erate (6-7 cells per mesangial zone) or marked
(8 or more cells per mesangial zone) [14]. The
number of patients with global and segmental
sclerotic glomeruli was noted, as was the num-
ber of patients with crescentic glomeruli. Me-
sangial matrix, tubular atrophy, tubulitis, inter-
stitial inflammation and fibrosis were semi-
quantitatively graded into four groups (normal,
mild, moderate or marked) modeled on the
grading system used by Myllymaki et al. [15].
With this model, tubular atrophy was scored as
normal (no tubular atrophy), mild (tubular atro-
phy in < 25% of cortical tubules), moderate
(tubular atrophy in 25-50% of cortical tubules)
or marked (tubular atrophy in > 50% of cortical
tubules). Tubulitis was classified as absent (no
inflammatory cells in tubules), mild (1-4 inflam-
matory cells per tubular cross section), moder-
ate (5-10 inflammatory cells per tubular cross
section) or marked (> 10 inflammatory cells per
tubular cross section) [16]. Interstitial fibrosis
and inflammation were graded as normal (< 5%
of the cortical area is involved in interstitial
fibrosis/inflammation), mild (< 25% of the corti-
cal area is involved in interstitial fibrosis/inflam-
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mation), moderate (25-50% of the cortical area
is involved in interstitial fibrosis/inflammation)
or marked (> 50% of the cortical area is involved
in interstitial fibrosis/inflammation) [15]. The
grades (normal or absent, mild, moderate or
marked) were assigned scores of O, 1, 2 or 3,
respectively.

Immunohistochemistry and immunofluores-
cence

After deparaffinization, 4-um-thick sections we-
re incubated with a primary antibody against
prorenin receptor (PRR; diluted 1:1000 with 0.1
mol/l phosphate buffered saline, a kind gift
from Dr. Kazuhito Totsune, Tohoku Fukushi Uni-
versity, Sendai, Japan) [17, 18], a-smooth mus-
cle actin (a-SMA; 1:500, Sigma-Aldrich) or mi-
crotubule-associated protein-1 light chain 3
(LC3; 1:100, MBL). A Vectastain Elite ABC sys-
tem (Vector Laboratories) was then used to
immunostain the sections; diaminobenzidine
served as the chromogen, and the nuclei were
counterstained with hematoxylin. For immuno-
fluorescence, sections incubated with a prima-
ry antibody were labeled using Alexa 488 (gr-
een; Molecular Probes) and counterstained us-
ing Hoechst 33342. They were then analyzed
under a confocal microscope (C2, Nikon). For
double immunofluorescence, the sections incu-
bated with primary antibodies were labeled
with Alexa 488 and Alexa 568 (red; Molecular
Probes) and counterstained with Hoechst
33342.

Quantitative assessment of the PRR immu-
nopositive area was carried out in 5 or more
randomly selected 400 m? areas of renal cortex
in HPFs (200x) using a multipurpose color
image processor (Nireco, Tokyo, Japan). The
edges of specimens were not used for this anal-
ysis to avoid possible inclusion of artificial st-
ains. The HPF photographs were then proce-
ssed using Image J software (NIH) for binariza-
tion (red, immunopositive area; white, immuno-
negative area), after which the % area of PRR-
immunopositivity was calculated for each spe-
cimen.

As the control specimens for PRR immunohisto-
chemistry, we employed 2 renal biopsy speci-
mens from patients with thin basement mem-
brane disease which lacked of proteinuria and
histological abnormalities as a non-IgA neph-
ropathy control.
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Electron microscopy

Biopsy specimens were fixed for 4 h at 4 C in
2.5% glutaraldehyde in 0.1 mol/l phosphate-
buffer. They were then postfixed in 1% buffered
osmium tetroxide, dehydrated through a grad-
ed ethanol series, and embedded in Epon.
Ultrathin sections (90 nm) were cut with a dia-
mond knife, collected on 200-mesh nickel gri-
ds, and double stained with uranyl acetate and
lead citrate before examination using an elec-
tron microscope (H-700, Hitachi, Tokyo, Japan).

Immunoelectron microscopy

Immunoelectron microscopy for PRR was per-
formed using the pre-embedding method. In
brief, 20-um-thick cryosections of renal biop-
sies from 3 patients were mounted on slide gl-
ass and fixed in 0.1 mol/I phosphate buffer
containing 0.5% glutaraldehyde and 2% para-
formaldehyde for 4 h at 4°C. They were then
incubated first with a primary antibody against
PRR (1:500 dilution) overnight at 4°C, and then
with horseradish peroxidase-conjugated F(ab’)
2 fragments (1:100, Abnova) for 1 h at room
temperature. The sections were incubated in
3, 3’-diaminobenzidine (DAB) solution contain-
ing with 0.05% hydrogen peroxide for 5 min.
Thereafter, the sections were postfixed with 1%
osmium tetroxide for 30 min to produce elec-
tron-dense osmium black precipitates, dehy-
drated through a graded ethanol series, and
embedded in epoxy resin. Ultrathin sections
were lightly counterstained with lead citrate
and examined under an electron microscope.

Statistical analysis

Results were analyzed using SPSS version 22,
and were expressed as medians (minimum-
maximum) for non-normally distributed data
and as mean = SD for normally distributed
data. Group comparisons were made using
analysis of variance with post hoc Student’s t
test. Spearman’s analysis was used for deter-
mining the correlation between parameters.
Values of P < 0.05 was considered significant.

Results
Clinical and pathological characteristics

The clinical characteristics of the study popula-
tion are presented in Table 1. The mean age at
the patients at the time of diagnosis was 48
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Table 1. Clinical characteristics of 48 patients with IgA nephropathy

Mean £ SD or median

with range
Age 48 (18-80)
Gender (M/F) 34/14
Time from onset of symptoms to biopsy (years) 2 (0.1-20)
Proteinuria (g/day) 0.58 (0.06-4.3)
>0.5 21 (44%)
<0.5 27 (56%)
Hematuria (RBC/f) 25 (5-100)
Creatinine (mg/dl) 0.84 (0.45-3.0)
BUN (mg/dl) 15 (6-46)
eGFR (ml/min/1.73 m?) 74129
Serum IgA Level (mg/ml) 343+111
Plasma Renin Activity (ng/ml/h)* 1.8 (0.1-14.6)
Plasma Aldosterone (pg/ml)* 86+39

Plasma Prorenin (pg/ml)*
Medication

Renin Inhibitor

ARB/ACEI
Anti-Aldosterone

618 (303-5439)

1(2%)
18 (38%)
0 (0%)

BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; ARB/ACEI, angioten-

sin Il type 1 receptor blockers/angiotensin converting enzyme inhibitors. *n=26.

Table 2. Histopathological findings in the renal biopsies from patients

with IgA nephropathy

Glomeruli
Mesangial cellularity
0: Normal 2.0% 1: Mild 67%
Mesangial matrix expansion
0: Normal 35% 1: Mild 38%
Glomerulosclerosis (n)

Global 36 Segmental 8
Tubulointerstitial
Tubular atrophy
0: Normal 25% 1: Mild 63%

Tubulitis
0: Absent 100%  1: Mild 0%
Interstitial Inflammation

0: Normal 35% 1: Mild 54%
Interstitial fibrosis
0: Normal 44% 1: Mild 44%

2: Moderate 25%

2: Moderate 23%

Crescent 12

2: Moderate 13%

2: Moderate 0%

2: Moderate 6.3%  3: Marked 4.2%

2: Moderate 13%

3: Marked 6.3%

3: Marked 4.2%

3: Marked 0%

3: Marked 0%

3: Marked 0%

years (18-80 years), and renal biopsy was per-
formed about 2 years (0.1-20 years) after
detection of urine abnormalities. Nineteen per-
cent of the patients had recurrent macroscopic
hematuria. Proteinuria was > 0.5 g/day in 56%
of the patients and was > 1 g/day in 27% of the
patients. The mean estimated glomerular filtra-
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tion rate was 74 ml/min/
1.73 m?, (median, 75). Ni-
neteen percent of patients
also had coexisting infec-
tions, and 40% had high
blood pressure. High serum
IgA levels were seen in 13%
of patients. Plasma renin
activity and plasma aldos-
terone were within the nor-
mal range in 57% and 88%
of patients, respectively.
Plasma prorenin level was
618 pg/ml ranging 303 to
5439 pg/ml. Thirty-eight
percent of the patients
received an angiotensin Il
type 1 receptor blocker
(ARB), angiotensin convert-
ing enzyme inhibitors (ACEI)
or a direct renin inhibitor,
while none received an
aldosterone blocker.

Common findings in the
patient biopsies were mild
glomerular hypercellularity
and mild mesangial mat-
rix expansion, observed in
67% and 38% of patients,
respectively. In addition,
mild interstitial fibrosis was
seen in 44%, mild tubular
atrophy in 63%, mild inter-
stitial inflammation in 54%,
segmental glomeruloscle-
rosis in 17% and global sc-
lerosis in 75% of patients.
Arteriosclerosis was seen
in 18 biopsies. None of the
biopsies showed tubulitis
(Table 2).

Expression of PRR in renal
biopsies

Immunohistochemical ana-
lysis revealed the presence
of PRR in renal biopsies

from all IgA nephropathy patients, which com-
pletely disappeared when the primary antibody
was substituted with a nonspecific rabbit 1gG.
The PRR-positive cells were tubular cells, as
judged from serial histological preparations
stained with PAS (Figure 1A). After binarization
was performed, the %PRR-positive (red) area
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Figure 1. Immunohistochemical detection of PRR in renal biopsies. A. Renal biopsies from IgA nephropathy patients.
The left and middle panels respectively contain low- and high-magnification photomicrographs of an example prepa-
ration; the right panels contain the binarization images highlighting the PRR-immunopositive area. The uppermost
panels are the serial sections for the lower panels, which show specimens immunostained for PRR and stained with
PAS. The middle row contains a negative control specimen treated with nonspecific rabbit IgG instead of the primary
antibody against PRR. The bottom row shows a preparation immunostained (brown) for PRR. Bars, 100 um; B. Renal
biopsy from a patient with thin basement membrane disease without proteinuria and histological abnormalities as
a non-IgA nephropathy control. The left panel, PAS stain; the middle panel, PRR immunostain; and the right panel,
the binarization image. Bars, 100 ym; C. Immunoelectron microphotograph showing PRR-positive staining weakly
in the cytoplasm and strongly at the plasma membrane and perinuclear regions (arrows) of proximal tubular cells.

BM, basement membrane. Bar, 1 ym.

Table 3. Coefficients of correlation between
the %PRR in biopsy specimens and clinico-
pathological variables

%PRR
R P
Clinical Parameters
Age 0.003 0.982
Duration of illness (months) -0.145 0.325
Proteinuria (g/day) 0.286 0.049
Hematuria (RBC/f) 0.052 0.727
Creatinine (mg/dl) 0.093 0.528
BUN (mg/dl) 0.044 0.766
eGFR (ml/min/1.73 m?) 0.002 0.989
Serum IgA level (mg/ml) 0.028 0.851

Plasma renin activity (ng/ml/h)* -0.036 0.863
Plasma aldosterone (pg/ml)* -0.477 0.387

Plasma prorenin (pg/ml)* -0.067 0.744
Pathological parameters

Mesangial cellularity -0.149 0.311

Mesangial matrix expansion -0.065 0.659

Tubular atrophy -0.140 0.342

Interstitial inflammation 0.094 0.527

Interstitial fibrosis -0.092 0.535
*n=26.

was calculated to range from 1.7% and 27%
(mean, 11%) in the immunohistochemical prep-
arations. Immunostaining of PRR was observed
not only at the plasma membrane but also
throughout the cytoplasm. Expression of PRR
in thin basement membrane disease of both 2
patients looked far weaker compared with IgA
nephropathy (Figure 1B). The %PRR-positive
area was 3.5% and 3.9% (mean, 3.7%).

Immunoelectron microscopy confirmed the lo-
calization of PRR in the cytoplasm of tubular
cells; PRR-positive staining was observed we-
akly in the cytoplasm and strongly at the plas-
ma membrane and perinuclear regions of tubu-
lar cells (Figure 1C).
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Figure 2. Plots showing the correlation between
%PRR and the indicated clinical parameters. There
was a positive correlation between %PRR and daily
urinary protein (r=0.286, P=0.049).

Relationship between PRR expression and
clinicopathological parameters

We next investigated the possible association
between PRR expression and the clinical and
pathological features of IgA nephropathy. Table
3 shows the coefficients of correlation between
the %PRR in biopsy specimens and clinicopath-
ological parameters in the IgA nephropathy
patients from whom the specimens were col-
lected. We found that %PRR had no relation to
age, illness duration, hematuria, serum creati-
nine, blood urea nitrogen (BUN), estimated glo-
merular filtration rate (eGFR), serum IgA level,
plasma renin activity or plasma aldosterone
concentration (Table 3). There was also no dif-
ference in the %PRR between males (12+5.1%)
and females (10+5.5%, P=0.12) or between
patients who were prescribed an ARB or ACEI
(1245.4%) and those who were not (11+5.4%,
P=0.87). However, the %PRR showed a signifi-
cant positive correlation with the daily urinary
protein (r=0.286, P=0.049) (Figure 2).
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Mild
Fibrosis

Severe
Fibrosis

Figure 3. Local relationship between PRR expression and interstitial fibrosis. A. The left and right panels show,
respectively, Sirius red-stained and PRR-immunostained serial sections. The upper and lower panels respectively
show specimens with mild and severe fibrosis. Bars, 100 um; B. Confocal micrographs showing double immunos-
taining for PRR (green) and a-smooth muscle actin (red); note the inverse relation between the signal intensities.
The PRR signal tended to be weak in the tubules (arrows) bordering the interstitium where the a-smooth muscle
actin signal from myofibroblasts was strong. Bar, 100 um.

Among the pathological variables tested, we
detected no correlation between %PRR and
mesangial cellularity, mesangial matrix expan-
sion, tubular atrophy, interstitial inflammation
or interstitial fibrosis (Table 3). However, com-
parison of serial sections immunostained for
PRR and with Sirius red revealed an obvious
weakness of PRR expression in tubular cells
bordering areas of severe fibrosis (Figure 3A).
Consistent with that observation, confocal
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microscopic examination revealed that PRR lev-
els tended to be low in tubules bordering the
interstitium, where a-smooth muscle actin-pos-
itive myofibroblasts were abundant (Figure 3B).

Relationship between PRR expression and
autophagy

Immunohistochemical analysis of the renal
biopsy specimens also revealed the presence
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Figure 4. Relationship between PRR and autophagy. A. Immunostaining for LC3, which appears as brown dots. The
boxed portion in the left panel is highly magnified in the right panel. Bar, 100 uym; B. Electron micrographs showing
abundant autophagic vacuoles in the cytoplasm of proximal renal tubular cells. The boxed portion in the left panel
is highly magnified in the right panel. Bars, 1 um; C. Confocal micrographs showing double immunostaining of LC3
(red) and PRR (green). Note the parallel relation between the PRR and LC3 signals. Bar, 100 um.
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Figure 5. Hypothesized pathophysiological role for
PRR expression in the kidneys of IgA nephropathy
patients. Renal PRR expression in IgA nephropathy
may serve to slow disease progression through au-
tophagy-mediated prevention of tubular cell death
and the subsequent fibrosis. This may compensate
for the detrimental effects of RAS activation, such as
fibrosis.

of microtubule-associated protein 1 light chain
3 (LC3)-immunopositive dots localized almost
exclusively in tubular cells, suggesting an
increase in autophagic activity in those cells
(Figure 4A). Using electron microscopy, we con-
firmed the presence of abundant autophagic
vacuoles in the tubular cells (Figure 4B), and
confocal microscopy showed the presence of
both PRR-immunostaining and LC3 dots within
tubular cells. It was also apparent that the LC3
dots tended to be more abundant in cells show-
ing higher levels of PRR (Figure 4C).

Discussion

It was previously reported that renal expression
of PRR occurs in the macula densa [19], mesan-
gial cells [1], glomerular epithelial cells [20],
tubular cells [17, 18], and collecting ducts
(intercalated cells) [21]. The present study is
the first examining the distribution of PRR in
renal biopsy specimens from humans. We
found that in IgA nephropathy patients, PRR
was predominantly localized in the cytoplasm
of renal tubular cells. Although PRR was once
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thought to be situated mainly at the plasma
membrane, more recent studies have shown
that most PRR is situated elsewhere within
cells, particularly around the nucleus [22, 23],
and the trans-Golgi network [23]. Our results
are consistent with those later reports. In addi-
tion, PRR expression looked more intense in
the kidneys of IgA nephropathy compared with
thin basement membrane disease (a non-IgA
nephropathy control).

Interestingly, we detected a significant positive
correlation between renal PRR levels and uri-
nary protein, which reflects the severity of IgA
nephropathy. We also noted a local inverse
relationship between PRR and interstitial fibro-
sis; PRR levels appeared to be locally reduced
in tubular cells bordering fibrotic areas, where
collagen-producing myofibroblasts were pres-
ent. Because PRR activates the RAS both pro-
teolytically and nonproteolytically [1], it is rea-
sonable to suggest that prorenin plays a signifi-
cant role in the fibrosis and end-organ damage
seen in diseases associated with activation of
tissue RAS, including hypertension, diabetes,
and preeclampsia [2, 3, 24]. In addition, PRR
can also induce activation of the mitogen acti-
vated protein (MAP) kinases, extracellular sig-
nal-regulated kinase (ERK) 1/2 and p38, lead-
ing to upregulated expression of profibrotic and
cyclooxygenase-2 genes, independently of the
RAS. And these effects also appear to contrib-
ute to the pathophysiology of end-organ dam-
age [2, 3].

PRR was first cloned in 2002, and it soon
became clear that it was the full-length form of
a smaller protein previously reported to be
associated with V-ATPase (vacuolar type
H*-ATPase) [1, 11]. The PRR gene was therefore
named ATPGAP2 (ATPase 6 accessory protein
2)/PRR. V-ATPase is a multimeric proton pump
involved in diverse and fundamental aspects of
cellular physiology, including receptor-mediat-
ed endocytosis and recycling, processing of
proteins and signaling molecules, membrane
sorting and trafficking, and activation of lyso-
somal/autophagosomal enzymes [11, 25]. In
addition, PRR works as an adaptor protein
between the Wnt receptor complex and V-AT-
Pase [26]. PRR is thus a complex molecule with
multiple functions. Autophagy in particular
plays a pivotal role in the protection of cells and
organs from stresses [12, 13]. In the kidneys,
for example, autophagy within podocytes is
reportedly protective against glomerulosclero-
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sis and age-related renal dysfunction, and also
protects proximal tubular cells against acute
cisplatin- and ischemia-reperfusion-induced
injury [27-29]. In addition, more recent studies
have reported a direct link between PRR and
autophagy-mediated cytoprotection in podo-
cytes [30-32].

Given the two facets of PRR function, activation
of RAS and activation of autophagy, it is difficult
to precisely determine the pathophysiological
significance (beneficial or detrimental) of the re-
lationship between PRR expression, the severi-
ty of IgA nephropathy reflected by daily urinary
protein, and interstitial fibrosis. One possibility
is that within tubular cells strongly expressing
PRR, the resultant RAS activation leads to
interstitial fibrosis, while PRR-mediated autoph-
agy protects the cells from cell death, ultimate-
ly protecting the kidney from fibrosis. Consistent
with that idea, we noted that PRR expression
was parallel to autophagic activation in tubular
cells, whereas it correlated inversely with fibro-
sis in neighboring areas. Therefore, although
we are aware that no cause and effect relation-
ship can be drawn in a human study, we hypoth-
esize that renal PRR expression in IgA nephrop-
athy may be a compensatory mechanism miti-
gating the severity of the disease through
autophagy-mediated prevention of tubular cell
death and subsequent fibrosis, which might be
reparative for detrimental effects (if any) ca-
used by RAS activation (Figure 5).

Although we used renal biopsies from patients
with thin basement membrane disease as a
non-IgA nephropathy control, we could not em-
ploy ideal control specimens, i.e., biopsies from
normal kidneys, because of the ethical reason.
Moreover, biopsies were not included in the
present study from patients with other protein-
uric diseases and with interstitial fibrosis des-
pite PRR expression was found correlated with
proteinuria and fibrosis. Such incomplete con-
trols make it impossible to determine whether
the present findings are specific for IgA nep-
hropathy or generalized in kidney diseases
beyond IgA nephropathy. In addition, the num-
ber of patients studied was relatively small.
Further studies of larger patient populations
with different types kidney disease could pro-
vide a more precise understanding of the
pathophysiological functions of PRR in kidney
disease.

7494

In sum, we described the distribution of PRR in
renal biopsies obtained from IgA nephropathy
patients, which correlated positively with daily
urinary protein and autophagic activation and
inversely with neighboring fibrosis. These re-
sults suggest renal expression of PRR in IgA
nephropathy may be a compensatory mecha-
nism slowing disease progression by prevent-
ing tubular cell death and subsequent fibrosis
via cytoprotective autophagy.
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