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Abstract

Background Anti-neutrophil cytoplasmic antibody-associated glomerulonephritis (ANCA-GN) is a critical kidney disease
that sometimes results in an unfavorable renal outcome. Cellular crescent formation is a hallmark of ANCA-GN and is associ-
ated with renal prognosis, response to treatment, and it was reportedly associated with podocyte detachment. Because there
is a need to explore non-invasive biomarkers for the evaluation of ANCA-GN activity, we tested whether urinary podocyte
mRNA might be a potent non-invasive biomarker.

Methods We measured two different types of urinary podocyte mRNA, including podocin mRNA in relation to urine creati-
nine concentration (U-PodCR) and urinary podocin mRNA in relation to nephrin mRNA (U-PNR), which were reportedly
associated with the activity of various glomerular diseases.

Results In ANCA-GN patients (n=19), we discovered that U-PodCR was positively correlated with the percent of crescent
formation until 50% crescent was reached because of podocyte depletion; U-PNR was correlated with the percent of crescent
formation in all patients. Furthermore, patients with high levels of urinary podocyte mRNA exhibited a favorable renal out-
come compared with the outcomes of patients with low levels of urinary podocyte mRNA. The levels of urinary podocyte
mRNA were correlated with the rate of improvement in estimated glomerular filtration rate.

Conclusions U-PodCR, U-PNR or a combination of these parameters might serve as a non-invasive potential biomarker in
patients with ANCA-GN to predict the percent of crescent formation and renal prognosis.
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Introduction

Anti-neutrophil cytoplasmic antibody-associated glomeru-
lonephritis (ANCA-GN) is a critical disease that typically
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involves microscopic hematuria, moderate proteinuria, and
a rapidly declining glomerular filtrate rate over days or
weeks [1]. Because untreated ANCA-GN results in unfa-
vorable renal and life outcomes [1, 2], prompt diagnosis
and treatment based on an evaluation of disease activity
are important. Histological analysis from renal biopsy is a
well-established method [3] that provides prognostic data,
including glomerular extracapillary cell proliferation, known
as crescent formation. Notably, crescent formation is a hall-
mark of ANCA-GN [1, 4, 5], and its percentage is associated
with prognosis [3] and response to treatment [6]. However,
renal biopsy is invasive and involves a risk of complications
[7]. Therefore, non-invasive biomarkers of ANCA-GN are
needed.
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Podocytes, a visceral epithelial cell type covering the sur-
face of glomerular capillaries, are critical for the maintenance
of healthy kidney function [8]; however, these cells exhibit a
limited ability to proliferate [9—11]. Therefore, severe podo-
cyte depletion is commonly accompanied by manifestations
of various glomerular diseases [12]. Because podocytes are
detached by persistent or severe injury [10] and then passed
into urine [13, 14], the amount of podocytes in urine is a potent
biomarker that directly reflects the progression of podocyte
depletion [11, 12, 14, 15]. In ANCA-GN, podocyte depletion
was reportedly associated with unfavorable renal prognosis
[16]. It is reasonable that podocyte detachment might be
related to crescent formation because crescents are derived
from necrotizing inflammation of glomerular capillaries [17]
where podocytes are located. Indeed, Fujita et al., reported that
increased WT1-positive cells in urine, derived from detached
podocytes or activated parietal cells, predicted crescent forma-
tion in humans [18].

There are various methods to evaluate podocytes in urine;
we previously reported the usefulness of urinary podocyte
mRNA analysis [11]. Urinary podocyte counting by podo-
calyxin-immunostaining is a well-established methodology
to estimate glomerular podocyte detachment [15]; however,
the methodology is not accurate because both podocalyxin-
positive cells and podocalyxin-positive granules are detect-
able in urinary sediment, and which cells are counted as true
podocytes varies between individual investigators. Real-time
PCR is relatively easy to perform [11] and provides reproduc-
ible measurements, avoiding investigator’s bias. Notably, the
rate of podocin mRNA excretion in relation to urine creatinine
concentration (U-PodCR) and aquaporin2 mRNA as a tubular
marker were shown to reflect glomerular disease activity in
various rodent models [14, 19-21], and were positively cor-
related with glomerular podocyte loss per day [19]; as well as
human IgA nephropathy [22]. Relative expression levels of
podocin and nephrin mRNA (urine podocin to nephrin mRNA
ratio; U-PNR), modified by the relative downregulation of
nephrin versus podocin in pathological conditions, might also
be a biomarker of glomerular disease [14, 23].

Here, we hypothesized that the elevation of urinary podo-
cyte mRNA is a non-invasive biomarker of ANCA-GN,
especially in terms of predicting crescent formation. Thus,
we conducted the current study to compare urine mRNAs,
including U-PodCR and U-PNR, with histologic findings in
ANCA-GN patients.

Materials and methods
Histological analysis

On the basis of the statement by the European Vasculitis
Study Group [3], the following histological definitions of

ANCA-associated nephritis were used. Normal glomerulus
had no vasculitic lesions (including synechia, segmental
sclerosis, and extensive ischemic changes) or global scle-
rosis; a cellular crescent was composed of purely or par-
tial cellular components; and global sclerosis indicated
that > 80% of the glomerulus showed sclerosis. Using peri-
odic acid-Schiff-stained sections stored as virtual slides,
total numbers of normal, sclerotic, and cellular crescent
glomeruli were counted for each patient and the percent of
normal glomeruli (%normal), percent of global sclerosis
(%sclerosis), and percent of glomeruli with cellular crescent
(%crescent) were calculated. Histology slides were blinded
and then evaluated by three observers and their median val-
ues were calculated.

Immunostaining

Kidney specimens were Dubosq-Brazil liquid-fixed and
paraffin-embedded prior to sectioning, and 1.5-um-thick
unstained sections were used. After deparaffinization, each
section was treated with the Retrieve-All Antigen Unmask-
ing System 1 (BioLegend, San Diego, CA, USA) at 90 °C for
2 h, and then blocked by using horse serum. An anti-human
Wilums tumor protein (WT-1) monoclonal rabbit antibody
(ab89901; Abcam, Cambridge, UK) was applied as a pri-
mary antibody and incubated at 4 °C overnight. An immu-
noperoxidase reaction was performed using biotinylated
anti-rabbit IgG at room temperature for 1 h, followed by
avidin and biotinylated enzyme complex (VECTASTAIN
ABC kit; Vector Laboratories, Burlingame, CA, USA) at
room temperature for 1 h, and then by treatment with 3,
3'-diaminobenzidine with hydrogen peroxide (SIGMA-
FAST; Sigma-Aldrich, St. Louis, MO, USA). Post-staining
was performed with hematoxylin. Brownish cells on glo-
merular capillaries were regarded as podocyte nuclei. Mean
podocyte nuclear caliper diameter, podocyte nuclear count
per glomerulus, and glomerular area were measured using
WinROOF imaging software (Mitani Corporation, Tokyo,
Japan). These data were then used to estimate the podocyte
number and density with Venkatareddy’s methodology, as
previously described [22, 24]. In addition to ANCA-GN
patients, histological specimens from patients with minor
change nephrotic syndrome (MCNS) were used as controls
for podocyte number and density.

RNA extraction and real-time PCR to evaluate urine
mRNA

Urine samples were collected in the morning of the renal
biopsy and centrifuged at 4 °C for 15 min at 800xg. Urine
sediment was suspended in 1.5 mL of diethyl pyrocarbon-
ate-treated phosphate-buffered saline, then centrifuged
at 4 °C for 5 min at 13,200xg. The washed sediment was
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resuspended in buffer RLT with beta mercaptoethanol (RNe-
asy Mini kit, Qiagen, Germantown, MD, USA) and then
frozen at — 80 °C until RNA extraction. Total urine RNA
was purified by using an RNeasy Mini Kit. Complementary
DNA (cDNA) was transcribed using a high-capacity cDNA
reverse transcription kit (Applied Biosystems, Foster City,
CA, USA). Quantitation of podocin (NPHS2) and nephrin
(NPHS1) mRNA abundance was performed with a 7300HT
fast real-time PCR system (Applied Biosystems) using
TagMan Fast universal PCR master mix at a final volume of
10 pL per reaction. The TagMan probes (Applied Biosys-
tems) used were specific to human NPHS1 (Hs00190446_
m1l) and human NPHS2 (Hs00922492_m1). All data were
generated using cDNA samples, measured in duplicate.
cDNA standards were used for each assay as previously
described [22, 24]. Subsequently, we calculated U-PodCR,
nephrin mRNA in relation to urine creatinine concentration
(U-NepCR), and U-PNR as previously described [22, 23].
In addition to the ANCA-GN patients, urine samples were
collected from healthy volunteers who had no known kidney
disease, for use as controls in analyses of urinary podocyte
mRNA.

Statistical analysis

Statistical analyses were performed using GraphPad PRISM
software, version 7 (GraphPad Software Inc., La Jolla, CA,
USA), and IBM SPSS Statistics, version 22 (IBM Corp.,
Armonk, NY, USA). All clinical, pathology and urinary data
are shown as the median and interquartile range. Compari-
sons of two groups were performed with the Mann—Whitney
U-test; comparisons of three or more groups were performed
with the Kruskal-Wallis test and Dunn’s test; correlations
between parameters were assessed with Pearson’s test; com-
parisons of categorical data in two groups were performed
with Pearson’s Chi-square test; survival analysis was per-
formed with the Mantel-Cox log-rank test; and the repro-
ducibility of histology among three observers was assessed
using Intraclass Correlation Coefficients. p values <0.05
were considered statistically significant.

Results
Characteristics of patients and controls

From 2010 to 2016, patients at the University of Miyazaki
Hospital who were diagnosed with ANCA-GN based on
immunological and histological evidence were enrolled in
this study. Of the original 22 patients, two were excluded
because of inadequate histological data, and one was
excluded due to disagreement with participation in the study.
Thus, a total of 19 ANCA-GN patients were analyzed. The
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clinical characteristics of the patients are shown in Table 1,
and the histological profiles evaluated by three observers are
shown in Table 2. A total of 28 urine samples were collected
from healthy volunteers and 8 histological specimens were
collected from patients with MCNS. Follow-up data were
obtained from 19 patients during the 6-month follow-up
period after renal biopsy.

WT-1 immunostaining shows podocyte depletion
associated with sclerotic and crescentic lesions
in patients with ANCA-GN

To evaluate the podocyte number and density in patients
with ANCA-GN and make a comparison with patients with
MCNS, WT-1 immunostaining was performed. Although
some WT-1-positive cells were present in crescent cells and
on Bowman’s capsule, we regarded WT-1-positive cells on
glomerular capillaries as podocyte nuclei. In patients with
MCNS (Fig. 1a), as well as in patients with ANCA-GN,
podocyte nuclei were globally observed among normal
glomeruli (Fig. 1b). They were partially observed in cres-
centic glomeruli separate from crescent cells (Fig. 1c) and
were generally absent from sclerotic glomeruli (Fig. 1d).
The median podocyte number in patients with ANCA-GN
was approximately 2.6 times lower (p <0.01) than that in
patients with MCNS, whereas the median podocyte density
in patients with ANCA-GN was approximately 2.3 times
lower (p <0.01) than that in patients with MCNS (Fig. 2a,
b). In a comparison of histologic findings and WT-1 immu-
nostaining results, the percent of normal glomeruli was posi-
tively correlated with podocyte number (Fig. 2¢; R*=0.60,
p <0.01) and density (Fig. 2d; R>=0.48, p<0.01). More-
over, in a comparison of lesions between patients with
ANCA-GN and patients with MCNS, sclerotic lesions
showed the lowest podocyte number (Fig. 2e) and density
(Fig. 2f) in patients with ANCA-GN, which were signifi-
cantly lower than those in patients with MCNS (p <0.01
and p <0.01, respectively), followed by patients with cres-
centic lesions (p <0.01 and p <0.05, respectively). These
findings suggest that patients with ANCA-GN showed vari-
ous degrees of podocyte depletion, which was characterized
mainly by sclerotic lesions, followed by crescentic lesions.

Urinary podocyte mRNA analysis shows
that U-PodCR and U-PNR predict the percent
of crescent formation in patients with ANCA-GN

To clarify whether urinary podocyte mRNA could be used to
diagnose ANCA-GN and to predict %crescent, we performed
urinary podocyte mRNA analysis using quantitative PCR.
Compared with healthy controls, patients with ANCA-GN
had a median U-PodCR 133 times higher (Fig. 3a, p <0.01),
median U-NepCR 28.3 times higher (Fig. 3b, p <0.01), and
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Table 1 Clinical characteristics of patients with ANCA-associated glomerulonephritis (ANCA-GN) and minor changes nephrotic syndrome (MCNS)

Clinical data

p value

MCNS

ANCA-GN

8 (male: 5)

1/8

19 (male: 9)

3/19

Number

0.83
0.16
0.36
0.95
0.17
0.49
0.39

<0.01

Diabetes
Age

57.0 (53.5-69.8) (Years)

68.0 (62.0-74.0) (Years)
22.7 (20.5-24.4) (kg/m?)

24.6 (22.4-25.5) (kg/m?)

BMI
SBP

132.5 (124.5-136.5) (mmHg)

80.0 (74.8-82.0) (mmHg)
1.8 (1.2-2.6) (mg/dL)

131.0 (117.0-145.5) (mmHg)

69.0 (62.5-83.5) (mmHg)
2.1 (1.4-3.8) (mg/dL)

DBP

S-Cre
eGFR

CRP

29.4 (17.7-44.0) (mL/min)
0.0 (0.0-0.1) (mg/dL)

19.5 (10.8-35.1) (mL/min)

2.1 (0.2-6.4) (mg/dL)
1.0(0.7-1.6) (g/gCre)

17/19
2/19

<0.01

12.6 (9.4-14.8) (g/gCre)

0/3
0/3

Urine protein
MPO-ANCA
PR3-ANCA

<0.01

0.56

All data are shown as the median and interquartile range

BMIbody mass index, SBP systolic blood pressure, DBP diastolic blood pressure, S-Cre serum creatinine, eGFR estimated glomerular filtrate rate, CRP C-reactive protein, g/gCre g/g Creatinine

median U-PNR 3.7 times higher (Fig. 3c, p <0.01). Sub-
sequently, we compared U-PodCR, U-NepCR, and U-PNR
with %crescent, stratified by quartiles, in patients with
ANCA-GN. U-PodCR and U-NepCR showed prominent
increases along with %crescent until 50% crescent was
reached (Fig. 3d, e) and U-PNR was increased with %cres-
cent in all patients (Fig. 3f). Furthermore, U-PodCR and
U-NepCR were positively correlated with %crescent, except
in patients with>50% crescent (Fig. 3g, h). U-PNR was
increased with %crescent in all patients and was significantly
correlated with %crescent (Fig. 3i; R?>=0.39, p<0.01).
However, there was no significant correlation between
%normal and U-PNR, U-PodCR or U-NepCR (R*=0.05,
p=0.37; R”?=0.03, p=0.50; and R>=0.07, p=0.26, respec-
tively), as well as between %sclerosis and U-PNR, U-PodCR
or U-NepCR (R*=0.01, p=0.81; R>=0.06, p=0.32; and
R*=0.10, p=0.19, respectively). Additionally, in the group
with a low level of U-PodCR (below the median value of
U-PodCR), patients with high U-PNR showed higher %cres-
cent than patients with low U-PNR (Fig. 3j). These findings
suggest that U-PodCR, U-PNR, or a combination of these
parameters might be used as a non-invasive biomarker of
ANCA-GN, especially in terms of predicting %crescent.

High levels of U-PodCR and U-PNR are associated
with favorable short-term renal prognosis

To evaluate the association between renal prognosis and
urinary podocyte mRNA analysis, we performed 6-month
survival analysis in which the endpoint was > 30% reduc-
tion in estimated glomerular filtration rate (eGFR) or dial-
ysis induction. In this analysis, 19 patients with ANCA-
GN were divided into groups with high and low levels of
U-PodCR, as well as groups with high and low levels of
U-PNR, based on the respective median values. The clini-
cal and histological characteristics of the U-PodCR groups
are shown in Table 3, and those of U-PNR groups are
shown in Table 4. Kaplan—Meier curve analyses stratified
by U-PodCR and U-PNR are shown in Fig. 4a, b, respec-
tively. Both high-level groups showed favorable renal prog-
nosis by 6 months (both p <0.05). In addition, U-PodCR
was positively correlated with the rate of change in eGFR
over 6 months (Fig. 4c; R?>=0.29, p <0.05), and U-PNR
was positively correlated with the rate of change in eGFR
over 1 month (Fig. 4e; R>=0.35, p<0.01) and 6 months
(Fig. 4f; R?=0.44, p <0.01). These findings suggested that
U-PodCR and U-PNR predicted the response to treatment
reflecting %crescent, and that high levels of U-PNR and
U-PodCR indicated favorable short-term renal prognosis.
In addition, the group with high levels of U-NepCR had a
significantly favorable renal prognosis compared with the
group with low levels of U-NepCR. However, the percent of
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Table 2 Pathological

X Pathological data
data of ANCA-associated

glomerulonephritis Observer 1 Observer 2 Observer 3 ICC

%crescent 30.0 (15.641.7) (%) 273 (18.3-53.5) (%) 33.3 (22.2-43.2) (%)  0.878
%normal 27.3 (15.748.9) (%)  40.0 (17.4-52.8) (%) 333 (14.0-54.6) (%)  0.939
%sclerosis  25.0 (16.7-31.2) (%)  20.8 (14.5-29.9) (%) 222 (11.8-32.4) (%)  0.939
All data are shown as the median and interquartile range

%crescentpercent of glomeruli with cellular crescent, %normalpercent of normal glomeruli, %sclero-
sis percent of global sclerosis, /CCinterclass correlation coefficient

A Minor change nephrotic syndrome (control) Normal glomeruli in ANCA-GN

Fig. 1 Typical glomeruli in ANCA-associated glomerulonephritis
(ANCA-GN). Left images in a—d show periodic acid-Schiff staining
and the right images show anti-Wilums tumor protein (WT1) immun-
operoxidase staining. Brownish cells on capillaries are considered to

eGFR change during one month or six months did not cor-
relate with U-NepCR (p=0.28 and p =0.40, respectively).

Discussion

Histological analysis is the gold standard for establishing a
diagnosis and evaluating the activity of ANCA-GN [3, 6].
Because the procedure is invasive [7] it should be avoided
if the patient has contraindications such as uncorrectable
bleeding diathesis or severe systemic illness. Inflammatory
markers (e.g., C-reactive protein and erythrocyte sedimen-
tation rate) are widespread, but are nonspecific and cannot
differentiate disease activity from other sources of inflam-
mation, such as infection. ANCA against myeloperoxidase
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be podocytes. a Minor change nephrotic syndrome (control). b Nor-
mal glomeruli in ANCA-GN. ¢ Crescentic glomeruli in ANCA-GN. d
Sclerotic glomeruli in ANCA-GN. Bar=50 um

and proteinase 3 are useful for diagnosis but are considered
less useful for the assessment of disease activity [25]. Thus,
there is a need to explore novel biomarkers in patients with
ANCA-GN to evaluate disease activity [25].

To the best of our knowledge, the current study is the first
report of urinary podocyte mRNA analysis of patients with
ANCA-GN. It showed that urinary podocyte mRNAs were
positively correlated with %crescent. Furthermore, patients
with a high level of urinary podocyte mRNA exhibited a
favorable renal outcome at 6 months compared with patients
with a low level of urinary podocyte mRNA. Thus, urinary
podocyte mRNAs were positively correlated with the rate of
improvement in eGFR.

The current study revealed a strong association between
podocyte stress or detachment and crescent formation.
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between ANCA-associated glomerulonephritis (ANCA-GN) (n=20)
and minor change nephrotic syndrome (MCNS) (n=8), assessed by
using the Mann—Whitney U-test. ¢, d Correlations between podo-

Similarly, we previously reported that %crescent was posi-
tively correlated with U-PodCR in IgA nephropathy [22].
Hara et al., also reported a correlation between urinary podo-
cyte number and %crescent, which paralleled the increasing
numbers of glomerular and urinary leukocytes in patients
with IgA nephropathy and/or IgA vasculitis [26, 27]. There-
fore, it is likely that podocyte detachment is closely related
to crescent formation because most crescents are presumed
to derive from the necrotizing inflammation of capillary
walls where podocytes are located [17]. Furthermore, Le
Hir et al. reported that endocapillary inflammation caused
podocytes to bridge between the parietal and glomerular
basement membrane, leading to the proliferation of the
parietal epithelium, which resulted in crescent formation
in experimental crescentic glomerulonephritis [28]. In that
report, podocytes were proposed to directly contribute to
crescent formation and the findings supported the correla-
tion of podocyte detachment with %crescent, as observed in
the current study.

Importantly, U-PNR was significantly correlated with
%crescent in all patients, whereas U-PodCR was prominently

cyte number and percent of normal glomeruli, and between podocyte
density and percent of normal glomeruli, assessed by using Pear-
son’s test. e, f Comparison of podocyte number and density between
MCNS and apparently normal, crescentic and sclerotic glomeruli of
ANCA-GN, assessed by using the Kruskal-Wallis test and Dunn’s
test

elevated along with %crescent until %crescent reached 45%.
Urinary podocyte mRNAs are biomarkers of dynamic podo-
cyte injury and are elevated during early injury and continue
to be elevated while the injury remains. In addition, both
U-PodCR and U-NepCR tended to decrease due to severe
podocyte depletion, as observed in patients with > 50% cres-
cent in the current study (Fig. 3d—f). In contrast, because
U-PNR represents podocyte stress related to the relative
downregulation of nephrin versus podocin after podocyte
insults [14, 23], high levels of U-PNR are maintained, which
might be a useful biomarker to evaluate disease activity in
ANCA-GN, even during the stage of podocyte depletion.
Indeed, as shown in Fig. 3j, U-PNR differentiated mild
crescentic cases from severe crescentic cases in the group
with a low level of U-PodCR. These findings suggest that a
combination of U-PodCR and U-PNR may be useful for the
evaluation of disease activity in patients with ANCA-GN.
Furthermore, the current study showed that urinary
podocyte mRNA analysis, especially U-PodCR and/or
U-PNR was also useful for estimating responses to treat-
ment and renal prognosis in at least the acute phase, as
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Fig.3 U-PodCR and U-NepCR increase with increased crescent for-
mation except in patients with severe crescent formation, whereas
U-PNR is increased in all patients. Results of urine mRNA analy-
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ANCA-GN (n=19) and healthy controls (n=28), assessed by using
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Kruskal-Wallis test and Dunn’s test. g-i Correlations between
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U-PodCR and %crescent, between U-NepCR and %crescent, and
between U-PNR and %crescent, assessed by using Pearson’s test.
Correlations between U-PodCR (up to 50%) and %crescent, and
between U-NepCR (up to 50%) and %crescent, are shown next to the
original graphs. j Comparison of %crescent between high and low
U-PNR in the low U-PodCR group, divided by the median value and
assessed by using the Mann—Whitney U-test
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Table 3 Comparison of clinical and histological backgrounds between patients with high and low U-PodCR
Comparison of clinical and histological background

High U-PodCR Low U-PodCR p value
Number 10 (male: 4) 9 (male: 5)
Age 68.0 (64.8-72.8) (years) 70.0 (60.0-75.0) (years) 0.89
BMI 21.0 (19.3-25.3) (kg/m?) 23.4 (22.0-24.4) (kg/m?) 0.32
SBP 130.5 (115.0-133.8) (mmHg) 135.0 (126.0-154.0) 0.41

(mmHg)

DBP 64.0 (60.5-68.3) (mmHg) 81.0 (78.0-90.0) (mmHg) 0.02
S-Cre 2.0 (1.3-4.0) (mg/dL) 2.1 (1.8-3.5) (mg/dL) 0.97
eGFR 23.2(9.7-38.9) (mL/min) 18.1 (14.0-21.6) (mL/min) >0.99
CRP 2.8 (0.7-5.2) (mg/dL) 0.5 (0.3-7.2) (mg/dL) 0.92
Urine protein 0.9 (0.7-1.4) g/gCre) 1.1 (0.9-1.6) (g/gCre) 0.67
%normal 43.5 (28.8-50.3) (%) 23.8 (14.8-27.3) (%) 0.27
%crescent 31.3 (23.0-34.9) (%) 12.1 (8.7-57.7) (%) 0.66
%sclerosis 20.8 (12.7-30.4) (%) 27.3 (20.0-57.6) (%) 0.32
Podocyte number 285.5 (220.2-478.4) (/glom) 278.4 (231.0-413.5) (/glom) 0.78
Podocyte density 93.0 (72.5-118.1) (/10%um?) 63.9 (35.5-69.9) (/10%um?) 0.08
Initial steroid dose 0.5 (0.5-0.6) (mg/kg) 0.5 (0.4-0.5) (mg/kg) 0.55
steroid pulse 7/10 4/9 0.26
immunosuppressant 5/10 1/9 0.07

All data are shown as the median and interquartile range, and were assessed by using the Mann—Whitney U-test

BMIbody mass index, SBP systolic blood pressure, DBP diastolic blood pressure, S-Creserum creatinine, eGFRestimated glomerular filtrate

rate, CRP C-reactive protein, g/gCre = g/g creatinine

well as for the evaluation of disease activity. Similarly,
Hauer et al. reported that segmental and cellular cres-
cent formation was positively correlated with the rate of
improvement in GFR, suggesting that crescent formation
constitutes a reversible lesion [6]. Because the elevation
of urinary podocyte mRNAs might predict %crescent, it
is likely that urinary podocyte mRNAs correlate with the
rate of improvement in GFR, and might predict renal prog-
nosis. Taken together, these findings indicate that urinary
podocyte mRNAs are potential biomarkers for ANCA-
GN, and which can be used to predict disease activity and
response to treatment.

Although the current study reported novel findings, it
also had some limitations. The small number of partici-
pants made it difficult to stratify the participants based on
treatment type, comorbid conditions, and gender. Thus, the
current study did not estimate the influence of confounding
factors in the predictive ability of urinary podocyte mRNAs
and therefore evidence in the current study is limited and

cannot be used to determine the cut-off point to distinguish
a patient’s prognosis. In the group with high levels of urinary
podocyte mRNAs, more patients were treated with steroid
pulse and immunosuppressant therapy, compared with the
group with low levels of urinary podocyte mRNAs. This dif-
ference in treatment may have influenced the renal prognosis
and response to treatment.

Conclusions

In conclusion, the current study is the first report of uri-
nary podocyte mRNA analysis in patients with ANCA-
GN. The findings showed that U-PodCR, U-PNR, or a
combination of these parameters were non-invasive poten-
tial biomarkers in patients with ANCA-GN, especially in
terms of predicting %crescent and renal prognosis. How-
ever, further studies are needed to overcome the above
limitations and to validate the findings observed in the
current study.

@ Springer
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Fig.4 High U-PodCR and U-PNR predict good short-term renal
prognosis. a, d Kaplan-Meier curves stratified by U-PodCR and
U-PNR, in which the endpoint was>30% reduction of estimated
GFR or dialysis induction, assessed by the Mantel-Cox log-rank
test. Censored data are marked in each curve, and asterisks indi-
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