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The elevated levels of urinary
angiotensinogen are correlated with the
severity of idiopathic membranous
nephropathy
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Abstract

Background: Immunosuppressive treatment will predispose an idiopathic membranous nephropathy (iMN) patient
to opportunistic infections. Disease severity is one of the main concerns for making the treatment decision. Urinary
angiotensinogen (UAGT) level has been shown highly correlated with intrarenal renin-angiotensin system (RAS)
activity and severity of chronic kidney diseases (CKD). We aimed to test the relationship between the UAGT level
and the severity of iMN.

Methods: This cross-sectional study included a total of 48 biopsy-proven iMN patients, 46 minimal change disease
(MCD) patients, and 44 healthy volunteers. The clinical and laboratory data and urine samples were collected from
all subjects before the use of RAS inhibitors. We determined the UAGT levels with a method of enzyme-linked
immunosorbent assay.

Results: The UAGT levels were not different between the iMN (277.05 ± 61.25, μg/g.Cr) and MCD patients (244.19 ± 40.24,
μg/g.Cr), but both of them were significantly higher than those of healthy controls (6.85 ± 1.10, μg/g.Cr). UAGT levels
were correlated negatively with serum albumin (r = − 0.393, p = 0.006) and estimated glomerular filtration rate (eGFR)
(r = − 0.352, p = 0.014) and positively with 24-h proteinuria (r = 0.614, p < 0.001) in iMN patients but not in MCD
patients. Multivariate linear regression analysis revealed that only proteinuria independently determinate the
levels of UAGT (β = 0.649, p < 0.001) in iMN patients.

Conclusions: UAGT levels were correlated negatively with serum albumin and glomerular filtration rate and
positively with proteinuria in iMN patients at the onset. This suggests that elevated levels of UAGT are
associated with the severity of iMN. The UAGT level may be used as a cofactor for deciding immunosuppressive
therapy in iMN patient.
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Background
Idiopathic membranous nephropathy (iMN) is a com-
mon cause of adult-onset nephrotic syndrome and in-
creased by more than twice over the past decade in
China [1]. Most iMN patients maintained renal function
for prolonged periods and likely to have spontaneous re-
mission (SR). Only about 30% of the iMN patients with

nephrotic proteinuria will develop end stage renal dis-
ease (ESRD) without appropriate treatment [2]. Even
with restrictive treatment, iMN patients with nephrotic
proteinuria had quite favorable long-term outcomes.
They had an overall renal survival of 86% after 10 years
[3]. As immunosuppressive treatment will predispose an
iMN patient to opportunistic infections and other severe
side effects, the Kidney Disease Improving Global Out-
comes (KDIGO) guidelines recommend using immuno-
suppressive agents only in patients at high risk for
developing kidney failure [4].
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It is of interest to many researchers to distinguish
these high-risk iMN patients. Cattran group created the
Toronto Risk Score which accurately predicted the pro-
gression of iMN and was based on the change in cre-
atinine clearance and the maximum of proteinuria
during a 6-month period [5]. Prolonged observation is
necessary for this model, and the patients were kept in
uncertainty during this period. Alternatively, several
urinary markers have been proposed to predict progres-
sion in iMN [6, 7], especially low-molecular-weight pro-
teins including α1 and β2 microglobulins [2].
The intrarenal renin-angiotensin system (RAS) acti-

vation has several functions not only regulating blood
pressure but also developing renal cell growth, and
affecting renal function eventually [8, 9]. Angiotensi-
nogen (AGT) is the sole precursor of all angiotensin
peptides. Human AGT has 485 amino acids and can
be present in non-glycosylation or glycosylation forms
in serum with a molecular weight of 53 kDa or 75
kDa respectively [10]. Serum AGT cannot be freely
filtered through the glomerular basement membrane
in normal conditions. Urinary AGT (UAGT) was
mainly generated locally and accurately reflect intrare-
nal RAS activity [11, 12]. The correlations between el-
evated UAGT levels and the severity of kidney disease
had been reported in immunoglobulin A nephropathy
and diabetic nephropathy [13–16].
It had been shown that intrarenal RAS was activated

in progressive iMN and elevated levels of in situ gener-
ation of angiotensin II and angiotensin-converting en-
zyme were associated with the disease severity [17].
However, the correlation between UAGT and disease se-
verity of iMN had not been extensively studied. In the
present study, we attempted to explore the relationship
between UAGT and severity of iMN patients at the on-
set. We aimed to find another urine marker which will
add to the distinguishing ability of the above-mentioned
risk markers.

Methods
Study populations
This is a cross-sectional study. All the patients with iMN
who attended our renal unit from April of 2011 to April
of 2013 were recruited in this study. iMN was proven by
kidney biopsy, according to the KDIGO clinical practice
guidelines for glomerulonephritis [4]. Diagnostic features
included capillary wall thickening, normal cellularity, IgG
and C3 deposition along capillary walls upon immuno-
fluorescence, and sub-epithelial deposits visible by elec-
tron microscopy. Patients with systemic diseases such as
rheumatic diseases, malignant tumors, diabetes mellitus,
infections with hepatitis B or C virus, and other diseases
associated with secondary membranous nephropathy were
excluded. The subjects with urinary tract infections and a

history of renal transplantation were excluded. Those were
also excluded if they took RAS inhibitors or were treated
with immunosuppressive drugs at the time of sample col-
lection. Biopsy-proven MCD patients and healthy volun-
teers with no evidence of kidney disease were enrolled as
controls. The protocol of this study was approved by Pe-
king University Third Hospital Medical Science Research
Ethics Committee and informed consent was obtained be-
fore the initial collection of urine samples.

Clinical and laboratory data
Data pertaining to baseline characteristics were collected
from kidney biopsy registration sheets. For each patient,
baseline data including age, gender, duration of symp-
toms before biopsy, height, body weight, blood pressure,
proteinuria (24-h urinary protein excretion) and urine
sediment examination were recorded. Blood and urine
samples were collected in the early morning of the bi-
opsy day. Urine samples were frozen at the temperature
of − 80 °C for further evaluation. Serum creatinine was
measured with a Jaffe alkaline picrate method and serum
albumin was measured using a bromcresol green assay.
All measurements were performed on a Beckman
Coulter AU5800 chemistry analyzer in the clinical la-
boratory of Peking University Third Hospital [18]. Esti-
mated glomerular filtration rate (eGFR) was calculated
with the CKD-EPI creatinine equation recommended by
KDIGO and expressed as ml/min/1.73 m2 of body sur-
face area [19] .

Measurement of urinary angiotensinogen
UAGT levels were measured with a commercially
available sandwich enzyme-linked immunosorbent
assay (ELISA) kit (IBL, Fujioka, Japan), which has
intra-assay and inter-assay variation coefficients of
4.4 and 4.3%. Highly purified angiotensinogen from
human plasma was used as the standard. The UAGT
level was adjusted by urine creatinine concentration
and expressed as μg/g.Cr.

Statistical analysis
Continuous variables were expressed as means ± SD
while categorical variables were expressed as numbers
and percentages. The independent t-test was used for
the comparison between two groups, and one-way
ANOVA was used for three or more groups. The Bon-
ferroni test was used for the Post Hoc multiple compari-
sons. The chi-square test was employed for comparison
of categorical variables between groups. Pearson’s correl-
ation analysis was performed to explore the possible re-
lationship between continuous variables. The significant
variables identified by Pearson’s correlation were further
selected into a multiple linear regression model to deter-
mine whether they have independent effects. All tests
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were two-sided and p < 0.05 was considered significant.
Statistical analysis was performed using SPSS software,
version 23.0 (SPSS Inc., Chicago, IL, USA).

Results
Baseline characteristics and UAGT levels in iMN patients,
MCD patients, and normal subjects
Baseline characteristics were summarized in Additional
file 1: Table S1. A total of 48 iMN patients, 46 MCD pa-
tients, and 44 healthy volunteers were included in this
study. The iMN patients were from 24 to 76 years old;
the MCD patients were from 17 to 71 years old; and the
healthy volunteers were from 28 to 57 years old. Profiles
including gender and serum uric acid were not different
among the three groups. The levels of blood pressure,
eGFR, serum albumin and proteinuria were different
among groups. Also, the UAGT levels were significantly
different among the three groups. As was shown in Add-
itional file 1: Figure S1, the iMN patients had similar
levels of UAGT as MCD patients, while both of them
had significantly higher UAGT levels than normal sub-
jects (p < 0.001).

Relationships between UAGT and other variables in the
iMN or MCD patients
Pearson’s correlations between UAGT levels and other
parameters were performed in the iMN patients and
MCD patients respectively and the results were shown
in Additional file 1: Table S2. In iMN patients, the
UAGT levels were correlated negatively with serum cre-
atinine (p = 0.033), serum albumin (p = 0.006) and eGFR
(p = 0.014) and positively with systolic blood pressure (p
= 0.045) and proteinuria (p < 0.001). However, none of
the above parameters was found to be significantly cor-
related with UAGT in MCD patients. Linear regression
analysis further confirmed that UAGT levels were
linearly correlated with eGFR (r = − 0.352, p = 0.014), as
well as with serum albumin (r = − 0.393, p = 0.006) and
proteinuria (r = 0.614, p < 0.001). (See Additional file 1:
Figure S2).

Multivariate analysis of the independent determinant for
UAGT in iMN patients
When age, systolic blood pressure, serum albumin,
eGFR, and proteinuria were included in a multivariate
linear regression analysis model, only proteinuria was
shown to be the independent determinant of UAGT
in iMN patients (β = 0.590, p = 0.002). (See Additional
file 1: Table S3).

Discussion
In the present study, we found that UAGT levels were
higher in glomerulonephritis patients than normal sub-
jects; meanwhile, no differences of UAGT levels were

found between iMN patients and MCD patients. Further
analysis indicated that the UAGT levels were correlated
with several parameters relevant to disease severity of
iMN patients, including serum albumin, eGFR, and pro-
teinuria. However, these correlations were found not sta-
tistically significant in MCD patients. Multivariate
regression analysis showed that proteinuria was the in-
dependent determinant of UAGT levels in iMN patients.
Defining factors relating to the disease severity is cru-

cial to iMN patients and of interest to many researchers.
The natural clinical course of iMN is that one-third tend
to have spontaneous remission, one-third have stable
renal function, and one-third progress to renal failure. If
treated properly, the iMN patients will have overall renal
survival of about 86% after 10 years [3]. However, im-
munosuppressive treatments for iMN, including cortico-
steroids, alkylating agents, and calcineurin inhibitors,
will predispose the patients to opportunistic infections.
In addition, alkylating agents, such as cyclophosphamide,
increased cancer risk about threefold [20]. As the renal
survival of iMN is quite good and the immunosuppres-
sive treatment is toxic, KDIGO guidelines recommend
that immunosuppressive agents be used only in patients
at high risk of developing renal failure [4]. Some authors
suggested that conservative treatment may be extended
beyond 6months of follow-up [3]. However, the pro-
longed observation period required to identify a
high-risk patient would expose the patient to severe
complications of nephrotic syndromes, such as edema,
thrombosis, and infections. Many researchers have
attempted to identify early predictors for prognosis
which would allow early treatment and rapid disappear-
ance of nephrotic syndrome in high-risk patients and
avoid unnecessary exposure to toxic therapy in low-risk
patients. Dr. van den Brand JA et al. had shown that
low-molecular-weight proteins including α1 and β2
microglobulins were associated with the disease severity
and prognosis of iMN patients [2, 21]. We aimed to find
another marker that was relevant to iMN severity.
In the present study, UAGT levels were shown to

be associated with severity and predictive markers of
iMN patients, including low serum albumin, low
eGFR, and high proteinuria. These risk factors had
been proven by several studies. Low serum albumin
levels at the onset were found to be associated with
poor renal prognosis of iMN patients by Huh et al.
[22]. High level of serum creatinine at the diagnosis
was shown to be the main predictor for progression
to ESRD in membranous nephropathy patients [23].
Also, severe proteinuria was used as a major predictor
for renal prognosis of iMN in a conventional predict-
ive model, Toronto Risk Score [5]. Based on this, our
data supported that the levels of UAGT were associ-
ated with the severity of iMN patients.
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It is doubted whether the elevated levels of UAGT
were nonspecific consequences of proteinuria as both
iMN and MCD patients presented heavy proteinuria in
our study. Our analysis further showed that UAGT was
correlated with the above parameters only in iMN pa-
tients, but not in MCD patients. This difference sup-
ported the hypothesis that UAGT was not a non-specific
consequence of proteinuria as both iMN and MCD pa-
tients had severe proteinuria. Actually, several studies
supported this hypothesis. Kobori and coworkers found
low UAGT levels in MCD patients [24]. Jang’s work
showed that UAGT was predominantly composed of fil-
tered AGT from the systemic circulation in patients with
nephrotic-range proteinuria. However, this phenomenon
only presented in MCD or diabetic nephropathy patients
but not in iMN patient [25]. A few authors suggested
that UAGT levels reflected the intrarenal RAS activity
and severity of chronic kidney diseases rather than a
non-specific consequence of proteinuria [14–16, 24, 26].
One of the interesting findings of the present study

was that UAGT was significantly correlated with sev-
eral parameters in iMN patients but not in MCD pa-
tients. We supposed that this may be due to several
mechanisms. Firstly, as had been shown by Dr. Jang
et al., the origin of UAGT was different in different
subtypes of glomerulonephritis. UAGT was correlated
with serum AGT in MCD patients but not in iMN
patients. They suggested that UAGT was mainly fil-
tered from the serum in nephrotic MCD but pro-
duced locally in iMN [25]. Secondly, the different
pathogenesis of MCD and iMN may cause the differ-
ent behavior of UAGT. The activation of the RAS
system is likely consequence of the primary lesion in
the kidney. The most recent finding for the pathogen-
esis of iMN suggested that it was a humoral auto-
immune disease caused by circulating auto-antibodies
against receptors on the podocyte, notably anti-
phospholipase A2 receptor (PLA2R) [27]. However,
MCD is dominantly believed to be caused by dysfunc-
tions of T cells [28–30]. Furthermore, we noticed
that, clinically, RAS inhibitors may reduce the activity
of iMN but not MCD. The mechanisms why UAGT
behaves differently in iMN and MCD need to be fur-
ther elucidated.
A few limitations remained in our study. First, the num-

ber of iMN patients in our study is relatively small. As it is
a pilot study to explore the utility of UAGTas a biomarker
for the severity of iMN patients, we will expand the obser-
vation number inspired by these promising results. Sec-
ond, the cross-sectional character of the present study
cannot provide proof of the predictive ability of UAGT on
kidney outcomes. We can only suggest that the UAGT
levels were associated with the severity markers of iMN
patients. A prospective cohort study is needed to test the

predictive value of UAGT in iMN patients. Another limi-
tation of our study is the lack of anti-PLA2R antibody
which had been suggested highly correlated with the dis-
ease severity of iMN in recent years. This was due to the
cross-sectional nature of the study and measurement of
anti-PLA2R antibody was not practicable at that time. We
are now measuring anti-PLA2R antibody titer of all iMN
patients in our clinic.

Conclusions
In summary, UAGT levels were significantly higher in
iMN patients and MCD patients than those of normal
healthy controls. In iMN patients, UAGT levels were
significantly correlated negatively with serum albumin
and eGFR, and positively with 24-h proteinuria. Protein-
uria was found to be an independent determinant of
UAGT. These correlations were found not statistically
significant in MCD patients although they had similar
levels of proteinuria as well. We supposed that elevated
levels of UAGT were correlated with the severity param-
eters of iMN patients and may be used as a cofactor for
deciding immunosuppressive therapy for iMN patient.

Additional file

Additional file 1: Table S1. Baseline clinical and laboratory data and
UAGT levels of iMN patients, MCD patients, and normal subjects. Table
S2. Pearson’s correlation of UAGT and other variables in the iMN or MCD
patients. Table S3. Multivariate linear regression analysis between UAGT
and other variables in iMN patients. Figure S1. Comparison of the UAGT
levels among the iMN patients, MCD patients and normal healthy subjects.
Both of the iMN patients and MCD patients had higher UAGT levels than
normal subjects; there were no differences between the iMN patients and
MCD patients. Figure S2. Correlations between UAGT and other
variables in iMN patients: A), UAGT levels were negatively correlated with
eGFR (r = − 0.352, p = 0.014); B), UAGT levels were negatively correlated with
serum albumin (r = − 0.393, p = 0.006); C), UAGT levels were positively
correlated with proteinuria (r = 0.614, p < 0.001). (DOCX 387 kb)
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