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ABSTRACT
Serum phospholipase A2 receptor antibodies (SAbs) and glomerular phospholipase A2 receptor antigen
(GAg) deposits have been observed in idiopathic membranous nephropathy (IMN). However, the clinical
application of these two biomarkers, particularly GAg deposition, needs to be further evaluated. We
measured SAb concentration by ELISA and GAg deposition by immunofluorescence in 572 patients with
biopsy-proven IMN. Overall, 68.5% of patients (392 of 572) had detectable SAb (SAb+), and 98.7% of
patients who were SAb+ (387 of 392) and 70.6% of patients who were SAb2 (127 of 180) had GAg de-
position (GAg+). Compared with patients who were SAb2/GAg+, patients who were SAb+/GAg+ exhibi-
ted higher levels of proteinuria (P,0.001) and a lower chance of proteinuria remission (P,0.001). In 52
patients who underwent repeat biopsies, patients who did not achieve remission had a higher SAb+ rate
on the first biopsy than patients who went into remission (P=0.001). Furthermore, SAb+ levels persisted in
patients who did not achieve remission but significantly decreased in patients who achieved remission by
the second biopsy. Patients who did not achieve remission also had a higher GAg+ rate on the first biopsy
than patients who achieved remission (P,0.01). SustainedGAg+deposits correlatedwith disease relapse.
In conclusion, combining the measurements of SAb levels and detection of GAg deposition may provide
additional information regarding diagnoses, treatment response, and disease relapse in patients with IMN.
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The discovery of an autoantibody for the phospho-
lipase A2 receptor (PLA2R) was a landmark break-
through in understanding the pathogenesis of
idiopathic membranous nephropathy (IMN).1,2

Previous studies have shown that serum phospho-
lipase A2 receptor antibody (SAb) level is a good
marker for IMN diagnosis, disease activity moni-
toring, prognosis, and treatment decision mak-
ing.1,3–8 Patients with SAb (SAb+) often also have
glomerular phospholipase A2 receptor antigen
(GAg+) deposits. Recent studies have detected
GAg deposits in patients with undetectable SAb
(SAb2).9–11 These studies all reported higher
GAg+ deposit rates than SAb+ rates. However,
the role that GAg plays in the diagnosis, treatment
response, and disease relapse of patients with IMN
remains unclear. Furthermore, studies have yet to

determine how GAg deposition changes during dis-
ease progression. Previous studies have been limited by
small sample sizes and a lackof continualGAg records.

In total, 572 patients with biopsy-proven IMN
were recruited in this study to answer these ques-
tions. SAbwasmeasured byELISA, and the presence
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of GAg deposition was determined in all patients by immu-
nofluorescence. Fifty-two patients with IMN who underwent
repeat renal biopsies after an immunosuppressive treatment
were included to identify the changes in SAb levels and GAg
intensities during disease progression.

RESULTS

Distribution of SAb and GAg in 572 Patients
As shown in Figure 1, 392 of 572 patients (68.5%; 95% con-
fidence interval [95% CI], 64.5% to 72.3%) were SAb+,
whereas 180 patients were SAb2. The median level of SAb
in patients with SAb+ was 84 relative units (RU)/ml
(interquartile range, 45–178.3 RU/ml) (Supplemental Figure
1). Of 392 patients who were SAb+, 387 were GAg+ (98.7%;

95% CI, 96.9% to 99.5%). Of 180 patients who were SAb2,
127 (70.6%; 95% CI, 63.2% to 77%) were GAg+, whereas 53
patients (29.4%; 95% CI, 23.0% to 36.8%) were GAg2. The
GAg+ rate was much higher than the SAb+ rate (89.9% versus
68.5%; P,0.001) (Figure 2). The combined proportion of
patients with either SAb+ or GAg+ was 90.7% (Figure 2).
These results indicate that the GAg is more reliable than SAb
in the diagnosis of IMN (Supplemental Figure 2). In addition
to the ELISA, we also performed an immunofluorescence test
assay on all samples, and we observed consistent results from
both methods (Supplemental Table 1).

Comparison of Clinical Features between Patients with
and without SAb
Patients with SAb (n=392) had a higher level of proteinuria
(4.0 versus 2.6 g/24 h, respectively; P,0.001) and a lower level

Figure 1. Distribution of PLA2R SAb and GAg in 572 IMN patients and the distribution of THSD7A antigen in 53 patients with out both
PLA2R SAb and GAg. SAb and GAg of PLA2R were measured in 572 IMN patients. The glomerular THSD7A antigen was detected in 53
patients who were SAb2/GAg2.
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of eGFR (105 versus 109 ml/min per 1.73 m2, respectively;
P,0.01) than those who lacked SAb (n=180). Patient anti-
body levels were weakly correlated with baseline proteinuria
(r=0.14; P,0.01), serum albumin (r=20.20; P,0.001), and
eGFR (r=20.20; P,0.001).

Comparison of Clinical Features between Patients Who
Were SAb+/GAg+ and Patients WhoWere SAb2/GAg+
As shown in Figure 1, 387 patients were SAb+/GAg+, and 127
patients were SAb2 /GAg+. The SAb+/GAg+ group
exhibited a higher level of proteinuria (4.0 versus 2.4 g/24 h,
respectively; P,0.001) and a lower level of eGFR (105 versus
110 ml/min per 1.73 m2, respectively; P=0.002) at baseline
than the SAb2/GAg+ group (Table 1).

Of note, the comparison between patients with and without
SAb and the comparison betweenpatientswhowere SAb+/GAg+
andpatientswhowere SAb2/GAg+revealed very similar profiles.
These results indicate that SAb is more closely correlated with
disease activity and renal function decline than GAg.

Association of SAb/GAg with Disease Remission and
Progression
Kaplan–Meier analysis showed that patients whowere SAb2/GAg+
experienced a higher remission rate than patients who were
SAb+/GAg+ (P,0.001) (Figure 3A). The accumulated complete
remission rates at 24 months after treatment were 35.6%
(95% CI, 29.7% to 41.5%) in patients who were SAb+/GAg+
and 61.1% (95% CI, 51.3% to 70.9%) in patients who were
SAb2/GAg+. After adjusting for baseline proteinuria, patients
who were SAb2/GAg+ still had a higher chance of reaching
complete remission than patients whowere SAb+/GAg+ (hazard
ratio, 2.1; 95% CI, 1.5 to 2.9; P,0.001) (Table 2).

A higher proportion of patients who were SAb+/GAg+ expe-
rienced a decline in eGFR than patients who were SAb2/GAg+,
but this difference was not statistically significant (8.0% versus
5.5%, respectively; P=0.42) (Figure 3B).

Association between SAb Level and Outcome
All 392 patients who were SAb+ were divided into tertiles
according to antibody level. Although patients in the lowest
tertile had the best outcomes, the differences among tertiles
were not significant (Supplemental Figure 3A).

Patients in the highest tertile were more likely to reach the
end point (eGFRdecline.40%) than patients in themiddle or
lowest tertile. However, Kaplan–Meier analysis did not yield
any significant difference among the tertiles (Supplemental
Figure 3B).

Detection of Glomerular Thrombospondin Type 1
Domain–Containing 7A Antigen Deposits in Patients
Who Were SAb2/GAg2
Fifty-three patients were double negative for both SAb and
GAg. We performed immunohistochemical staining of the
Thrombospondin Type 1 Domain–containing 7A (THSD7A)
antigen in these patients and found distinct granular THSD7A
antigen deposits in four patients (Figure 1). THSD7Awas de-
tected in a fine granular pattern in the subepithelial deposits
along the glomerular capillary loops (Supplemental Figure 4).

Clinical Status Alteration in Patients Who Underwent
Repeat Renal Biopsies
In total, 52 patients with IMN who underwent repeat renal
biopsies were recruited. The median interval between the two
biopsies was 13.1 months (interquartile range, 12.0–18.8
months). All patients received immunosuppressive therapy be-
tween the two biopsies. Twenty-one patients had not achieved
remission at the second biopsy; eleven patients had undergone
proteinuria remission but relapsed before the second biopsy, and
remission was achieved in 20 patients at the second biopsy.

Changes in SAb Levels and GAg Intensities in Patients
Who Had Not Achieved Remission by the Second
Biopsy
Twenty-one patients failed to achieve remission by the second
renal biopsy. SAb was present in 19 patients at the first biopsy

Figure 2. Positive rates of SAb and GAg in patients with IMN and
positive rate when patients with SAb or GAg were counted to-
gether. Fisher exact test was used to compare the SAb+ and
GAg+ rates (P,0.001).

Table 1. Comparison of clinical characteristics of patients
who were SAb+/GAg+ and patients who were SAb2/GAg+

Clinical Characteristics SAb+/GAg+ SAb2/GAg+ P Value

Patient no., n 387 127 —

Age, yr 46 (30–57) 42 (30–52) 0.09
Men, % 61.8 68.5 0.20
Proteinuria, g/24 h 4.0 (2.4–6.2) 2.4 (1.6–3.9) ,0.001
Serum albumin, g/L 27.8 (24.4–31.6) 32.4 (29.3–35.3) ,0.001
Cholesterolemia,
mmol/L

8.0 (6.7–9.8) 7.6 (6.5–9.1) 0.10

eGFR, ml/min per 1.73
m2

105(88–118) 110 (100–122) 0.002

IgG4 predominant
deposition, %

97.7 (95.3–98.9) 98.4 (93.8–99.7) 0.70

Variables expressed asmedians and interquartile ranges are compared using
the Mann–Whitney test. Categorical variables are expressed in percentages
and compared using Fisher exact test.
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and only disappeared in two patients by the second biopsy. SAb
levels increased in 12patients, decreased infivepatients, turned
negative in two patients (follow-up revealed that one of two
patients achieved remission in 1 month and that one patient
achieved remission in 5months), and remainednegative in two
patients. Changes of median SAb level are shown in Supple-
mental Figure 5A. In all 21 patients who failed to achieve
remission, GAg deposition was observed at first biopsy and
remained present through the second biopsy. Of these pa-
tients, the GAg intensity increased in seven patients, remained
unchanged in 13 patients, and decreased in one patient (Figure
4A, Table 3).

Changes in SAb Levels and GAg Intensities in Patients
Who Relapsed by the Second Biopsy
Eleven patients entered remission but relapsed before the
second biopsy. SAb was present in nine patients at the first
biopsy but turnednegative in twoof themby the secondbiopsy.
The SAb level increased in three patients, decreased in four
patients, turned negative in two patients, and remained
sustained negative in two patients. Changes of median SAb
level are shown in Supplemental Figure 5B. GAg deposition

was present in 10 patients at the first biopsy and remained
present through the second biopsy. The GAg intensity in-
creased in four patients, remained unchanged in four patients,
decreased in two patients, and remained sustained negative in
one patient (Figure 4B, Table 3).

Decline of Antibody Level and Chance of Remission
All patients were continually followed after the second biopsy.
Among patients who failed to achieve remission or relapsed at
the second biopsy, 13 showed decreased SAb levels, whereas 15
patients showed increased SAb level by the second biopsy.
Patients with decreased levels had a greater chance of reaching
proteinuria remission during the follow-up period than
patients with increased antibody levels (69.2% versus 46.7%,
respectively; P=0.04) (Supplemental Figure 6).

Changes in SAb Levels and GAg Intensities in Patients
Who Had Achieved Remission by the Second Biopsy
Twenty patients achieved overall remission by the second
biopsy. SAb was present in eight patients at the first biopsy but
turnednegative in sevenpatientsby the secondbiopsywhen the
patients achieved remission. The SAb level became positive in
one patient, decreased in one patient, turned negative in seven
patients, and remained negative in 11 patients. It is worth
mentioning that proteinuria relapse occurred in one patient
whose SAb+ titer increased and that one patient showed a slight
decline in SAb during proteinuria remission. Change of
median SAb level were shown in Supplemental Figure 5C. GAg
deposition was present in 14 patients at the first biopsy but
disappeared in three patients by the second biopsy. The GAg
intensity increased in one patient, decreased in one patient,
turned negative in three patients, remained unchanged in
nine patients, and remained sustained negative in six patients
(Figure 4C, Table 3).

Figure 3. Kaplan-Meier analysis of disease remission and progression in SAb+/GAg+ and SAb-/GAg+ patients. (A) Survival curve for
reaching complete remission (P,0.001). (B) Survival curve for reaching .40% decline of eGFR (P=0.27). The numbers of at-risk patients
at selected time points (6, 12, 18, 24, 30, and 36 months) are indicated below the plot. Log-rank method was used to evaluate the
significance of differences.

Table 2. Factors predicting complete remission in
multivariate Cox regression models

Factor

Cox Univariate
Analysis

Cox Multivariate
Analysisa

HR (95% CI) P Value HR (95% CI) P Value

SAb2/GAg+
(versus
SAb+/GAg+)

2.3 (1.7 to 3.1) ,0.001 2.1 (1.5 to 2.9) ,0.001

Proteinuria 0.9 (0.8 to 0.9) ,0.001 0.9 (0.8 to 0.96) 0.002

HR, hazard ratio.
aHR was adjusted for proteinuria levels at inclusion.
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Twenty patients achieved remission at the time of repeat
biopsy. The follow-up revealed that seven of 11 (63.6%)
patients with sustained GAg+ through the second biopsy had
relapsed, whereas only two of nine (22.2%) patients who had
no GAg deposition at the second biopsy had relapsed. The
Kaplan–Meier analysis also indicated a higher risk of relapse in

patients with sustained GAg+ than in patients who were
GAg2 (Figure 5) (P=0.03). We also correlated the GAg semi-
quantitative data at the time of remission with chance of re-
lapse. The Cox regression analysis showed that the intensity
of GAg staining when remission was achieved was an inde-
pendent risk factor in predicting relapse after adjusting for

Figure 4. Dynamic changes of SAb levels and GAg intensities from first to second biopsies in patients failed to achieve remission,
relapsed and achieved remission. (A) Changes in SAb levels and GAg intensities in patients who had not achieved remission. (B) Changes
in SAb levels and GAg intensities in patients who had relapsed. (C) Changes in SAb levels and GAg intensities in patients who had
achieved remission. NR, no remission.
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complete remission/partial remission status (hazard ratio, 3.1;
95% CI, 1.3–7.2; P,0.01). These results indicate that patients
with sustained GAg deposits, even those who achieved clinical
remission, might be at higher risk of relapse than those without
GAg deposits.

SAb and GAg in Predicting Remission or Relapse
SAb and GAg at the first biopsy correlated with patient
outcomes. Patients who failed to achieve remission showed a
much higher SAb+ rate at the first biopsy than patients who
achieved remission (90.5% versus 40%, respectively;
P,0.001). The GAg+ rate at the first biopsy in patients who
failed to achieved remission was also higher than that in pa-
tients who achieved remission (100% versus 70%, respec-
tively; P,0.01) (Table 3). The combination of SAb+/GAg+
has a significant predictive value for no remission (odds ratio,
7.8; 95% CI, 1.6 to 39.5; P,0.01), and the combination of
SAb2/GAg2 has a significant predictive value for remission
(odds ratio, 13.3; 95% CI, 1.5 to 121; P=0.01). However, we

found the predictive value of the SAb2/GAg+ pattern to be not
significant.

DISCUSSION

Thediscoveryof SAband its clinical translation inpatientswith
IMN were tremendous advances in the precise diagnosis,
disease activity, treatment response evaluation, and prognosis
of this disease.1,3–5,8,12,13 In addition, deposition of GAg in the
glomeruli provides a supplementary marker in the diagnosis
of IMN, and it can be detected in patients with IMN and
without detectable SAb.9–11 However, characteristics of GAg
deposition and its relationship to disease activity, treatment
response, and relapse had not been fully explored until this
study.

In this study, the SAb+ rate was 68.5% in a cohort of 572
patients with IMN, which is similar to rates reported in
previous studies.6,7,9 In patients who were SAb+, 98.7% were
also GAg+. Interestingly, a remarkable proportion of patients
who were SAb2 (70.6%) was also GAg+. The total GAg+ rate
was significantly higher than the total SAb+ rate, and the rate
increased further when patients with either SAb+ or GAg+
were counted together. Our finding indicates that GAg depo-
sition combined with SAb may serve as a more sensitive bio-
marker in the diagnosis of IMN than SAb alone.

Patients with SAb had higher proteinuria levels and lower
eGFR levels than those without SAb, which is consistent with
previous reports.3,14 We further evaluated whether the depo-
sition of GAg aided in the activity, diagnosis, prognosis, and
treatment of IMN. By comparing the clinical characteristics of
patients who were SAb+/GAg+ with those of patients who
were SAb2/GAg+, we found that patients who were SAb
+/GAg+ showed higher proteinuria levels and lower eGFR
levels than patients who were SAb2/GAg+. (However, al-
though the difference for eGFR was statistically significant, it
was quiet small and might not be clinically important.) In
addition, patients who were SAb2/GAg+ had a higher remis-
sion rate than patients who were SAb+/GAg+. These results
indicate that SAb is a more robust marker to predict disease
activity, severity, and response to therapy than GAg. Are pa-
tients with SAb2/GAg+ in the early stage of their disease?15,16

Table 3. SAb and GAg presence in patients who had entered remission, patients who had not entered remission, and patients
who relapsed between the first and second renal biopsies

Group
SAb+ GAg+

First Second P Valuea First Second P Valuea

No remission, n=21 90.5% (19/21) 81% (17/21) 0.50 100% (21/21) 100% (21/21) NA
Relapse, n=11 81.8% (9/11) 63.6% (7/11) 0.50 90.9% (10/11) 90.9% (10/11) NA
Remission, n=20 40% (8/20) 10% (2/20) 0.07 70% (14/20) 55% (11/20) 0.25
P valueb 0.001 ,0.001 ,0.01 ,0.001

Positive rates are expressed in percentages and compared using the Fisher exact test. NA, not available.
aComparison between the first and second biopsies.
bComparison between patients who had not achieved remission and patients who had achieved remission.

Figure 5. Kaplan-Meier analysis for proportion of relapse in pa-
tients with sustained GAg+ and patients without GAg at the second
biopsy. Patients with sustained GAg+ showed higher risk of relapse
than patients without GAg (P=0.03). Log rank method was used to
evaluate the significance of difference.
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The repeat biopsy provided information to help us answer this
question. In patients whose SAb levels became absent and
patients who had sustained negative SAb levels at the second
biopsy, the GAg deposition showed a trend toward decreasing
or turning negative at the same time, indicating that GAg de-
position may fade as the SAb production is inhibited. These
results also indicated that immunosuppressive treatment
could induce not only the disappearance of SAb but also, the
disappearance of GAg. In patients who experienced relapse,
the GAg showed sustained intensity or a trend toward increas-
ing, indicating that the presence of or increase in GAg may
trigger of relapse. However, several exceptional patients had
discrepancies between changes in SAb and GAg. For instance,
some patients with SAb levels that decreased or turned nega-
tive had increased GAg intensities. The association between
SAb and GAg and the underlying mechanisms need additional
exploration in future studies.

In addition to the large sample size, another strength of this
study is its analysis of SAb and GAg changes in patients who
underwent a repeat renal biopsy after treatment. The SAb+ rate
at the first biopsy was significantly higher in patients who had
not achieved remission than that in patients who had achieved
remission by the second biopsy. In patients who had not
achieved remission, SAb turned negative in only two of these
patients, and the median SAb titer did not change significantly
by the second biopsy. GAg intensity showed a trend toward
increasing or remaining stable in patients who failed to achieve
remission. However, in patients who had achieved remission,
SAb+ levels turned negative in seven of eight patients, and the
median SAb2 titer decreased significantly by the second bi-
opsy. The GAg deposition in these patients trended toward a
decrease or remained unchanged. The GAg+ rate at the first
biopsy was also higher in patients who had not achieved re-
mission by the second biopsy than in those patients who had,
indicating that the GAg+ status was also related to patient
response to treatment.

Frequent relapse after remission is a challenge in the
treatment of patients with IMNand is related to the therapeutic
side effects and the outcome.17–19 A previous study showed that
patients with sustained SAb+ after immunosuppressive treat-
ment exhibited a higher rate of relapse during follow-up.4

However, to our knowledge, no study has observed the role
of persistent GAg deposits in the relapse of patients who had
achieved clinical remission. We found that the patients who
had achieved remission and had persistent GAg deposits at
the time of the second biopsy weremore likely to relapse during
follow-up than patients without GAg deposition who had
achieved remission. Persistent GAg deposition may act as a
trigger that restarts the immune response and leads to disease
relapse. Taking this into consideration, the clinical remission
(proteinuria returned to normal and PLA2R autoantibody
turned into negative) does not reach the real remission, and
we may need to pursue the histologic remission (both PLA2R
autoantibody and GAg turned into negative) to avoid the dis-
ease relapse.

Recent research identified THSD7A as a new IMN–related
antigen in patients without PLA2R antibody. Immunohisto-
chemical staining of THSD7A found THSD7A antigen de-
posits in four of 53 patients who were PLA2R double negative.
An analysis of whether these patients also had the anti-
THSD7A antibody in their serum would further explore the
potential clinical application of THSD7A in this group of pa-
tients with IMN.20

Certain limitations exist in this study. First, the study was
intrinsically limitedby its retrospectivenature. Second, various
therapies were given to the patients, and we were unable to
obtain precise data on the doses and course of treatment that
each patient received, which made comparing treatment
responses to different therapies difficult.

In conclusion, GAg deposits can be detected in a large
proportion of patients who were SAb2 and provide a more
reliable means by which to diagnose IMN compared with SAb
detection alone. SAb was more closely correlated with disease
activity, renal function decline, and treatment response than
GAg. Persistent GAg deposits were correlated with a poor re-
sponse to treatment and disease relapse. Combining the mea-
surement of anti-PLA2R antibodies and the detection of the
PLA2R antigen may provide additional information pertaining
to the diagnosis, treatment response, and disease relapse of
patients with IMN.

CONCISE METHODS

Patients and Samples
In total, 572 patients with biopsy-proven IMN diagnosed between

December of 2011 and October of 2013 were enrolled in this study

from the Nanjing Glomerulonephritis Registry, Jingling Hospital,

Nanjing University. All of these patients were clinically ruled out for

secondary membranous nephropathy, including lupus nephritis, hepa-

titis B viral infection, and sarcoidosis. The pathologic diagnosis of

membranous nephropathy was made by light microscopy, immunoflu-

orescence,andelectronmicroscopy.Fifty-twopatientswhohadreceiveda

second renal biopsy were from several previous membranous nephrop-

athy clinical trials in our center. In these trials, some of these patients

received repeat biopsy because of poor response to treatment.Othershad

reached clinical remission at the time of repeat biopsy. In these patients

who had achieved remission, we intended to observe whether histologic

remission was present when clinical remission was achieved after treat-

ment. Under the condition that patients were fully aware of the risk of

repeat biopsy and provided informed consent, we were able to gather a

small group of patients who agreed to receive repeat biopsy after the

treatment.Asimilarprotocol forpatientrecruitmentwasapplied ina lupus

nephritis cohort.21

Informed consentwas obtained fromall recruited patients, and the

study was approved by the local ethics committee.

Therapeutic Interventions
During patient follow-up, 90.7% (519 of 572) of patients received im-

munosuppressive treatment. Immunosuppressive regimens included
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glucocorticoids and Tripterygium wilfordii (65.0%), glucocorti-

coids and tacrolimus (32.4%), glucocorticoids and cyclosporin

A (16.4%), glucocorticoids and cyclophosphamide (11.7%), and

others (1%; glucocorticoids and mycophenolate mofetil). All 52 pa-

tients who underwent a second biopsy received an immunosup-

pressive treatment between the two biopsies. Immunosuppressive

regimens included glucocorticoids and T. wilfordii (50%), glucocor-

ticoids and tacrolimus (46.2%), glucocorticoids and cyclosporin A

(1.9%), and cyclophosphamide (1.9%).

Complete remission of proteinuria was defined as,0.4 g/24 h.

Partial remission was defined as proteinuria levels,3.5 g/24 h and

a.50% decline compared with an established baseline. A relapse

was defined by the reappearance of proteinuria .3.5 g/24 h during

follow-up after partial or complete remission. Patients who had en-

tered complete or partial remission were both described as achieving

remission in this study, whereas patients who failed to reach complete

or partial remission were defined as patients not achieving remission.

Renal function deterioration was defined as a.40% decline in eGFR

by the end of study compared with baseline. eGFR levels were esti-

mated using the Chronic Kidney Disease Epidemiology Collaboration

formula.22

Measurement of SAb, Detection of GAg, and Renal IgG
Subclasses
SAb was measured for all 572 patients with IMN at the first biopsy

using an indirect immunofluorescence test (Euroimmune) and the

ELISA test commercialized by Euroimmune according to the man-

ufacturer’s instructions. ELISA cutoff values were established according

to the manufacturer’s protocol, and the results were considered as neg-

ative for ,20 RU/ml and positive for $20 RU/ml. To detect GAg

presence, sections of biopsied tissue were deparaffinized, hydrated,

and heated for 10 minutes at 120°C before being blocked with 10%

FBS for 10minutes. The antigens were then conjugated using a rabbit

polyclonal anti–human PLA2R antibody (Atlas Antibodies) followed

by an FITC–conjugated swine anti–rabbit IgG antibody (Dako). The

PLA2R antigen deposits (GAg+) were manifested as granular fluo-

rescence deposits along the outer aspect of the glomerular capillary

loop (Supplemental Figure 1). The semiquantitative GAg immuno-

fluorescence intensity was evaluated by an expert pathologist and

scored as zero, one (weak), two (moderate), or three (strong). Renal

IgG subclasses weremeasured on cryosections of kidney biopsy spec-

imens. Mouse anti–human IgG1, IgG2, IgG3, and IgG4 mAbs

(Sigma-Aldrich, St. Louis, MO) were used as primary antibodies fol-

lowed by an FITC–conjugated rabbit anti–mouse antibody (Dako),

which was used as a secondary antibody. Staining intensity was scored

as zero (negative), one (weak), two (moderate), or three (strong). The

IgG4 dominant distribution was defined as described in a previous

study.23

Detection of THSD7A Antigen Deposits
Glomerular THSD7A antigen deposits were measured using the

immunohistochemical method reported by Tomas et al.20 Briefly,

paraffin sections of renal biopsies were deparaffinized and rehy-

drated. After antigen retrieval, the sections were incubated in

0.05% Triton X-100. The THSD7A antigens were conjugated by a

rabbit anti-THSD7A (Atlas Antibodies) followed by a horseradish

peroxidase–conjugated secondary antibody. Staining was visualized

using the DAB System.

Statistical Analyses
Data are presented as medians (interquartile ranges), and intergroup

comparisons were performed using a nonparametric test (theMann–

Whitney test). The Fisher exact test was used to assess the distribu-

tions of categorical data. A Kaplan–Meier survival analysis was

performed to compare complete remission rates, renal function pro-

gression and relapse rates among groups, and the log-rank method

was used to evaluate the significance of differences. A Cox regression

model was used to verify independent predicting factors for achieving

complete remission. Significance was defined as P,0.05.
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