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HLA-DR, and not PLA2R, is expressed on the
podocytes in kidney allografts in de novo
membranous nephropathy
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Abstract
Idiopathic membranous nephropathy (IMN) is known to be associated with antibodies acting on the M-type phospholipase A2
receptor (PLA2R) of the podocyte. However, the mechanism underlying de novo membranous nephropathy (dn MN)
posttransplantation remains unclear. In this study, we aimed to elucidate the mechanism underlying dn MN.
We selected 8 cases with dn MN and compared them to 20 IMN cases. Fifteen cases of stable grafts were selected as controls.
Several differences between the dn MN group and the IMN group were detected. IgG4 showed negligible positive staining in

patients with dn MN, while it was predominant in the IMN group (1/8 vs 20/20, P<0.001). Serum anti-PLA2R antibodies and anti-
PLA2R antibodies of the podocyte were very few in the dn MN patients; however, these antibodies were detected in most of the IMN
patients (serum anti-PLA2R antibodies: 1/8 vs 16/20, P=0.002, anti-PLA2R antibodies of the podocyte: 0/8 vs 17/20, P<0.001).
The dn MN patients also showed higher ratio of interstitial inflammation, peritubular capillaritis, and peritubular capillary C4d
deposition. Importantly, human leukocyte antigens (HLA)-DR expression was detected on the podocytes in most of the dn MN
patients, but none of the IMN patients and stable graft patients showed HLA-DR expression.
These data suggested that the PLA2R pathway, which is known to play a role in IMN, was not involved in the mechanism

underlying dn MN. On the contrary, dn MN might be associated with the alloimmune response directed against the podocyte.

Abbreviations: dn MN = de novo membranous nephropathy, HLA = human leukocyte antigen, IMN = idiopathic membranous
nephropathy, MICA =major histocompatibility complex class I-related chain A, MN =membranous nephropathy, PLA2R =M-type
phospholipase A2 receptor.
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1. Introduction

Recurrent glomerulonephritis can influence renal allograft
survival, which was found to be the 3rd most common cause
of graft loss in recent reports.[1] Membranous nephropathy (MN)
is one of the most common forms of glomerulonephritis found in
renal transplant recipients, and recurrent MN occurs as
frequently as 42% to 44%, as reported in previous
literatures.[2–4] Recent studies revealed that M-type phospholi-
pase A2 receptor (PLA2R) was expressed on the podocyte in
idiopathic membranous nephropathy (IMN), which suggested
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that PLA2R played a role in IMN; subsequently, the PLA2R
pathway was verified to be responsible for the pathogenesis of
IMN.[5–7] Recent studies disclosed that recurrent MN, which is a
type of posttransplant MN, might be associated with the PLA2R
antibody in the recipients.[8–10] In addition to recurrent MN,
many patients develop de novo membranous nephropathy (dn
MN), which is a type of posttransplant MN, but is different
from recurrent MN. Currently, the etiology of dn MN is
controversial.[11–13]

The discovery of the anti-PLA2R antibody resulted in a great
step forward in the elucidation of the etiology of MN, especially
when PLA2Rwas identified to play a key role in IMN.[5,6] Recent
studies revealed that the PLA2R pathway in podocytes was
related to IMN. Anti-PLA2R antibodies could be detected in the
serum of IMN patients, and the titer of the PLA2R antibody was
strongly associated with the activity and prognosis of IMN.[5–8]

These studies proved that the PLA2R pathway in podocytes plays
a crucial role in the pathogenesis of IMN. Unlike IMN, secondary
MN could be caused by several diseases such as systemic lupus
erythematosus, HBV infection, and carcinoma.[14] The secondary
MN in such cases was caused by autoantibodies, virus-mediated
antigen-antibodies reaction, and carcinoma antigen-mediated
immune reactions.[15]

Larsen andWalker[16] showed that recurrentMNwas strongly
correlated with PLA2R positive staining on the podocyte of renal
allografts. However, PLA2R staining was barely observed in dn
MN,[16] which drove us to ask if there might be different
pathways causing MN posttransplantation. Human leukocyte
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antigen (HLA)-DR is an MHC class II cell surface receptor
encoded by the HLA. The complex of HLA-DR and its ligand
constitute a ligand for T-cell receptors. HLA was original defined
as a cell surface antigen that mediates graft-versus-host disease,
which causes the rejection of tissue transplants in HLA-
mismatched donors. HLA-DR staining was has been found to
be positive on the endothelium and renal tubular epithelial cell in
acute or chronic rejection.[17–20] HLA-DR has also been detected
in cellular and humoral rejection.[21,22] More interestingly, HLA-
DR is also known to be expressed on the podocytes in some types
of primary glomerulonephritis such as focal segmental glomer-
ulosclerosis, minimal change disease, and mesangial proliferative
glomerular nephropathy, but is not expressed on the podocytes in
IMN patients.[23–25]

Therefore, we hypothesized that dn MN was related to the
alloimmunization response to the podocyte of the renal allograft,
which was different from the traditional antibody-mediated
rejection. Accordingly, we compared the morphological features,
PLA2R expression, and HLA-DR staining on the podocyte of
IMN and dn MN patients to elucidate the pathways underlying
these 2 conditions.

2. Patients and methods

2.1. Patients

Between May 2006 and June 2014, 8 patients were diagnosed
with posttransplant dn MN at the Jinling Hospital, Nanjing
University School of Medicine, Nanjing, China. We applied the
following inclusion criteria for selecting the patients for our
study: light microscopy, immunofluorescence, and electron
microscopy confirmed MN; allograft biopsy at the time of
transplantation excluded donor glomerulonephritis including
MN; the recipient showed no evidence of MN before
transplantation; and HBV antigens or HCV antibodies were
negative, as determined by immunohistochemical staining;
electron microscopy showed no granular electron-dense deposits
associated with HBV or HCV. The primary kidney diseases, as
determined by biopsy, included IgA nephropathy (IgAN; n=3),
minimal change disease (n=1), diabetic nephropathy (n=1), and
mesangial proliferative glomerular nephropathy (n=1). Two
patients who did not receive renal biopsy only had hematuria,
and the sera (pretransplantation) of 2 patients were negative for
the PLA2R antibody; therefore, we considered that the primary
kidney diseases of 2 patients were excludedwith IMN.During the
same period, 20 patients with biopsy-confirmed IMN were
selected after age- and gender-matching. Fifteen patients with
stable grafts were selected as the control group.
This study was approved by the ethics committee or

institutional review board of the Jinling Hospital (approved
ethics number: 2014NZGKJ-057).

2.2. Histological examination

Renal tissues were stained with hematoxylin-eosin, periodic acid-
Schiff, periodic acid-silver methenamine, and Masson for light
microscopic examination. The evaluation of the histological
injuries was performed according to the Banff 2013 criteria.[26]
2.3. Immunohistochemistry and immunofluorescence (IF)
staining

Cryosections of the kidney biopsies were tested for immunoglo-
bulins and complement deposition by using direct IF. The IgG
2

subclasses were evaluated by indirect IF with monoclonal
antibodies directed to IgG1, IgG2, IgG3, and IgG4 in the all
patients. A mouse antihuman IgG 1–4 monoclonal antibody
(Sigma–Aldrich) was used as the primary antibody. PLA2R
expression was assessed in the glomerular deposits by confocal
microscopy in the paraffin-embedded biopsy samples obtained
from each patient using rabbit affinity purified specific anti-
PLA2R antibodies (Atlas antibodies) followed by the use of goat
Alexa 488-conjugated antirabbit Fab IgG (Molecular Probes).
Circulating antibodies against PLA2R were assessed using the
commercially available indirect IF test (Euroimmun). The biopsy
samples were also stained for HLA-DR (Dako) and Wilms’
tumor-1 (WT-1) (Santa Cruz), which is termed as a podocyte
specific protein.
The clinical and pathological characteristics of all the patients

were studied, and specific immunohistochemistry and IF staining
results were analyzed for each case.
2.4. Statistical analyses

Values were represented as mean± standard error (SE). Statistical
analysis was performed using the Student t test or nonparametric
Mann–Whitney U test for comparison of continuous variables
between 2 groups. All the analyses were performed using the SPSS
16.0 package. A P value <0.05 was considered statistically
significant.
3. Results

3.1. Clinical profiles

The period between the transplantation and the renal biopsy in
patients diagnosed with posttransplant dn MN ranged from 7 to
87 months (41.75±26.28 months). The clinical profiles of the 3
groups are summarized in Table 1. The mean ages of the
transplant patients (in the dn MN group and stable graft group)
were more than that of the patients in the IMN group. The dn
MN patients had the highest level of serum creatinine at the time
of biopsy. Compared to the IMN patients, the dn MN patients
showed less proteinuria (2.84±2.79g/24hour vs 5.61±2.54g/
24hour, P=0.018) and a higher level of serum albumin (33.26±
8.76g/L vs 24.83±3.71g/L, P=0.030).
3.2. Histological characteristics

The histological features of the 3 groups are shown in Table 2.
Compared with the patients in the IMN group, the patients in the
dn MN group had a marginally higher ratio of glomerulitis
(37.5% vs 5.0%, P=0.058) and a significantly higher ratio of
tubulitis (50.0% vs 0, P=0.003). However, the incidences of
these lesions were similar between the dn MN group and the
stable graft group. It is notable that the dn MN group had a high
prevalence of interstitial infiltrate and peritubular capillaritis;
according to the Banff 2013 diagnostic criteria, 87.5% of the
patients in the dn MN group had interstitial infiltrate and 62.5%
had peritubular capillaritis, both of which were significantly
higher than that observed in the other 2 groups (Table 2). With
regard to chronic lesions, the patients in the dn MN group had a
higher ratio of interstitial fibrosis than the patients in the IMN
group (87.5% vs 40.0%, P=0.038), but the incidences of tubular
atrophy were similar between these 2 groups (62.5% vs 30.0%,
P=0.200). The pathology images obtained from the dn MN and
IMN patients are shown in Fig. 1A and B, respectively.



Table 1

Clinical profiles of dn MN and IMN patients.

Post hoc

dn MN (n=8) Stable graft (n=15) IMN (n=20) P12 P13 P23

Gender, male, % 8 (100) 11 (73.3) 15 (75.0) 0.257 0.281 1.000
Age, years 49.37±8.60 42.93±14.46 31.65±13.10 0.263 0.002 0.015
SCr, mg/dL 1.89±0.77 0.97±0.31 0.72±0.16 <0.001 <0.001 0.068
Proteinuria, n, % 8 (100) 0 20 (100) <0.001 – <0.001
Proteinuria, g/24 hour 2.91±2.73 0.29±0.09 5.61±2.54 0.007 0.004 <0.001
Hematuria, n, % 2 (25.0) 0 4 (20.0) 0.111 1.000 0.119
Urinary NAG, m/g.cr 39.95±36.37 12.93±2.16 44.74±29.06 0.034 0.689 0.001
Urinary RBP, mg/L 4.79±5.18 0.36±0.28 6.27±16.25 0.380 0.758 0.137
Albumin, g/L 33.26±8.76 40.33±6.06 24.83±3.71 0.007 0.001 <0.001
Hemoglobin, g/dL 11.61±3.36 11.33±2.89 13.62±2.17 0.813 0.080 0.016

dn MN=de novo membranous nephropathy, IMN= idiopathic membranous nephropathy, NAG=N-acetyl-beta-D-glucosamidase, RBP= retinol binding protein, SCr= serum creatinine.
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3.3. IF staining

IF staining was performed to examine the presence of immune
complex deposits and IgG subtypes. It is important to note that
peritubular capillary C4d deposition was detected in 5 of the 8 dn
MN patients (62.5%), which was not observed in the other 2
groups (P=0.002 compared with the stable graft group; P=
0.001 compared with the IMN group). Compared with the
patients in the stable graft group, the patients in the dnMNgroup
had a higher ratio of IgG and C3 deposition (100% vs 6.7%, P<
0.001 for IgG deposition, 75.0% vs 0%, P<0.001 for C3
deposition). There were no significant differences in the levels of
IgG, IgA, and IgM, and in C3 and C1q deposition between the
patients in the dn MN group and those in the IMN group
(Table 3). The results of IF staining are shown in Table 3.
With regard to the IgG subtypes, a predominance of IgG1

deposition was apparent in the patients in the dn MN group
(62.5%), and a predominance of IgG4 deposition was observed
in the IMN group (100%). Only 1 patient in the dn MN group
had IgG4 deposition, the ratio of which was much lower than
that in the IMN group (12.5% vs 100%, P<0.001). The results
of the examination of the IgG subtypes are shown in Table 4.
Representative images of C4d and IgG4 staining are shown in
Fig. 1C and D, respectively.
3.4. PLA2R and HLA-DR staining

In order to study the potential etiological pathways in dn MN,
PLA2R and HLA-DR staining was performed on the serial
sections used for histological analyses.
Table 2

Histological characteristics of dn MN and IMN patients.

dn MN (n=8) Stable graft (n=

Glomerulitis, n, % 3 (37.5) 2 (13.3)
Tubulitis, n, % 4 (50.0) 5 (33.3)
Interstitial infiltrate, n, % 7 (87.5) 5 (33.3)
Peritubular capillaritis, n, % 5 (62.5) 1 (6.7)
Interstitial fibrosis, n, % 7 (87.5) 0
Tubular atrophy, n, % 5 (62.5) 0
Arteriolar hyaline thickening, n, % 7 (87.5) 3 (20.0)
Mesangial proliferation, n, % 4 (50.0) 5 (33.3)
Intimal arteritis, n, % 2 (25.0) 0

dn MN=de novo membranous nephropathy, IMN= idiopathic membranous nephropathy.
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First, we used the immunofluorescence assay to assess the
glomerular deposition of PLA2R antibodies. None of the patients
in the dn MN group showed detectable glomerular PLA2R
antibodies, which was predominant in the patients of the IMN
group (0% vs 85.0%, P<0.001). Representative images of
PLA2R IF staining are shown in Fig. 2. Circulating PLA2R
antibodies were also studied in the dn MN and IMN groups.
Anti-PLA2R antibodies were detected in 16/20 (80.0%) patients
in the IMN group, but were not observed in any of the patients in
the dn MN group (P<0.001).
Second, HLA-DR antigens were assessed by immunohisto-

chemical assay. WT-1 staining was used to identify podocytes. In
the dn MN group, 75% of the patients had HLA-DR antigens
expressed on the podocytes, but no HLA-DR expression could be
observed in the podocytes of patients in the IMN group (75.0%
vs 0%, P<0.001). Representative images from HLA-DR and
WT-1 staining are shown in Fig. 3.

4. Discussion

MN that is found in renal allografts can be of 2 different types,
recurrent MN and dn MN, according to the primary kidney
disease pretransplant. Recurrent MN has been found to be
related to the PLA2R pathway, which has been discussed in
previous studies.[5,7,8,16] The titer of the PLA2R antibody in the
serum could be a marker that can help predict recurrent risk and
assess disease activity posttransplantation.[6] On the other hand,
the mechanism of dn MN that occurs after renal transplantation
is largely unknown. In this study, we aimed to identify the
Post hoc

15) IMN (n=20) P12 P13 P23

1 (5.0) 0.297 0.058 0.565
0 0.657 0.003 0.009

4 (20.0) 0.027 0.002 0.266
0 0.009 0.001 0.429

8 (40.0) <0.001 0.038 0.006
6 (30.0) 0.002 0.200 0.027
5 (25.0) 0.006 0.004 1.000
12 (60.0) 0.657 0.691 0.176

0 0.111 0.074 –

http://www.md-journal.com
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Figure 1. Characteristics of dn MN and IMN patients posttransplantation, as observed by light microscopy and immunofluorescence. Inflammatory cell infiltrations
were observed more frequently in the dn MN patients (A) than in the IMN patients (B). (C) C4d deposition in the peritubular capillary walls of the dn MN patients. (D)
Deposition of IgG4 in the glomerular capillary walls of the IMN patients. Original magnification: A and B, �200; C and D, �400. dn MN=de novo membranous
nephropathy, IMN= idiopathic membranous nephropathy.
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molecules and pathways involved in the pathogenesis of dn MN.
We found that HLA-DR, and not PLA2R, is expressed on the
podocytes in kidney allografts in dn MN.
The PLA2R antibody can barely be detected in dnMNpatients

after renal transplantation.[8,16] Therefore, Ponticelli and Glass-
ock[13] hypothesized that hidden podocyte antigens might be
exposed in the inflammatory environment of the allograft, which
then presents the antigen to immune competent cells, thus taking
part in glomerular injury. This hypothesis suggested that some de
novo antigens might express and play key roles in dn MN
posttransplantation.
In the current study, PLA2R staining was found to be negative

on the podocytes of posttransplant dn MN patients, while HLA-
DR staining was positive in the glomeruli colocated with the
podocytes. It is well known that, under normal conditions, HLA-
DR expression could be detected on glomerular endothelial cells
and on some type of lymphocytes.[17–20] A previous study in the
1990s suggested that HLA-DR was not expressed on human
Table 3

Immunofluorescence findings of dn MN and IMN patients.

dn MN (n=8) Stable graft (n=15)

IgG, n, % 8 (100) 1 (6.7)
IgA, n, % 2 (25.0) 2 (13.3)
IgM, n, % 1 (12.5) 5 (33.3)
C3, n, % 6 (75.0) 0
C1q, n, % 1 (12.5) 0
C4d, n, % 5 (62.5) 0

dn MN=de novo membranous nephropathy, IMN= idiopathic membranous nephropathy.
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podocytes, but some recent studies demonstrated that HLA-
DR expression could be detected on podocytes under certain
conditions of primary glomerular diseases such as focal
segmental glomerulosclerosis.[24,25] Our previous study showed
that HLA-DR expression on the tubular epitheliumwas related to
acute rejection.[23] However, HLA-DR expression on the
podocyte in renal allografts has barely been reported before.
In our current work, we detected HLA-DR expression on
podocytes from dnMN patients; however, the podocytes of IMN
patients did not show HLA-DR expression. Based on our data,
we suggest that the expression of HLA-DR on podocytes might
be a de novo pathogenic mechanism underlying dn MN.
The 2nd major finding of this study was the histological

damage of rejection, especially humoral rejection, frequently
found in the dn MN patients. Five of the 8 dn MN patients also
showed C4d deposition on the peritubular capillaries, which was
a marker of humoral rejection.[12] The glomerulitis, interstitial
infiltrate, peritubular capillaritis, interstitial fibrosis, arteriolar
Post hoc

IMN (n=20) P12 P13 P23

20 (100) <0.001 – <0.001
6 (30.0) 0.589 0.791 0.419
4 (20.0) 0.369 0.640 0.451
19 (95.0) <0.001 0.122 <0.001
5 (25.0) 0.348 0.466 0.057
0 0.002 0.001 –



Table 4

IgG subtypes of dn MN and IMN patients.

dn MN (n=8) IMN (n=20) P

IgG1, n, % 5 (62.5%) 18 (90.0%) 0.123
IgG2, n, % 2 (25.0%) 11 (55.0%) 0.221
IgG3, n, % 2 (25.0%) 14 (70.0%) 0.044
IgG4, n, % 1 (12.5%) 20 (100%) <0.001

dn MN=de novo membranous nephropathy, IMN= idiopathic membranous nephropathy.

Figure 2. Immunofluorescence staining of PLA2R in the dn MN and IMN patients
podocytes in the dn MN group. (B) PLA2R showed positive staining in the glo
membranous nephropathy, IMN= idiopathic membranous nephropathy, PLA2R=

Figure 3. Immunohistochemical staining for HLA-DR and WT-1 in the serial sectio
dn MN group. (B) WT-1 staining of the same glomerulus from A indicates the pos
podocytes in the IMN group than in the dn MN group. Black arrowheads indicate H
indicates the position of the podocytes (black arrowheads). A0, B0, C0, and D0 are
without primary antibody. Original magnification: �400. dn MN=de novo m
membranous nephropathy, WT-1=Wilms’ tumor-1.
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hyaline thickening, and tubulitis were more severe and common
in the dn MN patients than in the IMN patients. Humoral
rejection lesions were barely detected in the recurrent IMN
patients. Taken together, these results suggest that the HLA-DR
expression on the podocytes might be related to alloimmuniza-
tion on the podocytes. Under normal conditions, HLA is not
exposed in the podocytes. However, under stimulation in the
pathological state, these antigens will be exposed in the
podocytes. If the recipient can produce antibodies against
posttransplantation. (A) PLA2R showed negative staining (white arrows) on the
merulus in the IMN group. Original magnification: �400. dn MN=de novo
M-type phospholipase A2 receptor.

ns. (A) HLA-DR showed positive staining (black arrows) on the podocytes in the
ition of the podocytes (black arrows). (C) HLA-DR showed less staining on the
LA-DR-negative podocytes. (D) WT-1 staining of the same glomerulus from A
magnified images of A, B, C, and D, respectively. (E) Negative control staining
embranous nephropathy, HLA=human leukocyte antigen, IMN= idiopathic

http://www.md-journal.com
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Table 5

dn MN and recurrent MN patients clinic-pathological features.

Patient Scr, mg/dL Proteinuria, g/24 hour DSA PTC C4d Gs

IgG subtype Podocyte HLA_DR
expression

PLA2R
expression ABMRIgG 1 IgG 2 IgG 3 IgG 4

dn MN
Patient 1 1.19 5.64 Positive 0 0 0 � + � � � � �
Patient 2 0.86 5.99 N/A 0 0 1 � � + � +++ � Isolated Gs
Patient 3 2.73 6.85 Positive 1 1 1 + � � � ++ � Yes
Patient 4 2.39 0.89 Positive 1 2 0 ++ � � � ++ � Yes
Patient 5 1.04 1.57 N/A 0 0 0 ++ � � ++ � � �
Patient 6 2.35 0.92 Positive 1 1 0 + � � � + � Yes
Patient 7 2.72 0.76 Positive 1 1 1 � + + � + � Yes
Patient 8 1.88 0.63 Positive 1 2 0 + � � � +++ � Yes

Recurrent MN
Patient 1 1.00 1.45 34.8 0 0 0 ++ � + +++ � + �
Patient 2 1.37 0.90 45.6 0 0 0 ++ � + +++ � + �

ABMR=antibody-mediated rejection, C4d= IF C4d score, dn MN=de novo membranous nephropathy, DSA=donor specific antibody, Gs=glomerulitis score, HLA=human leukocyte antigen, MN=
membranous nephropathy, N/A= lack of data, PLA2R=M-type phospholipase A2 receptor, PTC=peritubular capillaries score.
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antigens presented on the podocytes, the podocytes might be
damaged, leading to dn MN. Major histocompatibility complex
class I-related chain A (MICA) on the endothelium was
considered as the target antigen in antibody-mediated rejection
during recent studies. Our data show that the percent of HLA
antibody was 6/8, whether MICA antigen can express on the
podocyte and whether MICA antigen was related to the target
antigen should be investigated in further study. However, this
hypothesis should be verified in the future. This possible
alloimmunization on the podocytes remains to be further
clarified in many aspects such as the antigen types and the
possible molecular pathways.
Antigens from the podocytes are the target in the pathogenesis

of MN. Unfortunately, the PLA2R antibody in the serum can be
tested only in 70% to 80% of IMN cases. A recent study showed
that THSD7A might be another antigen presented on podocytes
in IMN.[28] Therefore, the specific antigen presented in dn MN
patients should be confirmed in the future, which will help us
understand the pathogenesis of this disease.
Moreover, the IgG subtypes were very different between the dn

MN group and the IMN group in our study. IgG1 was mainly
found in the dn MN group, while IgG4 was found in the IMN
group. Two patients were diagnosed with recurrentMNbased on
our data. Their PLA2R expression and PLA2R antibody
detection levels were similar to the IMN patients (Table 5).
In summary, to the best of our knowledge, this is the 1st report

on the fact that HLA-DR, and not PLA2R, is expressed on
podocytes in dn MN posttransplantation. This expression might
be related to the allogeneic immune damage of podocytes and
consequently the pathogenesis of dn MN. Further studies on this
topic should focus on determining the antigen and equivalent
antibody presented on the podocytes for membranous lesions in
dn MN.
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