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Abstract
The pathogenesis of idiopathic membranous nephropathy is associated with autoantibodies, most often against the phospho-
lipase A2 receptor (PLA2R) and with genetic factors, especially those involving human leukocyte antigen (HLA) genes. Idi-
opathic membranous nephropathy is not a typical inherited Mendelian disorder. Reports of idiopathic membranous nephropathy 
in twins are rare. Herein, we report on two twin sisters diagnosed with PLA2R-associated idiopathic membranous nephropathy. 
We identified the HLA-DRB1*0301, HLA-DRB1*1501, and HLA-DQB1*0602 alleles in the twin sisters, which were reported 
as independent risk alleles for idiopathic membranous nephropathy in the Asian population. This case report provides novel 
evidence for the role of predisposing HLA alleles in the pathogenesis of idiopathic membranous nephropathy.
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Introduction

Idiopathic membranous nephropathy (IMN) is one of the 
most common causes of adult nephrotic syndrome. A patho-
logic feature of IMN is the deposition of immune complexes 
in the glomerular subepithelial space. The M-type phospho-
lipase A2 receptor (PLA2R) has been identified as a major 
antigen in patients with IMN [1]. Circulating autoantibodies 
to PLA2R are found in 70–80% of patients with IMN and 
are associated with disease activity [2].

Studies have reported an association between human 
leukocyte antigen (HLA) class II and IMN [3–6]; however, 
studies in twins with IMN are rare. Herein, we report the 
case of a pair of Chinese twin sisters who were diagnosed 
with IMN. One patient was diagnosed with PLA2R-asso-
ciated IMN. HLA gene screening revealed that both twins 
shared risk loci in HLA-DRB1 and HLA-DQB1. This study 

provides a novel evidence for the role of HLA in the patho-
genesis of IMN.

Case presentation

Case 1

A 16-year-old girl was admitted to our hospital in June 
2011 with a complaint of edema in the lower extremities 
for 4 months. No arthralgia, facial erythema, rash, hearing 
loss, or vision loss were noted. The patient’s laboratory test 
results are shown in Table 1. Serum samples were positive 
for anti-PLA2R antibody (the detailed method used was pre-
viously reported [7]). Renal biopsy revealed the presence of 
tiny spikes along the glomerular basement membrane (GBM) 
(Fig. 1a, b). Immunofluorescence microscopy revealed gran-
ular deposits of IgG (3 +) and C3 (+) along the glomerular 
capillary wall. Furthermore, the glomerular capillary posi-
tively stained for PLA2R (Fig. 1c). The results for throm-
bospondin type-1 domain-containing 7A (THSD7A) staining 
were negative. Electron microscopy (EM) revealed irregular 
thickening of the GBM with subepithelial electron-dense 
deposits (Fig. 1d). The patient was diagnosed with PLA2R-
associated IMN. Therapy using a combination of prednisone 
and cyclophosphamide was initiated. Urinary protein levels 
returned to a normal range after 5 months. Till 2020, she has 
remained in remission with normal renal function.
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Case 2

The second patient was the twin sister of the first case. The 
patient came to our hospital at the same time as Case 1. She 
presented with pretibial edema for 3 months. The patient’s 
laboratory test results are listed in Table 1. Serum samples 
tested negative for anti-PLA2R antibody. Renal biopsy was 
performed. Light microscopy revealed the presence of spikes 
along the GBM (Fig. 1e). Immunofluorescence microscopy 
revealed granular deposition of IgG (2 +) and C3 (+) along 
the GBM. In addition, the glomerular capillary was nega-
tive for PLA2R and THSD7A staining. EM revealed irregu-
lar thickening of the GBM with subepithelial electron-dense 
deposits (Fig. 1f). The patient was diagnosed with IMN and 
was treated with prednisone (50 mg/d) and mycophenolate 
mofetil (1.5 g/d) for 2 months before admission. Based on 
negative results for anti-PLA2R antibody in the serum and 
PLA2R staining in the glomeruli, the doses of prednisone and 
mycophenolate mofetil were soon tapered. Urinary protein lev-
els gradually returned to a normal range over the next month. 
The patient has remained in remission since then.

Methods

DNA extraction

This study was performed according to the Declaration of 
Helsinki. After obtaining informed consent, blood samples 

were collected from the twin sisters and their family mem-
bers (mother and brother). Genomic DNA was obtained 
using the Maxwell 16 Blood DNA Purification Kit (Pro-
mega, Madison, Wisconsin, USA).

Detection of human leukocyte antigen risk alleles

We performed HLA-DRB1 and HLA-DQB1, two risk alleles 
of IMN, genotyping of the family members via sequencing. 
The primers for HLA-DRB1 and HLA-DQB1 PCR-SBT are 
reported in the studies by Sayer DC et al. and van Dijk et al. 
[8], respectively. The HLA typing methods were validated in 
our laboratory by typing 48 DNA panels using commercial 
HLA typing kits (SeCore, Invitrogen; Brown Deer, Wiscon-
sin, USA). Samples for proficiency testing were distributed 
by the University of California, Los Angeles.

Results

The twin sisters and their mother were found to have 
the same alleles (HLA-DRB1 *0301/*1501 and HLA-
DQB1*0201/*0602). Fur thermore, DRB1*1501-
DQB1*0602 and DRB1*0301-DQB1*0201 were linked, 
respectively. The twins’ younger brother was found to have 
HLA-DRB1*0101/*1501 and HLA-DQB1*0501/*0602.

Discussion

IMN is an organ-specific autoimmune disease caused by 
antibodies directed against target antigens located on the 
glomerular podocyte. Two podocyte proteins serving as 
autoantigens in patients with IMN have been identified in the 
past decade: PLA2R and THSD7A. PLA2R can be detected 
in glomerular podocytes and subepithelial immune deposits. 
Autoantibodies against PLA2R account for up to 80% of 
all cases of IMN. An increase in circulating anti-PLA2R 
antibody levels precedes proteinuria, while a decrease in 
circulating anti-PLA2R antibody levels precedes a decline 
in proteinuria [9, 10]. IMN with PLA2R deposition is 
termed as PLA2R-related membranous nephropathy. A few 
PLA2R single nucleotide polymorphisms (SNPs) have been 
reported to increase susceptibility to IMN [3, 11]. However, 
Coenen et al. did not show any specific coding mutation 
in 95 patients with IMN via direct sequencing of PLA2R1 
exons and splice sites [12].

Many studies have shown a strong association between 
HLA polymorphisms and IMN since the 1970s. In earlier 
decades, HLA-DR3 presented the greatest risk of IMN. 
However, with the development of genotyping techniques, 
precise HLA loci have been revealed. DRB1*0301 is 
strongly associated with IMN in British [13] and Chinese 

Table 1  Laboratory examination of the female twins

ALB serum albumin; Scr serum creatinine; TP treponema pallidum; 
Cr creatinine; ANCA anti-neutrophil cytoplasmic antibodies; RF 
rheumatoid factor
*Tumor markers include: CA15-3, CA19-9, CA-125, and CA72-4
# The normal range of urinary mercury/Cr is 0–2.25 µmol/mmol
 − Negative or normal

Patient Case 1 Case 2

Proteinuria (g/24 h) 1.32 1.13
Hematuria (/HP) 8 4
ALB (g/dL) 3.93 3.53
Scr (mg/dL) 0.64 0.60
ANA  − 1:100
Anti-dsDNA  −  − 
Tumor marker*  −  − 
HBsAg  −  − 
TP (ELISA)  −  − 
Urinary mercury/Cr (µmol/mmol)# 0.021 0.015
Anti-GBM  −  − 
ANCA  −  − 
RF (IU/ml)  < 20  < 20
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populations, with an allelic odds ratio of 3.96 [4, 14]. A 
genome-wide association study, which included three 
European cohorts, identified HLA-DQA1 (rs2187668) 
and the PLA2R (SNP rs4664308) as susceptible genomic 
loci in patients with IMN; the risk rate of HLA-DQA1 was 
five times higher than that of PLA2R [3]. Indeed, HLA-
DQA1 (rs2187668) was once established as a tag SNP 
for DRB1*0301 in a European study [15]. The haplotype 
B*0801-DRB1*0301-DQA1*0501-DQB1*0201 is highly 
conserved in Northern European populations. Recently, 
DRB3*0202 was reported as an independent risk factor of 
PLA2R-associated IMN in the Chinese population, with an 
allelic odds ratio of 17.7 [5]. It is notable that DRB3*0202 
resides on the same haplotype as DRB1*0301. All of the 

above finding support DRB1*0301 as a primary independent 
risk factor of IMN.

HLA-DRB1*1501 is another highly independent risk fac-
tor of IMN in the Han Chinese population, with an allelic 
odds ratio of 4.65 [4]. Genotype–phenotype correlation anal-
yses revealed that DRB1*1501 was strongly associated with 
a younger age of disease onset. Along with DRB1*1501, 
DQB1*0602 has also been identified as a risk factor of IMN 
in a Japanese cohort, with an allelic odds ratio of 3.56 [6]. 
Additive effects exist in the risk of IMN among individu-
als with risk alleles of PLA2R1, HLA-DRB1*15:01, and 
DQB1*06:02, although HLA-DRB1*15:01-DQB1*06:02 
is a common haplotype in the Japanese population. Protein 
homology modeling studies have revealed that risk HLA 

Fig. 1  Renal pathologic profiles 
of the twin sisters. a Shows the 
presence of tiny spikes along 
the glomerular basement mem-
brane in Case 1(PASM, × 400);  
b shows the magnified spikes 
of  a; c shows granular, positive 
PLA2R staining along the glo-
merular capillary wall (immu-
nofluorescence, × 400) in Case 
1; d shows the presence of sube-
pithelial electron-dense deposits 
under electron microscopy 
(× 12,000) in Case 1. e Shows 
spikes along the glomerular 
capillary wall in Case 2, with 
a partial enlarged view of the 
spikes (PASM, × 400).  f Shows 
subepithelial electron-dense 
deposits under electron micros-
copy (× 12,000) in Case 2
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alleles might participate in formation of the peptide-binding 
pocket of the HLA-DRβ1 chain, interacting with circulating 
anti-PLA2R1 antibodies [4].

IMN is not a typical hereditary disease in Mendelian 
terms, and studies undertaking twins as the study popula-
tion are rare. Short et al. [16] reported three pairs of broth-
ers with IMN. Among them, a pair of male twins possessed 
HLA antigens (B8, DR3). Vangelista et al. [17] described 
two sets of twin brothers who shared the same HLA anti-
gens (A9 (23), 32, B35, DR3, and DR5). Guella et al. [18] 
reported male twins with IMN who shared HLA-DR3, B8, 
and DQ2. Other relatives who shared the same HLA anti-
gen and who lived with the twins since childhood did not 
develop the disease. All studies conducted on twins with 
IMN did not reveal the IMN-related antigen and did not 
perform precise HLA genotyping.

This case was the first study in twins to assess PLA2R-
associated IMN using HLA genotyping. Case 1 was a typi-
cal case of PLA2R-associated IMN with circulating PLA2R 
and its deposition in the glomeruli [19]. Case 2 was treated 
with prednisone and mycophenolate mofetil for 2 months 
before renal biopsy. Then she reached complete remission 
within 1 month. The fact that serum samples were negative 
for anti-PLA2R antibody should not overrule the relation-
ship between PLA2R and IMN in Case 2. After all, these 
two patients are twins and experienced IMN simultane-
ously. HLA genotyping revealed that the twins held multiple 
risk alleles of IMN: HLA-DRB1*0301, DRB1*1501, and 
DQB1*0602. The summed HLA allele odds ratios may reach 
65.6 in the East Asian population. Considering the interac-
tion between PLA2R SNPs and HLA alleles, these twins 
were at a high risk of IMN. On the other hand, the twins’ 
younger brother was at a reduced risk (HLA-DRB1*1501 
and HLA-DQB1*0602) and did not develop the disease. 
Notably, IMN occurred at the same age in the twins but did 
not develop in the mother, despite identical haplotypes. Fur-
thermore, other risk alleles that contribute to the occurrence 
of IMN, such as PLA2R1, nuclear factor kappa B subunit 1, 
and interferon regulatory factor 4, were not sequenced [20], 
and the mother only shares half of the genome of her chil-
dren. Precipitating events, such as environmental, infectious, 
toxic factors, may trigger the disease. The twins did not take 
any medication, and there was no evidence of infection. Nor-
mal urinary mercury excretion rate excluded mercury poi-
soning. Thus, environmental factors may have contributed 
to the onset of the disease in the twins. Long-term exposure 
to air pollution, particularly to high levels of fine particulate 
matter of < 2.5 mm  (PM2.5), has been associated with an 
increased risk of membranous nephropathy in China [21]. 
 PM2.5 may be inhaled into the lung, resulting in the activa-
tion of inflammation, induction of epitope exposure, and 
activation of IMN. However, detailed mechanisms need to 
be further investigated.

Because the twin sisters were diagnosed in 2011, we 
had not performed PLA2R gene screening or full genomic 
sequencing of the HLA in the twin sisters.

Conclusion

We presented a case of Chinese female twins with PLA2R-
associated IMN who expressed HLA-DRB1*0301, HLA-
DRB1*1501, and HLA-DQB1*0602. This was the first study 
that was conducted in twins to examine PLA2R-associated 
IMN. The study adds novel evidence regarding the role of 
risk HLA alleles in the pathogenesis of IMN.
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