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Abstract. Membranous nephropathy (MN) is the commonest cause of nephrotic syndrome (NS) in adult 
male patients worldwide. Most of the cases (80%) are idiopathic (primary MN, PMN), whereas about 20% are 
associated with autoimmune diseases, malignancies or exposures (secondary MN). PMN is a kidney-specific 
autoimmune glomerular disease mediated by antibodies to the M-type phospholipase A2 receptor (anti-
PLA2R) (85%), thrombospondin type 1 domain containing 7A (THSD7A) (3–5%), or by other still uniden-
tified mechanisms (10%). Most of the patients with PMN present with NS (80%). Clinical course of PMN 
is characterised by spontaneous remissions (40%) and relapses (15-30%). One third develop end-stage renal 
disease (ESRD) within 5 to 15 years from the onset. Anti-PLA2R/THSD7A antibodies levels correlate 
with proteinuria, clinical course, and outcomes. The treatment still remains matter of debate. Hypertension, 
proteinuria, and hyperlipidaemia must be treated in all patients. Immunosuppressive therapy is indicated 
in patients with elevated anti-PLA2R/THSD7A levels and proteinuria >3.5 g/d at diagnosis. With proper 
management, only 10% or less will develop ESRD over the subsequent 10 years. Here we report a case of a 
34-year-old male patient with a ten-year history of asymptomatic PMN, treated with ACE-inhibitors, who 
presented to our emergency room for acute chest pain and exertional dyspnoea due to ESRD that required 
urgent dialysis. (www.actabiomedica.it)
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Introduction

A 34-year-old male presented to our emergency 
room complaining of acute chest pain started at rest 
and increased in few hours, associated with fatigue, 
general malaise, and exertional dyspnoea in the last 
week. He had a diagnosis of primary membranous ne-
phropathy (PMN) at the age of 24 years, following the 
detection of proteinuria during a medical examination 
for a certificate of fitness for soccer, and treated with 
ACE-inhibitor (ramipril 2.5 mg daily). His mother 

was affected by PMN in regular follow-up and treated 
only with supportive therapy. Since he was in good 
clinical condition, he missed regular medical controls 
until the presentation to our ED. He denied smoke, 
loss of weight, fever, nausea, vomiting and abuse of 
NSAIDs. On admission he was apyretic, displaying 
dry skin and mucous membranes. Blood pressure, heart 
rate, peripheral oxygen saturation and respiratory rate 
were 150/90 mmHg, 118 bpm, 98% while breathing 
in room ambient air, and 18 breaths/min, respectively. 
Heart sounds were normal. On chest exam bibasilar 
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fine crackles were heard. Electrocardiogram showed 
sinus tachycardia and complete right bundle branch 
block. Point-of-care ultrasonography showed bilateral 
B lines in the middle fields and slight bilateral pleural 
effusion with dilated inferior vena cava partially col-
lapsible with inspiration, and atrophic kidneys, with 
no signs of hydronephrosis. Echocardiography ex-
cluded pericardial effusion and right heart dilatation, 

showing left ventricular hypertrophy with normal 
ejection fraction. Venous blood gas analysis showed 
metabolic acidosis (pH 7.15, HCO3 11, BE -18 
mmoL/L) with hyperkaliemia (7.1 mEq/L), decreased 
calcium level (3.34 mg/dL) and normal lactates and 
glucose. Urine dipstick resulted positive for proteins 
(3+), glucose (1+) and blood (3+). Results of laboratory 
tests are reported in table 1, confirming acute renal 

Table 1. Patient’s laboratory findings at admission and discharge. WBC, white blood cells; RBC, red blood cells; Hb, haemoglobin; 
Hct, haematocrit; MCV, mean cell volume; MCH, mean cell haemoglobin; PLT, platelet; CHr, reticulocyte haemoglobin content; 
BNP, Brain Natriuretic Peptide; HS, high-sensitive; PTH, parathyroid hormone; Ig, immunoglobulin. Normal range values are in 
brackets, altered values in bold.

At Admission At Discharge

WBC (4-10 x 109/L) 9.7 5.96

Neutrophil Count (2-8 x 109/L) 8.2 4.23

Lymphocyte Count (1.5-4 x 109/L) 0.7 1.1

RBC (4.3-5.7 x 106/L) 1.82 2.89

Hb (13.2-17.3 g/dL) 5.4 8.7

MCV (82-98 fL) 94 93.4

Hct (39-49%) 17.1 27

MCH (27-32 pg) 29.7 30.1

PLT Count (150-450 x 109/L) 268 360

Serum iron (53-167 mcg/dL) 90 –

Serum ferritin (12-300 ng/mL) 294 –

Transferrin saturation (15-45%) 41 –

Folate (3-10 ng/mL) 4.6 3.6

B12 (180-914 pg/mL) 360 308

CHr (29-35 pg) 33 35

BNP (0-100 pg/mL) 1930 588

HS Troponin (2.3-20 pg/mL) 14.1 –

Creatinine (0.6-1.2 mg/dL) 20 9.9

Blood urea nitrogen (10-50 mg/dL) 448 132

Potassium (3.5-5.0 mEq/L) 7 4.8

Sodium (135-146 mEq/L) 138 139

Chloride (97-110 mEq/L) 105 101

Calcium (8.1-10.4 mg/dL) 5.73 7.81

Phosphate (2.6-4.5 mg/dL) 7.5 5.4

PTH (14.5-87.1 pg/mL) 672 616

Vitamin D3 (>10 ng/mL) 12.8 –

Proteinuria (g/d) 2.4 1.7
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At Admission At Discharge

Beta 2 microglobulin (0.8-2.4 mg/L) 19.37 –

C3 (93-188 mg/dL) 117 –

C4 (15-48 mg/dL) 42 –

IgA (70-400 mg/dL) 142 –

IgG (700-1800 mg/dL) 382 –

IgM (40-230 mg/dL) 32 –

IgG1 (382-928 mg/dL) 153.9 –

IgG2 (242-700 mg/dL) 119.6 –

IgG3 (22-176 mg/dL) 72.1 –

IgG4 (3.9-8.6 mg/dL) 3.1 –

failure (creatinine 20  mg/dL, normal value 0.6-1.2;  
blood urea 448 mg/dL, normal value 10-50) with se-
vere hyperkaliemia (7  mEq/L, normal value 3.6-5), 
hypocalcemia (5.73 mg/dL, normal value 8.1-10.4)  
and hyperphosphatemia (7.5 mg/dL, normal value 
2.6-4.5), and severe normochromic normocytic ane-
mia (hemoglobin 5.4 g/dL, hematocrit 17.1%, MCH 
29.7 pg, MCV 94 fL) with normal serum iron assess-
ment (ferritin 294 ng/mL, normal value < 300; iron 
90 mcg/dL, normal value 53-167; transferrin satura-
tion 41%, normal value <45%), reticulocyte haemo-
globin content, haptoglobin, folate and B12 vitamin 
levels. Ultra-sensitive cardiac troponin resulted in the 
normal range (14.1 pg/mL, normal value <20), while 
BNP was elevated (1930 pg/mL, normal value 0-100). 
White blood count, platelets, liver and thyroid func-
tion, coagulation tests, fibrinogen, and C-reactive pro-
tein were within normal limits. Urinalysis confirmed 
the protein loss and renal damage with markedly in-
creased proteinuria (2.4 g/d), albuminuria (>15 mg/dL,  
normal value 0-2.5), and glycosuria (50 mg/dL, nor-
mal value 0-15) without evidence of urine infection at 
repeated urine cultures and negative urinary cytology. 
Autoimmune diseases and infections were excluded us-
ing a comprehensive autoimmune (ENA, ANA, p- and 
c-ANCA) and infectious disease panel (HBV, HAV, 
HCV, HIV, CMV, EBV). A RT-PCR nasopharyngeal 
swab for SARS CoV-2 ruled out COVID-19. C3 and 
C4 complement fractions were in the normal range. 
Beta2 microglobulin was elevated (19 mg/L, nor-
mal value 0.8-2.4), but with normal serum free light 
chains, negative urine and serum immunofixation, and 

reduced IgG1, IgG2 and IgG4 as observed in severe 
renal failure.

Supportive therapy, including 2 blood units, furo-
semide iv (40 mg), sodium bicarbonate 8.4% iv and 
orally sodium polystyrene sulfonate (Kayexalate® 
15 grams) was immediately administered in the emer-
gency room. Severe acute renal failure required ur-
gent hemodialysis. The patient was hospitalized in 
the nephrology unit and treated with daily hemodi-
alysis with a progressive amelioration of serum creati-
nine and normalization of serum potassium level. He 
was discharged after 7 days of hospitalization with a 
three-times-per-week hemodialysis regimen and sup-
portive therapy based on dietary protein restriction, 
ACE-inhibitor, beta-blocker, furosemide, calcium car-
bonate and calcitriol, provided that a kidney transplant 
was planned.

Discussion

Membranous nephropathy (MN) is the most 
common cause of idiopathic nephrotic syndrome (NS) 
in non-diabetic adults worldwide (1,2) and one of the 
most common and challenging causes of NS among 
older males (3). Peak incidence occurs in the fourth 
and fifth decades of life, and overall incidence in adults 
is estimated at 1.2 per 100,000 per year (4). PMN is 
rare in children (1–7% of biopsies) (5). It is an organ-
specific autoimmune disease due to immune complex 
deposition and complement activation, histologi-
cally characterized by the uniform thickening of the 
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foot processes due to complement fixing antibodies. 
Since then, our knowledge has deeply progressed, 
and recent studies have demonstrated that PMN is a 
kidney-specific autoimmune glomerular disease with a 
pathognomonic pattern of injury in the glomeruli. As 
recently clarified by Akiyama and coll., the antigenic 
proteins involved in human PMN express themselves 
on the cell membrane of podocytes, the antibodies 
bind to the target proteins at the base of the podo-
cyte membrane, thereby forming immune deposits in 
situ, and immune complexes induce complement ac-
tivation, resulting in podocyte injury and disease pro-
gression (14). As confirmed by several researchers, the 
target autoantigen is represented by two multi-domain 
transmembrane glycoproteins composed by multi-
ple repeating domains called M-type phospholipase 
A2 receptor (PLA2R) and thrombospondin type 1 
domain-containing 7A (THSD7A) (10, 15-19).

The discovery of PLA2R and THSD7A antibodies 
has given new perspectives in understanding the 
pathogenesis of the disease process and has dramati-
cally changed the diagnostic and therapeutic approach. 
PLA2R is a 185 kDa glycoprotein which belongs to 
the mannose receptor protein family, but its function 
in podocytes is currently unknown. Antibodies against 
PLA2R belong to IgG4 isotype and the presence of 
other subclasses of IgG on biopsy makes secondary MN 
more likely (20). Most cases of PMN have circulating 
IgG4 autoantibody to the podocyte membrane antigen 
PLA2R (70%), and biopsy evidence PLA2R staining 
indicating recent immunologic disease activity despite 
negative serum antibody levels (15%), and notably no 
patients with secondary MN were positive for the same 
(15). More importantly, PLA2R antibodies have also 
been reported to be of prognostic significance (16). Pa-
tients with positive PLA2R antibody titres at the time 
of biopsy have a lower rate of complete remission (21), 
while decreasing antibody titres suggest immunological 
remission (22, 23), and become undetectable prior to 
complete remission of proteinuria (24).

THSD7A is 250 kDa transmembrane gly-
coprotein expressed by podocytes, that triggers 
IgG4-predominant antibody response like PLA2R. 
THSD7A antibodies were identified in a smaller per-
centage of patients with PMN who were anti-PLA2R 
negative (2-5%) (18,25).

glomerular capillary wall, caused by subepithelial 
deposits of immune complexes, which appear with a 
pathognomonic pattern of injury in glomeruli as gran-
ular deposits of immunoglobulin G (IgG) with im-
munofluorescence, and as electron-dense deposits on 
electron microscopy (6). Clinically, proteinuria is the 
hallmark of the disease, usually non-selective and as-
sociated with microscopic haematuria. Among 70% to 
80% of patients with MN refers to hospital because of 
NS at presentation (7). Hypertension and different de-
gree of renal failure may be present at clinical onset in 
a variable number of patients (1), and 30% of patients 
can develop end- stage renal disease (ESRD) within 
5 to 15 years of onset (8). Mortality is high due to sev-
eral complications, such as infections, malignancies, or 
cardiovascular events (9).

The etiology

MN can be classified as primary (PMN) or sec-
ondary depending on its etiology. Approximately 80% 
of MN cases are idiopathic (10). The frequency and 
etiology of secondary MN vary in different geographic 
areas (1). Secondary MN can occur after exposure to 
drugs, such as penicillamine, captopril at high dose 
and nonsteroidal anti-inflammatory drugs, as well as 
toxic agents, including formaldehyde, mercury, or gold. 
It can also be secondary to infections, such as malaria, 
hepatitis B and C, HIV, and tuberculosis, or be related 
to autoimmune diseases (systemic lupus erythemato-
sus, SLE; rheumatoid arthritis) or cancers (lung, kid-
ney, stomach, colon) (1). In some cases, the cause of 
MN can remain occult. Immunohistology and disease 
course can differ considerably between primary and 
secondary MN (11).

The pathophysiology

The understanding of the pathogenesis of MN 
has dramatically improved in the last decade, even if 
MN is a well-known distinct clinical entity since 1940s 
(12). The history of MN started with the construction 
of a rat model nearly 60 years ago by Heymann and coll. 
(13). In this model, rats developed nephrotic syndrome 
when immunised with crude kidney extract plus Fre-
und’s adjuvant, secondary to the damage of podocyte 
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significant effects (36). In contrast, recent studies suc-
cessfully demonstrated that the anti-CD20 antibody, 
rituximab, depleted B cells, which led to proteinuria 
remission in patients with MN (37-39). Although the 
precise pathophysiology of PMN is not completely 
clear, there is no doubt that B cells play a crucial role 
in the development of the disease.

In conclusion, anti-PLA2R and THSD7A an-
tibodies are 100% specific in terms of MN diagnosis 
and as consequence, they can be classified as excellent 
biomarkers to diagnose MN and to prognosticate the 
course of the disease. Their presence or absence help 
clinicians to classify patients with MN as primary or 
secondary cases. Moreover, PLA2R antibodies levels 
identify patients with immunologically active disease 
who can be promptly treated to avoid irreversible dam-
ages such as ESRD, based on the evidence that the an-
tibodies titer correlates with poor prognosis, treatment 
failure and renal failure (32,40).

Clinical features

PMN can have an extremely heterogeneous 
presentation. It can occur in both sexes and all ethnic 
groups, but it is more common in white males after 40 
years with a peak incidence between 50 and 60 years. 
Clinical course of PMN is characterised by spontane-
ous remissions and relapses. Approximately about 40% 
undergo spontaneous complete or partial remission, 
while 15-30% have relapses, and about 50% continue 
to have nephrotic syndrome. Among them, 30% pro-
gress to ESRD (41,42). Female gender and Japanese 
ancestry have a milder disease and a better prognosis 
(43). Proteinuria, initial serum creatinine and rate of 
change of creatinine are the most important factors in 
predicting progression to chronic kidney disease than 
initial proteinuria alone (44).

The most common clinical feature of PMN at di-
agnosis and during the clinical course is NS. For this 
reason, all adult patients with idiopathic NS should 
be screened initially for anti-PLA2R/THSD7A anti-
bodies as well as for the common causes of secondary 
MN including hepatitis B and C, SLE, and malignan-
cies, being the specificity of the anti-PLA2R assay 
for PMN 100%. Hypertension, peripheral oedema, 
hypoalbuminemia, and hyperlipidaemia can be the 

Genetics may play a role in the pathogenesis of 
PMN. Interestingly, several studies reported that the 
prevalence of anti-PLA2R antibodies in Japanese 
patients with PMN is lower than in other countries, 
probably due to several reasons, including genetic dif-
ferences, or environmental and dietary factors (26-28). 
A genome-wide association study done by a Euro-
pean consortium revealed that an HLA-DQA1 allele 
on chromosome 6p21 is most closely associated with 
PMN in Caucasians, and this allele may facilitate an 
autoimmune response against targets such as variants 
of PLA2R1 (29). In Chinese population, a risk locus 
was found within the nearby DR-B locus in idiopathic 
MN (30). Familial PMN is rare and usually diagnosed 
in children (5,31).

The remaining 10% without demonstrable 
anti-PLA2R/THSD7A antibody or antigen likely 
have PMN probably secondary to a different, still uni-
dentified, anti-podocyte antibody (32,33).

As recently reported by Akiyama and coll., the 
pathogenesis of PMN is an autoantibodies-driven 
mechanism which leads to the development of a 
PLA2R-associated membranous nephropathy based 
on 5 phases. First, the plasma cells are initiated to pro-
duce antibodies against PLA2R (phase A), which bind 
to podocytes. The first clinical sign of the disease, i.e., 
proteinuria begins to develop (phase B). In this phase 
no antibodies or only a low level of antibodies is de-
tected in circulation. In the phase C or active phase, 
proteinuria starts to increase, and antibodies are de-
tected in the serum. Then, in the phase D, the disease 
starts to resolve, antibodies production stops and disap-
pears from circulation but not from the glomeruli. Fi-
nally, in the remission phase (phase E) podocyte injury 
is restored, and proteinuria is no more detected (14).

The immunological process which leads to the ac-
tivation of this autoimmune mechanism still remains 
unclear. It is possible that the immunological activa-
tion can be induced by environmental factors, such as 
air pollution as reported in China (34), which leads 
to the loss of B-cell tolerance, IgG4 antibodies gen-
eration and deposition on glomerular basement mem-
brane. Complement activation is demonstrated to play 
a crucial role in the pathogenesis of PMN, at least 
in animal models (35). However, a clinical study us-
ing the anti-C5 antibody, eculizumab, failed to show 
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Diagnosis

The diagnosis of PMN requires renal biopsy and 
histopathological examination by immunofluorescence 
and electron microscopy (53, 54). Renal biopsy may 
be deferred in patients in whom immunosuppressive 
treatment is not a reasonable option, including those 
with advanced renal failure, with sub-nephrotic pro-
teinuria, in whom the prognosis is excellent and spe-
cific treatment is not offered, and elderly patients in 
whom the risks of therapy are felt to be prohibitive. 
Diagnostic evaluation should always include:

	- Antinuclear antibodies and complement 
C3, C4, which are normal in PMN. Low 
complement levels are suggestive of other 
glomerulopathies.

	- Hepatitis B and C serologies to rule out sec-
ondary MN.

	- Age-appropriate cancer screening as malignan-
cies are well-known triggers for secondary MN.

	- In selected patients with rapid worsening 
of renal function, renal vein dopplers, com-
puted tomography with contrast or angiogra-
phy are necessary to early identify renal vein 
thrombosis.

	- PLA2R1 antibody.

Management

The first step is differentiating between primary 
and secondary MN, since in secondary MN immuno-
suppression can impair host responses to malignancies 
or enhance viral replication, which results in a severe 
damage for the patient. In secondary MN the therapy 
must be directed at the underlying cause, while sup-
portive and targeted therapies with immunosuppres-
sion are the gold standard for PMN. Considering the 
primary form, the treatment still remains controversial 
and heavily debated (55,56). Supportive care should 
be initiated in all patients at the time of diagnosis and 
continued for the course of the disease. Hyperten-
sion, proteinuria, and hyperlipidaemia must be always 
treated. Salt restriction and diuretics help to control 
oedema, a low protein diet allowing for replacement of 
urinary protein losses, angiotensin-converting enzyme 

first clinical manifestation of NS (45). About 80% 
of patients present with nephrotic-range proteinuria  
(< 3.5 g/d) and the remaining 20% have sub nephrotic 
proteinuria, even if most of them (61%) develop a NS 
usually within the first year from the diagnosis (46). 
Renal function is normal at presentation in almost all 
the cases (> 90%) (47). Spontaneous remissions occur 
in about 30% in an average of 14 months and up to 
60% by 5 years and are more commonly in patients 
with low levels of anti-PLA2R/THSD7A antibod-
ies. Anti-PLA2R/THSD7A levels generally correlate 
with proteinuria, clinical course, and outcomes (16).

Laboratory findings show normal complement 
values in PMN; hypocomplementemia suggests SLE 
or hepatitis B infection. Antinuclear antibodies, rheu-
matoid factor, and cryoglobulins are absent in PMN. 
Urinary excretion of the C5b-C9 terminal comple-
ment complex is elevated in some patients and can 
be correlated with disease activity and prognosis (48). 
Microscopic haematuria occurs in 50% of the patients, 
while macroscopic haematuria is rare (1).

The clinical consequences of PMN can be con-
sidered as both short and long term. In the short 
term, they include complications of NS, such as 
development of venous thrombotic and thrombo-
embolic events (VTE), that are proportional to the 
degree of hypoalbuminemia and increase signifi-
cantly below albumin levels of about 2.8 g/L (49,50). 
There is also an increased risk of infection, due pri-
marily to urinary loss of immunoglobulins, and of 
cardiovascular diseases (51). An association with ma-
lignancies is well documented. Cancer may be seen 
within 3 years in up to 20% of patients over 60 years 
and may be more common in the anti-THSD7A 
group, where up to 20% have had a malignancy de-
tected within 3 months (52). The most feared long-
term consequence of PMN is progressive loss of 
renal function as occurs in 60% of untreated patients 
with about 35% eventually developing ESRD within 
10 years (46). Patients who never become nephrotic 
virtually never progress. Other established risk fac-
tors for progression include age, male sex, decreased 
glomerular renal fraction on presentation, increased 
excretion of some low molecular weight markers, 
such as beta 2 microglobulin and persistent elevated 
anti-PLA2R levels after therapy (46, 51).
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proteinuria/GFR-based guidelines, that divide pa-
tients into three categories based on the risk of progres-
sion, as proposed in the algorithm by Cattran and coll. 
(63). Low-risk patients have normal serum creatinine 
and creatinine clearance values, and a peak proteinuria  
< 4 g/d over 6 months of observation. Medium-risk 
patients have normal or nearly normal serum creati-
nine and creatinine clearance values, and proteinuria  
> 4 g/d but <8 g/d over 6 months of observation. Fi-
nally, high-risk patients have either abnormal or de-
teriorating serum creatinine and creatinine clearance 
values, and/or persistent proteinuria > 8 g/d over 
6  months of observation. The long-term prognosis 
for low-risk patients is excellent, therefore immuno-
suppressive drugs are not recommended. Individual 
classified as medium risk does not benefit from cor-
ticosteroids as a single agent (64), but when corticos-
teroids are combined with a cytotoxic agent, such as 
chlorambucil (65). In a randomized study by Ponti-
celli and coll. both cyclophosphamide (2.5 mg/kg/day)  
and chlorambucil (0.2 mg/kg/day) have been re-
sulted equally efficacious and showed to be safe in a 
six-month therapy (66). The infection profile of cy-
clophosphamide might be slightly better than chlo-
rambucil, but cyclophosphamide therapy is associated 
with significant cancer risk (bladder and haemato-
logic). Thus, tacrolimus (FK506) can be used as an 
alternative to alkylating agents if the latter therapy is 
poorly tolerated (67). As the percentage of high-risk 
patients with PMN is small, very few trials have been 
conducted. Long-term oral cyclophosphamide with 
or without prednisone has been used in two small, 
non-randomized, case-controlled studies (68,69). Al-
though both studies showed a benefit, the main limit 
of the therapy is related to the prolonged cytotoxic ef-
fects which can cause infertility, infection, and malig-
nancies. In a randomized controlled trial by Cattran 
and coll. (70), one year of cyclosporine significantly 
reduced proteinuria and slowed the rate of disease pro-
gression. However, the main limits of the study were 
the small size of the enrolled patients, and the cost and 
the cytotoxicity of the drug.

The main limit of proteinuria/GFR-based guide-
lines is that there was no way to distinguish patients 
with immunologically active disease from those with 
inactive disease who have persistent proteinuria 

inhibitors (ACEIs) or angiotensin receptor blockers 
(ARBs) can reduce proteinuria and enhance chances 
of a spontaneous remission; statins are indicated for 
hyperlipidaemia (57,58). KDIGO guidelines recom-
mend blood pressure of 130/80 mmHg for the treat-
ment goal (59). It is known that the ACEIs or ARBs 
decrease proteinuria and attenuate renal progression 
in patients with diabetic and non-diabetic proteinuric 
renal diseases, but their beneficial effect in improving 
the long-term prognostic outcome in patients with 
PMN still remains to be proven. Venous thrombo-
embolic events (VTE) are rare and varies widely but 
are more common in patients with hypoalbuminemia, 
which is the only independent predictor of a venous 
thromboembolism at diagnosis (60). Standard guide-
lines for anticoagulation do not exist (49) and prophy-
lactic anticoagulation treatment should be tailored for 
each patient (61). KDIGO guidelines recommend a 
prophylactic anticoagulation with warfarin if serum 
albumin is below 2.5 g/d (59). Duration of anticoagu-
lation is still a matter of debate. Given the low fre-
quency of VTE, a well-powered clinical trial would 
be challenging to achieve. The great challenge for the 
clinicians is the timing to start immunosuppression. 
Data reported in literature about the natural history of 
PMN are divergent, and it is not unreasonable to de-
lay immunosuppression since spontaneous remission 
occurs in up to 30% of patients (62). However, up to 
30% of patients with persistent NS progress to ESRD 
over 10 years (41) and need more aggressive therapy. 
There is evidence that treatment-induced remission is 
associated with improved prognosis. Therapy has been 
largely evaluated in several studies. Goals of therapy 
are the complete or partial remission, preserving re-
nal function as more as possible. Treatment regimens 
are based on immunosuppressive agents, including 
steroids, alkylating agents, calcineurin inhibitors, my-
cophenolate, and rituximab (6). The identification of 
parameters that bear poor prognostic outcome is piv-
otal for selecting patients to receive immunosuppressive 
therapy. Male gender, increasing age, nephrotic-range 
proteinuria, the ratio of IgG to α1-microglobulin ex-
cretion in urine, focal segmental glomerulosclerosis, 
and impaired renal function at presentation are pre-
dicting factors for risk of renal progression (41). One 
of the most shared and logical approach is based on 
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considered in patients with nephrotic-range proteinu-
ria (> 4 g/d) post-transplant and are based on rituxi-
mab added to regular immunosuppressive protocol 
at different doses with monitoring of CD20 counts. 
In patients resistant to rituximab, cyclophosphamide 
at the dose of 2 mg/kg per day is usually employed 
(73,75).

Conclusion

PMN can represent a real challenge for the clini-
cians not only for its diagnosis, but more importantly 
for its management. As reported in our case report, the 
patient has developed an irreversible renal failure after 
many years from the diagnosis of PMN, that required 
urgent dialysis and blood transfusion. Surprisingly the 
patient presented to our emergency room complain-
ing about acute chest pain, fatigue and exertional 
dyspnoea due to congestive heart failure and severe 
anaemia related to a chronic untreated renal disease, 
in absence of peripheral oedema, elevated blood pres-
sure and haematuria. The clinical course of PMN and 
the development of severe complications in our patient 
confirm the data reported in literature and strengthen 
the importance of a close follow-up of all the patients 
with PMN with a tailored approach for the early de-
tection and management of complications and the 
prompt starting of supportive and/or immunosuppres-
sive therapy.

Conflicts of interest: None. This work was not supported by any 
grant.

Ethics approval and consent to participate: As this was a descrip-
tive case report and data was collected without patient identifiers, 
ethics approval was not required under our hospital’s Institutional 
Review Board guidelines.

References

1.	Wasserstein AG. Membranous glomerulonephritis. J Am 
Soc Nephrol 1997;8(4):664–74.

2.	Keri KC, Blumenthal S, Kulkarni V, Beck L, Chong-
krairatanakul T. Primary membranous nephropathy: 

despite immunologic remission. For this reason and 
the evidence that immunosuppressive therapies have 
been shown to decrease the titres of anti-PLA2R1 an-
tibodies, treatment of PMN should be based on a new 
antibody-guided algorithm as proposed by Couser WG 
(6), that can be summarized as follows: patients with 
elevated anti-PLA2R/THSD7A levels and proteinu-
ria >3.5 g/d at diagnosis (active PMN), and those who 
fail to reduce proteinuria to < 3.5 g/d after 6 months of 
supportive care or have complications of NS, should be 
considered for immediate immunosuppressive therapy. 
Patients who are negative for anti-PLA2R/THSD7A 
in the serum but have PLA2R or THSD7A antigen 
staining in the biopsy sample, and usually predomi-
nately IgG4 deposition in glomeruli, have inactive 
anti-PLA2R/THSD7A–mediated PMN and should 
be treated with supportive care while monitoring anti-
PLA2R levels for 4–6 months. Patients with elevated 
anti-PLA2R levels (with positive PLA2R stain-
ing and predominantly IgG4 in the biopsy sample) 
and proteinuria < 3.5 g/d have active anti-PLA2R/
THSD7A–mediated PMN but would receive sup-
portive care with monthly anti-PLA2R monitoring, 
because most of these patients will undergo spontane-
ous remission. Immunosuppressive treatment should 
be selected on the basis of characteristics of individual 
patients with dose and duration of therapy guided by 
regular monitoring of anti-PLA2R levels. New thera-
pies should be based on B-cell depleting agents and 
complement inhibitors. In a recent pilot study of be-
limumab, an inhibitor of B cell activation, the authors 
reported a significant reduction in anti-PLA2R lev-
els and proteinuria in 14 patients with PMN receiv-
ing up to 2 years belimumab monotherapy (10 mg/kg, 
every 4 weeks) (71). Several new trials are targeting 
complement inhibition to treat renal diseases showing 
promising preliminary results, and complement-based 
therapies could represent the new targeted therapy for 
PMN (72).

Renal transplantation is indicated in patients with 
ESRD and results effective in 10-20% of patients with 
PMN (6). About 2% of renal transplant recipients can 
develop de novo anti-PLA2R/THSD7A negative MN 
with a mechanism not completely clear (73), prob-
ably due to IgG1 deposits or related to graft rejec-
tion (74–76). Treatment regimens for de novo MN are 



Acta Biomed 2022; Vol. 93, N. 5: e2022216 9

20.	Doi T, Mayumi M, Kanatsu K, Suehiro F, Hamashima Y. 
Distribution of IgG subclasses in membranous nephropa-
thy. Clin Exp Immunol 1984;58(1):57–62.

21.	Qin HZ, Zhang MC, Le WB, et al. Combined Assessment 
of Phospholipase A2 Receptor Autoantibodies and Glo-
merular Deposits in Membranous Nephropathy. J Am Soc 
Nephrol 2016;27(10):3195–3203.

22.	Hofstra JM, Debiec H, Short CD, et al. Antiphospho-
lipase A2 receptor antibody titer and subclass in idi-
opathic membranous nephropathy. J Am Soc Nephrol 
2012;23(10):1735–43.

23.	Kanigicherla D, Gummadova J, McKenzie EA, et al. 
Anti-PLA2R antibodies measured by ELISA predict 
long-term outcome in a prevalent population of patients 
with idiopathic membranous nephropathy. Kidney Int 
2013;83(5):940–8.

24.	Beck LH Jr, Salant DJ. Membranous nephropathy: recent 
travels and new roads ahead. Kidney Int 2010;77(9):765–70.

25.	Tomas NM, Beck LH Jr, Meyer-Schwesinger C, et  al. 
Thrombospondin type-1 domain-containing 7A in 
idiopathic membranous nephropathy. N Engl J Med 
2014;371(24):2277–2287.

26.	Akiyama S, Akiyama M, Imai E, Ozaki T, Matsuo S, 
Maruyama S. Prevalence of anti-phospholipase A2 receptor 
antibodies in Japanese patients with membranous nephrop-
athy. Clin Exp Nephrol 2015;19(4):653–60.

27.	Iwakura T, Ohashi N, Kato A, Baba S, Yasuda H. Preva-
lence of Enhanced Granular Expression of Thrombospon-
din Type-1 Domain-Containing 7A in the Glomeruli of 
Japanese Patients with Idiopathic Membranous Nephropa-
thy. PLoS One 2015;10(9):e0138841.

28.	Hihara K, Iyoda M, Tachibana S, et al. Anti-Phospholipase 
A2 Receptor (PLA2R) Antibody and Glomerular PLA2R 
Expression in Japanese Patients with Membranous Ne-
phropathy. PLoS One 2016;11(6):e0158154.

29.	Stanescu HC, Arcos-Burgos M, Medlar A, et al. Risk 
HLA-DQA1 and PLA(2)R1 alleles in idiopathic membra-
nous nephropathy. N Engl J Med 2011;364(7):616–26.

30.	Cui Z, Xie LJ, Chen FJ, et al. MHC Class II Risk Alleles 
and Amino Acid Residues in Idiopathic Membranous Ne-
phropathy. J Am Soc Nephrol 2017;28(5):1651–1664.

31.	Salant DJ. Genetic variants in membranous nephropathy: 
perhaps a perfect storm rather than a straightforward con-
formeropathy? J Am Soc Nephrol 2013;24(4):525–8.

32.	De Vriese AS, Glassock RJ, Nath KA, Sethi S, Fervenza FC. 
A Proposal for a Serology-Based Approach to Membranous 
Nephropathy. J Am Soc Nephrol 2017;28(2):421–430.

33.	Sinico RA, Mezzina N, Trezzi B, Ghiggeri GM, Radice 
A. Immunology of membranous nephropathy: from animal 
models to humans. Clin Exp Immunol 2016;183(2):157–65.

34.	Xu X, Wang G, Chen N, Lu T, et al. Long-Term Exposure to 
Air Pollution and Increased Risk of Membranous Nephrop-
athy in China. J Am Soc Nephrol 2016;27(12):3739–3746.

35.	Perkinson DT, Baker PJ, Couser WG, Johnson RJ, Adler S. 
Membrane attack complex deposition in experimental glo-
merular injury. Am J Pathol 1985;120(1):121–8.

comprehensive review and historical perspective. Postgrad 
Med J 2019;95(1119):23–31.

3.	Deegens JK, Wetzels JF. Membranous nephropathy in 
the older adult: epidemiology, diagnosis and management. 
Drugs Aging 2007;24(9):717–32.

4.	Lai WL, Yeh TH, Chen PM, et al. Membranous nephropa-
thy: a review on the pathogenesis, diagnosis, and treatment. 
J Formos Med Assoc 2015;114(2):102–11.

5.	Kumar V, Ramachandran R, Kumar A, et al. Antibodies 
to m-type phospholipase A2 receptor in children with idi-
opathic membranous nephropathy. Nephrology (Carlton) 
2015;20(8):572–5.

6.	Couser WG. Primary Membranous Nephropathy. Clin J 
Am Soc Nephrol 2017;12(6):983–997. Erratum in: Clin J 
Am Soc Nephrol 2017;12 (9):1528.

7.	Donadio JV Jr, Torres VE, Velosa JA, et al. Idiopathic 
membranous nephropathy: the natural history of untreated 
patients. Kidney Int 1988;33(3):708–15.

8.	Lai WL, Yeh TH, Chen PM, et al. Membranous nephropa-
thy: a review on the pathogenesis, diagnosis, and treatment. 
J Formos Med Assoc 2015;114(2):102–11.

9.	van den Brand JA, van Dijk PR, Hofstra JM, Wetzels JF. 
Long-term outcomes in idiopathic membranous nephropa-
thy using a restrictive treatment strategy. J Am Soc Nephrol 
2014;25(1):150–8.

10.	Beck LH Jr, Bonegio RG, Lambeau G, et al. M-type phos-
pholipase A2 receptor as target antigen in idiopathic mem-
branous nephropathy. N Engl J Med 2009;361(1):11–21.

11.	Hofstra JM, Fervenza FC, Wetzels JF. Treatment of idi-
opathic membranous nephropathy. Nat Rev Nephrol 
2013;9(8):443-58.

12.	Bell ET. Renal diseases. London: Henry Kimpton, 1946.
13.	Salant DJ, Quigg RJ, Cybulsky AV. Heymann nephritis: 

mechanisms of renal injury. Kidney Int 1989;35(4):976-84.
14.	Akiyama S, Imai E, Maruyama S. Immunology of membra-

nous nephropathy. F1000Res 2019;8:F1000 Faculty Rev-734.
15.	Beck LH Jr. PLA2R and THSD7A: Disparate Paths to the 

Same Disease? J Am Soc Nephrol 2017;28(9):2579-2589.
16.	Hofstra JM, Beck LH Jr, Beck DM, Wetzels JF, Salant DJ. 

Anti-phospholipase A2 receptor antibodies correlate with 
clinical status in idiopathic membranous nephropathy. Clin 
J Am Soc Nephrol 2011;6(6):1286–91.

17.	Oh YJ, Yang SH, Kim DK, Kang SW, Kim YS. Au-
toantibodies against phospholipase A2 receptor in Ko-
rean patients with membranous nephropathy. PLoS One 
2013;8(4):e62151.

18.	Zhang D, Zou J, Zhang C, Zhang W, Lin F, Jiang G. 
Clinical and Histological Features of Phospholipase 
A2 Receptor-Associated and Thrombospondin Type-I 
Domain-containing 7A-Associated Idiopathic Membra-
nous Nephropathy: A Single Center Retrospective Study 
from China. Med Sci Monit 2018;24:5076–5083.

19.	Qin W, Beck LH Jr, Zeng C, Chen Z, Li S, Zuo K, Sal-
ant DJ, Liu Z. Anti-phospholipase A2 receptor anti-
body in membranous nephropathy. J Am Soc Nephrol 
2011;22(6):1137–43.



Acta Biomed 2022; Vol. 93, N. 5: e202221610

nephropathy: a systematic review and meta-analysis of ob-
servational studies. Am J Nephrol 2014;40(1):29–35.

53.	FARQUHAR MG, VERNIER RL, GOOD RA. An 
electron microscope study of the glomerulus in nephrosis, 
glomerulonephritis, and lupus erythematosus. J Exp Med 
1957;106(5):649–60.

54.	COONS AH, KAPLAN MH. Localization of antigen in 
tissue cells; improvements in a method for the detection 
of antigen by means of fluorescent antibody. J Exp Med 
1950;91(1):1–13.

55.	du Buf-Vereijken PW, Branten AJ, Wetzels JF. Idiopathic 
membranous nephropathy: outline and rationale of a treat-
ment strategy. Am J Kidney Dis 2005;46(6):1012–29.

56.	Lai KN. Membranous nephropathy: when and how to treat. 
Kidney Int 2007;71(9):841–3.

57.	van de Logt AE, Hofstra JM, Wetzels JF. Pharmacologi-
cal treatment of primary membranous nephropathy in 2016. 
Expert Rev Clin Pharmacol 2016;9(11):1463–1478.

58.	Cybulsky AV, Walsh M, Knoll G, et al. Canadian Society 
of Nephrology Commentary on the 2012 KDIGO clini-
cal practice guideline for glomerulonephritis: manage-
ment of glomerulonephritis in adults. Am J Kidney Dis 
2014;63(3):363–77.

59.	https://kdigo.org/
60.	Lionaki S, Derebail VK, Hogan SL, et al. Venous thrombo-

embolism in patients with membranous nephropathy. Clin J 
Am Soc Nephrol 2012;7(1):43-51.

61.	Lee T, Biddle AK, Lionaki S, et al. Personalized prophylac-
tic anticoagulation decision analysis in patients with mem-
branous nephropathy. Kidney Int 2014;85(6):1412–20.

62.	Schieppati A, Mosconi L, Perna A, et al. Prognosis of un-
treated patients with idiopathic membranous nephropathy. 
N Engl J Med 1993;329(2):85–9.

63.	Cattran DC, Pei Y, Greenwood CM, Ponticelli C, Passer-
ini P, Honkanen E. Validation of a predictive model of idi-
opathic membranous nephropathy: its clinical and research 
implications. Kidney Int 1997;51(3):901–7.

64.	Collaborative Study of the Adult Idiopathic Nephrotic Syn-
drome. A controlled study of short-term prednisone treat-
ment in adults with membranous nephropathy. N Engl J 
Med 1979;301(24):1301-6.

65.	Ponticelli C, Zucchelli P, Imbasciati E, et al. Con-
trolled trial of methylprednisolone and chlorambucil 
in idiopathic membranous nephropathy. N Engl J Med 
1984;310(15):946–50.

66.	Ponticelli C, Altieri P, Scolari F, et al. A randomized 
study comparing methylprednisolone plus chlorambu-
cil versus methylprednisolone plus cyclophosphamide in 
idiopathic membranous nephropathy. J Am Soc Nephrol 
1998;9(3):444–50.

67.	Chen M, Li H, Li XY, et al. Tacrolimus combined with 
corticosteroids in treatment of nephrotic idiopathic mem-
branous nephropathy: a multicenter randomized controlled 
trial. Am J Med Sci 2010;339(3):233–8.

68.	Bruns FJ, Adler S, Fraley DS, Segel DP. Sustained 
remission of membranous glomerulonephritis after  

36.	Bomback AS, Fervenza FC. Membranous Nephropathy: 
Approaches to Treatment. Am J Nephrol 2018;47 Suppl 
1:30–42.

37.	Fervenza FC, Appel GB, Barbour SJ, et al. Rituximab or 
Cyclosporine in the Treatment of Membranous Nephropa-
thy. N Engl J Med 2019;381(1):36–46.

38.	Seitz-Polski B, Dahan K, Debiec H, et al. High-Dose 
Rituximab and Early Remission in PLA2R1-Related 
Membranous Nephropathy. Clin J Am Soc Nephrol 
2019;14(8):1173–1182.

39.	Lu W, Gong S, Li J, Luo H, Wang Y. Efficacy and safety of 
rituximab in the treatment of membranous nephropathy: A 
systematic review and meta-analysis. Medicine (Baltimore) 
2020;99(16):e19804.

40.	Cattran DC, Brenchley PE. Membranous nephropathy: in-
tegrating basic science into improved clinical management. 
Kidney Int 2017;91(3):566–574.

41.	Cattran D. Management of membranous nephropa-
thy: when and what for treatment. J Am Soc Nephrol 
2005;16(5):1188–94.

42.	Cattran DC. Idiopathic membranous glomerulonephritis. 
Kidney Int 2001;59(5):1983–94.

43.	Shiiki H, Saito T, Nishitani Y, et al. Prognosis and risk fac-
tors for idiopathic membranous nephropathy with nephrotic 
syndrome in Japan. Kidney Int 2004;65(4):1400–7.

44.	Pei Y, Cattran D, Greenwood C. Predicting chronic renal 
insufficiency in idiopathic membranous glomerulonephritis. 
Kidney Int 1992;42(4):960–6

45.	Barbour S, Reich H, Cattran D. Short-term complica-
tions of membranous nephropathy. Contrib Nephrol 
2013;181:143–51.

46.	Thompson A, Cattran DC, Blank M, Nachman PH. Com-
plete and Partial Remission as Surrogate End Points in 
Membranous Nephropathy. J Am Soc Nephrol 2015;26(12): 
2930–7.

47.	Salant DJ, Cattran DC: Membranous nephropathy. Chap-
ter 20. In: Comprehensive Clinical Nephrology, 5th Ed., 
edited by Floege J, Johnson RJ, Feehally J, St. Louis, MI, 
Saunders, an imprint of Elsevier Inc., 2015, pp 239–251.

48.	Brenchley PE, Coupes B, Short CD, O’Donoghue DJ, 
Ballardie FW, Mallick NP. Urinary C3dg and C5b-9 in-
dicate active immune disease in human membranous ne-
phropathy. Kidney Int 1992;41(4):933–7.

49.	Rankin AJ, McQuarrie EP, Fox JG, Geddes CC, MacKin-
non B; Scottish Renal Biopsy Registry. Venous Thrombo-
embolism in Primary Nephrotic Syndrome - Is the Risk 
High Enough to Justify Prophylactic Anticoagulation? 
Nephron 2017;135(1):39–45.

50.	Li SJ, Guo JZ, Zuo K, et al. Thromboembolic complications in 
membranous nephropathy patients with nephrotic syndrome-a 
prospective study. Thromb Res 2012;130(3):501–5.

51.	Ponticelli C, Glassock RJ. Glomerular diseases: membra-
nous nephropathy–a modern view. Clin J Am Soc Nephrol 
2014;9(3):609–16.

52.	Leeaphorn N, Kue-A-Pai P, Thamcharoen N, Ungprasert P, 
Stokes MB, Knight EL. Prevalence of cancer in membranous 



Acta Biomed 2022; Vol. 93, N. 5: e2022216 11

75.	Cosio FG, Cattran DC. Recent advances in our under-
standing of recurrent primary glomerulonephritis after kid-
ney transplantation. Kidney Int 2017;91(2):304–314.

76.	Gupta G, Fattah H, Ayalon R, et al. Pre-transplant phos-
pholipase A2 receptor autoantibody concentration is asso-
ciated with clinically significant recurrence of membranous 
nephropathy post-kidney transplantation. Clin Transplant 
2016;30(4):461–9.

Correspondence:
Received: 4 July, 2022
Accepted: 31 August, 2022
Erika Poggiali
Emergency Department,
Guglielmo da Saliceto Hospital,
Via Giuseppe Taverna 49,
Piacenza, Italy.
Tel: +39 0523 303044.
E-mail: poggiali.erika@gmail.com

cyclophosphamide and prednisone. Ann Intern Med 
1991;114(9):725–30.

69.	Jindal K, West M, Bear R, Goldstein M. Long-term ben-
efits of therapy with cyclophosphamide and prednisone 
in patients with membranous glomerulonephritis and im-
paired renal function. Am J Kidney Dis 1992;19(1):61–7.

70.	Cattran DC, Greenwood C, Ritchie S, et al. A controlled 
trial of cyclosporine in patients with progressive membra-
nous nephropathy. Canadian Glomerulonephritis Study 
Group. Kidney Int 1995;47(4):1130–5.

71.	Barrett C, Willcocks LC, Jones RB, et al. Effect of beli-
mumab on proteinuria and anti-phospholipase A2 receptor 
autoantibody in primary membranous nephropathy. Neph-
rol Dial Transplant 2020;35(4):599–606.

72.	Reddy YN, Siedlecki AM, Francis JM. Breaking down the 
complement system: a review and update on novel therapies. 
Curr Opin Nephrol Hypertens 2017;26(2):123–128.

73.	Ponticelli C, Moroni G, Glassock RJ. De novo glomerular 
diseases after renal transplantation. Clin J Am Soc Nephrol 
2014;9(8):1479–87.

74.	Filippone EJ, Farber JL. Membranous nephropathy in the 
kidney allograft. Clin Transplant 2016;30(11):1394–1402.


