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Abbreviations
PIG: Podocyte Infolding Glomerulopathy

GBM: Glomerular Basement Membrane

NS: Nephrotic Syndrome

EM: Electron Microscopy

Introduction
	 Podocytic Infolding Glomerulopathy (PIG) is a peculiar glomer-
ular abnormality characterized the thickened Glomerular Basement 
Membrane (GBM) on account of podocyte infolding and invagination 
into the glomerular basement membranes widespread. It was first re-
ported in 2007 and soon proposed as a new disease entity by Joh et al. 
[1]. Since the first report of this peculiar EM finding in 2002, it was 
thought to be a variant of Membranous Nephropathy (MN) exhibiting 
annular subepithelial deposits [2]. It is only in the past few years that 
PIG has begun to be recognized as a possible new and distinct disease 
entity. According to a nationwide survey of 25 cases in Japan, PIG is 
heterogeneous both clinically and morphologically. Light microscop-
ic features of PIG may include membranous nephropathy-like GBM 
thickening, Focal Segmental Glomerulosclerosis (FSGS), or mini-
mal glomerular alteration; immune-type deposits may or may not be  
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Abstract
Objective: Podocyte Infolding Glomerulopathy (PIG) is a described 
pathologic entity characterized by diffuse podocyte infolding into the 
Glomerular Basement Membrane (GBM) associated with ultra struc-
turally demonstrable microspherular aggregates. The objective of 
this study was to report the clinical characteristics of two PIG patients 
and to investigate the pathological changes of nephrotic syndrome 
caused by immune disease, which may be the abnormal morphology 
of podocytes entrapment into the glomerular basement membrane. 
This pathological change is closely related to the immune disease, 
but is not related to the prognosis.

Case: In case report 1, a 17-year-old China female was admitted 
due to intermittent lower limb edema for more than 4 years. The 
patient showed proteinuria without renal functional impairment, and 
Systemic Lupus Erythematosus other systemic diseases diagnosis 
for 4 years. Repeated renal biopsy was performed after admission 
due to poor treatment of repeated proteinuria and unexplained de-
crease albumin. GBMs were diffusibility and mildly thickened and 
showed abubbly appearance with Periodic Acid Methenamine Sil-
ver (PAMS) staining. Immunofluorescence showed tracea mounts of 
IgA, IgM and C4d deposition in the mesangium, but was negative for 
IgG, C3, C1q , κ,λ, HBsAg , HBcAg , PLA2R, IgG1, IgG2, IgG3, IgG4 
and fibrinogen. Electron microscopy showe microspheres of different 
sizes and microtubular membranous structures are seen in the base-

ment membrane of the glomerular capillary loop. Additional serologic 
tests revealed positive antinuclear antibodies (antinuclear antibody 
was detected: 1/3200homogeneous/cytoplasm). The diagnosis was 
lupus nephritis with PIG. The patient was treated with Prednisone 
Acetate Tablets, tacrolimus, hydroxychloroquine and mycophenolate 
mofetil for three months, after which proteinuria decreased to the 
normal range and albumin increased. In case report 2, a 64-year-
old China man was admitted to the hospital because he found foam 
urine for more than 2 months and edema of both lower limbs for 
2 weeks. Proteinuria: 3+, Albumin: 18.6g/L, The clinical diagnosis 
was nephrotic syndrome. The Renal biopsy pathology showed Mem-
brane nephropathy with PIG. Immunofluorescence results showed 
that IgG and IgG3 were positive, IgG1, IgG2, IgG4, IgA, IgM, CLQ, 
C3, C4, TG, K chain, λ chain, HBsAg, HBcAg and PLA2R were 
negative.Congo red staining was negative. Electron microscopic ex-
amination showed microspheres of different sizes and microtubular 
membranous structures were observed in the basement membrane. 
The diagnosis revealed PIG.The patient was treated with oral meth-
ylprednisolone.

Conclusion: Characteristic clustering of these microparticles near 
the invaginated tips of podocyte foot processes in the GBM was ob-
served on transmission electron microscopy. The clinical, light mi-
croscopic, and diagnostic electron microscopic features of this con-
dition are highlighted in this report in an attempt to contribute some 
insights into the possible pathogenetic mechanisms of this obscure 
entity. PIG is closely associated with immune diseases, which may 
be a transient phenomenon caused by immune disorders.
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present; and it may be associated with or without collagen diseases. 
PIG has been reported in Japan and Indian and Korean. However, 
genetic or regional differences have not been reported. We report a 
case from China fulfilling the diagnostic criteria of PIG in a patient 
presenting with Systemic Lupus Erythematosus. Because there have 
been only a few reports of this entity in the literature confined geo-
graphically to Indian [3] and Korean [4] and Japan [5-11]. There is a 
need to share information about this entity from all parts of the world 
to characterize the spectrum of this glomerulopathy.

Report of Cases
	 In case report 1, a 17-year-old Chinese female was hospitalized for 
more than 4 years with edema in both lower limbs. Four years ago, 
she was admitted to the hospital for soy-stained urine and systemic 
lupus erythematosus, and was diagnosed as type III lupus nephritis by 
renal biopsy (no specific examination, examination and renal biopsy 
report was found, and no electron microscopy examination was per-
formed). Later, she was treated with prednisone acetate and lefluno-
mide according to the 2016 treatment standard for lupus nephritis. In 
September 2017, the patient went to the local hospital for reexamina-
tion of anti-double-stranded DNA (a-dsDNA) immunobloting 2+, and 
was treated with Mortimexophenate (MMF) and methylprednisolone 
plus hydroxychloroquine for control of the disease. During the dis-
ease period, the patient took medication irregularly, the patient’s com-
pliance was poor, and the treatment plan was changed several times 
(the specific medication situation and examination results were un-
known). In January 2020, the patient went to the local hospital for re-
examination, and the anti-double-chain DNA (a-dsDNA) immunoblot 
showed positive results of 2+. According to the treatment standard 
of lupus nephritis in 2020, the local doctor gave prednisone acetate 
tablets, tacrolimus and hydroxychloroquine plus MMF. During this 
period, the patient reported joint soreness of both lower extremities. 
On July 28, 2020, the patient came to our hospital for reexamination 
and was given additional treatment with prednisone acetate tablets, 
and admitted to our department for examination. According to the 
relevant examination, the SLE-DAI score was 15, and the active stage 
of lupus nephritis was considered.The patient’s 24-hour urinary pro-
tein quantitation was 458mg/24h and albumin 29.8g/L. Due to the 
unchanged protein intake and normal liver function, unexplained hy-
poproteinemia occurred clinically, and the family members required 
repeated renal biopsy.

	 Additional serologic tests revealed positive antinuclear antibod-
ies (antinuclear antibody was detected: 1/3200 homogeneous/cy-
toplasm). The patient was treated with Prednisone Acetate Tablets, 
tacrolimus, hydroxychloroquine and mycophenolate mofetil for three 
months, after which proteinuria decreased to the normal range and 
albumin increased. On physical examination, the patient had pallor 
and bilateral pitting edema. There are scattered rashes on bilateral 
cheeks and lower limbs. Blood pressure was recorded as 108/70 mm 
Hg. Auxiliary examination as shown in table 1.

	 Kidney biopsy revealed a total of 24 glomeruli, 2 of which showed 
focal segmental mesangial proliferation with mild capillary wall 
thickening and focal segmental sclerosis (Figures 1A and 1B). Immu-
nofluorescence (IF) showed positivity for immunoglobulin A (IgA) 
and M (IgM) (trace) deposition in the mesangium and capillary loops 
(Figures 1C and 1D). Immunofluorescent staining for PLA2R (trace) 
showed positivity. EM showed irregular thickening of GBMs with 
peculiar subepithelial clusters of microspherules. Diffuse podocyte 
foot-process effacement associated with microvillous transformation  

and podocyte cytoplasmic vacuoles indicative of podocyte injury 
were noted. Most of the structures were located at intramembranous-
ly without a contact to endothelial cell or podocyte, but some were 
close to or seemed to connect to these cells. Additionally, there was 
global infolding of podocyte cell processes into the underlying thick-
ened GBMs, remarkable for its diffuse involvement and proximity of 
the invaginations to the microspherular clusters (Figures 1E and 1F). 
There were discrete electron-dense deposits in the GBM and the me-
sangium. A final diagnosis of Lupus nephritis with PIG was rendered 
based on these findings.

	 The patient was treated with high-dose prednisolone and myco-
phenolate mofetil for 6 weeks, and a slow tapering schedule of ste-
roids was planned. In view of aggressive disease, she was also giv-
en a single dose of 1 g of rituximab. On follow-up after 7 months, 
there was marked improvement in kidney function (serum creatinine, 
0.98mg/dL) and slow resolution of proteinuria (urine protein excre-
tion of 1g/d; urinary protein -creatinine ratio, 2.16).

	 In case report 2, a 64-year-old China man was admitted to the hos-
pital because he found foam urine for more than 2 months and edema 
of both lower limbs for 2 weeks. The patient suffered from chronic 
gastritis for 30 years and was treated by regular oral administration of 
omeprazole 1 tablet QD with blood pressure of 138/56mmHg. Physi-
cal examination revealed edema in both lower extremities. Auxiliary 
examination (Table 1 case 2).

Case 1 Case 2

Age/Sex 17/F 64/M

Blood pressure (mmHg) 108/70 138/56

Combined diseases
SLE

Peripheral vascular
disease, Chronic Gastritis

Urinalysis

Urinary protein (g/day) 0.46 8.4

Occult blood (-) 1+

Blood chemistry

BUN (mg/dl) 86.4 82.8

Cr (mg/dl) 0.53 7.4

Total protein (g/l) 7.31 4.19

Albumin (g/l) 2.98 2.7

T-cholesterol (mg/dl) 86.4 112.3

Serology

Antinuclear antibody 1/3200 (-)

C3 (mg/dl) 44.5 60.2

C4 (mg/dl) 9.3 22.1

Serum Cys (mg/dl) 9.4 12.5

RF(IU/mL) 46.5 <2

Antistreptococcal hemolysin
O (IU/mL)

<25.0 <25.0

CRP (mg/dl) 9.3 22.1

HBsAg (-) (-)

HCV Ab (-) (-)

TPHA (-) (-)

Table 1: Clinical and laboratory fifindings of the patients.

Note: BUN blood urea nitrogen, Cr serum creatinine, T-Cholesterol total 
cholesterol,C3 Complement 3, C4 Complement 4, RF rheumatoid factors, 
CRP C-reactive protein, HBsAg hep atitis B surface antigen, HCVAb an-
tibody to the hepatitis C virus,TPHA Treponema pallidum hemagglutina-
tion test.
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	 The kidney biopsy showed: Immunofluorescence results showed 
that IgG and IgG3 were positive,IgG1, IgG2, IgG4, IgA, IgM, CLQ, 
C3, C4, TG, K chain, λ chain, HBsAg, HBcAg and PLA2R were 
negative (Table 2).Congo red staining was negative.The light mi-
croscopy diagnosis revealed a m Figures embranous lesion. Renal 
biopsy pathology showed 11 glomerular, glomerular mesangial cell 
and mesangial matrix mild hyperplasia, open good capillary loops, 
segmental thickening of basement membrane, a few balls balloon ad-
hesions renal small tube cavity see protein tube and a little red tube, 
interstitial inflammat ory cell infiltration, no obvious fibrosis, small 
artery wall thickening (Table 2). Electron microscopic examination 
showed glomerular mesangial cell and mesangial matrix segmental 
mild hyperplasia, glomerular capillary loops is opening good, the 
podocyte foot process fusion (>80%), no obvious endothelial cell hy-
perplasia, segmental in basement membrane and epithelial next see 
a small number of electron dense deposit, part of the epithelium of  

electron density inhomogeneity bright areas around the dense, The 
segments of the basement membrane were irregularly thickened and 
insect-etched. Microspheres of different sizes and microtubular mem-
branous structures were observed in the basement membrane (Table 
2). There was no obvious proliferation of epithelial cells in the pari-
etal layer of renal cyst, and no crescent body was observed. Vacuolar 
degeneration of renal tubular epithelial cells. There was no special 
lesion in renal interstitium. The diagnosis revealed a membranous le-
sion. A final diagnosis of Membrane nephropathy with PIG was ren-
dered based on these findings.

	 Patient was discharged with a diagnosis of membranous nephrop-
athy with PIG; chronic kidney disease stage 1; pulmonary infection; 
week Perivascular disease. According to KDGO guidelines, treat-
ment with (moxifloxacin hydrochloride injection) Biflox 400mg, 1 
bottle a day, methylprednisolone sodium succinate: methylpredniso-
lone 40mg once a day, with Enox Heparin sodium injection (Kexai) 
2000AXaIU, 0.5 vials, once a day; Tolvaptan tablets (Su Maca) 1/2 
tablet per day; 1 capsule of calcitriol per day.

Discussion

	 Although it is worthwhile to discuss the salient features of this 
case to shed more light on our understanding of this entity, it is uncer-
tain whether PIG is a new disease entity or a transient morphologic 
phenomenon. The biopsy specimen of lightmicroscopic examination 
in this case showed mild thickening of capillary walls with focal seg-
mental sclerosis. The presence of microparticles in the GBM was first 
described in 1973 [12]. The microparticles were regarded as sequelae 
of GBM injury and repair related to immune deposition, since they 
appeared focally and mostly in cases of membranous nephropathy. 
However, EM revealed subepithelial clusters of microspheres mea-
suring 50 to 70nm, some having distinct double membranes (Figures 
1F and 1L).We reviewed 32 PIG patients (Table 2 ), age 17 to 70, 
mean age 43.4±23.3, female 24 (75%), male 8 (25%), hypertension 
13 (40.6%), and 62.5% of patients who were treated with glucocor-
ticoid alone in remission. In case1, systemic lupus erythematosus 
was associated with a large amount of protein renal biopsy, so the 
treatment effect was poor. Four years later, repeated renal biopsy was 
performed PIG by electron microscope. Microstructures in the GBM 
are typically not found in classic MN, aside from occasional granular 
and membranous debris in stage III MN and in rare cases of hepatitis 
B virus-associated glomerulonephritis [6]. In 2008, Japan reported 12 
out of 25 pigs with SLE and only 1 PIG alone, and three different 
folding forms of podocyte were described [13]. Immune EM analy-
sis of the glomerular lesions of PIG has demonstrated vimentin and 
complement C5b-C9 in the extracellular organized structures in the 
GBM, indicative of either podocyte or endothelial cell origin of these 
particles [14]. Heretofore, one PIG with undifferentiated connective 
tissue disease was reported in India in 2017 [15]. A 45-year-old Indian 
woman with a diagnosis of undifferentiated connective tissue disease 
was prescribed methotrexate and hydroxychloroquine for symmetric 
non deforming inflflammatory polyarthritis of 1 year’s duration. Four 
months later, she presented with bilateral pedal edema and general-
ized malaise of 2 months’ duration. There was no relevant past or 
family history of autoim mune diseases. Another PIG with paragan-
glioma was reported in South Korea in 2016 [16]. It was a 44-year-
old female was admitted to our hospital for the evaluation of protein-
uria, which was detected in a regular checkup. She had a history of 
surgical excision of a 1.5-cm-sized paraganglioma in the left neck 
three years ago. We report two cases of PIG associated with Systemic  

Figure 1: A. Light microscopy findings of renal biopsies under (PAMS) 
staining, glomerular capillary walls werethickened with a diffuse bub-
bling appearance (Figure a) (PAMS, 1000×); B. Light microscopy find-
ings of renalbiopsies glomerular capillary walls were thickened with a 
diffuse bubbling appearance (Figure b) (PAS, 1000×). C. Immunofluores-
cence microscopy findings of renal biopsies. Trace amounts of IgA (Fig-
ure C)and IgM (Figure D) deposition in the mesangium (immunofluores-
cence 400×). E. Thickened glomerular basement membrane (GBM) with 
abundant subepithelial microparticular aggregates (arrow) characteristic 
of podocyte infolding glomerulopathy (PIG), deposition in the mesangi-
um and the GBM. (transmission EM; original magnification, 2,000×). F. 
Microparticular aggregates in the GBM surrounding a degenerated tip of 
invaginated podocyte foot process. Electron densities are present in the 
GBM and the mesangium with microtubules (transmission EM; original 
magnification, 100,000×). G. Light microscopy findings of renal biopsies 
under (PAMS) staining, glomerular capillary walls were thickened with a 
diffuse bubbling appearance (Figure a) (PAMS, 1000×); H. Light micros-
copy findings of renal biopsies glomerular capillary walls were thickened 
with a diffuse bubbling appearance (Figure b) (PAS, 1000 × ). I. Immuno 
fluorescence microscopy findings of renal biopsies. Trace amounts of IgG 
(Figure I) and IgG3 (Figure J) deposition in the GBM (immunofluores-
cence 400×). K. Thickened glomerular basement membrane (GBM) with 
abundant subepithelial microparticular aggregates (arrow) characteristic 
of podocyte infolding glomerulopathy (PIG), deposition in the GBM. 
(transmission EM; original magni fi cation, 100,000 × ). L. Micropartic-
ular aggregates in the GBM surrounding a degenerated tip of invaginated 
podocyte foot process. Electron densities are present in the GBM and the 
mesangium with microtubules (transmission EM; original magnification, 
500,000×).
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Lupus Erythematosus in a 17-year-old female China who presented 
with Edema in disputea and a 64-year-old China man who found ne-
phrotic syndrome. Ultrastructural analysis of the kidney biopsy spec-
imen revealed unusual subepithelial aggregates of microspherules 
admixed with few microtubules alongside extensive infolding of 
podocyte foot processes into the underlying GBMs. Broadly speak-
ing, nephrotic syndrome was clinically diagnosed in 25% (8/32) of 
PIG patients, and was diagnosed by electron microscopy as podo-
cyte microvesicles encapsulated in the basement membrane. Most 16 
(69.6%) patients were effectively relieved by glucocorticoid therapy.  

PIG was first found in membranous nephropathy [6], and its patho-
genesis may be similar to that of membranous nephropathy.The au-
thors hypothesized that the basement membrane may be responsible 
for the obstacle of immune recognition of podocytes, and then the 
basement membrane gradually envelops the podocytes to achieve the 
purpose of phagocytic repair. The whole pathogenesis is similar to 
that of membranous nephropathy in which the subepithelial immune 
complex is engulfed by the basement membrane, but the specific 
pathogenesis needs further experimental confirmation.

	 In conclusion, the extent and severity of PIG disease raises doubts 
about deficiencies in immune recognition and repair mechanisms. 
More case reports and experimental information are needed to better 
understand the clinical course and pathogenesis of this disease.
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Characteristic Value

Agea(year) 43.4±23.3

Sex
Female 24(75%)

Male 8(25%)

NS 8(25%)

Blood pres-
sure(mmHg)

Hypertension 13(40.6%)

Normol 19(63.3%)

Hematuria b(HPF)
<10 25(78.1%)

>10 7(21.9%)

Proteinuria Initial(g/day) 2.7±5.6

Renal function (mg/dl)
Cr ≤1.2 25(78.1%)

Cr>1.2 7(21.9%)

Treatment

PLS 16(69.6%)
Remis-
sion:10
62.5%

PLS+MMF 4(17.4%)
Remis-
sion:3
75%

ARB 2(8.7%)

Diuretics 2(8.7%)

Remission
Yes 19(59.4%)

No 13(40.6%)

Concomitant diseases
Yes 28(87.5%)

No 4(12.5%)

Concomitant diseases

SLE 18(56.3%)

MCTD 1(3.1%)

RA 1(3.1%)

HBVsAg 1(3.1%)

Ovarian mature 
teratoma

1(3.1%)

VUR with bilateral 
hydronephrosis

1(3.1%)

Sjo¨gren’s synd 2(6.2%)

Peripheral vascular 
disease

1(3.1%)

Tumor lysis syndrome 1(3.1%)

Hypothyroidism, chron-
ic thyroiditis

1(3.1%)

Np 4(12.5%)

Table 2: Pathological profifile of PIG (32 cases).

Note: NS nephrotic syndrome, HPF high-power field, Cr serum creati-
nine, PSL prednisolone, MMF mycophenolate mofetil, CyA Cyclosporine 
A, ARB angiotensin II receptor antagonist, ND not done, np not particu-
lar, SLE systemic lupus erythematosus, RA rheumatoid arthritis, MCTD 
mixed connective- tissue disease, VUR vesicoureteral reflux.
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