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Abstract
Rationale: Podocyte infolding glomerulopathy (PIG) is a newly described condition with only 37 cases reported worldwide. 
Due to its rarity, the pathogenesis and evolution of this disease is unclear. This case report contributes to our collective 
knowledge about the clinical and histological progression of this disease.
Presenting concerns of the patient: Over the course of a year, a 52-year-old Malaysian woman with no known prior 
medical history developed progressively worsening edema and other findings consistent with nephrotic syndrome.
Diagnosis: Unlike most patients with PIG, this patient did not have any autoimmune disease. She was Hepatitis B core 
antibody positive with a Hepatitis B surface antibody >1000, suggesting prior Hepatitis B infection with immunity. A renal 
biopsy was performed which was consistent with PIG. A second renal biopsy was done 2 years later which again showed 
characteristic findings of PIG with worsened podocyte effacement but no interval change in chronicity.
Interventions: The patient was treated with blood pressure control and renin-angiotensin-aldosterone system (RAAS) 
blockade with irbesartan and spironolactone. She was also treated with prednisone at 1 mg/kg for 2 months followed by a 
taper for a total of 7 months of prednisone treatment.
Outcomes: The patient had a partial response to a course of prednisone. However, since stopping steroids, her proteinuria 
and renal function has been gradually worsening.
Teaching points: PIG is mostly found in patients of East Asian descent. It presents as proteinuria and is often associated 
with autoimmune disease but can be idiopathic. It is characterized on renal biopsy by infolding or protrusion of podocyte 
cytoplasm into glomerular basement membrane, as well as intramembranous cytoplasmic microspherules or microtubules. 
Atypical membranous nephropathy should be ruled out prior to diagnosis. Unlike membranous nephropathy, PIG usually 
responds at least partially to steroid monotherapy. To our knowledge, this is the first reported case of PIG from North 
America. Furthermore, it is the first case of PIG with repeat biopsy showing interval worsening of PIG rather than either 
resolution of PIG or transformation of PIG to a different diagnosis.

Abrégé 
Fondement: La glomérulonéphrite due à l’involution des podocytes (GIP) est une affection nouvellement décrite; seuls 
37 cas ont été signalés jusqu’à présent dans le monde. La pathogenèse et l’évolution de cette maladie rare sont donc encore 
nébuleuses. Ce rapport de cas ajoute au savoir collectif sur sa progression clinique et histologique.
Présentation du cas: Une Malaisienne de 52 ans sans antécédents médicaux connus qui, sur une période d’un an, a développé 
un œdème s’étant aggravé progressivement et présenté d’autres résultats concordant avec un syndrome néphrotique.
Diagnostic: Contrairement à la plupart des patients ayant reçu un diagnostic de GIP, cette patiente ne présentait aucune 
maladie auto-immune concomitante. Un résultat positif pour les anticorps anti-HBc et un compte supérieur à 1 000 pour 
les anticorps de surface contre l’hépatite B suggéraient une infection antérieure par l’hépatite B avec immunité. Une biopsie 
rénale avait montré un résultat compatible avec une GIP. Une deuxième biopsie rénale effectuée deux ans plus tard a 
également montré des résultats caractéristiques d’une GIP et une aggravation de l’épanchement des podocytes, mais aucun 
changement d’intervalle en terme de chronicité.
Interventions: La patiente a été traitée par maîtrise de la tension artérielle et blocage du SRAA avec irbésartan 
et spironolactone. Elle a également reçu une dose de 1 mg/kg de prednisone pendant deux mois, qui a par la suite été 
progressivement réduite. Le traitement à la prednisone s’est étalé sur un total de sept mois.
Résultats: La patiente a répondu partiellement au traitement à la prednisone. Mais depuis l’arrêt des stéroïdes, une 
aggravation de la protéinurie et une altération de la fonction rénale progressives ont été observées.
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Introduction

Podocyte infolding glomerulopathy (PIG) is a condition first 
described in 20081 with only 37 cases reported worldwide. It 
has been mainly described in Japanese literature2 and usually 
presents as subnephrotic proteinuria, although nephrotic syn-
drome occurs in approximately a third of patients. It is char-
acterized on renal biopsy by infolding or protrusion of 
podocyte cytoplasm into the glomerular basement mem-
brane, as well as intramembranous cytoplasmic microspher-
ules or microtubules.1 We report a case of a 52-year-old 
woman who developed nephrotic syndrome with 2 renal 
biopsies performed 2 years apart, both of which confirmed 
PIG.

Presenting Concerns

A 52-year-old Malaysian woman with no significant past 
medical history and baseline urine albumin-creatinine ratio 
(ACR) of < 1 mg/mmol only a year prior was noted by her 
family physician to have mild pedal edema associated with 
elevated urine ACR of 146.3 mg/mmol. Her creatinine at the 
time was normal (61 µmol/L). In the following months, she 
developed new onset dyslipidemia and hypertension. 
Approximately 9 months later, she presented to hospital with 
anasarca, hypoalbuminemia, and a constellation of findings 
consistent with nephrotic syndrome.

Clinical Findings

At hospital, the patient was hypertensive with a blood pres-
sure of 158/97 mmHg. Her lungs were clear with no crackles 

or wheezes. She was noted to have 2+ pitting edema up to 
her mid thighs. There were no stigmata of connective tissue 
disease.

Diagnostic Focus and Assessment

At hospital, her creatinine was elevated at 111 µmol/L. Her 
albuminuria was markedly elevated with urine ACR of 
1600 mg/mmol. Albumin was 23 g/L. Urinalysis revealed 
>3.0 g/L protein, and moderate hematuria with 11 to 20 red 
blood cells (RBCs) per high-power field. Antinuclear anti-
body (ANA) was initially weakly positive, with normal C3 
and C4. She was assessed by a rheumatologist and found to 
not have any connective tissue disease, and a repeat ANA 
was later negative. Furthermore, no antibodies to double-
stranded DNA, SSA, SSB, Smith, RNP, Scl-70, Jo-1, his-
tone, or centromere were found. Neutrophil cytoplasmic 
antibody was negative. She was found to be Hepatitis B core 
positive with Hepatitis B surface antibody >1000, suggest-
ing prior Hepatitis B infection with immunity. Hepatitis C 
serology was negative. Hemoglobin A1C was 6.2%. Serum 
and urine protein electrophoresis was normal. Renal and pel-
vic ultrasounds were also normal.

The patient’s renal biopsy sample contained up to 29 
glomeruli by light microscopy. The renal biopsy showed a 
glomerulopathy with rarefaction (irregular attenuation and 
pinhole changes) without epimembranous spike formation 
on Jones-methenamine silver-stained sections. Replication 
of basement membranes was not present either. Up to 25% of 
sampled glomeruli showed global glomerulosclerosis and 
approximately one third of them showed segmental sclerosis 
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(Figures 1A and 1B). Chronic tubulointerstitial injury (fibro-
sis and atrophy) was seen in 20% of the sampled cortex. 
Direct immunofluorescence showed no significant staining 
for IgG, IgM, IgA, C1q, C3, kappa and lambda light chains, 
fibrin/fibrinogen, or albumin. Immunofluorescence on paraf-
fin-embedded tissue after pronase digestion was negative as 
well and no evidence of bias toward either light chains was 
seen in the glomeruli, tubular basement membranes, or tubu-
lar reabsorption droplets (Figures 1C and 1D). On electron 
microscopy, there was diffuse foot process effacement, with-
out typical immune-type subepithelial electron dense depos-
its (Figures 2A and 2B). However; there were subepithelial/
intramembranous microspherules and microtubules which 
ranged in diameter from 25 to 80 nm (average 40 nm) with 
glomerular basement membrane remodeling (Figure 2C). 
Focal invagination of podocyte foot processes into the 
glomerular basement membrane (Figure 2D) was seen. 
Podocytes showed scattered cytoplasmic vacuoles, which 
were occasionally associated with mitochondrial cristae 
(Figure 2E). Endothelial cells showed preservation of 
fenestrae in the majority of capillary loops and there was 
no evidence of intracytoplasmic tubuloreticular inclusions 

(Figure 2F). Given the characteristic findings on renal 
biopsy, a diagnosis of PIG was favored over a diagnosis of 
atypical membranous nephropathy with spherules.

Therapeutic Focus and Assessment

The patient was treated with irbesartan 300 mg and spirono-
lactone 25 mg per day. She was also treated with prednisone 
for 2 months at 1 mg/kg, then had her dose tapered over the 
following 5 months. She had a partial response to steroids 
with a nadir in her urine ACR of 101.2 mg/mmol and creati-
nine of 71 µmol/L (Figure 3). Her serum albumin was 36 g/L 
and her nephrotic symptoms had resolved. However, after 
stopping steroid treatment her albuminuria partially 
rebounded with urine ACR of 282 mg/mmol and creatinine 
of 93. At the time, her blood pressure ranged from 108/70 to 
143/79 in the office and was felt to be well-controlled over-
all. The significant worsening in albuminuria prompted a 
repeat renal biopsy 27 months after her initial renal biopsy 
to assess for disease change. This renal biopsy sample con-
tained up to 23 glomeruli by light microscopy. As in the 
first biopsy, the repeat renal biopsy demonstrated features 

Figure 1.  (A, B) Jones methenamine silver-stained sections of renal cortex show architecturally well-preserved tubulointerstitium. Two 
glomeruli are present one of which exhibits segmental sclerosis with segmental occlusion of capillary lumen by hyaline with adhesions 
to adjacent Bowman’s capsule (A). The other glomerulus shows mild rarefaction of glomerular basement membranes (with irregular 
attenuation and occasional pinholes) without replication or epimembranous spike formation (B). (C, D) Immunofluorescence staining on 
paraffin-embedded tissue shows no staining of glomeruli for kappa (C) and lambda (D) light chains. Tubular reabsorption droplets stain 
for both light chains without any bias for either light chains.
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characteristic of PIG. The extent of chronic injury in the 
glomeruli (global glomerulosclerosis and segmental sclero-
sis) and tubulointerstitium (tubular atrophy and interstitial 
fibrosis) showed no interval increase. Immunofluorescence 
studies on frozen sections (direct) and paraffin-embedded 
tissue (with pronase digestion) were negative, consistent 
with prior biopsy. Additional indirect immunofluorescence 
for IgG subtypes, and phospholipase A2 receptor (PLA2R) 
were performed and returned negative. Therefore, a 
serum test for circulating anti-PLA2R levels was not 
done because the glomerular staining test for PLA2R has 

been shown to have superior sensitivity and specificity.3 
Congo red staining and immunohistochemical staining for 
DnaJ homolog subfamily B member 9 (DNAJB9, a specific 
and sensitive marker for fibrillary glomerulonephritis),4 were 
also negative.

Follow-Up and Outcomes

Eleven months after being tapered off prednisone, the 
patient’s urine ACR was now 364.8 mg/mmol and creati-
nine was now 105 µmol/L. Her serum albumin was 40 g/L. 

Figure 2.  (A, B) Prominent podocyte foot process effacement. (C) Ultrastructural finding of intramembranous microspherules, 25-80 
nm. (D) Invagination of foot processes into glomerular basement membrane and adjacent microtubules with scattered microspherules. 
(E) Podocyte with intracytoplasmic vacuole containing remnants of mitochondrial cristae. (F) Endothelial cells are flat with preserved 
fenestrae with no evidence of tubuloreticular aggregates.
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Other than her significant proteinuria, she did not have other 
features of nephrotic syndrome. However, based on the 
repeat biopsy findings of worsened podocyte effacement 
with no increase in disease chronicity, the decision was made 
to re-treat her with a course of prednisone. Just 3 weeks after 
starting prednisone, her urine ACR decreased to 174.8 mg/
mmol and her edema improved. Her creatinine remains 
stable at 108 µmol/L.

Discussion

There have only been 38 reported cases of PIG worldwide so 
far, including the present report. The most recent case review 
identified 27 cases from Japan, 2 cases from China, 1 case 
from South Korea, and 1 case from India.2 Since then, there 
has been an additional 1 case identified from Japan,5 3 cases 
from China,6-8 1 case from Germany,9 and 1 case from 
Argentina.10 To our knowledge, we are the first to report a 
case of PIG in North America.

Most patients with PIG have underlying autoimmune dis-
eases such as lupus nephritis, Sjögren syndrome, mixed con-
nective tissue disease, rheumatoid arthritis, and autoimmune 

thyroiditis,2 all of which were ruled out in our patient. One 
patient with PIG also had multiple myeloma,11 but serum and 
urine protein electrophoresis were both normal in our patient 
and there was no reason to suspect a lymphoproliferative dis-
ease otherwise. There have also been a few cases associated 
with hydronephrosis,2 but our patient had renal imaging 
which ruled out hydronephrosis. One case has previously 
been associated with hepatitis B infection,12 and 4 cases have 
been idiopathic.2 The patient described in this case report 
does have a positive hepatitis B core antibody, but given that 
her hepatitis B surface antigen was negative at the time of 
disease presentation, her PIG is most likely idiopathic and 
unrelated to hepatitis B.

The histology of PIG can be challenging to differentiate 
from other glomerular diseases. Microstructures in the 
glomerular basement membrane are usually not seen in 
membranous nephropathy, but can be seen in stage 3 mem-
branous nephropathy and rare cases of HBV-associated 
glomerulonephritis.1 However, in these HBV variants of 
membranous glomerulonephritis, the microstructures are 
still highlighted on immunofluorescence for one or more 
immunoglobulins, predominantly IgG,13 which was not seen 

Figure 3.  Creatinine (µmol/L) and urine albumin-to-creatinine ratio (mg/mmol) over time.
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on the renal biopsies from this patient. We considered the 
possibility of membranous nephropathy with masked IgG 
kappa deposits. However, in both biopsies conducted on this 
patient, masked epitopes were assessed for via immunofluo-
rescence studies on paraffin-embedded tissue that uses a pro-
nase digestion step and no immune deposition was observed, 
ruling out membranous nephropathy with masked depos-
its. We also considered a diagnosis of membranous 
nephropathy with spherules, but again, positive immune 
staining is usually seen in this disease,14 which was not 
observed in our case. Furthermore, membranous nephropa-
thy with spherules has distinct subepithelial deposits with 
spherule-like substructure,14 whereas in our case the distri-
bution of spherules was more scattered. The possibility of 
remote or resolving membranous nephropathy was also con-
sidered. However, the patient’s clinical worsening and repeat 
biopsy results 2 years after the original biopsy showing wors-
ened podocyte effacement but no immune deposition and no 
increase in chronicity argues against this possibility.

Worldwide, only 4 cases of PIG have had repeat biopsies 
performed. Two patients had class II lupus nephritis which 
converted to PIG.15,16 One patient had PIG associated with 
vesicoureteral reflux (VUR) with hydronephrosis that 
resolved after Foley placement.17 The fourth patient had PIG 
that became focal segmental glomerulosclerosis (FSGS) with 
non-specific staining for IgM, C3, and C1q.18 The case pre-
sented in this report offers more insight into the pathological 
evolution of PIG in a woman with partial response to a course 
of steroids. To our knowledge, this is the first case with repeat 
biopsy showing interval worsening of PIG rather than either 
disease resolution or a new diagnosis. This helps support the 
hypothesis that PIG can be a distinct disease entity.

The pathogenesis of PIG remains poorly understood. Of 
note, the case we present showed segmental sclerosis. An 
association between PIG and segmental sclerosis has been 
reported in the largest case series and other case reports,2,8,10 
with 21.6% of cases (8/37) having segmental sclerosis as the 
primary diagnosis by light microscopy. It is possible that 
PIG is a manifestation of a form of podocytopathy that leads 
to altered podocyte/basement membrane interactions with 
incorporation of podocyte cell membranes into the glomeru-
lar basement membranes. Ultrastructural studies showed 
that many podocytes contain cytoplasmic vacuoles, some 
with remnant cristae suggestive of mitochondrial origin. 
Prior research has proposed a prognostic value for cytoplas-
mic vacuolization of podocytes in pediatric population with 
FSGS.19 However, whether this finding points to mitochon-
drial dysfunction as a cause or consequence of podocytopa-
thy remains unknown. Similarly, whether the underlying 
pathology is genetic or molecular (posttranslational) can 
only be hypothesized at this stage. Xiong et al reported a case 
of PIG in a 4-year-old boy with Schimke immune-osseous 
dysplasia (SIOD) with a novel SMAR-Cal1 gene mutation.8 
Although the finding in the cited case report can represent a 

chance association rather a causal event, the report highlights 
the need and utility of genetic and molecular studies in case 
series to uncover pathogenic pathways in the development of 
this characteristic ultrastructural finding. On the other hand, 
the presence of microspherules in other conditions, such as 
in association with HBV and/or membranous nephropathy 
may suggest that some cases of PIG are driven or promoted 
by factors extrinsic to podocytes (such as immune complex 
deposition). In fact, some of the early cases described in the 
original reports also stain positively for immunoglobulins by 
immunofluorescence.2 Whether these cases represent the 
collision of 2 separate entities (ie, membranous nephropathy 
and PIG) or the spherules are from organization of the depos-
its is not fully examined in literature and requires further 
understanding of the underlying pathogenesis of PIG. 
However, it is our opinion that cases with microspherules 
that co-localize to subepithelial immune deposits (with con-
comitant positive immunostaining) can be best categorized 
as membranous nephropathy with spherules.14 Another pos-
sible hypothesis for the mechanism of PIG is that the micro-
spherules may simply represent an exaggerated wear and 
tear response of podocytes. Overall, the best chance of shed-
ding light on the pathogenesis of this heterogeneous group 
of disease would require an “omics” approach on a number 
of cases of PIG with genomics (such as whole genome 
sequencing) and proteomics (mass spectrometry) being 
among the chief methodologies utilized.

Proteinuria in PIG is in the subnephrotic range in the 
majority of cases,2,7 with 28.6% (10/35) that have protein-
uria in the nephrotic range,2,8,9 and 27.7% (10/36) that 
are described as having nephrotic syndrome.1,8-10 Of the 
case reports that documented patient outcomes, 45.2% 
(14/31) described complete remission of proteinuria, defined 
as a 24-hour urine protein of ≤0.3 g/day.1,8,9,20 Another 
45.2% (14/31) patients had partial improvement in protein-
uria.1,2,11,18,21 Remission was usually in response to immuno-
suppressive therapy. However, there were 3 patients who had 
complete remission of PIG while not taking immunosuppres-
sant medication.1,8 The remaining 9.7% of patients (3/31) 
described in the literature had either no change or worsening 
in proteinuria in response to immunotherapy.1 There have 
been no documented cases of progression to end-stage renal 
disease or transplantation. The reportedly high rate of remis-
sion of PIG could be in part due to publication bias of success-
fully treated cases. Follow-up time is also variable, ranging 
from 1 month to 5 years.1 As seen in the case of PIG we report 
here, the disease course fluctuates over time and remission in 
response to steroids may not be permanent, requiring repeat 
treatment. It has also been proposed that PIG responds better 
to steroid monotherapy than membranous nephropathy due to 
its association with autoimmune disease.11 This is supported 
by the fact that out of the 5 idiopathic cases of PIG (including 
this one), only one patient achieved complete remission with 
steroids, which is a significantly lower remission rate than the 
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overall remission rate in PIG. On the other hand, all 3 patients 
with PIG that did not respond to steroid treatment had a con-
current diagnosis of systemic lupus erythematosus (SLE). 
Ultimately, there are too few reported cases of PIG to draw 
any definite conclusions.

The vast majority of case reports of PIG come from Asia, 
although there are 2 case reports in people of white back-
ground, 1 from Germany7 and the other from Argentina.8 To 
our knowledge, we are the first to report a case of PIG in North 
America. Considering the diverse ethnic population found in 
North America, and in particular large Asian communities 
both in Canada and the United States, it is likely that the 
absence of case reports from North America represents under-
recognition or under-reporting of this rare entity. By reporting 
our findings, we hope to raise awareness of this disease in 
North America, especially since treatment of PIG appears to 
differ from rival diagnoses such as atypical membranous 
nephropathy, in that PIG often responds to steroid monother-
apy.2 We are also the first to report a case of PIG with repeat 
biopsy showing interval worsening of PIG rather than either 
resolution of PIG or transformation of PIG to a different diag-
nosis. Thus, we offer insight into the clinical and pathological 
evolution of the disease and, with rigorous exclusion of other 
potential causes, support building evidence that PIG is a mor-
phologically distinct entity on the spectrum of podocytopathy. 
Meta-analysis of existing case reports and genetic/molecular 
studies are required in the future to gain a better understanding 
of the pathogenesis and optimal management of this disease.
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