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Abstract

The continual development of potent immunosuppressive regimens has led to decreased incidence 

of acute rejection and improvement of short-term kidney allograft survival. In contrast to acute 

rejection, glomerular diseases of the kidney allograft are being encountered more frequently and 

are emerging as leading causes of late kidney allograft failure.

While data on the pathogeneses of glomerular diseases in the kidney allograft are sparse, 

cumulative evidence suggests that post-transplant glomerular diseases may be the result of 

inherited predispositions and immunologic triggers. Whereas studying immunologic signals and 

performing genome-wide association studies are ideal approaches to tackle glomerular diseases in 

the kidney allograft, such studies are challenging due to the lack of adequately powered cohorts.

In this review, we will focus on the most commonly encountered recurrent and de novo glomerular 

diseases in the kidney allograft. We will address the important advances made in understanding the 

immunopathology and genetic susceptibility of glomerular diseases in the native kidney and how 

to benefit from such knowledge to further our knowledge of post-transplant glomerular diseases.

Defining genomic and immune predictors for glomerular diseases in the kidney allograft would 

support novel donor-recipient matching strategies and development of targeted therapies to 

ultimately improve long-term kidney allograft survival.
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INTRODUCTION

Kidney transplantation, which is considered the ultimate treatment of renal failure 1, has 

seen a dramatic improvement in allograft survival over the past two decades 2. This success 

has been attributed mainly to enhancements in one-year kidney allograft survival 3. Long-

term allograft survival has improved as well, though at a much slower rate as compared 

to one-year survival 4. Despite these advancements, 10-year death-censored allograft failure 

rates are 26% and 18% for deceased and living donor kidneys, respectively 2. As a result, 

allograft failure constitutes the 4th most common cause of kidney failure in the United States 
5.

Several mechanisms involved in long-term allograft loss have been identified. These include 

alloimmune factors such as human leukocyte antigen (HLA) mismatch (in particular HLA 

class-II mismatches) 6, which are associated with the development of de novo donor-specific 

antibodies (DSA) that increase the likelihood of allograft rejection 7. The advent of rigorous 

HLA matching of donor-recipient pairs 8, together with the improvement in induction and 

maintenance immunosuppression therapies, has been crucial in decreasing the incidence of 

rejection and prolonging allograft survival 9. This has led to a significant drop in the rates of 

acute rejection in the first year post-transplantation from 50-60% in the 1980s to 10% in the 

current era 10.

However, as allograft survival has improved, non-alloimmune factors have surfaced as 

important contributors to long-term allograft failure. Glomerular diseases in specific are 

gaining attention in recent years 11. Data from worldwide registries indicates that glomerular 

diseases constitute one of the main causes of native kidney failure in kidney transplant 

recipients. In the United States, 27% of kidney transplant recipients have glomerular 

diseases as the underlying cause of kidney failure 12. Nevertheless, these numbers are 

thought to underrepresent the true prevalence of native kidney glomerular diseases in 

transplant recipients given that many patients do not undergo native kidney biopsies prior 

to transplantation. Additionally, glomerular diseases are the second most common cause of 

allograft failure in kidney transplant recipients 11,13. The incidence of glomerular diseases 

increases the further the patient is out from transplant, with one report citing the cumulative 

incidence of glomerular diseases to be as high as 42% at 10 years post-transplantation 14.

Glomerular diseases in the kidney allograft can present in three forms: donor-derived, 

recurrent or de novo. Recurrent glomerular diseases are the most commonly encountered 

glomerular diseases post-transplantation 15 and appears to impact allograft survival to at 

least the same degree as an episode of acute rejection 16. Importantly, different primary 

glomerular diseases have different rates of recurrence; for example, C3 glomerulonephritis 

recurs in greater than 90% of recipients 17, IgA nephropathy (IgAN) and membranous 

nephropathy (MN) recurs in up to 50% of recipients 14,18, and primary focal segmental 

glomerulosclerosis (FSGS) recurs in up to 32% of recipients 19. This variability is 

presumed to be due to an interplay of recipient and donor genetic susceptibilities with non-

genetic factors such as immunologic triggers. Compared to recurrent glomerular diseases, 

the prevalence, pathogenesis, and impact of de novo glomerular diseases, is even less 

understood.
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Our focus is to review the current state of knowledge on recurrent and de novo 
glomerular diseases in the allograft, with a particular focus on recurrent primary IgAN, 

MN and FSGS , as well de novo collapsing glomerulopathy and immune complex-mediated 

glomerulonephritis (ICMGN). We delve into each of them individually with a special 

emphasis on the application of precision medicine approaches to further our understanding 

of these glomerular diseases.

IGA NEPHROPATHY (IGAN)

Primary IgAN has an estimated incidence of 2.5 cases per 100,000 adults per year 
20. Common clinical presentation includes micro-hematuria, sub-nephrotic proteinuria, 

and systemic hypertension 21. Adults often present with a smoldering clinical course, 

hypertension, and slow progression of chronic kidney disease 21. The disease progresses 

to renal failure in 40% of cases over 20 years.

Established clinical risk factors for worse renal outcome, as in other kidney diseases, 

are proteinuria, lower glomerular filtration rate (GFR) at diagnosis and hypertension 22. 

Conservative therapy with high-dose renin angiotensin system blockade and blood pressure 

control is a well-established first-line treatment in most individuals affected by IgAN, since 

it effectively reduces proteinuria and slows the rate of renal function decline 23. The use 

of immunosuppressants is reserved for patients at high risk for rapid progression of renal 

disease 24.

Immunopathology

IgAN has been linked to certain bacterial and viral infections 25 and is believed to be 

the result of a multi-hit pathogenic model 26. The first hit is represented by a defects 

in glycosylation on the hinge region of IgA1, which leads to the secretion of polymeric 

galactose-deficient IgA1 (Gd-IgA1) by plasma cells 27. Poorly glycosylated IgA1 molecules 

constitute a new epitope that triggers the secretion of IgG autoantibodies (second hit) to 

form large immune complexes in the circulation (third hit) 28. These immune complexes 

typically deposit in the mesangium and sometimes in the adjacent subendothelial space 

(forth hit) and induce activation of the alternative and lectin pathways of complement 

cascade 29. Histologically, such deposits can be detected by electron microscopy as granular 

electron dense deposits and by immunofluorescence as dominant typically polyclonal IgA 

staining and less intense C3 staining, with or without IgG staining, and typically without C1 

staining or intense C4d staining 30.

Based on the amount and location of the deposits, the magnitude of local complement 

activation, and the strength of the host immune response, light microscopy assessment 

may reveal a spectrum of pathological lesions, ranging from no significant proliferation, 

to isolated mesangial hypercellularity, endocapillary leukocyte infiltration, and occasionally 

cellular crescents. Glomerulosclerosis, fibrous crescents, and tubulointerstitial scarring are 

seen in the late stages of the disease as manifestation of progressive kidney disease or healed 

acute lesions. Histologic classification systems, such as Oxford IgAN classification, were 

built based on the proposed histo-pathogenic model to assess prognosis 31. A composite 

prognostic score was later created using several clinical, biochemical and histopathological 
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predictors and found to effectively predict 5-year risk of renal failure in patients with IgAN 
32.

Genetic susceptibility

IgAN prevalence vary based on ancestry and geography. The disease is most prevalent in 

East Asians, has intermediate prevalence in Europeans, and is relatively rare in individuals 

of African ancestry 33. Although familial clustering of IgAN cases have suggested an 

inherited mechanism of disease 34, family-based studies have not identified specific causal 

genes to date. The latter raises the possibility that IgAN may have an oligogenic or 

polygenic architecture.

Strong associations between IgAN and multiple HLA antigens have been demonstrated 
35–38. Genome-wide association studies (GWAS) 35–39 have identified HLA and non-HLA 

susceptibility loci, which have helped elucidate the multi-hit pathogenesis of IgAN. 

Such loci implicate defects in antigen presentation, complement cascades, intestinal IgA 

production, and innate immunity against mucosal pathogens.

The largest IgAN GWAS, leveraging upon multi-ethnic cohorts and a relatively large sample 

size, generated a genetic risk score (GRS), expressed as the sum of each of the 15 IgAN 

HLA and non-HLA risk alleles weighted on their effect sizes (IgAN 15-SNP GRS) 39. This 

GRS explained 6% of disease risk in European populations and 8% of disease risk in East 

Asian populations and correlated with lower age at disease onset and with helminth diversity 

across the globe. The latter association has given rise to the hypothesis that IgAN genetic 

risk may be the consequence of a protective adaptation against local pathogens.

So far, only a small fraction of IgAN heritability is explained by known susceptibility 

variants. This expresses the need for larger and more powerful multi-ethnic GWAS. The use 

of a genetic risk scores has the potential to stratify index cases and their family members and 

guide the clinician towards a better definition of disease prognosis.

Post-transplant IgAN

The morphologic manifestation of recurrent IgAN in the kidney allograft is similar to 

that encountered in the native kidney (Figure 1). However, in contrast to numerous 

recent insights on the pathogenesis, genetics, and prognosis of the disease in the native 

kidney, there is limited knowledge about risk factors and prognosis of recurrent IgAN 

post-transplantation.

IgAN recurrence seems to negatively impact graft survival 15,40 and it is believed to be 

the third leading cause of graft loss at 10 years post-transplant after chronic allograft 

nephropathy and death with functioning graft in patients affected by IgAN in the 

native kidney 41. It has also been estimated that there is a 30% average risk of IgAN 

recurrence after transplantation, with a highly variable prevalence that ranges between 9 

and 53% among different series 15,42,43. These wide discrepancies are mainly attributable 

to differences in biopsy indications and the length of post-transplant follow-up. Therefore, 

short follow-up time and lack of protocol biopsies can miss late cases of IgAN recurrence 
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and IgAN recurrence in patients with slow and progressive deterioration of kidney function 

that does not trigger a kidney allograft biopsy.

Clinical factors associated with risk of IgAN recurrence after transplant are still not well 

defined. To date, risk factors of IgAN recurrence have only been studied in single-center 

retrospective observational studies or registry data. Single center studies suffer from small 

sample size, while studies based on registry data, although with higher statistical power, 

often lack complete clinical data and are more subject to selection and omitted variable bias.

Among recipients’ related factors, younger age 15,44 and crescents in the native kidney 

biopsy 45 are associated with higher risk of recurrent disease in the kidney allograft. A few 

studies suggested a protective role of steroid maintenance in preventing recurrent disease 
46,47. Finally, elevated early post-transplant serum IgA, pre-transplant Gd-IgA1 antibodies, 

IgA-IgG complexes, and lower serum IgA-soluble CD89 complexes have been associated 

with higher risk of IgAN recurrence 48,49.

With regard to donor factors, while a few studies have reported that living donation was 

associated with higher risk of IgAN recurrence over time 50,51, higher recurrence rates 

have been consistently observed in zero HLA-mismatched grafts compared with ≥1 HLA-

mismatched allografts 52,53.

In summary, it appears that recurrent IgAN is associated with recipient immune factors, 

donor-inherited factors, and probably recipient-inherited factors (as suggested from GWAS 

studies for IgAN in the native kidney) (Figure 1). To date, the role donor and recipient 

HLA subtypes have not been thoroughly examined in the context of recurrent IgAN. 

Similarly, the importance of IgAN risk variants at non-HLA loci studied. Genetic studies 

addressing these questions have a potential to provide better insights into the pathobiology 

of IgAN recurrence. The ultimate goals of such efforts would be to guide the clinician 

towards improving donor-recipient matching and develop targeted approaches to prevent 

IgAN recurrence and improve allograft survival.

MEMBRANOUS NEPHROPATHY (MN)

Primary Membranous nephropathy (MN) is a major cause of nephrotic syndrome in adults 

of European ancestry 54 and has an estimated annual incidence of 1.2 cases in 100,000 

adults 20. While it can present at any age, the incidence of nephrotic syndrome reaches a 

peak between 30 and 50 years of age 55. The typical clinical phenotype is that of a nephrotic 

syndrome, often characterized by slow progression of edema over weeks or months. 

Microhematuria occurs in 30% of cases and hypertension in 10% 56. MN is characterized 

by progressive disease course with deterioration in renal function in 30% of cases, of 

which 50% can reach renal failure in 10-15 years, especially if left untreated 55. Treatment 

of MN includes supportive therapy for the management of MN-related complications 

(such as proteinuria, edema, deep vein thrombosis, hyperlipidemia, hypertension) and 

immunosuppressive therapy, which includes B-cell therapy (e.g. rituximab), calcineurin 

inhibitors, and steroids sometime in combination with alkylating agents 56. However, it 
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is still debated who would benefit from immunosuppressive therapy, the timeline for its 

initiation, or the type of specific regimen to employ.

Immunopathology

MN is often primary (80%) 56 and the majority of primary MN cases are associated with 

circulating pathogenic autoantibodies against phospholipase A2 receptor (PLA2R, detected 

in 60-70% of MN cases), or thrombospondin type-1 domain- containing 7A (THSD7A, 

detected in 5% of anti-PLA2R negative cases) 57. Although specific triggers are still not 

completely known, it is plausible that dysregulation of B-cell activation and/or regulatory T 

cell function may contribute to MN 58,59.

In case of PLA2R-associated MN, immune dysregulation and/or loss of self-tolerance may 

lead to production of IgG (largely IgG4) autoantibodies that presumably bind in situ with 

PLA2R antigen, a transmembrane protein expressed in the podocytes of normal human 

glomeruli. The prognostic and predictive role of anti-PLA2R antibodies suggests that its 

dosage could be used to guide management of MN patients 60.

Antibody-antigen interaction would form IgG-PLA2R immune complexes that are shed into 

the subepithelial space of the glomerular capillaries. While these immune complexes may be 

capable of activating the alternative complement pathway 61, the sub-epithelial localization 

of the immune complexes allows them to evade the immune system, thus avoiding more 

widespread activation of inflammatory response. The immune complexes can be identified 

by electron microscopy as subepithelial electron dense deposits, and by immunofluorescence 

typically as dominant and polyclonal IgG (mostly IgG4) granular deposits along glomerular 

capillaries that co-localize with PLA2R and are often associated with less intense C3 

staining 54,62. Injured podocytes produce new extracellular matrix around the immune 

deposits, leading to glomerular capillary thickening, often accompanied by “spikes” that 

are best seen in light microscopy slides using Jones' methenamine silver stain. Later in 

the course of the disease, these deposits undergo resorption, which manifests as decreased 

immunofluorescence intensity, lighter appearance of the deposits by electron microscopy.

More recently, additional MN target antigens have been discovered in PLA2R-negative 

and THSD7A-negative MN patients, including exostosin 1 and 2, neural epidermal growth 

factor-like 1 (NELL-1), Sema3B, and PCDH7 63, most of which are associated with 

circulating antibodies. However, their role in MN pathogenesis and their possible correlation 

with secondary forms of MN need further investigation.

Genetic susceptibility

Whereas only rare familial cases of MN have been reported to date 64, most insights into 

the genetic architecture of MN came from GWAS. The first GWAS involving patients of 

European ancestry identified 2 genetic susceptibility loci with large effects on disease risk: 

HLA-DQA1 on chromosome 6p21 (top SNP: rs2187668 tagging the HLA-DQA1*05:01 
risk allele) and a locus located on chromosome 2q24 encoding the PLA2R1 gene (top SNP: 

rs4664308) 65. These findings, which were subsequently confirmed in independent European 

and East Asian cohorts 66,67, suggested that a genetic predisposition was likely due to a 
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permissive HLA haplotype in combination with a risk variant altering the immunogenicity 

of PLA2R.

More recently, a much larger multi-ethnic GWAS performed on 12,820 individuals of 

East Asian and European ancestries confirmed the previous association of HLA loci and 

MN 68. Additionally, the latter study suggested ethnicity-specific associations of individual 

classical HLA risk alleles with MN (including the DRB1*0301 risk allele shared between 

Europeans and East Asians, DQA1*0501 risk allele as originally described in Europeans, 

and DRB1*1501 risk allele with effects specific to East Asians) and discovered two 

new genome-wide significant loci encompassing NFKB1 and IRF4 genes, which encode 

transcriptional regulators of inflammation 68.. The PLA2R locus was further fine-mapped, 

and a regulatory risk variant was prioritized that appears to specifically increase the PLA2R 

expression in glomeruli while decreasing its expression in all other tissues. Taken together, 

this study demonstrated that primary MN has an unusual genetic architecture, where most 

of the genetic risk is conveyed by a small number of risk loci with relatively large effect 

sizes. A genetic risk score (GRS) based on these loci explained over 30% of disease variance 

and was associated with anti-PLA2R positivity and higher proteinuria at disease onset. The 

GRS may also have a diagnostic utility when combined with serum test for anti-PLA2R 

antibodies. In fact, accounting for GRS information in the interpretation of anti-PLA2R 

ELISA test increased the overall sensitivity of a serological test and correctly re-classified 

20-37% of MN cases 68.

Post-transplant MN

Similar to MN in the native kidney, recurrent MN in the kidney allograft is typically 

characterized by polyclonal global granular staining for IgG along the glomerular capillaries 

in a subepithelial distribution. However, in contrast to MN in the native kidney, recurrent 

MN often shows sparse electron dense deposits and lack of well developed “spikes” by light 

microscopy (Figure 2).

Despite the recent advancements in the pathogenesis of primary MN in the native kidney, 

our knowledge of post-transplant MN in patients with native renal failure secondary to 

primary MN is still limited. The role of MN recurrence on allograft survival is still a matter 

of debate. Most 15,69–72 but not all 73 observational studies have shown detrimental effects 

of MN recurrence on allograft survival. The prevalence of MN recurrence in the allograft 

ranges from 7 to 44% of cases, with higher rates and earlier occurrence encountered in 

centers performing protocol biopsies 14,73.

Recipient factors that have been anecdotally reported to be associated with recurrent MN 

include higher proteinuria at the time of transplantation, shorter time on waitlist, older age 

at transplant and a steroid-free immunosuppressive regimen 18,69,74. The last two may be 

linked to the status of recipient’s immune system. Small studies have also suggested that 

anti-PLA2R antibodies can predict recurrent MN 75,76.

To date, a few studies have investigated the role of HLA risk alleles of native MN in the 

recipient and MN recurrence. In a small study of 19 kidney transplant recipients with renal 

failure secondary to primary MN, HLA-DR3 was more frequent in patients with recurrent 
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MN compared with those without recurrence (40% versus 21.4%) 77. Furthermore, Quintana 

et al reported the presence of the known native MN risk allele HLA DQA1*0501 in 6 of 7 

recipients with recurrent MN 76. However, these findings were not be confirmed in a larger 

multicenter study, which instead suggested that recipient HLA-A3 antigen was associated 

with recurrent MN 74.

With regard to donor factors, a small retrospective observational study reported higher donor 

HLA-A3 prevalence in kidney transplants with recurrent MN compared with non-recurrent 

MN 78, but this could not be confirmed in a larger study 74.

Donors’ and recipients’ genetic risk for native MN has been explored in a recent study 

of 105 recipients with renal failure secondary to primary MN and their respective donors 
79. Interestingly, only donor risk alleles in HLA-DRB1/DQA1 and PLA2R1 significantly 

predicted the risk of MN recurrence in the recipients independent from other clinical 

predictors. No effect of recipient’s HLA-DR or PLA2R1 risk alleles was found. This study, 

which was the first to test donor and recipient genetic risk for MN in the transplant setting, 

points to the importance of donor-inherited factors in recurrent MN. No donor or recipient 

GWAS of recurrent MN exist at present.

In summary, because of small sample size in single-center observational studies, and current 

lack of complete data on disease recurrence in renal transplant registries, the existing data on 

recipient and donor-related risk factors for recurrent MN are extremely limited. Still, current 

evidence suggests that recipient immune factors and donor inherited factors may represent 

important contributors to the risk of recurrent MN (Figure 2). Together, this stresses the need 

for well-designed multicenter studies with adequate power to systematically assess specific 

immune, genomic, and clinical factors in multivariable survival models. Future studies may 

widen the exploration of donors’ and recipients’ genetic risk factors, with a broader analysis 

of genetic effects, including the newly discovered NFKB1 and IRF4 loci.

PRIMARY FOCAL SEGMENTAL GLOMERULOSCLEROSIS (FSGS)

Focal segmental glomerulosclerosis (FSGS) represents a non-specific histologic 

manifestation of an injury causing podocyte depletion, which eventually leads to obliteration 

of the glomerular tuft, adhesion of the affected areas with Bowman’s capsule, and eventually 

hyaline deposition. FSGS can be primary (idiopathic), secondary or genetic. When a specific 

etiology cannot be defined, FSGS is considered primary (idiopathic) and it is believed to 

be the consequence of the effect of a circulating factor on the integrity of the glomerular 

filtration barrier 80. However, our increased knowledge of the role of inherited and immune 

factors in primary FSGS suggests that the above terminologies are not ideal.

Primary FSGS is usually more common in adolescents and young adults and in African 

Americans 20,81. Clinical features typically include nephrotic syndrome, manifested as 

nephrotic range proteinuria (>3.5 g/g urine protein/creatinine), reduced serum albumin (<3.5 

g/dL) and edema 82. Treatment of primary FSGS relies on the use of immunosuppressants, 

including corticosteroids as first-line treatment, and calcineurin inhibitors 83. Recently, B 

cell depleting agents such as rituximab have shown encouraging results 84.
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Immunopathology

It is believed that the pathogenesis of primary FSGS likely involves circulating factors 85. 

This has been suggested by evidence of the therapeutic effect of immunoadsorption and 

plasmapheresis on reduction of proteinuria. Moreover, the serum of FSGS patients increases 

the permeability to albumin in glomeruli in vitro, and when injected into rats, it induces 

foot process effacement and proteinuria 86. Several candidate circulating factors responsible 

for primary FSGS have been proposed, although none of them have been confirmed so far. 

Among these are anti-CD40 antibody 87, and soluble urokinase-type plasminogen activator 

receptor (suPAR) 88, and most recently, anti-nephrin antibodies (Weins A, presented at ASN 

Kidney Week 2020).

Since podocytes are terminally differentiated cells that cannot regenerate through cell 

division, podocyte injury from potential circulating factors can cause extensive progressive 

podocyte depletion. In an attempt to repair the damage, podocytes stretch to cover the 

denuded areas. This can be observed by electron microscopy as near complete foot process 

effacement (≥ 80% of total glomerular capillary surface areas) 82,89,90. Therefore, from a 

pathophysiologic point of view, primary FSGS can be seen as diffuse podocytopathy with 

near complete foot process effacement affecting all the glomeruli.

Persistent injury to the podocytes subsequently causes segmental adherence of the injured 

tuft to the Bowman’s capsule, permitted by the effect of the glomerular capillary hydrostatic 

pressure 80, followed by entrapment of plasma proteins (including macromolecules) with/

without hyaline accumulation and foam cells that can be reflected as segmental trapping of 

IgM and C3 staining within the areas of hyalinosis by immunofluorescence. Alongside these 

findings, FSGS may show different morphologic features by light microscopy, including 

not-otherwise-specified, perihilar, cellular, tip, and collapsing variants 91.

Genetic susceptibility

In steroid-resistant nephrotic syndrome, sequencing panels identified mutations in up to 

30% of patients < 25 year-old 92 and 12% of adults 93. However, even when a genetic 

mutation is identified, the pattern of inheritance may be complex and disease penetrance 

may be variable 94. These findings suggest that there may be additional genetic and/or 

environmental factors necessary for the manifestation of the disease. Whereas GWAS can 

be a powerful approach for the detection of such common susceptibility variants across the 

entire genome, GWAS approaches have been challenging in the setting of primary FSGS 

given the low incidence of the disease, the limited availability of a histological diagnosis, 

and the difficulties in its classification into primary or secondary.

GWAS studies have discovered associations between steroid-sensitive nephrotic syndrome 

and HLA loci 95, and more recently with common variants in NPHS1-KIRREL2 (a podocyte 

gene) and TNFSF15 (involved in other immune-mediated diseases, such as primary biliary 

cirrhosis) 96 supporting the notion that steroid-sensitive nephrotic syndrome is a polygenic 

disease, similar to systemic autoimmune disorders, where immune dysregulation seems to 

play a preponderant pathogenic role.
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Post-transplant FSGS

Recurrence of primary FSGS in the kidney allograft often manifests very early after 

transplantation supporting the role of recipients’ circulating factors in the pathogenesis 

of recurrent FSGS 80. Early on, the morphologic appearance of recurrent FSGS would be 

reminiscent to that of minimal change disease while segmental sclerotic lesions develop later 

in the course of transplantation (Figure 4).

Recurrent primary FSGS is expected to affect 30-40% of the patients and is associated 

with an increased risk of allograft loss 19,97. Primary FSGS is rare and studies aimed 

to assess recurrent rates, prognosis and risk factors are inevitably underpowered. While 

larger registry data relying on retrospectively collected data have shown lower recurrence 

rates 15,98 and may have missed recurrent FSGS that were not associated with allograft 

loss. Our knowledge of recurrent FSGS in the kidney allograft is further limited by the 

lack of stringent criteria to exclude cases of secondary/adaptive FSGS, which may have 

contaminated the studied cohorts (although using tacrolimus as a maintenance therapy may 

complicate the aforementioned issue).

Among recipients’ factors, European ancestry 97, lower age at diagnosis in the native 

kidney 98–100, and FSGS recurrence in previous allografts 101 have all been associated 

with higher rates of FSGS recurrence. Furthermore, pre-transplant bilateral nephrectomy 

was also associated with higher risk of FSGS recurrence 99, suggesting that native kidneys 

may absorb the potential pathogenic circulating factors 102. Recently, a panel of seven serum 

antibodies (CD40, PTPRO, CGB5, FAS, P2RY11, SNRPB2, and APOL2) correlated with 

FSGS recurrence 87.

With regard to donor factors, African American donor race has been shown to be associated 

with higher rates of FSGS recurrence 97. These findings may be the consequence of the 

detrimental effects of APOL1 risk variants in African American populations that may 

accelerate podocyte loss after transplantation 103. Among other donor factors, older donor 

age was also associated with risk of recurrence 98.

A recent multi-center study from the TANGO project analyzed 176 kidney transplant 

recipients affected by primary FSGS and assessed potential risk factors for disease 

recurrence in multivariable Cox proportional hazards models adjusted for major 

confounding parameters 19. This study confirmed the association of recipient White race 

and pre-transplant bilateral nephrectomy with higher risk of recurrence. Interestingly, older 

recipient age was an independent risk factor for recurrence, as well as lower BMI. However, 

this study did not address the role of genetic factors in disease recurrence.

In summary, little is known regarding pathogenesis and risk factors of recurrent primary 

FSGS (Figure 4). Our limited understanding of such risk factors in the native kidney further 

complicates this issue. Applying stringent criteria to diagnose primary FSGS in the native 

kidney and in the allograft is a good start to filter out inappropriately included cases of 

secondary/adaptive FSGS and assemble a pure cohort of transplant patients with recurrent 

and non-recurring primary FSGS. Given the increasing evidence that the immune system 

may play a role in disease pathogenesis, further studies should focus the attention on the 
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interplay between donor’s and recipient’s HLA type, serologic testing, and gene expression 

profiles. Genomic assessment of post-transplant FSGS may discover variants associated 

with risk of recurrence and give better insights into donor’s and recipient’s susceptibility 

factors. Such studies inevitably require large sample sizes, and further emphasize the need 

for multi-center designs.

DE NOVO COLLAPSING GLOMERULOPATHY

Collapsing glomerulopathy, or collapsing focal segmental glomerulosclerosis, is defined 

histologically by the presence of at least one glomerulus with segmental wrinkling, 

retraction, and obliteration of glomerular capillaries, accompanied by hypertrophy and 

hyperplasia of overlying glomerular epithelial cells 91. Collapsing glomerulopathy is a rare 

disease with variable geographic distribution. It is commonly encountered in patients of 

African ancestry and is typically characterized by massive proteinuria and rapid progression 

to kidney failure 91,104.

Clinicopathologic studies have enhanced our understanding of this disease. While collapsing 

glomerulopathy can be idiopathic (in up to 80% of cases in some studies) 105, the list 

of associated triggers keeps growing over time. For example, collapsing glomerulopathy 

has been associated with viral infections, medication exposures (e.g. interferons and 

pamidronate), collagen vascular disease/autoimmunity, hemophagocytic syndrome, and 

acute vaso-occlusive disease 106.

Immunopathology

Animal studies have shown that developing collapsing glomerulopathy requires a genetic 

background and severe podocyte injury 107,108 that cause podocyte lysis and denudation of 

the glomerular basement membranes 108. Since the cross-talk between healthy podocytes 

and the endothelium is crucial for glomerular capillary integrity, the affected segment later 

collapses 109. In an attempt to repair the damage and seal the naked basement membranes, 

parietal cells seem to get activated, may detach from the parietal basement membrane, and 

migrate to the denuded glomerular basement membranes107,108. Ultimately, this leads to 

the development of characteristic features of collapsing glomerulopathy, namely proteinuria, 

glomerular tuft collapse, and hyperplasia of parietal cells.

In humans, collapsing glomerulopathy results from an interplay between genetic 

predisposition and factors inducing severe podocyte injury. Collapsing glomerulopathy is 

commonly encountered in subjects with recent African ancestry and more specifically in 

subjects with two APOL1 kidney risk variants (G1/G1, G1/G2, or rarely G2/G2), which are 

referred to as “APOL1 high-risk genotypes” 110. Notably, inflammation, especially when 

associated with elevated interferon levels, can upregulate APOL1 expression by several 

hundred orders of magnitude 111. Whereas APOL1 high-risk genotypes are present in 

14% of the African American population, APOL1 high-risk genotypes are highly enriched 

in patients with collapsing glomerulopathy where they are encountered in >80% of such 

patients in the setting of HIV-associated nephropathy 112, COVTD-19 113,114, or interferon 

treatment 115.
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Collapsing glomerulopathy in the kidney allograft

In contrast to collapsing glomerulopathy in the native kidney, less is known about 

collapsing glomerulopathy in the kidney allograft. Case series reported through 2017 were 

largely small and limited by incomplete clinical data (summarized in supplemental table 

of reference 116). Nevertheless, these studies have shown that post-transplant collapsing 

glomerulopathy is associated with poor allograft survival 117–119, relatively low percentage 

of Black recipients 118,119 and high incidence of concurrent episodes of acute vaso-occlusion 
120,121 . In 2016, Shah et al. reported de novo collapsing glomerulopathy that developed in 

2 patients who received their kidney allograft from a single deceased black donor who later 

was found to have APOL1 high-risk genotype 122, suggesting for the first time that donor 

APOL1 may be involved in the pathogenesis of de novo collapsing glomerulopathy.

Two years later, a single center study of 38 patients with collapsing glomerulopathy in 

the kidney allograft was reported 116. 47% of the recipients received allografts from 

African American donors, and of these, 8 (53%) had APOL1 high-risk genotypes. In these 

patients, concurrent acute rejection, acute vaso-occlusive disease (mainly cortical necrosis 

and thrombotic microangiopathy), and viremia (cytomegalovirus and rarely parvovirus or 

Epstein Barr virus) were present in 61%, 29%, and 13% of patients, respectively. Notably, 

all patients who received allografts from donors with high-risk APOL1 high-risk variants 

had either concurrent or prior episodes of acute rejection or viremia. Finally, multivariate 

analysis for allograft survival showed that a donor APOL1 high-risk genotype was a 

significant predictor of allograft failure, while acute vaso-occlusive disease was associated 

with favorable allograft survival 116.

In summary, a handful of case reports and retrospective observations suggest that donor 

APOL1 high-risk genotypes in the presence of allograft inflammation (such as acute 

rejection) can cause aggressive collapsing glomerulopathy with detrimental effects on 

allograft survival. In contrast, acute ischemia from acute vaso-occlusion can lead to 

collapsing glomerulopathy that may be independent from donor APOL1 status. Given the 

typically localized pattern of injury in vaso-occlusive disease, collapsing glomerulopathy in 

the latter setting is often associated with a favorable prognosis if the allograft can survive 

the vascular insults, (Figure 4). Future studies need to assess potential donor APOL1 dose 

effects, which may be more apparent than that occurring in the native kidney given the 

typical presence of a single kidney in an alloimmune environment.

DE NOVO IMMUNE COMPLEX-MEDIATED GLOMERULONEPHRITIS (ICMGN)

Establishing a diagnosis of de novo ICMGN in the kidney allograft is not always 

easy. Kidney transplant recipients do not consistently have a pre-transplant diagnostic 

native kidney biopsy. Furthermore, de novo ICMGN often occurs late in the course of 

transplantation. This can render early protocol biopsies of questionable diagnostic value.

While the precise prevalence of de novo ICMGN is unknown, it is estimated that at least 5% 

of kidney transplant patients would develop de novo MN or de novo membranoproliferative 

glomerulonephritis after transplantation 123. Despite this high incidence, the mechanisms of 

de novo ICMGN is not well understood. Because of the potent immunosuppressive therapy 

Zanoni et al. Page 12

Semin Nephrol. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



in kidney transplant patients, it is not surprising that early in the course of the disease, 

de novo ICMGN is often asymptomatic or only associated with mild renal insufficiency, 

sub-nephrotic proteinuria, and/or mild microhematuria 123. However, de novo ICMGN is 

eventually expected to have a detrimental effect on allograft survival 11,124.

Immunopathology

De novo ICMGN is traditionally considered a non-alloimmune glomerular disease 125. Yet, 

the majority of de novo ICMGN are characterized by negative serologic work-up 126,127. 

Hence, it is plausible that a proportion of de novo ICMGN may occur secondary to the 

development of in situ immune complexes formed by ligation of recipient immunoglobulins 

with donor alloimmune antigens. In fact, ICMGN secondary to alloimmune response is a 

well-documented phenomenon. In the neonate, MN can develop following production of 

IgG antibodies against neutral endopeptidase in mothers who lack such antigen128. ICMGN 

can also be encountered following bone marrow transplantation, often in association with 

chronic graft versus host disease 129.

In the kidney allograft, de novo ICMGN have been detected in a non-immunosuppressed 

rat model of kidney transplantation (Fischer-344 kidneys to Lewis recipient) 127. In 

the aforementioned study, Grau et al. harvested rat kidney allografts at different time 

intervals and found that allografts harvested up to six weeks post-transplantation showed 

histopathologic findings similar to human kidney allografts with antibody-mediated 

rejection (AMR) while those harvested at 26 weeks showed de novo ICMGN 127.

In humans, de novo ICMGN comprise wide spectrum of glomerular diseases, including 

IgAN, MN, and ICMGN-not otherwise specified (ICMGN-NOS) 130,131. De novo IgAN 

is the least studied form of de novo ICMGN while de novo MN is probably the most 

characterized form of de novo ICMGN. In contrast to recurrent MN, de novo MN is 

typically PLA2R-negative, over expresses HLA-DR antigen in the podocytes, and occurs 

late in the course of transplantation 74,132,133. Whereas older studies have suggested a 

relation between de novo MN and HCV 134, more recent studies failed to show such an 

association 74. Thus, it is suspected that a proportion of de novo MN may be secondary to 

alloimmune response against antigens in donor podocytes 74,133

Recent studies have attempted to further characterize the group of de novo 
ICMGN-NOS, which includes non-IgA mesangial proliferative or membranoproliferative 

glomerulonephritis of unknown etiology. Giannico et al. described the clinical and 

histopathologic features of 28 allograft biopsies with mesangial proliferative ICMGN-

NOS126. They found that 36% of these biopsies have concurrent acute T-cell mediated 

rejection and 25% have AMR.126 Lloyd et al. also identified 32 patients with de novo 
ICMGN, including 12 (37%) ICGN-NOS135. Compared to other de novo ICMGN, ICGN-

NOS had higher incidence of concurrent AMR (67% vs. 5%, p<0.001) and numerically 

more acute T cell mediated rejection (33% vs. 10%) 135. We also found evidence to 

support a relation between de novo ICMGN and alloimmunity 131. Compared to recurrent 

glomerulonephritis (n=77), patients with de novo ICMGN (n=46) had more concurrent 

AMR, higher DSA at the time of diagnosis, higher number of previous solid organ 

transplants, and less potent induction therapy at the time of transplantation 131. However, 
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when these cases were further studied, we found that the proportion of biopsies with AMR 

or DSA were highest in patients with de novo MN (63%), followed by de novo IgAN (36%) 

and de novo ICGN-NOS (29%) (Table 1).

In summary, there is cumulative evidence to suggest that a proportion of de novo ICMGN 

are alloimmune in nature. Such association warrants additional investigation. Late post-

transplant protocol biopsies may be needed to further characterize these glomerular diseases. 

Gene expression profiling, mass spectrometry, and GWAS are potential approaches that 

may enhance our understanding of the pathophysiology of de novo ICMGN. Until then, 

a practical approach in evaluating de novo ICMGN may include performing detailed 

serologic and histologic evaluation, including full panel immunofluorescence and even 

electron microscopy, to exclude traditional causes like infection (especially bacterial and 

HCV), autoimmune diseases, and cryoglobulinemia. In case the aforementioned causes were 

reasonably excluded, then the possibility of an alloimmune etiology should be considered. If 

the allograft biopsy meets Banff criteria for AMR, then the focus should be to treat AMR. 

If the biopsy does not meet diagnostic criteria for AMR, it would still possible that such 

ICMGN is alloimmune in nature. Physicians caring for kidney transplant patients may need 

to consider modify their immunosuppressive treatment (such as increase their maintenance 

immunosuppression) to try to slow the progression of such diseases.

CONCLUSION

Glomerular diseases in kidney allografts have a detrimental effects on allograft survival, yet 

our knowledge of the risk factors for these disorders is largely restricted to descriptive 

reports and small clinical studies. Application of precision medicine approaches to 

glomerular diseases of the kidney allograft is limited by inadequately powered studies. 

To enhance our understanding of post-transplant glomerular diseases, we need to benefit 

from scientific advances achieved by genetic and immunologic studies in the native kidney 

to better define the role of inherited and immune factors in glomerular diseases of the 

kidney allograft. Such an approach also has the potential to dissect intra-renal (donor) from 

extra-renal (recipient) genetic and immune effects, which cannot be achieved by studying 

these diseases in the native kidney. (Figure 5).
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APOL1 apolipoprotein L1

AMR antibody-mediated rejection

DSA circulating donor-specific antibodies

FSGS primary focal segmental glomerulosclerosis
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Gd IgA1 Galactose-deficient IgA1

GFR glomerular filtration rate

GRS genetic risk score

GWAS genome wide association studies

HLA human leukocyte antigen

ICMGN immune complex-mediated glomerulonephritis

ICMGN-NOS immune complex-mediated glomerulonephritis not otherwise 

specified

IgAN IgA nephropathy

MN membranous nephropathy

PLA2R phospholipase A2 receptor

SNP single nucleotide polymorphism
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Figure 1: Pathogenesis of recurrent IgAN
Left panel: Previous published reports have found that variables broadly related to 

recipients’ immune system status and donor inherited factors can predict recurrent IgAN. 

The genomic studies in the native kidney also suggest that recipient inherited factors can 

contribute to recurrent IgAN. Right panel: Representative photomicrographs of recurrent 

IgAN (A) A glomerulus showing mesangial expansion and proliferation (periodic acid–

Schiff, original magnification ×400) (B) This was associated with global granular to 

confluent staining for IgA in the mesangium (immunofluorescence, original magnification, 

×400) and (C) granular and often confluent mesangial electron dense deposits (electron 

microscopy, original magnification ×5,000).

Abbreviations: Abs, antibodies; HLA, human leukocyte antigen; Gd IgA1, Galactose-

deficient IgA1; GWAS, genome wide association studies.
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Figure 2: Pathogenesis of recurrent MN
Left panel: Previous published reports have found that variables broadly related to 

recipients’ immune system status and donor inherited factors can predict recurrent MN. 

The association between recipient HLA-A3 and recurrent MN is trickier and need to be 

confirmed in other cohorts given the different distribution of HLA-A3 amongst different 

populations worldwide. Right panel: Representative photomicrographs of recurrent MN 

(A) A normocellular glomerulus showing minimally thickened glomerular capillaries 

without prominent “spikes” (Jones’ methenamine silver, original magnification ×600). This 

was associated with (B) scattered subepithelial deposits without significant glomerular 

basement membrane reaction (arrows, electron microscopy, original magnification ×6,000) 

(C) granular global staining for IgG along glomerular basement membranes in a 

subepithelial distribution (immunofluorescence, original magnification, ×400) and (D) 
granular global staining for PLA2R in the same distribution (immunofluorescence, original 

magnification, ×400). Right lower panel: Potential algorithm for future studies to improve 

our understanding of recurrent MN.

Abbreviations: HLA, human leukocyte antigen; PLA2R, phospholipase A2 receptor.
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Figure 3: Pathogenesis of recurrent primary FSGS
Left panel: Previous published reports have found that variables broadly related to 

recipients’ immune system status may predict recurrent FSGS. The association with 

inherited factors is even less defined at the moment. Right panel: Representative 

photomicrographs of recurrent primary FSGS (A) A normocellular glomerulus showing 

mild prominence of the podocytes on day 12 after transplantation in a patient presented 

with full nephrotic syndrome (periodic acid–Schiff, original magnification ×600) (B) 
This was associated with complete foot process effacement (electron microscopy, original 

Zanoni et al. Page 24

Semin Nephrol. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



magnification ×6,000) (C) Several segmental sclerotic lesion was noted in the follow-up 

biopsy, which was performed 3 months post-transplant (arrows, representative image, 

periodic acid–Schiff, original magnification ×600).
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Figure 4: Potential pathways for de novo collapsing glomerulopathy.
Left upper photomicrograph (periodic acid-Schiff, original magnification ×100). Left 

lower photomicrograph (Jones’ methenamine silver, original magnification ×100). Right 

photomicrograph (Jones’ methenamine silver, original magnification ×400)

Zanoni et al. Page 26

Semin Nephrol. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5: Potential algorithm for future studies to improve our understanding of glomerular 
diseases of the kidney allograft.
Abbreviations: HLA, human leukocyte antigen; GWAS, genome wide association studies.
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Table 1.

Characteristics and potential etiologies for de novo ICMGN

ICMGN-NOS

(N=21)
(a)

IgAN

(N=11)
(b)

MN

(N=8)
(c)

HCV

(N=4)
(d)

Infection-related

(N=2)
(e)

Post-transplant interval (years) 4.2 (2.5, 7.3) 4.6 (3.1, 8.1) 3.4 (1.4, 7.8) 3.3 (2.1, 4.3) 1.8 and 9

Induction with IL-2R 8/20 (40%) 3/11 (27%) 0/7 (0%) 4/4 (100%) 0/2 (0%)

Prior solid organ transplant (%) 6/21 (29%) 4/11 (36%) 3/8 (38%) 1/4 (25%) 0/2 (0%)

AMR 2/21 (9.5%) 2/11 (18.2%) 4/8 (50%) 1/4 (25%) 0/2 (0%)

DSA without AMR 4/21 (19%) 2/11 (18.2%) 1/8 (12.5%) 1/4 (25%) 0/2 (0%)

TCMR 6/21 (28.5%) 2/11 (18.2%) 2/8 (25%) 0/4 (0%) 1/2 (50%)

ANA or other autoantibodies 1/21 (4.8%) 0/11 (0%) 1/8 (12.5%) 1/4 (25%) 0/2 (0%)

HCV 0/21 (0%) 0/11 (0%) 0/8 (0%) 4/4(100%) 0/2 (0%)

Infection (non-HCV) 0/21 (0%) 0/11 (0%) 0/8 (0%) 0/4 (0%) 2/2 (100%)

Others 1/11 (9%) (cirrhosis)

No apparent etiology identified 11/21 (52.3%) 5/11 (45.4%) 3/8 (37.5%) 0/4 (0%) 0/2 (0%)

Abbreviations AMR, antibody-mediated rejection; DSA, circulating donor-specific antibodies; TCMR, T cell mediated rejection

CUIMC patients with de novo ICMGN (n=46, retrospectively identified between 2011-2019)

This study was approved by Columbia Institutional Review Board and published in part previously (reference 131).

In this non-published part of the study, we sought to associate de novo ICMGN with possible etiologies. One of the 21 IGMGN-NOS, was 
associated with positive ANA and a history of autoimmune hepatitis, and was therefore favored to be related to autoimmunity. One of the 11 
patients with de novo IgAN had liver cirrhosis and was classified as IgAN secondary to liver cirrhosis.

- Data on induction therapy was not available for 2 patients (1 with GN-NOS and 1 with MN). Per protocol, all recipients with HCV receive 
induction therapy with IL2R

- Some patients had more than one potential etiology:

(a)
2 patients had TCMR and DSA without AMR. 1 patient had ANA and DSA without AMR.

(b)
1 patient had TCMR and DSA without AMR.

(c)
1 patient had AMR and TCMR. 1 patient had AMR, TCMR and ANA.

(d)
1 patient had HCV and DSA. 1 patient had HCV and AMR. 1 patient had HCV and ANA.

(e)
1 patient had infectious etiology and TCMR.
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