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Abstract: Proliferative glomerulonephritis with monoclonal immunoglobulin deposits (PGNMID) is a new entity of monoclonal
gammopathy of renal significance (MGRS) due to monoclonal immunoglobulin (mlg) deposits in the glomerulus leading to kidney
injury. Patients with PGNMID typically present with proteinuria, haematuria, and abnormal renal function. Only ~30% of patients
have a detectable clone in the blood, urine or bone marrow. Histologically, the membranoproliferative glomerulonephritis (MPGN)
pattern of injury is the most common, with approximately 50% of patients demonstrating IgG3kx monoclonal deposition in the
glomerulus. Approximately 20% of PGNMID patients progress to end-stage kidney disease (ESKD), and recurrence with renal
allograft is frequent. Treatment of PGNMID relies on targeting identifiable B-cell or plasma cell clones. Due to the relatively short
history of research on this disease and incomplete understanding, it is easy to misdiagnose and miss diagnosis, and there are also
objections on how to treat it. Therefore, we review the development of PGNMID understanding in the past 20 years and discuss this
new entity from a holistic and progressive perspective.
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Introduction

Monoclonal immunoglobulin diseases include light-chain deposition disease, light- and heavy-chain deposition disease,
heavy-chain deposition disease, type I cryoglobulinemia, immune tubular glomerulopathy and fibrillar glomerulopathy.
In recent years, the spectrum of monoclonal gammopathy has gradually expanded to include tissue deposits of mono-
isotype Ig but lacks evidence for a circulating monoclonal Ig component.' At present, there are still many problems worth
exploring and solving for this disease. In this article, we discuss PGNMID in terms of history, clinicopathological
manifestation and treatment.

History of PGNMID

Proliferative Glomerulonephritis with Monoclonal IgG Deposits (PGNMID-IgG)

As early as 1980s, scholars described PGNMID-like pathological changes.® Alpers reported 11 cases of glomerulonephritis
associated with immunoglobulin light chain or monoclonal immunoglobulin deposition, with MPGN as the main pathological
manifestation, IgGk present in mesangium and subendothelial deposition.” The term PGNMID-IgG was first proposed by
Nasr in 2004." Nasr’s team retrospectively identified 10 cases of unclassifiable immune-mediated glomerulonephritis with
monoclonal IgG deposition among 4650 renal biopsies.' The pathological manifestations under light microscopy were MPGN
or proliferative glomerulonephritis (GN), and immunofluorescence showed the monoclonal expression of proteins composed
of a single light-chain subtype (k or A) and a single y subtype (two cases of IgG1x, one of I[gG1A, one of IgG2A, four of IgG3k
and one of IgG3M)." Electron microscopy revealed mesangial, subendothelial, and subepithelial granule-like electron-dense
deposits, resembling immune complex-mediated GN. Three fixed regions of y heavy chains (CH1, CH2 and CH3) were

International Journal of General Medicine 2022:15 8577-8582 8577
Received: 21 September 2022 © 2022 Lin and Chen. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https:/www.dovepress.com/terms.
Accepted: 30 November 2022 AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creati g/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Published: 14 December 2022


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Lin and Chen Dove

stained in all cases, suggesting the deposition of nondeleted immunoglobulin molecules. Renal insufficiency was present in
80% of the patients (mean serum creatinine was 2.8 mg/dL, mean urine protein level was 5.8 g/day), 44% presented with
nephrotic syndrome, and 60% had microscopic haematuria. Monoclonal blood and urine species were detected in 50% of
cases (3 IgGk and 2 IgGA), and no patient progressed to myeloma or lymphoma during the mean follow-up period of 12
months.

In 2009, Nasr reported another 37 cases of PGNMID-IgG.? The most common mlg was IgG3 (65.6%), the light-chain
subtype was «, and there was a lack of evidence of monoclonal B lymphocyte or plasma cell proliferation in bone
marrow biopsies.’

In 2015, Nelson et al identified 60 patients with renal biopsy-proven glomerular monoclonal immunoglobulin
deposition proliferative glomerulonephritis (MIPG) in the Mayo Clinic’s pathology database for retrospective
analysis.* The results showed that 90% of patients had IgG mlg deposition, 48% of patients showed an MPGN damage
pattern, 20% of patients had mlg detected by serum immunofixation (SIFE), 21% of patients had an abnormal serum-free
light-chain ratio (sFLCR), and 25% of patients bone marrow examination revealed mlg (10/40), including 6 plasma cell

clones (5 IgG type, 1 IgA type), 3 chronic lymphocytic leukaemia (all IgG type), and 1 lymphoplasmacytic clone (IgM
type).

Other Types of PGNMID

In 2007, Ramos et al reported a case of nonmalignant monoclonal immunoglobulinemia (IgM k) with nephrotic
syndrome and progressive renal failure. Light microscopy showed mesangial matrix expansion, focal mesangial cell
hyperplasia, and fluorescence manifesting as monoclonal deposition of IgM and « light chains in the glomerulus.’ In
2010, Kaneko et al reported a patient with monoclonal immunoglobulinemia (IgA k) with haematuria. Light microscopy
showed mesangial proliferative glomerulonephritis with intracapillary proliferation, necrosis and cell crescent formation.

Immunofluorescence showed IgA1-k monoclonal deposition.’®

PGNMID-Light Chain (PGNMID-LC)

In 2020, Nasr proposed the concept of PGNMID-LC.” The difference between PGNMID-LC and PGNMID-IgG is the
higher probability of detecting pathogenic clones. Nasr reported 17 cases of PGNMID-LC, and these patients had
haematological abnormalities, MGRS (71%) or multiple myeloma (29%). mlg was identified by blood and urine
immunofixation electrophoresis in 65% and 73% of patients, respectively; 83% had abnormal serum-free light chains,
and 88% had detectable clones in the bone marrow plasma cells. In light microscopy, most of the patients showed an
MPGN injury pattern consisting of restricted light chains (71% x) and C3.

Electron microscopy revealed subendothelial, mesangial and subepithelial granular deposits. Proteomic analysis of
four patients with PGNMID-LC (k) showed the expression of k constant and variable domains but no Ig heavy-chain
expression. The expression of alternative complement pathway components and the terminal complex was detected in
three patients, but the expression of the classical complement pathway components was not detected. At a median follow-
up of 70 months, 60% (6/10 patients) of the patients who received targeted plasma cell therapy achieved renal remission,

whereas none of the 5 patients who received other treatments achieved remission.

PGNMID in Kidney Allografts

In 2011, Nasr et al reported that PGNMID-IgG recurred in kidney allografts.® Similar to in MGRS diseases, relapse after
kidney transplantation in PGNMID patients is extremely common, with a relapse rate of 89%; 86% of the patients
experience relapse within 3—4 months after transplantation.” The transplant kidney biopsies revealed that mesangial
proliferative glomerulonephritis is the most common type; 89% of the cases were renal tissue mlg of IG3, and 20% of the
patients had detectable serum paraprotein.”'® The median survival time after transplant was 92 months, with nearly 50%

of patients experiencing transplant failure within 3 years of diagnosis.” '
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Pathogenesis

The pathophysiology of PGNMID remains unclear. As in other types of MGRS, nephrotoxicity likely arises primarily
from the mlg or subunits, those may relate to antigen-binding antibody or with special conformation to promote mlg
deposition.'*'* 1gG3 has a greater predominance in PGNMID, and IgG3 usually constitutes only 4-8% of total serum
IgG. IgG3 has a large molecular mass (170 kDa) and is easily restricted by the glomerular filtration barrier.'* IgG3 easily
self-aggregates through the Fc—Fc interaction and has the largest C1q immobilization capacity. These two characteristics
promote IgG3 deposition in the glomerulus and activate the classical complement pathway.'*'° Sirac et al found that
changes in some amino acids, which may reduce the stability and folding of immunoglobulins, lead to oversecretion of
unstable immunoglobulins or immunoglobulin fragments in an animal model of monoclonal immunoglobulin-associated
kidney disease.'” Therefore, the diagnosis of mlg in renal deposits requires not only the demonstration of a single
(restricted) heavy- and light-chain isotype, but also evidence of homogeneous variable domains either by empirical
approaches such as immunoelectron microscopy or by determination of amino acid sequences by mass spectrometry
assays.'*!”!® In addition, spontaneous remission of PGNMID patients that occurs at a young age or after viral infection
may suggest that pathogenesis also involves induction of B-cell repertoires by viral or other antigenic stimulation
mechanisms, producing low clonal nephrotoxic IgG3."" 2>

Clinical Characteristics

PGNMID is common in Caucasians, with no sex difference, accounting for 0.17%-3.7% of renal biopsies.'®* In patients
over 20 years of age, PGNMID accounts for 0.8% of renal biopsies. The incidence of PGNMID is 7-fold lower than that
of light-chain amyloidosis and 2-fold lower than that of MIDD." The average age of onset is 55 years, and the disease can
occur at any age.**

The clinical manifestations of PGNMID are nonspecific; nearly half of the patients present with nephrotic syndrome,
60% have oedema, and 80% have haematuria, sometimes visible to the naked eye.** Two-thirds of patients have renal
insufficiency, the median estimated glomerular filtration rate (eGFR) at baseline is 36 mL/min/1.73 m2, and <10%
require dialysis at diagnosis. Rapidly progressive glomerulonephritis is uncommon. Hypocomplementemia is uncommon,
with low serum levels of C3 and/or C4 in 20% of patients and a negative cryoglobulin test."”

The positive detection rate of mlg was lower for PGNMID than for MIDD.'*!S Under conditions in which
immunofixation electrophoresis and free light-chain detection are feasible, nephrotoxic mlg is found in the circulation
in ~30% of cases. Monoclonal findings on bone marrow examination are similarly low. Bhutani reported that only 25%
of patients had abnormal bone marrow clones, of which 5 patients (50%) had plasma cell clones detected by
immunohistochemistry and flow cytometry, and the rest were CD20+ clones. Peripheral blood flow lymphocyte
detection revealed B-cell clones in one patient (1/9).* Although patients with PGNMID are less likely to develop
haematological malignancies, the presence of CLL, rare B-cell lymphomas or smouldering MM necessitates long-term
monitoring.

Diagnosis and Differential Diagnosis
Early diagnosis of PGNMID is key to improving prognosis, and diagnosis and treatment are based on comprehensive
clinical evaluations, complete renal biopsies, and in-depth immunological and haematological examinations.

The pathological diagnostic criteria for PGNMID are as follows:'? (1) Light microscope: proliferative or membranous
proliferative GN (or atypical membranous GN); (2) Immunofluorescence or immunohistochemistry: glomerular mono-
typic deposits (glomerular positivity for a single immunoglobulin class, a single IgG subclass in the case of IgG
PGNMID and a single light-chain isotype), usually IgG3; rarely IgGl, IgG2, IgA, IgM, LC only; (3) Electron
microscopy: predominantly granular electron-dense deposits in mesangial, subendothelial and/or subepithelial locations
and (4) Clinical: absence of clinical or laboratory evidence of cryoglobulinaemia.

When the pathological manifestation indicates PGNMID, a thorough examination by immunology and haematology
is required to determine whether there is pathological plasma cell or lymphocyte disease.”” Testing includes blood
examinations, urine immunoelectrophoresis, haematuria immunofixation electrophoresis, blood-free light-chain tests,
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bone marrow histology examinations, and bone marrow flow examinations.? If all of the above test results are negative,
immunophenotyping of circulating lymphocytes by flow cytometry, CT scan of the chest, abdomen and pelvis, and PET-
CT should be considered for the detection of indolent B-cell lymphoma.'®

PGNMID must be differential diagnosis from fibrillary glomerulopathy, cryoglobulinemia type 1, membranous
glomerulonephritis with IgGk deposition, light-chain amyloidosis, light- and heavy-chain deposition disease, lupus

nephritis, atypical anti-GBM nephritis with IgG deposition and idiopathic MPGN.

Treatment and Prognosis
The specific treatment required for PGNMID is currently unclear, and the data are based on small sample data. In
Nasr’s cohort study, 5 of 9 patients treated with RAS blockade alone achieved remission, including 2 achieving
complete remission (proteinuria<500 mg/d).® Therefore, in patients without nephrotic syndrome and stable CKD
stage 1-2 (especially those who are frail) and in patients with PGNMID associated with viral infection, the use of
RAS inhibitors to reduce proteinuria may be a reasonable treatment option. Intense immunotherapy appears to be
inappropriate for patients with stage 5 CKD who are not candidates for kidney transplantation.'®

In Nasr’s cohort study, 18 patients received immunosuppressive therapy (steroid, MMF, CTX, n=12), cyclo-
phosphamide combined with RTX (n=4) or antineoplastic drugs (bortezomib or thalidomide; n=2). At the 30-
month follow-up appointment, one-third of patients had achieved renal remission (4 complete responses), one-
third had stable disease, 22% had experienced progression to ESRD, and 16% had died.> Several recent studies
have shown that treatment with targeted drugs, such as rituximab, proteasome inhibitors, and antiplasmacytomab,
increases renal remission.”®?® Gumber et al provided new insights into the management of PGNMID using
targeted clonal drug therapy.”’ Treatment targeting either identified latent clones (n=4) or empirically putative
clones (n=12) had an overall response rate of 88%, with 6 patients (38%) achieving complete responses.’’
Daratumumab is an anti-CD38 human IgGlx monoclonal antibody. Zand et al reported the cases of 10 patients
with PGNMID (mlg detected in only 1 patient) treated with daratumumab. At the 12-month follow-up, all patients
had achieved partial remission, and four achieved complete remission.?®

Targeted cloning therapy improves renal response rates and renal prognosis in PGNMID patients with
detectable mIg.'* Although empirical chemotherapy may show some benefit for those with no detectable clones,
it remains challenging.>**° Through a literature search (PubMed), 7 studies, including over 5 cases with PGNMID
treatment, were selected, and a meta-analysis was conducted to determine whether targeted therapy was beneficial
(Figure 1).'3:16:2672831 Eorty patients were treated with targeted drugs (single drug or combination) and 35 did not
receive targeted drug treatment. The efficacy rate of targeted drug therapy was 10.15 times (95% CI 2.27, 45.39)
that of no targeted therapy.

Experimental Control Odds Ratio Odds Ratio

Even Total Events Total Weigh M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
2004 Nasr 0 0 3 6 Not estimable
2009 Nasr 2 2 10 10 Not estimable
2011 Elsa 5 5 1 7 9.2% 47.67 [1.60, 1422.69] —
2018 Ramnika 10 10 3 6 16.8% 21.00[0.86, 515.50] ol >
2019 Andreas 6 8 3 6 74.0% 3.00[0.31, 28.84] |
2021 Ladan 10 10 0 0 Not estimable
2022 Salem 2 5 0 0 Not estimable
Total (95% CI) 40 35 100.0% 10.15[2.27, 45.39] ———
Total events 35 20 . .

Heterogeneity: Chiz =2.11, df =2 (P = 0.35); 1= 5% !

o z 0.01 0.1 1 10 100
Test for overall effect: Z = 3.03 (P = 0.002) Favours [experimental] Favours [control]

Figure | Meta-analysis of targeted drug therapy for PGNMID.
Notes: Experimental (Targeted) drugs included RTX and/or proteasome inhibitors and/or CD38 monoclonal antibodies; Control (nontargeted) drugs include RAS inhibitors
and/or immunosuppressants (CTX, CYA, MMF, FK, ASA and prednisone).
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Outlook

PGNMID is the least understood type of MGRS disease. In the nearly 20 years since its discovery, the “veil” has been

gradually lifted. The disease diagnosis relies on renal biopsy, and clonal found in circulation or bone marrow provides the
basis for treatment. Integrative molecular biological methods such as immunoelectron microscopy and mass spectrometry
will be used to explore the characteristics and mechanisms of mlg deposition in the kidneys, formulate treatment plans in
conjunction with multidisciplinary consultation, and compare B-cell targeting drugs (rituximab) and plasma cell targets.
Further investigation of the therapeutic effect of bortezomib/anti-CD38 monoclonal antibody will help to improve the
diagnosis and treatment system.

Summary
With the recognition of PGNMID, its diagnosis rate has gradually increased, and the application of biological agents
targeting clones has greatly improved the diagnosis and prognosis of PGNMID patients.
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