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Abstract

Background Proliferative glomerulonephritis with monoclonal IgG deposits (PGNMID) is a glomerular disease defined by non-
organized glomerular deposits of heavy and light chain—restricted immunoglobulin and is rarely reported in children.

Methods We characterized a series of nine pediatric patients from two academic centers with biopsy-proven PGNMID and
additionally describe two patients with monotypic IgG in the setting of IgM deposition.

Results Each patient presented with hematuria and/or proteinuria; however, only five had elevated serum creatinine. Prodromal
or concurrent infection was identified in six patients, low C3 in five, and alternate complement pathway gene variants in two. No
monoclonal serum proteins were identified in five tested patients. Seven patients had monotypic deposits composed of [gG3-A,
two showed IgG3-k, and one each IgG1 and IgG3 with lambda dominance in the setting of IgM deposition. The glomerular
pattern was predominantly mesangial proliferative or membranoproliferative glomerulonephritis (MPGN). Treatment and out-
comes were variable; four patients have recent PGNMID diagnoses and therefore minimal follow up, one had relatively stable
kidney function for over a decade, and six experienced kidney failure, with four receiving transplants. Recurrent deposits of the
same isotype were identified in five of six transplanted kidneys, corresponding to three of four transplanted patients. One of these
patients developed PGNMID recurrences in three separate kidney allografts over a 20-year disease course.

Conclusions Our study emphasizes the need for upfront IgG subclass investigation in pediatric mesangial or MPGN with IgG
deposition and monotypic or biased light-chain staining. Furthermore, this pediatric experience suggests expanded pathogenic
considerations in PGNMID.
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Introduction

Proliferative glomerulonephritis with monoclonal IgG de-
posits (PGNMID) was first described in ten adult patients in
2004 by Nasr and colleagues and subsequently in a larger
cohort [1, 2]. The disease was defined by glomerular deposits
composed of light and heavy chain—restricted immunoglobu-
lins with a propensity for monotypic IgG3 deposition. In
adults, clinical presentation is generally characterized by kid-
ney insufficiency, proteinuria, and hematuria [2]. On light
microscopy, the findings range from mesangial to
membranoproliferative glomerulonephritis and occasionally
mimic membranous nephropathy. Electron microscopy re-
veals granular non-organized deposits primarily within the
mesangium and subendothelium, while rare cases show pre-
dominantly subepithelial deposits. Clinical outcomes in adults
vary with 38% experiencing complete or partial recovery,
38% experiencing persistent kidney dysfunction, and 22%
progressing to kidney failure [2]. In adults with kidney failure
and transplantation, PGNMID was found to recur in 89% of
patients with a median graft survival of 92 months [3].

In 2018, Torrealba and colleagues reported the first case of
PDMID in a teenager, and Xing and colleagues subsequently
described a series of five pediatric PGNMID patients [4, 5]. In
the Xing study, clinical presentations varied but were charac-
terized mainly by hematuria, proteinuria, and low C3 [4]. Four
patients had partial response to treatment with stabilization of
kidney function and decreased proteinuria but showed pro-
gressive tubular atrophy and interstitial fibrosis. None of these
patients developed kidney failure during 8 to 56 months of
follow-up. However, the fifth patient initially presented in
kidney failure but did not receive a kidney transplant.

In adults, PGNMID has been grouped with monoclonal
gammopathy of renal significance [6]. Nevertheless, only 20
to 30% of adult patients have detectable serum monoclonal
immunoglobulins despite monotypic glomerular deposits [3].
However, when a serum paraprotein is found, it is generally of
the same light and heavy chain isotype as the glomerular de-
posits. A documented hematologic malignancy is rare in adult
patients, and in the subset of patients who underwent bone
marrow biopsies, a clone was identified in only 10% of the
biopsies [2]. Treatment for PGNMID in the reported adult
series has been highly variable and has mostly included im-
munosuppression or treatment directed at an identified or hy-
pothetical B cell or plasma cell “clone,” with partial efficacy.
Likewise, there has been no consistent effective treatment for
PGNMID in pediatric patients. In the small number of report-
ed pediatric cases, there have been none with an identifiable
paraprotein or B cell clone.

We present the largest pediatric series of PGNMID to date,
derived from two academic medical centers, and describe in
detail the clinicopathologic course of nine patients, including
post-transplant course in four patients; two patients with
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monotypic IgG in the setting of IgM deposition are also
cataloged. This series provides expanded insights into
PGNMID in the pediatric population.

Methods
Patients and cases

This study was performed with IRB approval. Computerized
kidney pathology archives at two academic medical centers
(Stanford-LPCH, Cedars-Sinai) were searched for patients age
18 or less with a diagnosis of proliferative glomerulonephritis
with monoclonal deposits (PGNMID, n=6) since 2007.
PGNMID was defined as glomerular immune deposits with
staining for IgG, restricted to a single IgG subclass (IgG1,
1gG2, 1gG3, or [gG4), generally with single light chain isotype
staining (K, A), and predominantly granular electron-dense
deposits resembling immune deposits by electron microscopy
[1, 2]. Cases with minimal IgA, IgM heavy-chain reactivity
were included as long as IgG subclass staining was monotypic
[2, 7]. One adult patient with PGNMID recurrences in allo-
grafts since childhood was included as confirmed by retro-
spective IgG subclass and light-chain staining.

Additional cases were retrospectively identified from pedi-
atric membranoproliferative or mesangial proliferative glo-
merulonephritis cases with unequal light-chain staining (e.g.,
K 2+/A 3+; k 34/A 1+4; excluding patients with confirmed
systemic lupus erythematosus, IgA-vasculitis/Henoch-
Schonlein Purpura, and C3 glomerulopathy). Archival frozen
tissue was evaluated with IgG subclass immunofluorescence
staining as described below. Of the 19 tested cases from the
same time frame, three additional cases with monoclonal IgG
heavy chains fitting the above PGNMID definition were iden-
tified. Two cases with monoclonal IgG but moderate-strong
IgM deposition and lambda light chain dominance despite
staining for both light chains are described as cases no. 10—
11. Reports of initial native biopsies were obtained for patient
no. 4 and no. 9, but the original histologic slides and images
could not be obtained; the tissue specimens from their subse-
quent biopsies were available for study review. Thus, a cohort
of 9 pediatric patients with PGNMID and 2 IgM-rich patients
were available for study.

Clinical, laboratory, and outcome data were abstracted
from the medical record. Statistical calculations were per-
formed with Excel (Microsoft, Redmond WA), or online at
https://Wwww.socscistatistics.com.

Pathologic analysis
Kidney core biopsy tissue was processed and evaluated with

standard clinical methods for light, immunofluorescence, im-
munohistochemistry (C4d), and electron microscopy. Light
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microscopic slides were reviewed for study purposes, along
with photomicrographs of immunofluorescence and electron
microscopy. Scoring of interstitial fibrosis, tubular atrophy,
and interstitial inflammation was modeled after the Banff
schema: interstitial fibrosis and tubular atrophy scoring: 0 =
0%, min=0-5%; 1 =6-25%; 2=26-50%; 3 > 50%.

In brief, IgG subclass staining was performed by direct
immunofluorescence on frozen tissue with fluorescein-
conjugated antibodies from The Binding Site (San Diego,
CA) at 1:10-1:20 dilution per local validated protocol.
Immunohistochemical staining for Membrane Attack
Complex (MAC) was performed on acetone fixed frozen sec-
tions using primary monoclonal antibody aE11 (Dako
MO0777) at 1:80 and developed with Dako Envision+
(K4001) and Vector VIP SK-4100 substrate kit.

Results
Representative case report

Patient no. 7 was a 7-year-old Hispanic female who initially
presented to the Emergency Department with hypertension,
hematuria, and proteinuria and was diagnosed with nephritic
syndrome. Her past medical history was significant for multi-
ple emergency room visits for abdominal pain of unknown
etiology and an episode of streptococcal pharyngitis 2 months
prior to presentation. Her family history was significant for
kidney failure on the maternal side. Her initial kidney biopsy
diagnosis was MPGN, type I pattern, and she was treated with
prednisone, followed by mycophenolate mofetil (MMF) and
cyclosporine. Two subsequent native biopsies demonstrated
progressive MPGN with increasing interstitial fibrosis and
tubular atrophy and numerous crescents on the third biopsy.
Less than 1 year after her initial presentation, she developed
kidney failure requiring peritoneal dialysis while awaiting
transplant. She received a deceased donor kidney transplant
and was placed on MMF, prednisone, and tacrolimus. Her 6-
month protocol biopsy revealed focal tubular atrophy and in-
terstitial fibrosis and early PGNMID with IgG3-k deposition.
Her 1-year biopsy showed persistent IgG3-k deposits with
minimal histologic progression of glomerulonephritis and fea-
tures suggestive of calcineurin inhibitor nephrotoxicity. Her
clinical follow up has been unremarkable, and she has been
receiving routine care. Retrospective staining of the native
biopsies demonstrated 1gG3-k monotypia (Figs. 1 and 2).

Case series: demographic and clinical features

Nine pediatric patients (three females and six males) with
PGNMID, including the patient above, were identified from
the pathology archives of two academic medical centers. Two
additional patients, both female, had monoclonal IgG, but also

had abundant IgM deposition and polytypic but lambda-
dominant light chains (nos. 10—11; “IgM-rich” for the purposes
of the paper). Five of these patients were identified after retro-
spective IgG subclass staining. Clinical data at presentation are
listed in Table 1. Patient age at presentation ranged from 5 to
18 years (average 10 years PGNMID, 13 for IgM-rich). Nearly
all patients had hematuria and/or proteinuria at presentation, yet
only five patients had elevated serum creatinine. All patients
were negative for ANA, and all the patients tested for ANCA,
hepatitis B, hepatitis C, and HIV had negative results. Five
PGNMID and one IgM-rich patient had evidence of concurrent
or prodromal infection such as influenza B or an unspecified
febrile illness, with three having elevated ASO, suggesting a
prior or current group A streptococcal infection.

Four PGNMID and one IgM-rich patient had low serum C3
levels. Detailed complement panels were performed in three
patients with mixed results (Table 1). Patient nos. 1 and 9 had
genetic variants of unknown significance accompanied by
significant dysregulation on functional studies (Table 1),
while patient no. 6 had no significant mutations identified.

Treatment was typically immunosuppression, especially
mycophenolate mofetil and/or prednisone; three patients also
received a calcineurin inhibitor pre-transplant. Six PGNMID
patients progressed to kidney failure, four of whom received
kidney transplants. Follow-up was available for all nine
PGNMID patients (Table 1); at last follow-up, including trans-
plants, five had elevated serum creatinine. Eight PGNMID
patients had hematuria, and seven had persistent proteinuria.
One patient (no. 4) has had relatively stable kidney function
for 11 years. One IgM-rich patient with available follow-up
had elevated creatinine, hematuria, and mild proteinuria.

Case series: biopsy pathology
Native: LM

Index biopsy data are presented in Table 2. The patterns of
glomerular injury ranged from mild mesangial widening
(MesW) to mesangial hypercellularity/proliferation
(MesHP), to endocapillary proliferative (EPGN), to
membranoproliferative glomerulonephritis (MPGN; six
PGNMID and one IgM-rich). Crescents were identified in
three patients (nos. 2, 7, 11). The degree of interstitial fibrosis
and tubular atrophy (IFTA) reflected the kidney function and
ranged from none (0) to severe (3) (Table 2). Pathologic find-
ings for index and all available native and transplant biopsies
are presented in Online Resource 1.

Native: IF
By definition, immunofluorescence microscopy revealed

granular IgG deposits in the glomeruli in all biopsies (Figs.
1 and 2). These deposits were primarily localized to the
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Fig. 1 Native and transplant kidney biopsy findings from patient no. 7;
native and 1-year transplant biopsies in left and right columns, respec-
tively. a The native biopsy reveals a membranoproliferative pattern glo-
merulonephritis characterized by global mesangial sclerosis and prolifer-
ation with segmental endocapillary hypercellularity (PAS x 400); b The
1-year transplant biopsy reveals mild mesangial expansion and subtle
hypercellularity with mild juxtaglomerular cell hypertrophy (H&E x
400 digitally enlarged); ¢ A representative native electron micrograph
reveals large electron-dense deposits in the mesangium with extension
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along the subendothelial aspect of the glomerular basement membranes
and podocyte foot process effacement (left). d A representative 1-year
transplant electron micrograph reveals granular electron-dense deposits in
the mesangium, and patchy epithelial cell foot process effacement. e—f
Representative immunofluorescence staining of native (retrospective) and
transplant kidneys reveal 1gG3 monotypia (negative 1gG1, 1gG2, 1gG4;
staining not shown; % 400). g—h Representative immunofluorescence
staining of native (retrospective) and transplant kidneys reveal k
monotypia (negative A; staining not shown; x 400 digitally enlarged)
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Fig. 2 Native kidney immunofluorescence staining for light-chain
isotypes, complement components, and IgG subclasses in patient no. 7.
a, b Light-chain isotype staining reveals k monotypia (a) with negative A
staining (b). ¢, d Complement component staining reveals strong staining

mesangium and along the glomerular peripheral capillary
walls. Of the four IgG subclasses, seven native biopsies
stained exclusively for IgG3. Five of those biopsies stained
for IgG3-A, while the other two were IgG3-«. Two initial
native biopsies were not available for IgG subclass staining;
patient no. 4 had a subsequent native biopsy monotypic for
IgG3-A, while patient no. 9 had three transplants with IgG3-A
in each (see below). In biopsies with moderate to strong IgM,
one native biopsy had monotypic IgG1 while another had
monotypic IgG3, both with dominant, though not exclusive,
A staining.

All native biopsies revealed glomerular deposition of C3,
and Clq was positive in nine in a similar distribution to IgG.
C3 was scored as stronger than IgG in four PGNMID biopsies
and both IgM-rich biopsies. Based on glomerular immuno-
staining, several of the biopsies demonstrated predominantly
alternative complement pathway activation (C3-strong/Clq
and C4d negative-weak; nos. 1, 3, 5, 6). The majority of bi-
opsies had evidence of both classical and alternate comple-
ment activation (C3-positive/C1q and C4d moderate-strong).
MAC (C5b-9) staining was performed in three native biopsies
and showed strong staining in the same distribution as im-
mune complexes in each (Online Resource 1).

Native: EM

Native kidney biopsies demonstrated granular electron-dense
deposits (Fig. 1) in a global distribution in the mesangium in

19G3

for C3 (c¢) and weak staining for Clq (d). e-h IgG subclass staining
reveals strong staining for IgG3 (g) with negative staining for IgG1 (e),
IgG2 (f), and IgG4 (h) (x 400)

all 11 biopsies, in the subendothelium in ten biopsies, and in
the subepithelium in six biopsies. Podocyte foot process ef-
facement was diffuse in seven biopsies and partial in four
biopsies.

Transplant: LM

Four PGNMID patients received a kidney transplant from
either deceased or living donors with documented recurrence
of immune deposits in three patients. On light microscopy, the
earliest histologic changes were MesW followed by MesHP
(Figs. 1 and 3).

Following transplant, patient no. 6’s pattern of glomerular
injury progressed from MesW (6-month protocol biopsy) to
MesHP (12-month protocol biopsy) to MPGN at the time of
C4d-positive active antibody-mediated and active cellular re-
jection (Banff grade ITA) following medication non-
compliance (Fig. 3). Interestingly, the pattern of glomerular
injury in her transplanted kidney returned to MesHP following
treatment for and resolution of her acute rejection. It is not
entirely clear whether the glomerular changes and response
to immunosuppression reflect allograft glomerulitis/glomeru-
lopathy, recurrent PGNMID, or both.

Patient no. 9 received three kidney transplants over a span
of 20 years, each with recurrent glomerular disease (Fig. 3).
Cellular crescents and recurrent MPGN were identified in bi-
opsies from the first two transplants. Biopsies from the third
transplant have demonstrated increasing mesangial deposits
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but no crescents or proliferation in the 2 years post-transplant
while receiving eculizumab and immunosuppression (tacroli-
mus, prednisone, MMF); rituximab was added subsequent to
the latest biopsy given increasing proteinuria.

Transplant: IF

Transplant biopsies with PGNMID recurrence maintained the
IgG subclass and light chain staining profile seen in the native
kidney. Patient no. 9 had monotypic IgG3-A in biopsies of his
third transplant, and we were able to document weak-
moderate IgG3-A staining in an archival frozen specimen from
each of his prior transplants (there was k reactivity in a differ-
ent sclerosis pattern in one such biopsy). We were unable to
obtain native biopsy tissue for retrospective study. MAC
staining was performed in five transplant biopsies and was
positive with a pattern similar to immune complexes and com-
plement, as seen in native biopsies (Online Resource 1).

Transplant: EM

Electron microscopy was performed in ten transplant biopsies
from three patients. Mesangial deposits were identified in all
three 6-month protocol biopsies with subendothelial deposits
also identified in one biopsy. Similar patterns were seen in the
12-month protocol and later biopsies (Online Resource 1).

Discussion

To our knowledge, this study represents the largest pediatric
PGNMID series to date and the first study to describe and
characterize the progression of PGNMID in pediatric trans-
plant kidneys. In our cohort, children with PGNMID present-
ed with hematuria and proteinuria and showed MesHP or
MPGN on light microscopy. No serum paraproteins were
identified in any of the five patients tested, which is consistent
with the paucity of identifiable paraprotein or B cell clones in
adult PGNMID case series. Clinical outcomes in our pediatric
PGNMID patients were highly variable. Three PGNMID pa-
tients (nos. 1-3) had recent diagnoses of PGNMID and have
had stable kidney function with limited clinical follow-up over
0.7 to 1.7 years. Six patients progressed to kidney failure, and
four were transplanted. Interestingly, one patient experienced
only gradual decline in kidney function over an extended
follow-up of more than a decade (no. 4). As has been pub-
lished in adults, we demonstrated recurrent monotypic glo-
merular deposits in three pediatric transplant recipients, in-
cluding recurrences in multiple transplants in one patient.
For the purposes of this study, our PGNMID definition
included immunoglobulin G (IgG) heavy-chain monotypia
with concomitant light-chain monotypia. In this pediatric se-
ries, as well as in our clinical experience with adult biopsies,

we observed some variation in staining for the non-dominant
light chain in biopsies over time (Online Resource 1) with
completely negative staining at some time points and trace-
weak or rarely moderate reactivity in prior or follow-up biop-
sies. We separately report the two patients with monotypic
IgG, in the setting of moderate to strong IgM, with lambda
dominance and appreciable kappa deposition (no. 10-11).
Hemminger et al. hypothesized that non-specific IgM could
be accompanied by polyclonal light chains in PGNMID, po-
tentially obscuring light-chain monotypia [7].

In three patients, PGNMID was initially recognized in
transplant biopsies, and retrospective staining of prior native
biopsies revealed similar monotypic glomerular deposits.
Based on these findings, we suggest that light chain studies
should be performed routinely on all pediatric kidney biop-
sies, similar to adult biopsies. Further, IgG subclass studies
should be performed on pediatric biopsies when IgG deposi-
tion is accompanied by skewed light-chain staining.

The pathophysiology, etiology, and treatment of PGNMID
remain enigmatic in adults and children. Our pediatric cohort
reveals intriguing similarities and differences compared with
adult studies that could provide clues to the pathophysiology
of PGNMID (Table 3). Adult patients with PGNMID in
Nasr’s and Hemminger’s studies have primarily monoclonal
Kk light-chain deposits in glomeruli. In contrast, our pediatric
study and others had mostly monotypic or dominant A light
chains; this difference in light chain distribution between adult
and pediatric patients is statistically significant (p value =
0.0077), which may reflect differences in the pathophysiology
of the PGNMID in these populations.

In our pediatric PGNMID cohort, at least half of the chil-
dren had low C3 and/or an infection prior to presentation with
glomerulonephritis. In the largest adult PGNMID study,
hypocomplementemia was reported in <20% of patients
(Table 3) [2]. These observations raise several possibilities
as to pediatric PGNMID pathogenesis, including complement
dysregulation, immune dysregulation, and/or glomerulotropic
and nephrotoxic antibodies arising from an immune response
to intrinsic or extrinsic antigens. Infection has been implicated
as a trigger of various autoimmune disorders, and IgG3 anti-
bodies are elicited during responses to infectious agents [8]. In
2012, PGNMID with IgG3-k glomerular deposits was de-
scribed in association with a parvovirus B19 infection in two
adult patients, one with hypocomplementemia [9]. In these
two cases, PGNMID resolved alongside the infection, sug-
gesting that the virus had induced a transient IgG3 response
that resulted in IgG3-k accumulation in glomeruli. In our ex-
perience, five pediatric PGNMID patients and one IgM-rich
patient presented with associated infections, but their kidney
disease did not resolve with the clinical resolution of infection.
Two case reports in adults have documented PGNMID evolv-
ing to or from C3 glomerulopathy, one of whom had a het-
erozygous CFH mutation [10, 11]. In our series, two of three
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tested patients have alternate complement pathway genetic
alterations. Patient no. 1 has heterozygous missense variants
in CFH. Similarly, patient no. 9 has a novel intronic variant in
CFHR3, and heterozygosity for a large CFHRI-CFHR3 de-
letion. Although cataloged as variants of unknown signifi-
cance, they were associated with documented serum comple-
ment activation in both patients.

Nasr and colleagues proposed that during a normal im-
mune response, one or more B cell clones may proliferate
and continue to express IgG with the ability to deposit in
the kidneys. While IgG3 is a minor component of total
serum IgG, it has several properties that make it a potent
antibody that can induce an inflammatory response. 1gG3
is the most positively charged of the four human IgG sub-
classes and thus has an affinity for the anionic glomerular
membrane [12]. In addition, IgG3 has the highest molecu-
lar weight, can self-aggregate through Fc-Fc interactions,
and has the greatest complement fixing capacity [12].
These properties may explain a propensity to deposit with-
in the glomerulus, activate complement, and damage the
kidney. The high affinity for glomerular constituents may
render the offending monoclonal immunoglobulin unde-
tectable by SPEP and other conventional methods [1]. It
is possible that particularly nephrotoxic or nephrotropic
antibodies may arise during a normal immune response to
intrinsic and/or extrinsic antigens and, in a subset of pa-
tients, these polyclonal or oligoclonal antibodies may per-
sist despite resolution of the offending trigger. This re-
sponse may be amplified in those individuals with

Years since first transplant
1st 2nd 3rd

M%N Urine Protein

—@— not available

—@— negative, <0.2 mg/img

—@— mild, 0.2-1 mg/mg or <100 mg/di

—@— moderate, 1-3.5 mg/mg or 100+300 mg/d|
—@— nephrotic, >3.5 mg/mg or >300 mg/dl

#6

Serum creatinine in mg/dl is listed and graphed for each patient

#7

Patients

#38

#9

e

18 19 20

T MPGN V
ey, e e
EPGN 24 ; ey
21 MTJ M
| |
/ 10

o 1 2 3 4 5 & 7 8 |
Biopsy pattern results (years)

Fig. 3 Biopsy patterns, creatinine values, and proteinuria in transplanted
kidneys in four patients (patient no. 6-no. 9). The length of each bar graph
represents the length of time for each transplant to last available follow-
up. The increased creatinine and MPGN pattern in no. 6 corresponded to
an episode of cellular and antibody-mediated rejection, as described in the
text. Patient no. 9 has received three kidney transplants over two decades

underlying complement or immune dysregulation (trigger
and multiple hits).

Alternatively, a reactive or oligoclonal response could
evolve to a monoclonal or neoplastic proliferation analogous
to Type II cryoglobulin, with the caveat that evidence of cir-
culating clonal immunoglobulin and clonality is lacking in the
majority of PGNMID cases. Pediatric PGNMID shares some
features with the recently described “membranous like glo-
merulopathy with masked IgG-k deposits” (MGMID), in that
both have monotypic glomerular deposits without identifiable
paraprotein, and may be associated with immune or comple-
ment dysregulation [13]. MGMID has not been grouped with
monoclonal gammopathy of renal significance (MGRS),
while PGNMID generally has been considered MGRS, even
when no circulating protein or lymphoplasmacytic clone is
identified [6]. We propose that the pathophysiology of
PGNMID in adults with monoclonal gammopathy differs
from PGNMID in younger patients without monoclonal
gammopathy, although all patients should be carefully inves-
tigated clinically.

Effective treatment of PGNMID in children and adults has
not been established due to its enigmatic pathogenesis.
Immunosuppression or therapies directed at the identified or
hypothetical “clone,” including steroids, mycophenolate mo-
fetil, tacrolimus, cyclophosphamide, bortezomib, rituximab,
or even in case reports, daratumumab (anti-CD38, with ongo-
ing phase 2 trial: NCT03095118), have shown promise in a
subset of adult patients [3, 14] but are met with frequent
PGNMID recurrence. The anti-C5 antibody eculizumab has
also been used to target downstream complement-mediated
glomerular injury in PGNMID; however, data to support this
approach are lacking [3].

Outcome in our series of 11 pediatric patients has been
varied. While one patient had stable disease for over a decade
with only prednisone treatment, six of the children progressed
to kidney failure. As in adults, PGNMID disease frequently
recurred after transplantation and followed the previously il-
lustrated progression from mesangial matrix expansion to
mesangial and/or membranoproliferative pattern [3, 15]. Our
study remains limited by both its small numbers and retro-
spective nature. The diagnosis of PGNMID was made retro-
spectively in all transplanted patients, and the prospective di-
agnoses have been made recently with only short-term out-
comes available.

In conclusion, we present the largest pediatric series of
PGNMID to date. Based on our experience, we suggest that
light-chain immunofluorescence should be performed on pe-
diatric native kidney biopsies, as is routine for adults.
Additionally, we recommend IgG subclass studies in the set-
ting of moderate-strong IgG deposition if accompanied by
monotypic or biased light-chain staining. PGNMID in our
pediatric series was characterized by a propensity for mono-
typic 1gG3-A deposition in glomeruli despite negative serum
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Table 3 Comparison of PGMID

in adult and pediatric series Clinicopathologic parameters Adult: Nasr Pediatric: present series, Xing [4],
2009 [2] Torrealba [5]

Number of cases 37 16

Age range 20-81 5-18

Low serum C3 18% (7/37) 50% (7/14)

Low serum C4 18% (7/37) 14% (2/14)

Prior infection or + ASO Not available 67% (6/9)

Hematuria 77% (27/35) 87% (12/14)

Proteinuria 100% (35/35) 93% (14/15)

Evidence of paraprotein 30% (11/37) 0% (0/11)

Glomerular pattern (no. of cases): 1/21/13/2 4/13/1/0

mesangial/ MPGN/EPGN/MGN

Kappa light-chain deposit 73% (277/37) 33%* (5/15)

Lambda light-chain deposit 27% (10/37) 67%* (10/15)

Kidney failure 22% at 2.5 year ~ 40% at 5.6 year mean
mean

Transplant recurrence 86% (said 75%
cohort)®

IgM-rich patients excluded

Adult light chain data from Nasr and Hemminger vs. pediatric, p value is .0024

ASO antistreptolysin, EPGN endocapillary proliferative pattern glomerulonephritis, MGN membranous pattern
glomerulopathy, MPGN membranoproliferative pattern glomerulonephritis

# Kappa/lambda light-chain distribution statistically different in adult (Nasr) vs pediatric patients, p value 0.0077

paraprotein studies. PGNMID led to kidney failure in about
half of the children and has recurred in three of the four
transplanted patients. We highlight similarities and differences
in PGNMID presenting in adults and children, but further
study is needed to elucidate the causes and develop effective
targeted treatments.
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