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Abstract

Objective: To study the hematologic characteristics of proliferative glomerulonephritides (GNs) from
nonorganized glomerular monoclonal immunoglobulin (MIg) deposition (MIPG).
Patients and Methods: The pathology database at Mayo Clinic (Rochester, Minnesota) was used to find
patients with MIPG who underwent a kidney biopsy between January 1, 2008, and December 31, 2013.
Retrospective medical record review was conducted in the identified cohort (N¼60).
Results: The median patient age was 56 years (interquartile range, 47-62 years) and the estimated
glomerular filtration rate was 36 mL/min/1.73 m2 (interquartile range, 22-52 mL/min/1.73 m2). Most
patients had IgG MIg deposits (90%; 54 of 60) and a membranoproliferative pattern (48%; 29 of 60). A
circulating nephropathic MIg was detected by serum immunofixation (SIFEþ) in 20% (12 of 59) and by
abnormal serum free light chain ratio (sFLCRþ) in 21% (12 of 56). The subsets of SIFEþ and sFLCRþ

incompletely overlapped. The nephropathic clone was found by bone marrow testing (BMþ) in 25% (10 of
40; 6 plasma cell clones [5 IgG; 1 IgA], 3 chronic lymphocytic leukemia [all IgG], and 1 lympho-
plasmacytic clone [IgM]). The clone detection rate was significantly higher in patients with SIFEþ

(P<.001) and in those with SIFEþ and/or sFLCRþ (P<.001). Patients with SIFEþ and BMþ frequently had
IgG1-restricted MIg deposits on renal biopsy immunofluorescence (P¼.005). Most BMþ patients required
flow cytometry and immunohistochemical analysis of the marrow specimen for accurate diagnosis.
Conclusion: Undetectable circulating nephropathic MIg and pathologic clones characterize most MIPG.
Immunoglobulin isotype may predict detectability of MIg and clone by currently available technology.
Bone marrow evaluation, including flow cytometry and immunohistochemical analysis, should be per-
formed for SIFEþ and/or sFLCRþ. More sensitive clone-identifying techniques in the marrow and
extramedullary tissue are needed when SIFE and sFLCR test negative.
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M onoclonal gammopathy of renal
significance (MGRS) is a recently
introduced term to differentiate

monoclonal gammopathy of undetermined
significance (MGUS) from monoclonal gam-
mopathies that result in kidney disease without
underlying multiple myeloma or malignant
B-cell lymphoproliferative disorders.1 Kidney
diseases associated with MGRS are most
commonly the consequence of renal deposition
of monoclonal immunoglobulin (MIg) or its

components.1,2 Owing to the variety of renal
pathologic abnormalities that can result from
MIg deposition, these diseases are currently
categorized based on the substructure of MIg
deposits. Organized deposits may be fibrillar,
as in immunoglobulin light chain amyloidosis;
microtubular, as in immunotactoid and cryo-
globulinemic glomerulonephritides (GNs); or
crystalline, as in light chain proximal tubulop-
athy (Fanconi syndrome). Nonorganized MIg
deposits can be seen in MIg deposition disease
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(MIDD) and proliferative GN (PGN) with
monoclonal IgG deposition (PGNMID).1

The clinical and pathologic characteristics of
PGNMID arewell described, and its rapid recur-
rence in the allograft after kidney transplant is
recognized.3-5 Rare cases of PGNs with nonor-
ganized monoclonal IgA or IgM (non-IgG
PGNs) have also been reported.6,7 There is,
however, no clinical trialebased treatment strat-
egy for either PGNMID or non-IgG PGN.3,5

In most MGRS-related kidney diseases, the
nonmalignant MGRS does not immediately
affect patient survival but causes progressive
renal disease that often results in end-stage renal
disease.1 Effective protection of native renal
function and successful kidney transplantation
requires elimination of the nephropathic MIg
by treatment tailored to the identity of the neph-
ropathic clone.8 To formulate future treatment
strategies, we undertook this study to investigate
and better understand the hematologic charac-
teristics of PGNMID and non-IgG PGN. For
this study, we use the term MIg (nonorganized)
proliferative glomerulonephritis (MIPG) to refer
to both PGNMID and non-IgG PGN.

PATIENTS AND METHODS
The Mayo Clinic (Rochester, Minnesota) renal
pathology database between January 1, 2008,
and December 31, 2013, was queried for the
following terms: (mesangioproliferative or mem-
branoproliferative or diffuse proliferative) and
monoclonal. The patient inclusion criteria were
(1) native or allograft biopsy demonstrating a
PGN, (2) presence of MIg deposits on immuno-
fluorescence, and (3) nonorganized deposits on
electron microscopy. We excluded patients with
organized deposits or MIDD and inadequate
evidence of MIg deposits. We also excluded
patients in whomMIPG was diagnosed inciden-
tally on protocol-based postekidney transplant
biopsies who were asymptomatic.

The first biopsy that fulfilled the inclusion
criteria became the baseline data collection
time point. Demographic and clinical informa-
tion was collected from the electronic medical
record and outside history when available. In
particular, data on renal function, MIg testing,
and clone detection were noted. The estimated
glomerular filtration rate (eGFR) was calculated
using the chronic kidney disease (CKD) epide-
miology collaboration equation.9 The amount
of proteinuria was confirmed by 24-hour urine

testing if the random sample estimate was
greater than 100 mg/d. The MIg testing
included serum and urine protein electropho-
resis and immunofixation. The standard serum
free light chain ratio (sFLCR) range (0.26-1.65)
was used to denote monoclonality.10 Clone
detection studies included bone marrow (BM)
testing, peripheral blood flow cytometry, bone
survey, bone scan, and positron emission
tomographyecomputed tomography, all per-
formed per physician preference. Supplemental
Table 1 (available online at http://www.
mayoclinicproceedings.org) gives details on
the various techniques used to evaluate the
BM biopsy.

Statistical analysis was performed using
JMP Pro 10.0 (SAS Institute Inc). Continuous
variables are reported as median (interquartile
range [IQR]). Categorical variables are reported
as number (percentage). Categorical variables
were compared using the Fisher exact test.
The Wilcoxon rank sum test was used to
compare nonparametric continuous variables
between groups. Statistical significance is
assumed at P<.05. The Institutional Review
Board of the Mayo Clinic Foundation approved
this study as minimal risk and exempted partic-
ipant consent and Health Insurance Portability
and Accountability Act authorization.

RESULTS

Demographic and Clinical Characteristics
One hundred fifty-seven patients were identified
from the database. Of these, 60 patients fulfilled
the inclusion criteria and form the study cohort.
Fifty-four patients (90%) had IgG-basedMIg de-
posits consistent with PGNMID. Six patients
(10%) had non-IgG deposits (4 IgMl, 1 IgMk,
and 1 IgAk). Overall, the median patient age
was 56 years (IQR, 47-62 years). Twenty-eight
patients (47%) were women and 32 (53%)
were men. In 3 of 60 patients, MIPG was first
diagnosed in a renal allograft; these patients
had undergone transplantation for an unknown
native kidney disease.

In the present cohort, the median eGFR at
presentation was 36 mL/min/1.73 m2 (IQR,
22-52 mL/min/1.73 m2; n¼60), and the me-
dian 24-hour urine proteinuria was 3.6 g/d
(IQR, 1.9-8.1 g/d; n¼49). The serum albumin
level was less than 3 g/dL in 33% of patients
(14 of 43). Table 1 details the demographic
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