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Abstract

Introduction: Mucosal-derived galactose-deficient IgA is
central to the pathogenesis of primary IgA nephropathy
(IgAN). Recent reports suggest similar pathogenesis in He-
noch-Schonlein purpura (HSP) and secondary IgAN. Its role
in other IgA-containing glomerular diseases is still under in-
vestigation. It can be detected in glomeruli with the recently
described antibody KM55. We aimed to evaluate the role of
KM55 by immunostaining a wide spectrum of IgA-contain-
ing glomerular diseases. Methods: After standardization and
colocalization in a case of IgAN, a spectrum of 60 cases in-
cluding IgAN, HSP, chronic liver disease (CLD)-related IgAN,
other secondary IgAN, IgA-dominant/codominant membra-
noproliferative glomerulonephritis (MPGN), and lupus ne-
phritis were subjected to immunofluorescence with KM55.
KM55 was used to resolve diagnostic dilemma in cases of IgA
deposition with confounding histology. Results: The group
of primary IgAN (17 cases), HSP (4 cases), and secondary
IgAN (19 cases) including CLD showed 2-3+ granular stain-
ing with KM55, suggesting mucosal-derived IgA. In contrast,

cases of IgA-dominant/codominant MPGN (8 cases) and lu-
pus nephritis (12 cases) were negative for KM55, suggesting
systemic derivation of IgA. In cases of IgA deposition with
confounding histology such as membranoproliferative or
diffuse endocapillary proliferative pattern, KM55 helped to
resolve the diagnosis. Discussion/Conclusion: This cross-
sectional study concludes that KM55 is useful in the evalua-
tion of IgA-containing glomerular diseases from a pathoge-
netic perspective and is a practical tool in resolving differen-
tial diagnosis in cases with overlapping histopathological

features. ©2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

IgA is an integral part of the routine immunofluores-
cence (IF) panel in evaluation of glomerular diseases.
Though its presence in the mesangium is diagnostic for
primary IgA nephropathy (IgAN), it may also accompany
other immune reactants in a variety of other glomerular
diseases which may present as diagnostic dilemmas.

From a pathophysiological perspective, IgA that de-
posits in the glomeruli may be secreted by mucosal plas-
ma cells or by systemic plasma cells. Mucosal plasma cells
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secrete IgA1 or IgA2 which bind to each other to form
dimeric or large polymeric forms. These, along with the
secretory component of the polymeric IgA receptor form
the “secretory IgA,” which plays a major role in human
mucosal immunity [1]. Mucosal-derived IgA is poorly O-
galactosylated, likely due to an evolutionary mechanism
to counteract the activity of IgA1 proteases released by
bacteria trying to circumvent the mucosal immune sys-
tem. On the other hand, the IgA synthesized in the bone
marrow is monomeric in nature, heavily O-galactosylat-
ed, and in much smaller amounts, with ill-defined func-
tion [2].

The mesangial deposits in primary IgAN are com-
posed of galactose-deficient (GD) IgAl in a polymeric
form. This, with the well-recognized clinical observation
of association of hematuria with mucosal infections of the
upper respiratory or gastrointestinal tract, provides cir-
cumstantial evidence of a mucosal origin of IgA in pri-
mary IgAN. It is hypothesized that defective trafticking of
these mucosal plasma cells into the bone marrow results
in an increased systemic production of GD-IgAl [1, 2].
The plethora of histomorphological variations of IgAN
and the presence of codominant IgA deposits in various
other glomerular diseases often pose problems in arriving
at a diagnosis in glomerular diseases with IgA deposition.
Recently KM55, an antibody directed against GD-IgAl
[3, 4], has been evaluated in glomerular diseases with IgA
deposition with variable results [5-13]. We aimed to eval-
uate utility of KM55 in the differential diagnosis of IgA-
containing glomerular diseases. We present case scenar-
ios where it was used to resolve differential diagnoses.

Materials and Methods

The study protocol was approved by the Ethics Committee, All
India Institute of Medical Sciences, New Delhi (Reference No:
IECPG-484/29.11.2017, RT-13/20.12.2017). Cases with significant
(2-3+ on a scale of 0-3+) glomerular IgA deposits were identified
from the databases of the Department of Pathology, between 2016
and 2020, and those with sufficient tissue for further IF were in-
cluded in the study.

Cases were divided into IgAN - primary (including Henoch-
Schonlein purpura [HSP]) or secondary. The medical records of
all cases of primary IgAN were scrutinized to ensure that there is
no association with any described secondary causes of [gAN. Oth-
er IgA-containing diseases considered for analysis included lupus
nephritis, IgA-dominant infection-related glomerulonephritis
(IRGN) (IgA-IRGN) and immune complex (IC)-mediated mem-
branoproliferative glomerulonephritis (MPGN) (IC-MPGN).
Histological diagnosis and the pattern of glomerular injury along
with IF and, when available, electron microscopy of these cases
were reviewed. An external cohort of IgAN secondary to chronic
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liver disease (CLD) was included from the National Reference Lab-
oratory, Lal Path Labs, New Delhi.

The histological diagnosis of IgAN as elaborated in the Oxford
classification [14] was adhered to as follows: “IgA nephropathy is
defined by the presence of IgA-dominant or -codominant immune
deposits within glomeruli. Not all glomeruli need to show positiv-
ity. SLE nephritis should be excluded. The intensity of IgA staining
should be more than trace. The distribution of IgA staining should
include the presence in the mesangium, with or without capillary
loop staining, excluding a pure membranous, diffuse, global gran-
ular glomerular basement membrane staining pattern or a linear
glomerular basement membrane (GBM) staining pattern. IgG and
IgM may be present but not in greater intensity than IgA, except
that IgM may be prominent in sclerotic areas, and C3 may be pres-
ent. The presence of Clq staining in more than trace intensity
should bring up consideration of lupus nephritis.” Glomerular
patterns of injury including a mesangioproliferative pattern of in-
jury with or without focal segmental glomerulosclerosis and/or en-
docapillary hypercellularity and/or crescents were noted. Capillary
wall reduplication and necrotizing lesions if present were record-
ed. IgA-dominant/codominant MPGN was defined by significant
IgA deposits (2-3+) accompanied by classical MPGN morphology
including extensive GBM reduplication. IgA-IRGN was consid-
ered when a diffuse proliferative and exudative pattern of glomer-
ular injury with additional bright C3 IF was noted with the pres-
ence of subepithelial humps on electron microscopy. Lupus ne-
phritis was classified according to the ISN/RPS 2018 classification
and included cases with mesangial and/or capillary wall granular
deposits of IgA. It was recognized that many of these entities had
overlapping histology, IF, and ultrastructural findings, and the
best possible diagnosis was offered with clinicopathological cor-
relation.

KM55 IF was standardized to be performed in our laboratory
conditions for formalin-fixed paraffin-embedded tissue sections
using a previously published paraffin IF protocol [15]. Briefly,
3-um FFPE tissue sections were cut on to APTES-coated slides and
were dewaxed and treated with proteinase K. Subsequently, the
slides were treated with Anti-Human Gd-IgA1(KM55) Rat IgG
MoAb (IBL; Code No. 10777) at a concentration of 50 pug/mL and
incubated in a moist chamber for 2 h, followed by application of a
biotinylated universal secondary antibody and last by streptavidin-
conjugated phycoerythrin. The slides were then mounted using
glycerol and were viewed using a fluorescence microscope. The
intensity of IF was semiquantitatively graded from 0 (complete
absence of staining) to 3+ (maximum-observed intensity of stain-
ing) by 2 pathologists (R.R. and G.S.).

A colocalization study using double-IF staining was done with
KM55 and IgA on the same glass slide. Images were captured using
appropriate filters for both fluorochromes and were merged using
suitable software (Nikon NIS-Elements). For the negative control,
glomerular diseases negative for IgA on IF were chosen.

Results

KMS55 staining was standardized in the laboratory, and
colocalization with IgA demonstrated on a case of IgAN

(Fig. 1).
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Fig. 1. A case of IgAN with mild mesangial hypercellularity and segmental sclerosis (a, periodic acid-Schiff, x20);
3+ mesangial granular staining for IgA (b, IgA-FITC, x20), and KM55 (¢, KM55-phycoerythrin, x20). Colocal-
ization of IgA and KM55 demonstrated on double-IF staining (d, IgA-FITC and KM55-phycoerythrin, x20).
IgAN, IgA nephropathy; IF, immunofluorescence.

Fig. 2. A case of minimal-change disease with negative IF for IgA
(a, IgA-FITC, x20) and KM55 (b, KM55-Phycoerythrin, x20). A
case of focal segmental glomerulosclerosis with nonspecific stain-
ing pattern for IgA (c, IgA-FITC, x20) and a similar pattern of
staining on KM55 (¢, inset, KM55-phycoerythrin, x20). Electron
microscopy performed on the case showed foot process effacement
and microvillous transformation. No EDDs were identified (d,
uranyl acetate-lead citrate, x940). A case of suspected Alport syn-
drome with nonspecific staining pattern for IgA (e, IgA-FITC,
%20). The inset shows IF for albumin with similar staining pattern

KM55 in Glomerular Disease

e

. Similar discontinuous pattern of staining of KM55 in the case.
Also note the positive staining of the hyaline cast (f, KM55-Phyco-
erythrin, x20). Electron microscopy performed showed GBM
thickening with lamellation, rarefaction, and tenting of the exter-
nal surface (g, uranyl acetate-lead citrate, x2,250), and the mesan-
gium appeared unremarkable without the presence of EDDs (h,
uranyl acetate-lead citrate, x2,250). IF, immunofluorescence;
GBM, glomerular basement membrane; EDD, electron-dense de-
posit.

Glomerular Dis 2022;2:59-74 61
DOI: 10.1159/000520640



Table 1. Distribution of cases of IgA-containing glomerular disease

Primary diagnosis Cases, n
Primary IgAN* 17

HSP 4
CLD-IgAN 15
Other secondary IgAN 4
IgA-dominant MPGN 8
Lupus nephritis 12
Total 60

IgAN, IgA nephropathy; CLD-IgAN, chronic liver disease-
associated IgA nephropathy; HSP, Henoch-Schonlein purpura;
MPGN, membranoproliferative glomerulonephritis.

KM55 IF on Non-IgA-Containing Glomerular

Diseases

As negative controls, 3 cases of minimal-change dis-
ease (Fig. 2a, b), 1 case of focal segmental glomeruloscle-
rosis, 1 case of membranous nephropathy, and 1 case of
suspected Alport syndrome were stained. A nonspecific
staining pattern was noted in 2 of these proteinuric pa-
tients (FSGS Fig. 2¢) and suspected for Alport syndrome
(Fig. 2e, f), while the rest were completely negative. The
observed staining in the 2 cases correlated with nonspe-
cific staining of IgA along with other immunoglobulins
on IF. In both cases, lack of electron-dense deposits was
confirmed on electron microscopy (Fig. 2d, g, h), with
evidence of podocyte effacement and GBM changes of
collagenopathy, respectively. This “nonspecific” pattern
of KM55 staining was recognized as negative and differ-
ent from the confluent mesangial granular pattern noted
in true cases of IgAN. Nonspecific KM55 staining was
also noted in hyaline casts similar to IgA (Fig. 2f). A spec-
trum of 60 cases of IgA-containing glomerular diseases
was then subjected to KM55 IF (Table 1).

Primary IgAN (11 + 6 Cases)

In cases of classic primary IgAN, KM55 staining per-
formed showed 2-3+ confluent mesangial granular stain-
ing (scale 0-3+). The cases had classically described his-
tological features including mesangial hypercellularity
(10/11), segmental sclerosis (9/11), segmental endocapil-
lary hypercellularity (4/11), and crescents (6/11) with
variable tubulointerstitial fibrosis. Confounding histolo-
gy was noted in 6 cases, 4 of which showed membrano-
proliferative pattern of glomerular injury, and 2 showed
an endocapillary proliferative pattern of glomerular in-
jury, raising the differential diagnosis of IRGN. All 6 cas-
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es showed 2-3+ granular staining for KM55. Representa-
tive cases from this cohort are described below.

HSP (4 Cases)

Four cases with a clinical diagnosis of HSP were in-
cluded and showed similar staining pattern of KM55 as
primary IgAN (Fig. 3a).

Non-CLD, Secondary IgAN (4 Cases)

These included a case of Sjogren’s syndrome, sarcoid-
osis, and rheumatic heart disease and a case with both
rheumatic heart disease and sarcoidosis. All the cases

showed significant mesangial granular staining for KM55
(Fig. 3b-d).

CLD-IgAN (15 Cases)

In secondary IgAN, CLD-associated IgAN (CLD-
IgAN) formed the largest cohort of 15 cases including
cases from both centers. The liver disease was of variable
etiologies including hepatitis B, alcohol abuse, etc. In 14
cases (93.33%), 2+ and 3+ confluent mesangial granular
staining for KM55 was noted (scale 0-3+) with evidence
of capillary wall extension (Fig. 4). In 1 case, staining was
1-2+ variable and limited to the mesangium. Endocapil-
lary proliferative or early membranoproliferative pattern
of glomerular injury was frequently seen (13/15 cases,
86.66%). In addition, 2 cases had focal necrotizing le-
sions, and 3 showed the presence of cellular/fibrocellular
crescents. Clinical details, histopathology, IF, and elec-
tron microscopy features are included in Table 2.

IgA-Dominant/Codominant MPGN (8 Cases)

On review of cases of IC-MPGN, 8 cases showed sig-
nificant IgA deposits of 2-3+ intensity in a capillary wall
granular and mesangial location. These were accompa-
nied by variable IgG deposits in 6 cases (traces to 3+), IgM
in 8 cases (traces to 3+), C3in 7 cases (1+ to 3+), and Clq
in 6 cases (trace to 3+). All cases had polytypic deposits,
and there was no evidence of light-chain restriction. On
histology, well-developed membranoproliferative fea-
tures were noted, including lobular accentuation, mesan-
gial hypercellularity, variable endocapillary hypercellu-
larity, and widespread reduplication of the GBM identi-
fied on silver methenamine. Cellular/fibrocellular
crescents were identified in 2 cases. One case (case 5)
showed large subendothelial deposits forming “hyaline
thrombi,” and cryoglobulinemic glomerulonephritis
(GN) was suspected. However, the deposits were unorga-
nized on electron microscopy, and serum cryoglobulin
was negative (Fig. 5). All the cases of IgA-dominant/co-
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Fig. 3. KM55 IF in a case of HSP (a), Sjo-
gren’s syndrome (b), rheumatic heart dis-
ease (), and sarcoidosis (d) (KM55-phyco-
erythrin, x10). HSP, Henoch-Schonlein
purpura; IF, immunofluorescence.

Fig. 4. A case of CLD-IgAN with evidence
of endocapillary hypercellularity including
neutrophils and a cellular crescent (a, he-
matoxylin-eosin, x40). On silver methena-
mine, segmental GBM reduplication is
noted (red arrow) (b, Jones methenamine
silver, x40), while other glomeruli appear
to show only mesangial hypercellularity (b,
inset, PAS, x20). IF for IgA shows 2+ me-
sangial granular staining (c, IgA-FITC,
x20), and KM55 shows 3+ mesangial gran-
ular staining with capillary-wall extension
(white arrows) (d, KM55-phycoerythrin,
x20). CLD-IgAN, chronic liver disease-as-
sociated IgA nephropathy; GBM, glomeru-
lar basement membrane; IF, immunofluo-
rescence.
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Fig. 5. A case of MPGN with mesangial/endocapillary hypercellularity, irregular capillary-wall thickening, and
hyaline thrombi (a, hematoxylin-eosin, x20). Silver-negative large subendothelial deposits with evidence of ex-
tensive GBM reduplication noted (b, Jones methenamine silver, x40). IF for IgA shows 3+ staining in the depos-
its (¢, IgA-FITC, x40), while KM55 is negative (d, KM55-phycoerythrin, x20). Immune-type unorganized EDDs
are identified in a subendothelial, subepithelial, transmembranous, and mesangial location on electron micros-
copy (e, uranyl acetate-lead citrate, x2,050). MPGN, membranoproliferative glomerulonephritis; IF, immuno-

fluorescence; EDD, electron-dense deposit.

dominant MPGN were negative for KM55. Clinical de-
tails, IF, and electron microscopy features are included in
Table 3.

Lupus Nephritis (12 Cases)

Twelve cases of lupus nephritis with sufficient tissue
were included. These included class II (2 cases), class IV
(7 cases), and class V (3 cases). All cases showed IgA as
part of a full-house IF in either mesangial- or capillary-
wall location; however, they were negative for KM55.

Diagnostic Dilemmas

Membranoproliferative Pattern of Glomerular Injury

Case 1. A 25-year-old hypertensive male presented with
renal dysfunction (serum creatinine — 1.7 mg/dL), nephrot-
ic-range proteinuria (24-h urine protein - 6.5 g and serum
albumin - 3.8 g/dL), and bland urinary sediment. Autoim-
mune workup was negative. Renal biopsy revealed moder-

KMS55 in Glomerular Disease

ate mesangial matrix expansion, mesangial hypercellulari-
ty, and irregular capillary-wall thickening with accumula-
tion of subendothelial fuchsinophilic material on staining
with Masson trichrome. Silver methenamine stain showed
basement membrane reduplication. On IF, capillary-wall
and mesangial granular deposits of IgA (3+), IgG (3+), IgM
(3+), C3 (2+), C1q (3+), kappa (3+), and lambda (3+) were
seen. No tubulovascular deposits were seen. Tissue submit-
ted for EM did not have any glomeruli. KM55 staining
showed 3+ confluent mesangial granular deposits (Fig. 6),
after which the histological diagnosis was revised from IC-
MPGN to IgAN with a membranoproliferative pattern of
glomerular injury.

Case 2. A hypothyroid and hypertensive male, aged 72
years, presented with bilateral pedal edema and facial
puffiness. Microscopic hematuria was documented with
24-h urine protein of 5.7 g and serum albumin of 2.8 mg/
dL. Serum creatinine was 3.1 mg/dL, and anti-neutrophil-
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Fig. 6. A case of [gAN with a membranoproliferative pattern of glomerular injury, with moderate mesangial ma-
trix expansion, mesangial hypercellularity (a, hematoxylin-eosin, x10; b, hematoxylin-eosin, x20), and irregular
capillary-wall thickening (¢, Jones methenamine silver, x20). IF for IgA shows 3+ capillary-wall and mesangial
granular deposits (d, IgA-FITC, x20), and KM55 shows 3+ capillary-wall and mesangial granular staining (e,
KM55-phycoerythrin, x20). IgAN, IgA nephropathy; IF, immunofluorescence.

ic cytoplasmic antibody and double-stranded DNA were
negative. The serum C3 level was within normal limits.
Light microscopy revealed mesangial matrix expansion
and irregular capillary-wall thickening with extensive
GBM reduplication on silver methenamine. IF showed
large capillary-wall and mesangial granular deposits of
IgA (34),1gG (3+),IgM (3+), C3 (3+), and C1q (trace-1+).
There was no evidence of light-chain restriction (Fig. 7).
EM showed large unorganized immune-type subendothe-
lial deposits. KM55 staining showed 3+ confluent mesan-
gial granular deposits after which the histological diagno-
sis was revised from IC-MPGN to IgAN with a membra-
noproliferative pattern of glomerular injury.

Endocapillary Proliferative and Crescentic Pattern of

Glomerular Injury Raising the Differential Diagnosis

of IgA-IRGN

Case 3. A diabetic and hypertensive male, aged 55 years
who has history of recurrent cerebrovascular accidents and

KMS55 in Glomerular Disease

past history of pulmonary tuberculosis, developed rapidly
progressive renal failure with generalized body swelling
and a palpable skin rash. On investigation, the following
parameters were observed: serum creatinine — 5 mg/dL,
serum C3/C4 - normal, autoimmune markers and viral
markers — negative, urine spot protein/creatinine ratio -
6.71, and ultrasound showed normal sized kidneys with
raised echogenicity. There was no history of febrile illness,
although during his course, urine culture grew Klebsiella
pneumoniae and later Enterococcus faecium. The chest CT
scan and sputum GeneXPert assay suggested reactivation
of tuberculosis. Renal biopsy revealed moderate mesangial
expansion, hypercellularity, and Kimmelstiel-Wilson nod-
ules in the glomeruli examined, along with variable endo-
capillary hypercellularity and neutrophil exudation. Cel-
lular crescents were also seen in 2 glomeruli. In addition,
there were features of diffuse acute tubular injury, marked
interstitial edema, and thickening of tubular basement
membranes. Interstitial fibrosis/tubular atrophy involved
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Fig. 7. A case of IgAN with a membranoproliferative pattern of glomerular injury, with mesangial-matrix expan-
sion (a, hematoxylin-eosin, x20), irregular capillary-wall thickening, and GBM reduplication (b, Jones methena-
mine silver, x20). IF for IgA shows large capillary-wall and mesangial granular deposits (¢, IgA-FITC, x20), and
KMS55 shows 3+ confluent mesangial granular deposits (d, KM55-Phycoerythrin, x20). Large unorganized im-
mune-type subendothelial deposits were seen on electron microscopy (e, uranyl acetate-lead citrate, x940; f, ura-
nyl acetate-lead citrate, x2,250). IgAN, IgA nephropathy; GBM, glomerular basement membrane; IF, Q7 immu-
nofluorescence.

30-40% of the biopsied cortex. IF microscopy performed
on formalin-fixed paraffin-embedded sections showed lin-
ear glomerular and tubular basement membrane accen-
tuation of IgG with variable granular mesangial deposits of
IgA (2-3+), IgG (2+), kappa (1-2+), and lambda (1-2+)
and negative staining for C3. A provisional diagnosis of an
IgA-dominant IC-mediated proliferative GN with cres-
cents was made with a differential diagnosis of IgAN fa-
vored over IgA-IRGN. No tissue was sent for electron mi-
croscopy. Further immunostaining with KM55 revealed
mesangial granular staining of 2-3+ intensity, which paved
the way for the diagnosis of IgAN, overlying diabetic ne-
phropathy. KM55 immunostaining of the patient’s skin bi-
opsy also showed deposits of GD-IgA1 on the walls of der-
mal capillaries (Fig. 8). The patient remained dialysis-de-
pendent, did not receive any immunosuppression for his
kidney disease, and died on the 2nd admission due to se-
vere hospital-acquired pneumonia.

68 Glomerular Dis 2022;2:59-74
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Case 4. A 55-year-old male, hypertensive since 15
years, was detected recently to have carcinoma of the hy-
popharynx and had undergone partial laryngectomy and
radiotherapy. He had a history of lower respiratory tract
infection 2 months prior (culture negative), which was
followed by an episode of acute kidney injury, with serum
creatinine level of 4.3 mg/dL and nephrotic-range pro-
teinuria (3+ on dipstick) and microscopic hematuria. Au-
toimmune workup consisting of antinuclear antibody,
double-stranded DNA, anti-neutrophilic cytoplasmic
antibody, and anti-GBM was negative. Light microscopy
of the biopsy showed moderate mesangial expansion and
hypercellularity, endocapillary hypercellularity, and neu-
trophilic exudates in all glomeruli. Fibrocellular crescents
were seen in 3 glomeruli, and an equal number showed
cellular crescents. Interstitial fibrosis and tubular atrophy
involved 10-15% of the biopsied cortex. IF showed me-
sangial and focal capillary-wall granular positivity for IgA
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Fig. 8. A case of IgAN in a diabetic and hypertensive male, showing moderate mesangial expansion and hyper-
cellularity (a, periodic acid-Schiff, x20; b, periodic acid-Schiff, x20) and the presence of crescents (b, periodic
acid-Schiff, x20, white arrow) and Kimmelstiel-Wilson nodules (¢, Masson’s trichrome, x20). IF for IgA shows
2-3+ mesangial granular deposits of IgA (d, IgA-FITC, x20) and 2-3+ mesangial granular deposits on IF for
KM55(e, KM55-phycoerythrin, x40). KM55 immunostaining of the patients’ skin biopsy highlights deposits of
GDIgA on the walls of dermal capillaries (f, KM55-phycoerythrin, x20, white arrow). IgAN, IgA nephropathy;
IF, immunofluorescence.

(3+), C3(2+), and lambda light chain (1-2+) and negativ-
ity for IgG, IgM, C1q, and kappa light chain. Differential
diagnoses of IgA-IRGN and IgAN were considered. Elec-
tron microscopy revealed large immune-type unorga-
nized electron-dense deposits in the mesangium and
paramesangium and occasionally in a subendothelial lo-
cation. Furthermore, immunostaining of the biopsy us-
ing KM55 showed 2-3+ mesangial and focal capillary-
wall granular staining. A diagnosis of IgAN was made
based on these findings. He was lost to the follow-up and
died due to severe stridor within a year (Fig. 9).

Discussion

KMS55 is a recently described marker for GD-IgA both
in tissue and the serum, and previous experience with it
is reviewed in Table 4. The collective experience of 107
cases of [IgAN demonstrates that it is a consistent marker

KMS55 in Glomerular Disease

for the same and is completely negative in lupus nephritis
as noted in 24 cases. The experience in other IgA-contain-
ing glomerular diseases remains variable. As we per-
formed KM55 staining on our cohort of IgA-containing
glomerular diseases, a distinct pattern emerged, of KM55-
positive and KM55-negative cases.

Primary IgAN, HSP, and secondary IgAN including
those related to liver disease all contain KM55-positive
GD-IgA and therefore appear to have a common under-
lying pathogenesis. This is consistent with reports from
Sugiyama et al. [12] and Suzuki et al. [6] which demon-
strate the GD nature of IgA in HSP similar to primary
IgAN. Also reports from Cassol et al. [7] and Wang et al.
[8] depicted similar staining in cases of secondary IgAN.
In this group, liver disease-associated IgAN is the most
common and is discussed further. It can be hypothesized
that these diseases all share a common pathogenesis of
systemic overproduction of the “mucosal-type” IgA,
which may be exacerbated by the secondary causes with
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Fig. 9. A case of IgAN showing fibrocellular crescents (a, periodic acid-Schift, x20), moderate mesangial expan-
sion, and hypercellularity along with endocapillary hypercellularity (b, Masson’s trichrome, x20). IF showed
2-3+ mesangial and focal capillary wall granular positivity for IgA (¢, IgA-FITC, x20). KM55 immunostaining
shows 2-3+ mesangial and focal capillary-wall granular staining (d, KM55-Phycoerythrin, x20). Electron mi-
croscopy shows large immune-type unorganized EDDs in the mesangium (e, uranyl acetate-lead citrate, x2,250).
IgAN, IgA nephropathy; IF, immunofluorescence; EDD, electron-dense deposit.

which it is associated. Sjogren’s syndrome, for example,
results in increased mucosal inflammation. In other cas-
es, there may be no direct effect of the perceived second-
ary cause, and the case may just be a coincidental co-oc-
currence.

CLD-IgAN constitutes the largest group within the so-
called secondary IgAN. From early autopsy studies, it was
recognized that IgA glomerular deposits were common
in this cohort and often subclinical. The st report of a
similar underlying pathogenesis as primary IgAN was
from a French group in 2011 where it was demonstrated
that increase in levels of GD-IgA1-containing ICs could
be identified in the circulation in patients with alcoholic
cirrhosis [18]. This was further confirmed by Wang et al.
[8], when they tested for GD-IgA1 in the serum and tissue
of a wide range of secondary IgAN including 20 cases of
cirrhosis (5 of which also had tissue staining). Our study
confirms the GD nature of IgA deposits in cases of CLD-
IgAN.

70 Glomerular Dis 2022;2:59-74
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In the setting of CLD, the following features would ex-
acerbate deposition of GD-IgA1 in the kidney:

1. Defective intestinal barriers with an increased chance
of bacterial infection and enhanced mucosal produc-
tion of mucosal-type IgA with portosystemic shunt-
ing, enabling easy entry into the systemic circulation.

2. Reduced clearance of GD-IgA1l due to its reduced
binding to the asialoglycoprotein receptor which is de-
pendent on the terminal galactose. In addition, the he-
patocellular damage would result in loss of hepato-
cytes and aberrant distribution of the asialoglycopro-
tein receptor which would further dampen clearance
of GD-IgAl.

Further genome-wide association studies would be in-
teresting in this cohort to determine if they have a genet-
ic background similar to primary IgAN. Although patho-
genetically related, subtle histological differences have
been recognized in the literature between different forms
of IgAN. We recognize that HSP-related nephritis tends
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to have more proliferative features (endo- and extra-cap-
illary) and necrotizing lesions compared to IgAN. This is
accompanied by increased capillary-wall subendothelial
deposits [19]. Similarly, subtle differences in histology
were noted in CLD-IgAN, prompting the term “hepatic
glomerulosclerosis.” This included a more common seg-
mental capillary-wall subendothelial deposition, result-
ing in an MPGN pattern and additional deposits of Clq
noted in half to 2/3rd of cases [20].

A very clearly KM55-negative group of IgA-contain-
ing glomerular disease in our study is that of lupus ne-
phritis, in contrast to studies by Ishiko et al. [9] and Zhao
et al. [10]. We feel that the interpretation of KM55 IF as
positive in these cases may be attributed to interpretation
differences in terms of nonspecific staining and lower
thresholds.

The presence of dominant or codominant IgA and a
membranoproliferative pattern of glomerular injury in a
non-lupus patient is one which elicits diagnostic confu-
sion. In our series, this morphology was identified in cas-
es of
1. CLD-IgAN (15 cases) — KM55-positive
2. Primary IgAN (4 cases) - KM55-positive
3. IgA-dominant/codominant MPGN (8 cases) - KM55-

negative

Thus, a cohort of KM55-negative IgA-dominant/co-
dominant MPGN remains (Table 3), where the source of
the ICs appears systemic but unknown. Those with a full-
house IF profile may represent seronegative lupus and
would need close clinical and serological follow-up. The
possibility of a chronic underlying infection is also worth
investigating, although as discussed later, the nature of
IgA in these cases is still controversial. In the limited fol-
low-up available for this cohort, immunosuppression was
attempted with disease variably remaining stable or pro-
gressing.

This study also confirms that there is a subset of IgAN
which presents with an MPGN pattern of injury. In a se-
ries by Andeen et al. [21], 15 similar cases of I[gA-domi-
nant GN with an MPGN pattern of injury, without liver
disease were identified. They had nephrotic-range pro-
teinuria, hematuria, renal insufficiency, negative serolog-
ical studies, and no history of infection. Three (27%) pro-
gressed to end-stage renal disease. One had recurrent
IgA-dominant GN in the renal allograft <1 year post-
transplant. Four of 5 patients with repeat biopsies had
persistent IgA-dominant MPGN. The authors concluded
that these represented either a unique clinicopathological
entity or an aggressive form of IgAN. We believe that
KMS55 staining would help resolve this differential as it

KMS55 in Glomerular Disease

did in our cohort. With the current understanding of
MPGN and the importance of determining underlying
etiology, KM55 may serve as a useful marker to carve out
IgAN from the larger cohort of IC-MPGN.

Our series lacked a wider spectrum of secondary IgAN
including inflammatory bowel disease and celiac disease-
associated IgAN. However, the biggest pitfall of this study
is the lack of IgA-IRGN or Staphylococcus-associated GN
(SAGN). This patient cohort of usually elderly diabetics
or IV drug abusers is relatively uncommon in our prac-
tice, and we did not have a single case of documented
Staphylococcal infection in our records. In 2 cases of pro-
liferative and crescentic GN, where it was suspected, a
strong KM55 staining and a lack of clinical correlation to
favor IgA-IRGN or SAGN confirmed the cases to be of
proliferative IgAN. Cassol et al. [7] had found significant-
ly weaker (negative to traces) staining in 8 of 13 cases of
SAGN in their series, although a few cases had strong
2-3+ stainingintensity. The authors speculated on wheth-
er these represented cases of IgAN with an infectious trig-
ger. They concluded that a negative KM55 in the setting
of a proliferative IgA-containing GN should definitely
raise suspicion for an infection and trigger investigations
to uncover an infective focus.

The significance of trace amounts of KM55 staining is
debatable, but in our study, it was commonly noted even
in non-IgA-containing glomerular diseases such as FSGS.
This appearance likely represents nonspecific staining in
proteinuric patients such as is also noted with IgA. This
is not surprising as GD-IgA is normally present in the
circulation, though in a smaller proportion [8, 16], and
therefore, such interrupted staining may be disregarded.
Similar to IgA, nonspecific cast staining with KM55 was
also noted. To be considered positive, a “confluent granu-
lar staining pattern” in a mesangial or capillary-wall loca-
tion should be considered.

Conclusion

KMS55 is a useful stain to detect GD-IgA and suggests
mucosal-origin IgA as opposed to systemic-origin IgA as
the driver of the glomerular pathology. Its presence in
both primary and perceived secondary IgAN points to-
ward a common pathogenesis. It can be helpful in resolv-
ing differential diagnoses in overlapping patterns of glo-
merular injury; however, it must be interpreted with cau-
tion.

Glomerular Dis 2022;2:59-74 73
DOI: 10.1159/000520640



Statement of Ethics

The study was approved by the Institute Ethics Committee for
Post Graduate Research (Basic science), All India Institute of Med-
icalSciences,NewDelhi;Referencenumber:IECPG-484/29.11.2017,
RT-13/20.12.2017. The Ethical Committee approved the study
without the need for written informed patient consent as no addi-
tional biopsy was required, and only tissue left in the paraffin blocks
after completion of diagnostic workup was used for the same.

Author Contributions

Geetika Singh contributed to the conception and design of the
work. Rahul Raj, Geetika Singh, and Alok Sharma contributed to
data collection. Geetika Singh and Rahul Raj contributed to data
analysis and interpretation. Geetika Singh and Rahul Raj drafted
the article. Sanjay Kumar Agarwal and Geetika Singh contributed
to critical revision of the article. Rahul Raj, Alok Sharma, Adarsh
Barwad, Soumita Bagchi, Sanjay Kumar Agarwal, Arvind Bagga,
Amit Kumar Dinda, and Geetika Singh contributed to the final ap-
proval of the version to be published.

Conflict of Interest Statement

The authors have no conflicts of interests to declare.

Funding Sources

Data Availability Statement

All data generated or analyzed during this study are included
in this manuscript, and the tables attached. Further inquiries can
be directed to the corresponding author.

The authors received no external funding for this work.

References

1 Floege ], Feehally J. The mucosa-kidney axis 8 Wang M, Lv J, Zhang X, Chen P, Zhao M, 15 Singh G, Singh L, Ghosh R, Nath D, Dinda
in IgA nephropathy. Nat Rev Nephrol. 2015; Zhang H. Secondary IgA nephropathy shares AK. Immunofluorescence on paraffin em-
12(3):147-56. the same immune features with primary IgA bedded renal biopsies: experience of a tertiary

2 Yeo SC, Cheung CK, Barratt J. New insights nephropathy. Kidney Int Rep. 2020;5(2):165— care center with review of literature. World |
into the pathogenesis of IgA nephropathy. Pe- 72. Nephrol. 2016;5(5):461.
diatr Nephrol. 2017;33(5):763-77. 9 Ishiko S, Horinouchi T, Fujimaru R, Shima Y, 16 Bagchi S, Singh G, Yadav R, Kalaivani M, Ma-

3 Yasutake J, Suzuki Y, Suzuki H, Hiura N, Kaito H, Tanaka R, et al. Glomerular galac- hajan S, Bhowmik D, et al. Clinical and histo-
Yanagawa H, Makita Y, et al. Novel lectin-in- tose-deficient IgA1 expression analysis in pe- pathologic profile of patients with primary
dependent approach to detect galactose-defi- diatric patients with glomerular diseases. Sci IgA nephropathy seen in a tertiary hospital in
cient IgA1 in IgA nephropathy. Nephrol Dial Rep. 2020;10(1). India. Ren Fail. 2016;38(3):431-6.
Transplant. 2015;30(8):1315-21. 10 Zhao L, Peng L, Yang D, Chen S, Lan Z, Zhu 17 Lee M, Suzuki H, Kato R, Fukao Y, Nakayama

4 Yamasaki K, Suzuki H, Yasutake J, Yamazaki X, et al. Immunostaining of galactose-defi- M, Kano T, et al. Renal pathological analysis
Y, Suzuki Y. Galactose-deficient IgA1-specif- cient IgA1 by KM55 is not specific for immu- using  galactose-deficient  IgAl-specific
ic antibody recognizes GalNAc-modified noglobulin A nephropathy. Clin Immunol. monoclonal antibody is a strong tool for dif-
unique epitope on hinge region of IgAl. 20205217:108483. ferentiation of primary IgA nephropathy
Monoclon Antib Immunodiagn Immunoth- 11 Zhang K, Li Q, Zhang Y, Shang W, Wei L, Li from secondary IgA nephropathy. CEN Case
er. 2018;37(6):252-6. H, et al. Clinical significance of galactose-de- Rep. 2021;10(1):17-22.

5 Wada Y, Matsumoto K, Suzuki T, Saito T, ficient IgA1 by KM55 in patients with IgA ne- 18 Tissandié E, Morelle W, Berthelot L, Vrtovs-
Kanazawa N, Tachibana §, et al. Clinical sig- phropathy. Kidney Blood Press Res. 2019; nik F, Daugas E, Walker F, et al. Both IgA ne-
nificance of serum and mesangial galactose- 44(5):1196-206. phropathy and alcoholic cirrhosis feature ab-
deficient IgA1 in patients with IgA nephropa- 12 Sugiyama M, Wada Y, Kanazawa N, Tachiba- normally glycosylated IgAl and soluble
thy. PLoS One. 2018;13(11):e0206865. na S, Suzuki T, Matsumoto K, et al. A cross- CD89-IgA and IgG-IgA complexes: common

6 Suzuki H, Yasutake J, Makita Y, Tanbo Y, Ya- sectional analysis of clinicopathologic simi- mechanisms for distinct diseases. Kidney Int.

masaki K, Sofue T, et al. IgA nephropathy and larities and differences between Henoch- 2011;80(12):1352-63.
IgA vasculitis with nephritis have a shared Schonlein  purpura nephritis and IgA 19 Davin JC, Ten Berge IJ, Weening JJ. What is
feature involving galactose-deficient IgAl- nephropathy.  PLoS  One. 2020;15(4): the difference between IgA nephropathy and
oriented pathogenesis. Kidney Int. 2018; €0232194. Henoch-Schonlein purpura nephritis? Kid-
93(3):700-5. 13 Zhang M, Zhou W, Ni Z, Liu S. KM55 mono- ney Int. 2001;59(3):823-34.

7 Cassol C, Bott C, Nadasdy G, Alberton V, clonal antibody and IgA variant of prolifera- 20 Jennette J. Heptinstall’s pathology of the kid-
Malvar A, Nagaraja H, et al. Inmunostaining tive glomerulonephritis with monoclonal Ig ney. Philadelphia, PA: Wolters Kluwer; 2015.
for galactose-deficient immunoglobulin A is deposits. Kidney Int Rep. 2020;5(6):946-50. p. 460-1.
not specific for primary immunoglobulin A 14 Cattran D, Coppo R, Cook H, Feehally ], Rob- 21 Andeen N, Jefferson J, Akilesh S, Alpers C,

nephropathy. Nephrol Dial Transplant. 2019;
35(12):2123-9.

erts I, Troyanov S, et al. The Oxford classifica-
tion of IgA nephropathy: rationale, clinico-
pathological correlations, and classification.
Kidney Int. 2009;76(5):534-45.

Bissonnette M, Finn L, et al. IgA-dominant
glomerulonephritis with a membranoprolif-
erative pattern of injury. Hum Pathol. 2018;
81:272-80.

Glomerular Dis 2022;2:59-74
DOI: 10.1159/000520640

74

Raj/Sharma/Barwad/Bagchi/Agarwal/
Bagga/Dinda/Singh


https://www.karger.com/Article/FullText/520640?ref=1#ref1
https://www.karger.com/Article/FullText/520640?ref=2#ref2
https://www.karger.com/Article/FullText/520640?ref=2#ref2
https://www.karger.com/Article/FullText/520640?ref=3#ref3
https://www.karger.com/Article/FullText/520640?ref=3#ref3
https://www.karger.com/Article/FullText/520640?ref=4#ref4
https://www.karger.com/Article/FullText/520640?ref=4#ref4
https://www.karger.com/Article/FullText/520640?ref=5#ref5
https://www.karger.com/Article/FullText/520640?ref=6#ref6
https://www.karger.com/Article/FullText/520640?ref=7#ref7
https://www.karger.com/Article/FullText/520640?ref=8#ref8
https://www.karger.com/Article/FullText/520640?ref=9#ref9
https://www.karger.com/Article/FullText/520640?ref=9#ref9
https://www.karger.com/Article/FullText/520640?ref=10#ref10
https://www.karger.com/Article/FullText/520640?ref=11#ref11
https://www.karger.com/Article/FullText/520640?ref=12#ref12
https://www.karger.com/Article/FullText/520640?ref=13#ref13
https://www.karger.com/Article/FullText/520640?ref=14#ref14
https://www.karger.com/Article/FullText/520640?ref=15#ref15
https://www.karger.com/Article/FullText/520640?ref=15#ref15
https://www.karger.com/Article/FullText/520640?ref=16#ref16
https://www.karger.com/Article/FullText/520640?ref=17#ref17
https://www.karger.com/Article/FullText/520640?ref=17#ref17
https://www.karger.com/Article/FullText/520640?ref=18#ref18
https://www.karger.com/Article/FullText/520640?ref=19#ref19
https://www.karger.com/Article/FullText/520640?ref=19#ref19
https://www.karger.com/Article/FullText/520640?ref=20#ref20
https://www.karger.com/Article/FullText/520640?ref=20#ref20
https://www.karger.com/Article/FullText/520640?ref=21#ref21

	startTableBody
	startTableBody
	startTableBody
	startTableBody

