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Abstract

Background: The analysis of a renal biopsy is made complex
by multifactorial etiologies involving different renal com-
partments. Recent proteomic data, pattern-based classifi-
cation, and a better understanding of various glomerular
renal diseases have underscored the importance of im-
munohistology as an integral part of the diagnostic evalu-
ation of renal biopsies. These include immunofluorescence
on formalin-fixed paraffin-embedded renal tissue (IF-P), IgG
subclass staining, typing of amyloid, and other organized
deposits, classification of membranous nephropathy, etc.
Summary: We describe the recent immunohistological
markers on immunofluorescence (IF) and immunohisto-
chemistry (IHC) on fresh and formalin-fixed paraffin-
embedded renal native biopsies for proper evaluation
and classification of glomerular diseases. The article also
provides information on the diagnostic utility, interpreta-
tion, and established antibody clones described in the lit-
erature for various glomerular diseases. The indications of IF-
P in renal biopsies are also outlined. Key Messages: Im-
munohistology has become integral to diagnosing and
classifying various glomerular renal diseases. A specific

protein or antigen-based classification has prognostic and
therapeutic implications. Additionally, it provides clue for
screening the patient for an underlying etiology.

© 2025 The Author(s).
Published by S. Karger AG, Basel

Introduction

Renal biopsy interpretation is complex, requiring
recognition of patterns of injury involving the different
compartments, namely, glomerular, tubular, interstitial,
and vascular. Understanding injury patterns may vary
with age and type of biopsies-native or transplant. The
analysis is made complex by multifactorial etiologies
simultaneously involving different renal compartments.
Further, it necessitates a multidisciplinary approach,
integrating features of light microscopy, immunofluo-
rescence (IF), immunohistochemistry (IHC), and elec-
tron microscopy. Light microscopy of renal biopsy re-
quires evaluation by histochemical stains, namely, he-
matoxylin and eosin, periodic acid-Schiff (PAS),
trichrome, and silver methanamine. Other stains, e.g,,
Congo red for amyloid and elastin, fibrin, and collagen,
are often required for diagnostic evaluation.

IHC and IF workup of renal biopsies requires a panel
of immunological tissue markers. Recently, there has
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been a paradigm shift in understanding diagnostic cat-
egories in renal pathology with the importance of pattern
recognition. Various new markers are described for
proper evaluation and algorithmic diagnosis of renal
biopsies. This is a review of the recent markers for di-
agnostic evaluation and classification of glomerular dis-
eases in renal native biopsies, emphasizing their inter-
pretation and diagnostic utility.

Immunochemical Techniques

Tissue immunostaining uses monoclonal antibodies
(MAbs) or polyclonal antibodies (PAbs) targeted against an
antigen of interest. MAbs are derived from a single-cell
clone, thus exhibiting remarkable specificity by binding to a
specific epitope on the target antigen. In contrast, PAbs arise
from multiple B-cell clones and, therefore, can recognize
multiple epitopes, resulting in lower specificity but higher
sensitivity for detecting the target antigen. The decision to
choose a monoclonal or polyclonal antibody depends on
various factors such as the breadth of epitope recognition of
the target antigen, cross-reactivity, cost, and availability, etc.

Immunofluorescence on frozen sections (IF-F) or im-
munohistochemistry on formalin-fixed paraffin-embedded
(FFPE) kidney biopsies for immunoglobulins (IgG, IgM,
IgA), immunoglobulin light chains (kappa, lambda),
complements (C3, Clq), and fibrin/fibrinogen is routinely
performed in most nephropathology laboratories for
evaluation of all renal biopsies. Some laboratories do al-
bumin staining as a routine or as and when required.
Tubular casts are an internal control for IgA, kappa, and
lambda. The blood vessel wall is an internal control for C3.
External controls for all markers should be included in
every batch of staining.

The renal biopsy for IF-F is received in normal saline,
transport medium (Michel/Zeus), or saline wet gauze,
depending on the transport time. It is embedded in a
cryomedium (OCT-optimum cutting temperature com-
pound), and 3-5 pm sections are cut at minus (-)
15-20°C on a cryo-microtome. Direct IF using
fluorescent-tagged primary antibodies is performed. In-
direct IF uses an additional step of fluorescent-tagged
secondary antibody.

Immune deposits can also be identified using IHC or
immunofluorescence on FFPE renal tissue (IF-P). In IF-P
techniques, enzyme digestion of paraffin tissue sections
by proteinase K, trypsin, or pronase enzymes is required
for antigen retrieval.

Masked deposits that are not detected on IF-F can be
identified by IF-P (shown in Fig. 1) [1-3]. High con-
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cordance has been reported for IF-F and IF-P, especially
for immunoglobulins [1]. Some centers perform IF-P
routinely, thus avoiding the need of an additional biopsy
for IF-F and an additional advantage of good correlation
with light microscopy. Messias et al. [4] reported their
experience with IF-P in native kidney biopsies over 9
months. Of the 4,969 renal biopsies, IF-P was performed
as a salvage technique or to evaluate masked deposits in
207 (4%) and 97 (2%) biopsies, respectively. As a salvage
technique, it was necessary to diagnose 24 (11.6%) and
significantly contributed to the diagnosis in 63 (30.4%)
renal native biopsies. Out of 97 cases evaluated for un-
masking of immunoglobulins or light chains, IF-P was
useful or had a significant contribution in identifying
masked deposits in 22 cases (23%).

However, IF-P has a low sensitivity for detecting
immunoglobulins in anti-GBM disease, idiopathic/
primary MN, and IgA nephropathy [5]. Table 1 men-
tions the indications and limitations of IF-P in routine
nephropathology practice.

IF staining on FFPE renal tissue sections using dual
microwave retrieval (IF-DMP) is another technique that
has shown comparable specificity and sensitivity with IF-
F in detecting immunoglobulins, complements, kappa,
and lambda light chains [12]. The overall inter-observer
agreement is numerically higher for IF-F than for IF-P or
IHC for the routinely used immunoglobulins and com-
plement components in renal biopsies.

However, IHC is a method of choice for the newer
markers available for various glomerular diseases. IHC is
done on FFPE tissues after enzyme digestion/heat-in-
duced antigen retrieval, usually using DAB (di-amino
benzidine) as a chromogen [13].

Complements and Complement Split Products

Direct IF usually performed by IF-F or IHC on FFPE
for complements C3 and Clq is routine for all renal
biopsies. C3 is detected usually using an antibody directed
against its proteolytic fragment C3c. Blood vessels act as
an internal control for C3. C3 deposits are due to the
activation of any of the three pathways of complement
activation - classical, alternate, or lectin. C1q deposits are
usually associated with the activation of the classical
pathway. Analysis of the pattern, location, and intensity
of staining is vital for diagnosis.

Complement activation by one or more complement
activation pathways may cause or be a secondary driver of
the progression of primary glomerular diseases [22].
Immune complex-mediated glomerulonephritis (GN)
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Fig. 1. Paraffin immunofluorescence (IF): 3+ granular capillary wall and mesangial IgG (a) and kappa (b) deposits
in a renal biopsy of membranoproliferative glomerulonephritis (MPGN) with masked kappa deposits, lambda
was negative (not shown). ¢ Positive control of lambda. d IgA mesangial granular deposits (3+) in a formalin-
fixed paraffin-embedded renal biopsy with no glomeruli in the fresh tissue sent for IF.

Table 1. Indications of immunofluorescence on formalin-fixed paraffin-embedded renal tissue (IF-P)

Indications Masked deposits Reference

Salvage technique

Monoclonal deposits
Crystallized deposits

Light chain proximal tubulopathy Usually kappa (noncrystalline are  [1]
usually lambda)
Light chain crystalline podocytopathy Kappa [6]
Crystalglobulin-induced nephropathy I9G, kappa [7]1
Non-organized deposits

Membranous-like glomerulopathy with masked  IgG, kappa [8, 9]
IgG kappa deposits (MGMID)

MPGN with masked monotypic Ig deposits IgG>IgM, kappa>lambda [2]

MN with masked polyclonal IgG deposits [e]€ [10]

Microtubular deposits (monoclonal/polyclonal)
Immunotactoid glomerulopathy (in ~15%) IgG, kappa>lambda (1]

shows immunoglobulins on IF, along with variable C3. In reactants. It primarily results from alternative comple-
complement-mediated GN, e.g., C3 glomerulopathy, ment pathway activation.

there is dominant, intense staining for C3, at least two Glomerular pathology associated with complement
grades higher than immunoglobulins or other immune activation by the classical or lectin pathway leads to the
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Table 2. Predominant IgG subclass staining on renal biopsies in glomerular diseases?

IgG subclass Glomerular pathology Reference

lgG1 Ext1/2-associated MLN (also 1gG2 and 1gG3), NELL-1-associated MN, [11, 14-18]
SEMA3B-associated MN, Immunotactoid GP, IgAN

lgG2 With IgG1 (mentioned above) or in monoclonal deposits (mentioned below)

lgG3 PGNMID (kappa more common) (IgG1 or IgG2 in some) [19]

lgG4 PLA2R-associated MN, THSD7A-associated MN, PProtocadherin FAT1-associated [15, 20, 21]

MN, HTRA1-associated MN

GP, glomerulopathy; MLN, membranous lupus nephritis; MN, membranous nephropathy; PGNMID, proliferative glomerulo-
nephritis with monoclonal immunoglobulin deposits. ®There may be weak/moderate/co-dominant expression of more than one
IgG subclass in polyclonal deposits. PUsually lacks complement deposits.

deposition of a split product of C4 activation, C4d, in
renal biopsies. The presence of both C3 and C4d and the
absence of Clq is usually an indicator of lectin pathway
involvement.

C4d is a degradation product of complement C4 due to
activation of the classic and/or the lectin complement
pathway. C4d along with Clq and immunoglobulin de-
position suggests activation of the classical pathway [23].
C4d staining can be performed on native renal biopsies by
indirect IF-F using monoclonal antibody or by IHC using
polyclonal antibody on FFPE tissue. Sethi et al. studied the
glomerular C4d staining in proliferative GN [24]. They
found that it is a marker for immune complex-mediated
proliferative GN but is absent or minimally detected in C3
glomerulopathy [24]. However, Bouatou et al. [13] re-
ported that C4d is limited in discriminating immune
complex GN from C3 glomerulopathy. Though C4d has
limited diagnostic utility, it may help identify patients with
a worse renal prognosis in some renal diseases and may
guide treatment decisions [23].

C3d, a final degradation product of C3, is a more stable
product of both the classic and the alternative comple-
ment pathway. Glomerular C3d deposition may be useful
for diagnostic and prognostic evaluation of certain glo-
merular diseases [25, 26].

IgG Subclass Analysis

IgG has four subclasses, named in order of decreasing
abundance in serum: IgG1, IgG2, I1gG3, and IgG4. These
subclasses share more than 90% of the amino acid se-
quence, with significant variations in the hinge region and
N-terminal CH2 domain responsible for differences with
respect to half-life, antigen binding, immune complex
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formation, complement activation, and triggering of ef-
fector cells [27]. IgG subclass analysis has diagnostic
importance in various glomerular diseases.

Most idiopathic/primary MN patients have IgG4 an-
tibodies to the phospholipase A2 receptor (PLA2R),
which co-localize with PLA2R. Most primary MN shows
IgG1/IgG4-codominant or IgG4-dominant staining
(Fig. 2). Huang et al. [28] reported that in the early stage
(stage 1) of primary MN, IgGl is the dominant IgG
subclass, while in later stages, IgG4 dominates. IgG4-
dominant/-codominant subclass staining, but absent
PLA2R staining may denote primary MN due to auto-
antibodies targeting an alternate podocyte antigen.

IgGl, IgG2, and IgG3 are expressed in secondary MN,
with IgG1 dominance in most renal biopsies [28]. Both
mesangial and proliferative lupus nephritis show IgGl,
IgG2, and IgG3 staining with much less frequent and
weak IgG4 staining (shown in Fig. 2). Similarly, in
proliferative  GN with polyclonal IgG deposition,
IgGl dominance/codominance with concomitant 1gG3
and IgG2 but weak or absent IgG4 staining favors an
underlying autoimmune disease [14]. Hemminger et al.
[14] reported IgG1-predominant IF staining and frequent
IgG3 in infection-associated GN. IgG2 staining was oc-
casionally present with infrequent IgG4.

IgG subclass staining may help distinguish IgA ne-
phropathy with concurrent IgG staining from lupus
nephritis. Lupus nephritis shows 1gG1, 1gG2, and IgG3
staining, particularly with Clq staining, whereas IgA
nephropathy usually shows only IgG1 staining without
Clq staining [14].

Proliferative GN with monoclonal IgG deposits shows
monotypic IgG3 with less frequent IgG1 and rarely IgG2
[19]. IgG subclass and kappa/lambda light chain staining
are required to differentiate PGNMID, which shows
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Fig. 2. IgG subclass staining: granular capillary wall (3+) IgG4 (a) in renal biopsy of PLA2R-associated
membranous nephropathy; granular capillary wall and mesangial (2-3+) IgGl (b), IgG2 (c), and IgG3
(d) in renal biopsy of lupus nephritis.

monoclonal monotypic IgG staining (usually kappa),
from other proliferative GN, which shows polyclonal IgG
deposits. Heavy chain and heavy and light chain depo-
sition diseases also show monotypic IgG subclass stain-
ing. However, unlike PGNMID, heavy chain deposition
disease will lack light chain staining, and both heavy chain
and heavy and light chain deposition are associated with
tubular basement membrane and vascular deposits [14].
Table 2 shows the predominant IgG subclasses in various
glomerular conditions. Table 3 shows the immunostains
useful for the diagnostic categorization and classification
of glomerular diseases and the common sources of an-
tibodies from the published literature.

MN-Associated Antigens

The antibodies, staining methods, staining patterns,
and cited clones that help characterize MN in renal bi-
opsies are enumerated in Table 3. If available, mass
spectrometry and an algorithmic approach are recom-
mended for immunostaining for multiple antigens of MN
on a renal biopsy [15, 29]. Some of the commonly
demonstrated antigens are described below.
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Phospholipase A2 Receptor (PLA2R)

Phospholipase A2 receptor (PLA2R) is a transmem-
brane receptor that belongs to the mannose-receptor
family. It is expressed in the glomerular podocyte’s cy-
toplasm and plasma membrane [65].

Historically, MN was classified as primary (idiopathic) or
secondary. Secondary MN has an underlying causal disease
process or condition. In 2009, Beck et al. [52] discovered
that PLA2R1 is the major antigen involved in the patho-
genesis of most adult primary MN (70%) with circulating
autoantibodies (mainly of the IgG4 subclass) to PLA2R.

Though PLA2R localizes to the cell body and processes
of the normal podocyte, the antigen is detected in the
subepithelial deposits in MN, where it co-localizes with
IgG (shown in Fig. 3a). Studies show that demonstrating
PLA2R antigen in the immune deposits on tissue staining
is more sensitive than PLA2R antibody in the serum [66].
Therefore, the absence of circulating PLA2R autoanti-
body during kidney biopsy does not rule out a diagnosis
of PLA2R-related MN. Combining biopsy antigen testing
with serum antibody testing raises the assay’s negative
predictive value [67, 68].

PLA2R antigen can be detected on a renal biopsy using
anti-PLA2R1 antibody by any of the two methods:

Agrawal and Sharma


https://doi.org/10.1159/000545311

(9098SDYHY)

‘obuy ‘wedqy qvd :Z1X3
(sog9zLqe)

wedqy {(66909-5Vd)

[£s Iz (Qvd) >ynusns Jsysijowssyl (¢ pue
‘o1] umouy 10N Jusboiyaul :11X3 NW pa3edosse-z/11X3 W&o buoje yejnuein d-d1 “DHI L UI1so1soxa) z/11X3
(sqvd)
youp|y-ewbis ‘uaboinaul
[94] - $92IN0s AUBl N Pa1e1posse-1-AYDON gD buoje “yejnuesn d-dI “DHI (95@D) L-WVDN
(8£L€T1D (V£ Buiuteyuod
3U0Pd) (PI3N) Youp|y-ewbis -ujewop |
[95-¥S (PETL6AVINY) sllem Asejjided -2dA) upuodsoquioiy)
‘Lzl - solpoquuy sepy NW pa1edosse-y/asHL Jejniswol6 ‘sejnuess d-dI “DHI V.ASHL
(-9
-1 dUOP-1Yzy1d-hue asnow
pa1e6n[uod-88Y 0N[4 BX3|Y)
[¥S-25 s|esibojolg snAoN (£59Z10Vd) sjlem Aiejjided (103dadai 7y suabnue
‘izl - (P3N YdHP|Y-ewbis NW Pa31e1d0sse-4zv1d Jenidwol6 ‘sejnuels d-4l DHI  asedijoydsoyd) Yzy1d pareidosse-NW €
(qew) 2310185 :(7-1SI
[Le-8¥] - 9uo|d) (DIBN) Youp|y-ewbis dD undauouqi4 susodap Jejnjjacenx3 DHI ul1>auoiqi4
VSN 'vD
||em [3SSA Poo|q ‘SILIDp ‘peqgsied ‘ysn olg owsod do ||l 9dA1 uabejjod
[y "ov] unjs ‘wninnsIslul jeusy (L'LAMH 3u0]D) XsusDolg /anoiqyousbeljod susodap Jejn||desx3 JHI Il uaBejjod
(L2965
(O1wse|doifd seam) -Gyd) dYIIUIIDS JBYSl4 OWIdY L sysodap yum
sa1fo0pod ‘s||2> [etpynda  (£55L¥0YdH PUe £960¥0YdH) suianed Jayio
[Sy—zv] Jengny. jeuas s[> Auey (1243) Youp|y-ewbis ND Asejjuqi4 s)sodap Jejn||denx3 DHI 64rvyNad /SD Je|npoN [4
(sauLMeFINIDWO|6
(AIy-ody) salpognuy sepy ADodyy -ID pue ||y ‘wnansisul
[L¥ ‘6 ‘(lvody) uonewoihdoxeq ‘IDodyy ‘liivodyy Kie|Inpaw-Aly pue 1 ‘11D ‘N
‘sl ansod umouy| ‘(Ivody) waydoiqjed ‘lIvodyy ‘lvodyy  |y) susodap Jejnjjaoeixy DHI IV ‘Iv uioidodijody
(enpaw
F pue 1jnidwo|b Ajuowwod)
[o¥ ‘of] aAusod umouy (qvd) uonewoifdoyeq plojAwe sAy sysodap Jejn|jaoeix3 DHI dwiAzosAq
[6€ '8€ (qew) wedqy
‘9¢] (wsejdoikd) ahdoreday (Qyd) uonewoifHoxeq plojfwe Y11y sysodap Jejnjjadesix3y JHI ulwingeaid
(1ejnidwolb Ajuowwod)
[£€-5€] aAlIsod umouy| (qvd) uonewoifHoxeq plojAwe-qidy sysodap Jejnjjadesix3y uleyd eydje uaboulqi4
(D€ duo|D) ([4v4] adky
(PIBN) Youp|y-ewbis (te[nsawolb Ajluowwod) ysiuui4 jo sisoplojAwy
[s€ ‘vel ansod umouy| ‘(z¥614¥d3 @uo|D) wedqy plojhwe |30y susodap Jejn|jdenx3 DHI [eljiwed) uljos|eD
(wsejdoifo) (Q¥) sget (Jennsiaul Aluowwod) (Z 401084 d3dRIOWAYD
[e€-0€] s|192 BipAsT ‘21d01edal 10323 (QYIN) SWR1SAS Ry piojAwe D31V susodap Jejn|jae.xg DHI 21£03n3)) 71031
suleyd
S1SeD Jejngni [eusy s diyny piojAwe Ty sysodap Jejn|jadeix3 JHI 1yb1| eddey/epquie
(wsejdoifd) a1k>01edH s|dnny piojAwe yy syisodap Jejnjjadenxy JHI (V plojAwe wniss) yys
(ur301d
[8] aAlIsod umouy| a|diyny uiao.id projAwy sysodap Jejnjjdesix3g JHI plojAwe wnias) dys plojAwy l
Apognue Arewnd poylaw
Bujuiels
ESVEIETEW] S|0J3U0D BANISOd $32In0S uonelaidiany uianed buluiels uowwo) e uonedipu| "oN'S
salsdoiq
|euss SAleU Ul uonelaadisul pue ‘sjoJluod ‘spoylaw buluiels J19y} ‘sasessip Jejniswolb jo uonezuobaled disoubelp J0j sidJew [ed1bojoisiyounww| ‘€ djqer

181

Glomerular Dis 2025;5:176-190
DOI: 10.1159/000545311

Immunohistology in Glomerular Diseases


https://doi.org/10.1159/000545311

‘(A]9AnDadsal ‘pal sexa] pue 1|4 swoiydolony Yum pajebnfuod g- pue g-eydje) uabejjod A| adA} jo suungns g-eydje pue g-eydje jsujebe
saIpoqiue [euojpouow sey 1 “(jwiy ba~uode/uws/dl101961ysmmm//:sdny) ueder ul 91n3iasul Yo1easay [edlpal 1961YS woly a1e SUONDIS USZOI4 10} 9DUIDSIIONJoUNWWI 123.1P 10} d|ge|leAe sa1pogiiue
uabe|0d-11uy "pawopad aq ued |1epPod Apoqniue uleyd z-eydje pue g-eydje A] uabejjod e Ag Bululels 3jgno, "JUBUIWIOP [EWOSOINE ‘JY ‘DAISSIII [EWOSOINE ‘YY ‘dURIqUUISW JusWaseq [ewaplda
‘INgG3 ‘Sueiquiaw JuswWIdseq Jejngn} ‘gl ‘dueiquusw juswaseq Jejniawolb ‘gD ‘sisosd|dsojniawolb ‘s ‘Apoqnue jeuopdAjod ‘qyd ‘Apognue [euoppouow ‘gepy ‘A1isiwaydoisiyounuwwl ‘OH|

gD jo 1adse
leldyopuaqgns ‘wnibuesapy

walL 1d
‘1onp buinda|jod ‘djnsded
uewMog-snjnidwo|b [ewioN

[¥9] Ng3-uBjs |ewlIoN

@v ‘uv

‘Jueuiwop paxull-X)
awolpuAs uod|y
av pue gy
(saleway

‘Jueuiwop paxull-X)
(s91PW

“Jueuiwop pxull-X)
swolpuAs uod|y
av

qv

(saleway

'SV 1ueuiwop payull-X)
(sojew

‘JueUIWIOp pHUI-X)

Bujuiels pauielay

Buiuieys pauleray
buluieys jeyuswbas
/SNONURUODSIP/PadNPaYy
Buluieys Juasqy

Aluo

WED ul Buiuieis wuasqy

(g3 ui osje) gL

‘WgD ul bujuieys [eausawbas

/SNONUIIUODSIP/PAdNPaY
(Wg3 ur osje) gL

- pue
L-eydje Al uabejod

9-eydje A uabejjod

g-eydje pue ‘p-eydje

[€9] WEL ‘WgD-"Wo| [ewlION e (Sv) awoupuAs uodjy ‘WgD ul Bulutels jussqy 41 ‘d-dI ‘e-eydje Al uabe|joD  s19pIOSIP NED 14
(dap) AyredoinauLjod
buneuiAwap
Alolewwepul d1uoayd
[29 'vsl (#064Y) swa1sAs 9y YUm pajedosse NW W&o buoje “yejnuein DHI ‘d-4I L undejuo)
(€ 103dadal
e19q Jo)de} yimolib
[L9] - (Qvd) 2ynuaids Jaysi4 owsy N pa1edosse-e4g491 gD buoje “Jejnuein DHI  Bulwioysuen) 49491
(1y u04d
(CLyLLsvd) JURUIGUIOD3I
SYIUIIS JaYSI4 OWIdY ] ainjesadwal
[12] - (€09'SLT duOP) swdlsAS a8y NW paienosse-1vd1H W&o buoje “yejnuein d-dI “DHI ubIy) Lyd1H
(91e19pOoW)(wWise|doifd) (£ uusyped0lo.d)
[09] D3l ‘el (997110 3uop) wedqy NW pa3eidosse-/HADd W&o buoje “yejnuein £LHA>d
[81] umouy 10N (£61870€) Wedqy  NW pa1e1osse-ggewsas gD Buoje “ejnuein g¢ uuoydewss
(SESLSOYdH) (uimr01d | a1-10108)
(243N) Youp|y-ewbis ymolb [ewsapida
[6S '8<] (wsejdoikd) 131 ‘(856.T-5Vd) usbouiau| N pa1eidosse-1-T13IN gD buoje “Jejnuein d-dI “DHI [eanau) |-T13N
Apognue Arewnd poylaw
bujuels
ERIIEIETEN] S|0J3U0D SAIISOd $924n0S uoneyaidiau| wianed buluies uowwo) JENVLET] uonedipu| ‘oON'S

(PanUnUOD) € 3jqey

Agrawal and Sharma

Glomerular Dis 2025;5:176-190

DOI: 10.1159/000545311

182


https://www.shigei.or.jp/smri/alport_eg.html
https://doi.org/10.1159/000545311

indirect IF using the IF-P method or IHC. Larsen et al.
[69] described sensitive and specific staining by the IF-P
method using rabbit polyclonal anti-PLA2R1 antibody.
Gudipati et al. [70] described tissue staining by the IHC
method with a sensitivity of 91.8% and specificity of
95.1% for diagnosing PLA2R-related MN.

Glomerular PLA2R antigen expression can be seen in
HBV infection-associated MN and rarely in MN sec-
ondary to HCV infection, lupus nephritis, sarcoidosis,
malignancy, and Sjogren’s syndrome [66, 71]. Clinical
presentation and demonstration of the target antigen and
glomerular IgG subclass staining with dominant/
codominant IgG4 staining can help classify MN and
aid in proper management.

Thrombospondin Type-1 Domain-Containing 7A

(THSD7A)

In 2014, Tomas et al. [55] identified Thrombospondin
type-1 domain-containing 7A (THSD7A) as a second
autoantigen involved in 2.5-5% of the patients of adult
idiopathic MN. Similar to PLA2R, THSD7A is also a large
transmembrane glycoprotein expressed by the podocyte. It
induces an IgG4-predominant humoral immune response
that produces circulating autoantibodies that can be used
clinically for diagnostic and monitoring purposes [53].

Larsen et al. [72] described the procedure for detecting
glomerular THSD7A antigen by IHC/immunoperoxidase
on FFPE tissue using rabbit polyclonal anti-THSD7A
antibody. THSD7A-associated MN shows intense dif-
fuse global granular staining of THSD7A along the
capillary loops (Fig. 3b) [72].

Staining of renal biopsies for THSD7A antigen may be
more sensitive for the identification of THSD7A-
associated MN than serum autoantibody measurement,
similar to that for PLA2R1-associated MN [73].

THSD7A-associated MN has increased rates of malig-
nancy as compared with PLA2R-associated MN. Hoxha et al.
[74] found that 7 of the 25 patients with circulating THSD7A
antibodies had a malignant tumor. Rarely, patients with MN
may show dual positive antibodies against THSD7A and
PLA2R, with tissue staining for both antigens [72].

Exostosinl/2

Sethi et al. [16] described two proteins, exostosin 1
(EXT1) and exostosin 2 (EXT2), in the GBM of PLA2R-
negative MN by proteomics and IHC, using rabbit
polyclonal antibodies. Most EXT1/EXT2-associated MN
were secondary, present in patients with autoimmune
manifestations (shown in Fig. 3c). Eighty percent were
patients of membranous lupus nephritis. Circulating anti-
EXT1/EXT?2 antibodies are not detected [16].

Immunohistology in Glomerular Diseases

NELL-1

Neural epidermal growth factor-like 1 protein (NELL-1)-
associated MN was described as a distinct subtype of
PLA2R-negative MN, characterized by accumulation and
co-localization of NELL-1 protein with IgG along the glo-
merular basement membrane. Often, the immunostaining is
segmental (involving <75% of the glomerular tuft) (shown in
Fig. 3d, e) [17]. The patients have anti-NELL-1 antibodies in
the serum [58]. It may be associated with an underlying
malignancy [75]. Reports suggest that the use of skin fairness
creams with high mercury content and indigenous medi-
cines may be responsible for a high percentage of NELL-1-
associated MN in certain regions [59].

Figure 3 and Table 3 detail the various antigens de-
scribed for evaluating MN. The etiological assessment of
renal biopsies with MN requires immunostaining for the
various antigens using an algorithmic approach [15].

Larsen et al. [8] have shown that immunostaining for
serum amyloid P (SAP) can identify Membranous-like
glomerulopathy with masked IgG kappa deposits
(MGMID). SAP protein was identified by mass spec-
trometry of laser capture micro-dissected glomeruli and
on confocal microscopy of IF-P sections where it co-
localized with glomerular IgG deposits.

Markers for Organized Deposition Diseases

Amyloid Protein

The tissue diagnosis of amyloidosis is defined by hyaline
acellular congophilic deposits on a Congo red stain showing
apple-green birefringence under polarized light microscopy.
The deposits can involve one or more compartments of the
kidney. The typical clinical presentation is nephrotic pro-
teinuria due to glomerular involvement. Interstitial in-
volvement by deposits manifests as concentrating defects.
All pathogenic amyloid fibrils can be stained by antibody to
the plasma glycoprotein, SAP component, also known as
pentraxin-2 (Table 2). Certain proteins, like SAP, heparin
sulfate proteoglycans, apolipoprotein AIV and E, are
grouped as “amyloid signatures,” forming part of all mature
amyloid fibrils, irrespective of the type [76]. Till date, 42
amyloid fibril proteins are identified and are named as per
the Nomenclature Committee of the International Society of
Amyloidosis [77]. The kidney is a site of amyloid deposition
in immunoglobulin (Ig) light chain (AL), Ig heavy chain
(AH), amyloid A (AA), leukocyte chemotactic factor 2
(ALECT-2), fibrinogen, gelsolin, lysozyme, apolipoprotein
AII (apoAll), and, rarely, transthyretin-variant, apoAl, AIV,
CII, and ApoClIII disease [77]. The more common AL and
AA amyloids frequently involve the glomeruli and the blood
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NELL1

Thrombospondin Exostosin 1

NELL1 Semaphorin B

Fig. 3. IHC for classification of membranous nephropathy (MN): glomerular capillary wall granular staining in
PLA2R-associated MN (a), Thrombospondin-associated MN (b), EXT1 in lupus nephritis (c), NELL-1-asso-
ciated MN (d), often with segmental deposits (e), and semaphorin-associated MN (f).

vessels but can involve all compartments. Serum amyloid A
is an acute-phase reactant produced by hepatocytes in re-
sponse to inflammatory or neoplastic conditions. LECT2
and ApoA amyloid often show prominent interstitial in-
volvement, while AFib predominantly involves glomeruli.

Proteomics is considered the gold standard for amy-
loid typing. Laser dissection and tandem mass spec-
trometry is an accurate tool for identifying and typing
amyloid [78]. It can be performed on formalin-fixed
paraffin-embedded tissue. However, it needs standard
approaches and is only available at some centers.

Fibril protein type can be typed by IHC using fibril
protein-specific antibodies or IF for kappa/lambda light
chains. A panel of antibodies for more common types can
subtype most amyloids (shown in Fig. 4). This is a
valuable and easily accessible tool for amyloid subtyping
available in most institutions. In a study on 117 systemic
amyloidosis, IHC for amyloid typing was highly specific
and sensitive, permitting a definite classification in 110 of
117 (94%) specimens tested [36].

However, IHC for typing amyloid fibril can have
limitations of nonspecific staining due to epitope cross-
reactivity and trapping of plasma proteins. False-positive
staining is reported for ALECT-2 and amyloid light chain
IHC [30, 79]. In our experience, immunostaining using
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standardized protocols, an algorithmic approach using a
panel of antibodies performed on an automated platform,
and integration of clinical features is helpful for inter-
pretation and amyloid typing (Fig. 5). Table 3 lists the
IHC markers available for different amyloid types and
their common location in the renal compartments.

In a study comparing IHC with LDMS for amyloid
typing, Rezk et al. [80] reported that MS is superior to IHC
for amyloid fibril typing. MS could determine the amyloid
type in 85% of Congo red-positive systemic amyloidosis
and in 80% of the cases where IHC could not type. LDMS
is a powerful tool for diagnosing and typing amyloid when
used with clinical and histological assessment. It is essential
for rare amyloid types, as antibodies to all amyloid are
unavailable globally. Genetic testing for gene mutations for
hereditary transthyretin-associated amyloidosis (ATTR)
and some non-ATTR amyloids is also an important tool
for diagnosing amyloid types [81].

DNAJB9

DNAJ heat-shock protein family member B9
(DNAJBY) has been identified as a significant component
of fibrillary GN fibrils. IHC using an anti-DNAJB9 an-
tibody can reliably diagnose fibrillary GN and differen-
tiate it from other organized deposition diseases with high
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Fig. 4. Immunohistochemistry (IHC) for
amyloid typing: renal biopsy showing
deposits of hyaline acellular weak PAS-
positive extracellular material (a, ¢), which

was congophilic with apple-green bire-
fringence on polarized light, in glomeruli

and also interstitial (in c). a Periodic acid-
Schiff. b IHC for serum amyloid

A. c Periodic acid-Schiff. d THC for b
LECT2.

Renal biopsy diagnosed
as amyloidosis

1

* |F/IHC for Kappa/Lambda restriction
¢ |HC for SAA

For AA amyloidosis, consider:

For AL amyloidosis, consider: : a
* History of Chronicillness

* Serum Electrophoresis
* Serum Free Light Chain assay
* Immunofixation +
* Bone marrow biopsy
* Known patient of Multiple myeloma

/plasma cell dyscrasia

AL amyloidosis AA amyloidosis Dual AL and AA amyloidosis

1-

Non AL/Non AA amyloidosis

Review histological and clinical features

IHC for ATTR/ ALect2/ Afib./ others* * Mass spectometry

Fig. 5. Algorithmic approach for typing of renal amyloidosis by IHC.
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Fig. 6. IHC for organized deposits, other than amyloid: renal biopsy showing smudgy glomerular deposits of
DNAJB9 in fibrillary GN (a) and fibronectin in fibronectin glomerulopathy (b).

sensitivity and specificity (shown in Fig. 6a) [82].
However, a false-positive and weak staining was observed
in renal serum amyloid A (AA) amyloidosis [83].

Fibrillary GN is an organized deposition disease
characterized on electron microscopy by randomly ori-
ented non-branching fibrils measuring 10-30 nm in
diameter in the mesangium and/or the glomerular
basement membrane. On IF, the deposits stain intensely
for IgG, usually accompanied by C3, kappa, and lambda,
and sometimes are associated with staining for Clq, IgM,
or IgA. Approximately 5% of fibrillary GN show kappa or
lambda light chain restriction. IF staining for IgG sub-
types shows predominantly IgG4 and IgGl1 staining in the
absence of IgG2 and IgG3. Tubular basement positivity
may be seen in a minority of cases [84]. Nasr et al. [85]
have developed an immunoprecipitation-based multiple
reaction monitoring method to measure serum levels of
DNAJB9 as a biomarker of fibrillary GN.

Collagen III

Collagenofibrotic glomerulopathy, or collagen type III
glomerulopathy, is a rare glomerular disease character-
ized by abnormal mesangial and subendothelial collagen
type III fibril deposits. Most cases were initially reported
from Japan [86]. The glomeruli show lobular accentua-
tion with mesangial expansion and often a nodular or
membranoproliferative pattern of glomerulopathy. In-
direct IF or IHC using anti-collagen IIT antibody shows
staining for collagen type III in the expanded mesangium
and thickened glomerular capillary walls (Table 3).
Electron microscopy helps demonstrate haphazard, ir-
regular bundles of curved and frayed banded curvilinear
collagen fibers.
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Fig. 7. Granular mesangial 2+ galactose-deficient IgA1 (Gd-IgAl)
demonstrated on IF by the monoclonal antibody for Gd-IgAl
(KM55) in IgA nephropathy.

Fibronectin

Fibronectin glomerulopathy, an autosomal-dominant
condition characterized on electron microscopy by deposi-
tion of granular and fibrillary (12-16 nm) organized deposits
in glomeruli, usually manifests as mild to nephrotic pro-
teinuria in the middle-aged. It may gradually progress to end-
stage renal disease. The glomeruli show lobular accentuation
with mesangial expansion and glomerular basement mem-
brane thickening, producing a membranoproliferative pat-
tern with minimal cellularity. The extracellular material
deposited is fuschinophilic (periodic acid-Schiff stain-
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positive), non-argyrophilic (Silver stain-negative), and non-
congophilic (Congo red stain-negative). It stains intensely on
IHC using fibronectin antibodies against the plasma-derived
isoforms [48-51] (shown in Fig. 6b and Table 3). Variable
fibronectin expression can be seen in the normal mesangial
matrix and conditions associated with mesangial sclerosis
[87]. Therefore, immunostaining should be strong and in-
terpreted in correlation with histological and IF features for
diagnosing fibronectin glomerulopathy.

Strom et al. [48] demonstrated that the glomerular
deposits stain with antibody to fibronectin isoform IST-4,
which detects both cellular and plasma fibronectins, while
they are negative with antibody to IST-9, which stains
only cellular fibronectin. This suggests that most of the
fibronectin deposited in fibronectin glomerulopathy is
plasma-derived [88].

GBM Disorders: Alport Spectrum Disorders

Renal biopsies with suspected Alport syndrome disor-
ders can be stained for alpha chains of collagen IV for
diagnostic evaluation (Table 3). Antibodies with a cocktail
of alpha-5 and alpha-2 chains of collagen IV are available;
however, genetic testing is preferred for a specific diagnosis.

KMS55 in IgA Nephropathy

Mucosal-derived galactose-deficient IgA1 (Gd-IgAl)
is a critical molecule affecting IgA nephropathy’s path-
ogenesis and progression. Gd-IgAl circulates in the
bloodstream of patients with IgA nephropathy, and its
deposition in the glomeruli is considered to be involved in
its pathogenesis. KM55 is a monoclonal rat antibody that
detects Gd-IgA1 (shown in Fig. 7). The utility of KM55
staining as a diagnostic tool in IgA-containing glomerular
diseases is uncertain; however, it can provide some insight
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