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IgG subclass staining in renal biopsies with
membranous glomerulonephritis indicates
subclass switch during disease progression
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Recent breakthrough findings revealed that most patients with idiopathic (primary) membranous glomerulone-
phritis have IlgG4 antibodies to the phospholipase A2 receptor (PLA2R). These IgG4 antibodies can be detected
in the glomerular immune complexes and they colocalize with PLA2R. In secondary forms of membranous
glomerulonephritis, such IlgG4 antibodies are absent or less prevalent. There are no studies addressing the IgG
subclass distribution across different stages of membranous glomerulonephritis. During a 25-month period, we
identified 157 consecutive biopsies with membranous glomerulonephritis with adequate tissue for light,
immunofluorescence and electron microscopy. Of the 157 membranous glomerulonephritis cases, 114 were
primary membranous glomerulonephritis and 43 were secondary membranous glomerulonephritis. We
compared the intensity of IgG subclass staining (on a semiquantitative scale of 0 to 3 +) and the IgG subclass
dominance between primary and secondary membranous glomerulonephritis and between the different stages
of membranous glomerulonephritis. In primary membranous glomerulonephritis most (76% of cases) were IgG4
dominant. In contrast, in secondary membranous glomerulonephritis IgG1 was dominant in 60% of biopsies
(P=0.0018). Interestingly, in early stage (stage 1) primary membranous glomerulonephritis, IgG1 was the
dominant IgG subclass (64% of cases); in all later stages IgG4 dominated (P=0.0493). It appears that there is an
inverse relationship between the intensity of glomerular capillary IgG4 and C1q staining. In secondary forms of
membranous glomerulonephritis (heterogeneous group with low case numbers), we did not find such
associations. Our data indicate that in early stage membranous glomerulonephritis, antibody response is
different from later stages, with IgG1 dominant deposits. It is possible that early on, antigens other than PLA2R
have an important role, Alternately, there may be an IgG subclass switch in the antibody response with IgG4

taking over later as the dominant immunoglobulin.
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Membranous glomerulonephritis is a unique form of
immune complex glomerulonephritis manifested by
glomerular subepithelial IgG-containing immune
complex deposits and usually heavy proteinuria.
In most patients, the etiology is unknown; therefore,
this form of membranous glomerulonephritis
used to be designated as idiopathic membranous
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glomerulonephritis. Occasionally, an underlying
disease process or condition, that can be associated
with membranous glomerulonephritis, is present,
such as systemic lupus erythematosus and other
autoimmune diseases, malignancy, certain chronic
infections (eg, hepatitis B hepatitis C, syphilis),
heavy metal exposure (such as gold or mercury),
drugs (eg, penicillamine, non-steroidal anti-inflam-
matory drugs) or sarcoidosis.? Such cases of
membranous glomerulonephritis are referred to as
secondary membranous glomerulonephritis, and if
the underlying cause (eg, chronic infection, toxin,
drug, malignancy) can be eliminated, the membra-
nous glomerulonephritis can be cured. In contrast,
in idiopathic membranous glomerulonephritis, the
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underlying cause could not be treated and the
patients either had persistent disease with
proteinuria and slow progression or recurrences
after remissions.

Recently, we have witnessed an important new
development in the research on the pathogenesis of
membranous glomerulonephritis. Beck and cow-
orkers? identified phospholipase A2 receptor
(PLA2R) as a potential target antigen in idiopathic
(now more appropriately called primary)
membranous glomerulonephritis. PLA2R is a
membrane glycoprotein localized to the podocytes.
In their original report, Beck et al? found that 70% of
patients with idiopathic/primary membranous
glomerulonephritis had circulating IgG4 antibodies
to PLA2R. No anti-PLA2R was detected in control
patients including patients with secondary forms
of membranous glomerulonephritis. In biopsies
with idiopathic/primary membranous glomerulo-
nephritis, the staining for PLA2R colocalized
with IgG (specifically IgG4) in the glomerular
subepithelial deposits.? These data were later
confirmed by other studies.>* However, PLA2R
may not be the only target antigen in idiopathic
membranous glomerulonephritis, because other
recent studies described potential target antigens
such as aldose reductase, superoxide dismutase,’ o-
enolase® and bovine serum albumin,” however, with
less prevalence.® Many patients with primary
membranous glomerulonephritis have several types
of circulating anti-podocyte antibodies at the same
time but, among these antibodies, anti-PLA2R
antibodies are the most prevalent® These
antibodies are primarily of the IgG4 subclass,
which is consistent with the well-known finding
that, in idiopathic membranous glomerulonephritis,
the subepithelial immune complexes contain mostly
IgG4. In contrast, several papers indicate that in
secondary forms of membranous glomerulo-
nephritis, the IgG subclass distribution is different
from the primary form, and the deposits are
frequently not IgG4 dominant.®~'® However, even
idiopathic membranous glomerulonephritis is a
heterogeneous disease if we consider the
morphological appearance of the glomeruli during
disease progression. Membranous glomerulo-
nephritis, by pathological criteria, is divided into
four stages according to Ehrenreich and Churg.'” In
stage I membranous glomerulonephritis, the
subepithelial immune complex deposits are not
separated by glomerular basement membrane
(GBM) spikes, indicating recent formation of
immune complex deposits (early stage of the
disease). In later stages of membranous glomerulo-
nephritis, spike formation becomes increasingly
prominent, and eventually the deposits are
completely incorporated into the GBM, and many
of them may become partially or completely
reabsorbed (electron lucent deposits). It is
plausible that the morphological evolution of the
glomerular capillary deposits in membranous
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glomerulonephritis  reflects changes in the
composition of the deposits. Our work tests this
hypothesis by analyzing IgG subclass distribution
within the deposits in different stages of
membranous glomerulonephritis.

Materials and methods

From January 2007, we began routinely staining
every membranous glomerulonephritis biopsy with
antibodies to the IgG subclasses. The work encom-
passes adult renal biopsies from January 2007 to
February 2010 with the diagnosis of membranous
glomerulonephritis. Cases of membranous glomer-
ulonephritis with superimposed proliferative le-
sions (such as proliferative lupus nephritis
combined with membranous glomerulonephritis or
rare cases of crescentic membranous glomerulone-
phritis) were not included. Only biopsies with
glomeruli available for light microscopy, immuno-
fluorescence and electron microscopy were in-
cluded. During the study period, we identified 157
such biopsies from 157 patients with membranous
glomerulonephritis. In 114 patients, the membra-
nous glomerulonephritis was classified as idio-
pathic. In 43 patients, the membranous glomerulo-
nephritis was classified as secondary because of the
following underlying conditions: 15 patients had
systemic lupus erythematosus, six patients had an
autoimmune disease other than systemic lupus
erythematosus (two patients had antiphospholipid
antibodies with lupus-like features, two had Sjogren
syndrome, one had IgG4 disease, and one had mixed
connective tissue disease), ten patients had malig-
nant neoplasm, five patients had hepatitis B infec-
tion, five patients had hepatitis C infection, one
patient had sarcoidosis, and one patient had
syphilis.

Tissue for light microscopy was routinely fixed in
formalin and embedded in paraffin. The paraffin
sections were cut at 3 pum and stained routinely
with hematoxylin and eosin, PAS, trichrome, and
Jones methenamine silver stains. Direct immuno-
fluorescence was performed on frozen sections with
antibodies to IgG, IgA, IgM, k- and A-light chains,
C1q, C3, fibrinogen and albumin (Kent Laboratories,
kentlabs.com). Direct immunofluorescence with
antibodies to IgGl, IgG2, IgG3 and IgG4 (The
Binding Site, bindingsite.com) was performed as
described previously.!® Tissue was processed for
electron  microscopy according to routine
methodology using Spurr’s resin for embedding,
osmium tetroxide postfixation and uranyl acetate
contrasting.

Immunofluorescence staining intensity was semi-
quantitatively scored during the routine biopsy
evaluation from 0 to 3+ (0 negative, 1+ weak
staining, 2+ moderate staining, 3+ strong stain-
ing). Staining for the IgG subclasses was categorized
as predominant if immunofluorescence was clearly



stronger for one IgG subclass relative to the other
three. Immunofluorescence was codominant if one
or two (rarely three) antibodies to the various IgG
subclasses showed similar staining intensity. For
statistical purposes, predominant and codominant
stains were lumped together; therefore, in indivi-
dual groups, the IgG predominance/codominance
for the different IgG subclasses adds up to over
100%.

For the ultrastructural staging of membranous
glomerulonephritis, we used the Ehrenreich and
Churg classification!” but our study groups were
modified slightly. To study a true, early stage
membranous  glomerulonephritis  group, we
considered stage I disease—only biopsies with no
spike formation between the subepithelial deposits.
If segmental spike formation was evident, we
classified membranous glomerulonephritis as stage
I-II. Stage II was diagnosed if spike formation was
diffuse with only a few deposits incorporated into
the GBM. There were relatively few pure stage II
diseases; therefore, we introduced a stage II-III
group. We diagnosed membranous glomerulone-
phritis stage II-III if many deposits were already
incorporated into the thickened GBM, but there
were still numerous subepithelial deposits with
spike formation. True stage III membranous glomer-
ulonephritis cases with mostly intramembranous
immune complex deposits with only partial resorp-
tion and true stage IV cases with mostly reabsorbed
immune complex deposits with widespread elec-
tron lucencies within the thickened GBM were rare;
therefore, we lumped these together into one group
(stages III-1V (advanced-stage membranous glomer-
ulonephritis)). This ultrastructural staging was
performed retrospectively on every biopsy by two
renal pathologists (TN and AA) blinded to the
immunofluorescence results.

For each IgG subclass, we first compared the
proportions of predominant/codominant samples
between primary and secondary membranous glo-
merulonephritis using y? tests. Next, the odds of IgG
predominance or codominance between primary
and secondary membranous glomerulonephritis,
along with 95% confidence intervals were calcu-
lated using univariable logistic regression models.
Similarly, the proportions of predominant/codomi-
nant samples among different electron microscopy
stages or C3, C1g-staining intensity levels were first
compared using y? tests or Fisher’s exact test, where
appropriate. Trends in predominance/codominance
then explored using Cochran—Armitage tests for
trend. All analyses were performed using SAS/
STAT software, v9.2 (SAS Institute Inc., Cary, NG,
USA).

Results

Consistent with previous reports, we found that
glomerular capillary deposits were significantly
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more commonly IgG4 predominant or codominant
in primary/idiopathic membranous glomerulone-
phritis (Figure 1) than in secondary membranous
glomerulonephritis (Table 1). From a logistic regres-
sion model, the odds of IgG4 predominance or
codominance are 3.22 times higher for patients with
primary membranous glomerulonephritis compared
with secondary membranous glomerulonephritis
(95% confidence intervals:1.54, 6.70; P=0.0018).

It was unexpected that, in early stage (stage I) of
primary membranous glomerulonephritis, the glo-
merular capillary deposits were IgG1 predominant
or codominant in most cases (Figure 2): 14 patients
(64%) of stage I membranous glomerulonephritis
had IgG1 predominance or codominance (Table 2,
Figure 3). In all later stages of primary membranous
glomerulonephritis, IgG4 was the dominant IgG in
the glomerular deposits (Figure 1). There appears to
be a borderline significant difference in the propor-
tions of patients with IgG1 predominance/codomi-
nance among the different glomerular stages

Figure 1 Primary membranous glomerulonephritis, glomerular
stage 2-3. (a) The glomerular capillary deposits are IgG4
dominant. Direct immunofluorescence, x 200. (b) Electron micro-
scopy demonstrates subepithelial and intramembranous electron
dense deposits with spike formation (arrows) around the
subepithelial deposits. Uranyl acetate—lead citrate, x 8000.
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Table 1 IgG predominance/codominance in primary and sec-
ondary membranous glomerulonephritis

IgG subclass N (%) predominance/codominance P-value
Primary (n=114) Secondary (n=43)

IgG1 53 (46%) 26 (60%) 0.1184

IgG2 3 (3%) 2 (5%) 0.6151

IgG3 20 (18%) 10 (23%) 0.4169

IgG4 86 (75%) 21 (49%) 0.0018

Figure 2 Glomerular stage 1 primary membranous glomerulone-
phritis. (a) IgG1-dominant glomerular capillary deposits. Direct
immunofluorescence, x 200. (b) Electron microscopy shows
subepithelial electron dense deposits (arrows) along the glomer-
ular capillary with no spike formation around them. Uranyl
acetate—lead citrate x 10000.

(P=0.0493) (Table 2). In secondary forms of mem-
branous glomerulonephritis, IgG1 predominance/
codominance was more common than IgG4 codo-
minance/predominance; however, these differences
did not reach statistical significance, possibly
because of the low case numbers (data not shown).

We also compared the intensity of staining
between the different stages of primary membranous
glomerulonephritis. In stage I membranous glomer-
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ulonephritis, the staining intensity, in general, was
strongest for IgG1 followed by IgG4 (Table 3). In all
other stages, IgG4 had the strongest intensity;
however, these differences in staining intensity did
not reach statistical significance.

We examined the relationship between the IgG
subclass staining and complement (C3 and C1q)
staining in renal biopsies with primary membranous
glomerulonephritis. No significant association was
noted between C3 staining and IgG subclass stain-
ing. However, there appears to be a positive trend
between IgG3 and C1q expression; as IgG3 expres-
sion increases, so does G1q expression (Table 4; test
for trend P=0.0186). Conversely, if [gG4 expression
increases, C1q expression decreases (P=0.0450). We
did not find any statistically significant differences
or associations between electron microscopy stage
and C3 or C1q staining (data not shown).

Discussion

There is now evidence that, in most cases of
primary/idiopathic membranous glomerulonephri-
tis, patients have circulating anti-PLA2R IgG4
antibodies, and most, but not all patients with
idiopathic membranous glomerulonephritis have
IgG4-dominant subepithelial immune complex
deposits, which colocalize with the PLA2R to
podocytes.2~* However, other potential antigens
in primary/idiopathic membranous glomerulo-
nephritis may also evoke an IgG4 response.’3
Also, one has to consider that the presence of an
underlying condition, that can be associated with
membranous  glomerulonephritis, does  not
necessarily exclude the possibility of a primary
membranous glomerulonephritis, particularly if the
glomerular capillary deposits are IlgG4 dominant (eg,
a person with a malignancy or hepatitis B or C virus
infection can have membranous glomerulonephritis
independent of these conditions). Our data
confirmed the already known fact that, in most
biopsies with primary membranous glomerulo-
nephritis, the glomerular deposits are IgG4
dominant. However, we also found that, in very
early stages (pure stage I) of membranous
glomerulonephritis, the glomerular deposits are
frequently IgG1 rather than IgG4 dominant. There
are two possible explanations for this phenomenon.
IgG1 antibodies are generally induced in response to
protein antigens, whereas IgG4 antibodies are
associated usually with polysaccharide antigens.®
Therefore, it is possible that in early stages of
primary membranous glomerulonephritis antigens
other than PLA2R have a pathogenic role, but in
later stages of the disease, the antibody response to
PLA2R is increasing, and an anti-PLA2R IgG4
response will become dominant. Alternately, it is
theoretically possible that there is an IgG sub-
class switch during the progression of primary
membranous glomerulonephritis. In early stages, it
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Table 2 Relationship between IgG predominance/codominance and glomerular stage in primary membranous glomerulonephritis

IgG subclass Electron microscopy stage
n (%) predominance or codominance P-values
1(m=22) 1-2 (n=36) 2m=14) 2-3 (n=25) 3-4(m=17) Predominance/ Test for trend
codominance vs no.? (pre/co vs none)P

IgG1 14 (64%) 12 (33%) 10 (71%) 11 (44%) 6 (35%) 0.0493 0.3398
IgG2 0 (0%) 3 (8%) 0 (0%) 0 (0%) 0 (0%) 0.1541 0.4126
IgG3 5 (23%) 6 (17%) 3 (21%) 3 (12%) 3 (18%) 0.8935 0.5933
IgG4 12 (55%) 28 (78%) 13 (93%) 20 (80%) 13 (76%) 0.0964 0.1326

8y? test comparing proportions of cases that are IgG predominant or codominant between electron microscopy stages.
Cochran—Armitage test for trend for IgG dominance across electron microscopy stage.
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Figure 3 IgG subclass predominance or codominance in different
stages of primary membranous glomerulonephritis.

is possible that there is an IgGl-dominant anti-
PLAZ2R response, which, with disease progression,
will turn into an IgG4-dominant antibody response.
Such IgG subclass switch has been reported in a
variety of diseases, such as in malaria,?° leprosy and
tuberculosis,?! and paracoccidioidomycosis.??

A Recent study by Segawa et al*® from Japan,
describes the IgG subclass distribution in 16
pediatric patients with ‘idiopathic’ membranous
glomerulonephritis. These authors found that in
biopsies with segmental glomerular distribution of
the deposits IgG1 and IgG3 dominated in the
subepithelial deposits, whereas in biopsies with
global glomerular distribution of deposits IgG4
dominance was noted with deposition of other IgG
subclasses as well. They hypothesized that pediatric

patients with segmental glomerular capillary
deposits  have  early  stage = membranous
glomerulonephritis.?® If this is correct, their

findings support our results in an adult patient
population. Although their case number was low,
Segawa et al?? also attempted to correlate the pattern

Table 3 Intensity of IgG subclass staining in different stages of
primary membranous glomerulonephritis

IgG Electron microscopy stage
subclass Mean * s.d.
1 1-2 2 2-3 3—4

m=22) (Mm=36) (n=14) (n=25) Mm=17)
IgG1 21+08 21+0.7 24+06 2.1%0.8 2+0.8
IgG2 08+£0.8 09*08 0.7+0.7 0506 0.4%+0.6
IgG3 1.1+11 1.1%1 1.4+09 1.1%1 1.2+1.1
IgG4 1.6+£1.3 22+11 26+08 22%f1.1 25+0.9

of glomerular complement deposition with the IgG
subclasses in the glomerular deposits. They found
that in membranous glomerulonephritis with
segmental glomerular deposits, there was stronger
Clq staining than in membranous glomerulo-
nephritis with global glomerular deposits,
indicating predominantly classical complement
pathway activation in segmental (presumably early)
membranous glomerulonephritis. In membranous
glomerulonephritis with global deposits (but not in
membranous glomerulonephritis with segmental
deposits), these authors found mannose-binding
lectin deposition in the glomeruli, suggesting that in
most (perhaps later stages) of primary membranous
glomerulonephritis, the mannose-binding lectin
pathway may have a role in the continuous
formation of glomerular immune complex deposits.
Our data also show that stronger glomerular
staining for immunoglobulin subclasses that acti-
vate the classical pathway (such as IgG3) is
associated with stronger staining for Clq, and that
there is a negative correlation between the staining
intensity for IgG4 and Clq in the glomerular
deposits in membranous glomerulonephritis. How-
ever, the routine direct immunofluorescence meth-
od, used in the diagnostic workup of renal biopsies,
has poor sensitivity and is semiquantitative; there-
fore, solid conclusions cannot be drawn. We only
used anti-C1q and anti-C3 antibodies because these
antibodies are part of the routine renal biopsy
workup (this study is based on routine renal biopsy
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Table 4 Relationship between IgG subclass and C1q staining in primary membranous glomerulonephritis

IgG subclass Ciq

Ciq

Mean + s.d. IgG Score IgG N (%) positive expression P-value

0Mm=88) 1Mm=17) 2or3(mn=5) 0MmM=288)

1(mn=17) 2or3(n=>5) Yes/no positivity*  Test for trend®

IgG1 240.8 2.340.7 2.340.6 84 (95%)
IgG2 0.6+0.7  0.9+0.7 1.240.9 43 (49%)
IgG3 140.9 1.6+1.1 1.940.7 52 (59%)
IgG4 24%1.1 1.6+1.2 1.3+1.2 81 (92%)

7 (100%) 5 (100%) 1.0000 0.5107
2 (71%) 4 (80%) 0.1444 0.0604
4 (82%) 5 (100%) 0.0487 0.0186
4 (82%) 3 (60%) 0.0445 0.0450

@Fisher’s exact test comparing proportions of cases that are IgG predominant or codominant between C1q levels.

Cochran—Armitage test for trend for IgG dominance across C1q positivity.

material), and because the objective of the study was
the analysis of IgG subclass distribution and not the
morphological dissection of the complement cas-
cade. Although there is no doubt that the comple-
ment system has a role in human and experimental
membranous glomerulonephritis,?4-26 our
knowledge about the exact role of complement
activation in the pathogenesis of membranous
glomerulonephritis is scant. It appears that the
complement system may have different roles in
various forms and, perhaps, even in various stages of
membranous glomerulonephritis. Detailed studies
addressing the role of the complement system in the
pathogenesis of membranous glomerulonephritis
will be relevant because the results could have
important therapeutic implications.

In summary, our findings indicate a heteroge-
neous immune response in primary membranous
glomerulonephritis. One has to consider that PLA2R
is not the only antigen relevant in the pathogenesis,
particularly in early stage of the disease. Routine
immunofluorescence studies used in renal biopsy
evaluation are only semiquantitative and relatively
insensitive. Therefore, it would be relevant to
conduct studies for the potential target antigens in
different stages of primary membranous glomerulo-
nephritis, particularly in early stage (glomerular
stage I).
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