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Abstract

Introduction. Primary membranous nephropathy (PMN)
is an autoimmune disease affecting renal glomeruli, cha-
racterized by aggregation of autoantibodies on podo-
cytes and subsequent epithelial thickening. Rituximab
(RTX), an anti-CD20 monoclonal antibody, is used to
treat steroid-resistant PMN cases. Accordingly, presented
study compared peripheral blood IgA, IgM, and IgG as
well as IgG subclasses levels in patients under stan-
dard treatment and under RTX treatment before and
after RTX administration.

Method. With method of nephelometery, 25 PMN pa-
tients, 15 under standard treatment and 10 receiving stan-
dard+RTX treatment were enrolled and compared with
15 healthy matched individuals. The RTX group was
studied before (pre-RTX) and 2 months after (post-
RTX) drug infusion.

Results. Serum IgG level of Std-treatment patients and
healthy controls was higher compared to pre-RTX
group (0.001 and 0.008 respectively). Serum total IgA
and IgM levels were not statistically different between
Std-treatment, pre-RTX, and healthy controls; however,
IgA decreased after administration of rituximab (P=
0.015). IgG1 and IgG2 levels in pre-RTX group was
considerably lower than in patients on Std-treatment
(P=0.001 and 0.005, respectively) and healthy controls
(P=0.041 and 0.019, respectively) but were not affect-
ted by RTX. Serum IgG4 was elevated in both Std-
treatment and pre-RTX groups compared to healthy
controls (P<0.0001 and 0.010, respectively) and dec-
reased significantly following RTX administration.
Conclusion. Serum IgG4 has a significant prognostic
value in PMN. IgG1 and IgG2 were lower in steroid-
resistant cases. IgM and IgA do not appear to be invol-

Correspondence to:

ved in pathogenesis of PMN. Moreover, 1gG1, 1gG2
and IgM amounts were not affected by RTX.
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Introduction

Primary (or idiopathic) membranous nephropathy (PMN)
is considered the most common cause of nephrotic
syndrome (NS) in adults, characterized by proteinuria,
edema, hypoalbuminemia, hyperlipidemia and usually
detectable circulating autoantibodies [1,2]. Histopatho-
logical features of PMN consist of subepithelial immune
complex deposition and subsequent thickening of glo-
merular basement membrane; in fact, diagnosis of pri-
mary membranous nephropathy could merely be con-
firmed by ruling out secondary causes such as auto-
immunity (e.g. lupus erythematous), chronic infections
(e.g. HBV, HCV, H.Pylori), drugs (e.g. gold, penicillami-
ne) and malignancies (e.g. renal, prostate), situations
which are accompanied by excessive antibody produc-
tion [3,4]. Although the underlying causes of PMN
have not yet been completely discovered, recent stu-
dies have introduced some autoantigens on podocytes
which are targeted by autoantibodies detectable in
blood circulation of most PMN patients [5]. The most
known autoantigen herein is phospholipase A2 receptor
(PLA2R), a member of the mannose receptor family.
The specificity of anti-PLA2R antibody for diagnosis
of PMN has been estimated at 70-80% whereas it is
undetectable in healthy individuals. Evaluation of anti-
PLAZ2R antibodies is performed for both diagnosis and
follow up purposes in clinical field as its presence and
persistence is generally accompanied by worse prog-
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nosis [6]. The other autoantigen targeted by autoanti-
bodies in PMN is thrombospondin typel domain—con-
taining 7A (THSD7A), membrane-associated N-glyco-
protein which mediates endothelial cell migration and
tube formation, found in almost 5% of PMN cases [2].
Lecithin-cholesterol acetyl transferase (LCAT), an en-
zyme involved in maintaining cholesterol homeostasis,
has recently been suggested as another probable target
[7]. Of note, in contrast to the secondary membranous
nephropathies which could be accompanied by increased
level of IgG1, 1gG2, and 1gG3, the prominent autoanti-
body isotype directed against abovementioned antigens
in PMN is IgG4 [4].

In addition to the supportive care including blood pre-
ssure control, angiotensin blockers to minimize pro-
teinuria, statins for treating hyperlipidemia, low pro-
tein diet, salt restriction and diuretics to control edema,
patients with progressive decrease of glomerular filtra-
tion rate (GFR) or refractory proteinuria should under-
go immunosuppressive therapy by drugs such as ste-
roids, cyclophosphamide, calcineurin inhibitors (cyclospo-
rine, tacrolimus), and finally rituximab (RTX) [8].
RTX has been shown to ameliorate refractory form of
PMN demonstrated by reducing urine proteins following
administration [9]. RTX a chimeric monoclonal anti-

CD20 antibody eliminates autoantibody-producing B
cells by direct signaling, complement-mediated cytotoxi-
city (CMC), and antibody-dependent cellular cytotoxici-
ty (ADCC) [10]. It might also bind directly to the sphin-
gomyelin-phosphodiesterase-acid-like-3b (SMPDL-3b)
on podocytes protecting these cells from their disrupt-
tion [11,12]. Regarding the considerable role of anti-
bodies in pathogenesis of PMN, we aimed to evaluate
the level of various antibody subtypes and subclasses
in steroid-responsive and refractory PMN patients (be-
fore and after receiving RTX) in order to study their
predictive and pathologic value.

Material and methods
Patients

Patients were enrolled according to the clinical, labo-
ratory and pathological diagnostic criteria of primary
membranous nephropathy, including those who were
under standard treatment (steroid and immunosupper-
ssive drugs, shown in table 1) and refractory cases who
received standard treatment plus rituximab [13]; the latter
group was studied just before administrating rituximab
(Pre-RTX) and two months afterwards (Post-RTX).

Table 1. Demographic and laboratory data of studied population (at sampling time)

Group Healthy Post- Pre- Standard P value
control Rituximab Rituximab treatment

N 15 10 10 15
Age in years: mean + SEM 45.843.5 52.2+3.49 52.2+3.49 48+3.26 0.56
Gender ratio (M:F) 8:2 8:2 8:2 11: 4
Creatinine: Mean + SEM 1+0.03 1.44+0.1 1.81+0.1 1.2540.03 <0.0001
BUN: Mean + SEM 19.2+0.93 36.8+1.36 50.4+2.26 36.9+1.74 <0.0001
WBC: Mean + SEM 50204270 43424341 6890261 6620+261 <0.0001
Total lymphocyte percent 42.3+1.47 33.5+1.5 54.1+1.98 48+2 <0.0001

4 4 <300: 2 3000-4000: 5 500-800: 12
Urine protein (mg/dl) 0: 15 <3000: 8 4000-5000:3  1000-1500: 1

1500-3000: 1
>5000: 2 ~3000:1

Anti- PLA2R - ﬁg;g;vv - 19 Isgggt‘lvv ‘237 Negative: 15
1S protocol:
Pred, Cyclosporin Pred, 7 7 12
Cyclosporin, Mycophenolate - 0 0 1
Pred, Tacrolimus 2 2 2
Pred, Mycophenolate, Tac 1 1 0

Standard treatment: PMN patients under standard treatment (steroid + immunosuppressive); Pre-Rituximab:
PMN patients under standard treatment + Rituximab before receiving the drug; Post-Rituximab: PMN
patients under standard treatment + Rituximab two months after administration; WBC: white blood cells; IS:
immunosuppression; PLA2R: phospholipase A2 receptor; Pred: prednisone; SEM: standard error of mean

Serum isolation and measurement of immunoglobulins

Serum samples were collected in serum separating tu-
bes and were separated immediately using centrifuge.
Then they were aliquoted and stored in freezers at mi-
nus 70 degrees until the end of sampling period. Immu-
noglobulins level were measured using nephelometry

technique, (MininephTM Human Ig Kit, The Binding
Site Ltd., Birmingham, UK).

Statistical analysis

Data were presented as mean + SEM (standard error of
the mean). The comparison between groups was perfor-
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med by non-parametric Kruskal-wallis test. Comparison
between pre and post RTX values was performed
by non-parametric Wilcoxon test (SPSS 22; SPSS Inc.,
Chicago,USA). P values less than 0.05 were conside-
red as statistically significant.

Results

The demographic and laboratory data of patients and
healthy controls are summarized in table 1.

Table 2. Immunoglobulins levels in studied groups (mg/dl)

Antibody subtypes difference between groups

Serum levels of IgG, IgA and IgM as well as IgG subcla

sses IgG1, 2 and 4 are shown on Table 2. Serum total IgG
level in standard-treatment patients were higher than in
the pre-RTX group (0.001) but almost similar to healthy
controls. IgG levels of pre-RTX patients were significan-
tly lower than in healthy controls (p=0.008) and decreased
further after RTX administration (p=0.035) (Figure 1).

Group IgG IgA IgM IgG1 IgG2 IgG4
(mean+SEM)  (mean+SEM) (mean+SEM) (mean+SEM) (mean+SEM) (mean+SEM)
Std-treatment 1167+60 180+4 14111 615+44 417424 53+5
Pre RTX 812+60 17514 130+14 381438 279+28 40+4
post RTX 638+50 122+13 123£10 344433 198+32 25+5
Healthy 1038+50 152417 12549 483436 389420 24+2
controls

Std: standard; RTX: Rituximab; SEM: standard error of mean
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Fig. 1. Serum IgG levels in standard-treatment, steroid-resistant
(before and after RTX therapy) and healthy control groups
(*:P.value<0.05)

Serum total IgA levels were not statistically different
between Std-treatment, pre-RTX, and healthy control
groups; however, they were reduced after administra-
tion of RTX (P= 0.015) (Figure 2). Serum total IgM
levels were almost similar in all studied groups and
were not affected by RTX therapy (Figure 3).
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Fig. 2. Serum IgA level in standard-treatment, steroid-resistant
(before and after RTX therapy) and healthy control groups
(*:P.value<0.05)
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Fig. 3. Serum IgM level in standard-treatment, steroid-resistant
(before and after RTX therapy) and healthy control groups

IgG subclasses differences between groups
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Fig. 4. Serum IgGl1 levels in standard-treatment, steroid-resis-
tant (before and after RTX therapy) and healthy control groups
(*:P.value<0.05)
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IgGl1 levels pre-RTX were considerably lower than in
patients on Std-treatment (P=0.001) and healthy con-
trols (P=0.041). Moreover, no change was observed
after RTX therapy (Figure 4). Similarly, serum IgG2
levels showed significant decrease in pre-RTX group
compared to the Std-treatment (p=0.005) and healthy
controls (p=0.019) but they were not affected by RTX
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Fig. 5. Serum IgG2 levels in standard-treatment, steroid-resistant
(before and after RTX therapy) and healthy groups (*:P.value<0.05)

(Figure 5). Serum IgG4 levels were elevated in both
Std-treatment and pre-RTX groups compared to the
healthy controls (P <0.0001 and 0.01, respectively)
and decreased significantly after RTX administration
(P=0.011) (Figure 6). Comparison of immunoglobulin
values is summarized in Table 3.
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Fig. 6. Serum IgG4 levels in standard-treatment, steroid-
resistant (before and after RTX therapy) and healthy control
groups (*:P.value<0.05)

Table 3. Comparison of immunoglobulins levels between studied groups

IgG IgA IgM IgG1 IgG2 IgG4
Compared Groups (p.value)  (p.value) (p.value) (p.value) (p.value) (p.value)

Std-treatment/pre Rtx 0.001* 0.598 0.523 0.001* 0.005* 0.56
Std-treatment/healthy

0.202 0.36 0.405 0.067 0.618 <0.000*
control
Pre RTX /healthy 0.008% 0496 0853  0.041*  0019% 0010
control
Pre RTX /post RTX 0.035* 0.015* 0.796 1 0.063 0.011*

Std: standard; RTX: Rituximab
Discussion

Recent studies have shown that in most patients with
primary membranous nephropathy anti-PLA2R 1gG4
auto-antibodies are detectable in blood circulation whe-
reas this is absent in secondary forms of the disease
[4]. Although the significance of autoantibodies in pa-
thogenesis of membranous nephropathy has been shown,
the probable relationship between antibody level and
disease stage or prognosis has not yet been clarified.
Bazzi et al. assessed the fractional excretion of IgG
(FE-IgG) in 84 patients with idiopathic membranous
nephropathy and after a follow up period of 7 years
they found that higher FE-IgG amounts could predict
increased risk of kidney failure and lower possibility
of remission. In addition, combined treatment by ste-
roids and cyclophosphamide decreased the progression
rate and increased the remission rate in patients with
high FE-IgG [14]. In another study Loénnbro-Widgren
compared glomerular IgG sub classes deposition
between patients with PMN and those with secondary
membranous nephropathy (MN) due to malignancy.
There was a significant correlation between the absent-
ce of IgG4 and malignancy-related MN while the other

IgG subclasses’ amount did not differ significantly bet-
ween the two groups; IgG2-positivity was present in
most patients in both groups but neither IgG1 nor IgG3
seemed to be implicated in the pathogenesis of mem-
branous nephropathies [15]. Later, von Haxthausen et
al. found no difference in level of IgG subclasses bet-
ween primary and malignancy-associated MN. Additiona-
lly, higher level of these antibodies did not show any
association with disease progression rate [16]. However,
Na et al. comparing IgG subclasses in membranous lupus
nephritis and idiopathic membranous nephropathy found
differences between the two groups apart from IgGl
[17]. Another study revealed IgG4 and IgG1 dominan-
cy in primary and secondary membranous nephropa-
thies respectively. Moreover, at early stages of PMN
IgG1 was the most frequent subtype in tissue biopsy
although by disease progression IgG4 got the first pla-
ce [18]. Kuroki et al. has evaluated the level of glome-
rular and serum IgG subclasses in diffuse proliferative
lupus nephritis (DPLN), membranous LN lupus nephritis
(MLN) and primary membranous nephropathy. They
found IgG1, IgG2, 1gG3, and at a lesser amount IgG4
in glomerular deposits of DPLN and MLN while 1gG4
was the dominant glomerular IgG subclass in PMN.
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The mean serum IgG subclasses concentration in DPLN
and MLN were almost similar to the healthy controls,
except for IgG1 which was increased in MLN. In PMN
patients, the mean IgG4 was increased; however, the
mean concentration of other IgG subclasses was signi-
ficantly decreased [19]. Liu ef al. showed elevated expre-
ssion of anti-PLA2R antibodies and IgG4 level in PMN
patients comparing to the secondary MN as well as non-
MN cases. Moreover, a strong correlation was found
between anti-PLA2R serum level and tissue deposition
[20]. These findings were confirmed by Yeo et al. who
calculated 83% sensitivity and 88% specificity for
PLA2R, and 76% sensitivity and 86% specificity for
IgG4 in diagnosis of PMN. When both were positive,
the specificity raised up to the 96.4% [21].

Juozapaite et al. evaluated the significance of the IgM
deposits in the mesangium of children with nephrotic
syndrome but they did not find any significant differ-
rence in the outcome of IgM-positive and IgM-nega-
tive patients [22]; however, it was found that the cir-
culating IgG and IgM antibodies of PMN patients
showed an altered pattern of reactivity to the self-
antigens compared to the healthy controls in spite of
their normal reactivity to the non-self-antigens [23]. Le
Viet et al. studied the predictive value of serum IgA, IgG
and IgM in PMN children. They reported median se-
rum levels of 1.15,2.23, and 1.7 g/L for IgA, IgG, and IgM
respectively. Serum IgA and IgG levels in patients we-
re significantly lower than healthy controls. Moreover,
IgG amount had a positive predictive value for steroid-
resistant nephrotic syndrome (SRNS). With the cutoff
point of 2.04 g/L, this test had the sensitivity and speci-
ficity of 89.5% and 95.5%, respectively. The IgG/IgM
ratio also showed a positive predictive value for SRNS
(AUC=0.892, P <0.001). Therefore, serum IgG level and
IgG/IgM ratio might be considered as predictive mar-
kers for steroid resistance in children with idiopathic
nephritic syndrome [24]. Moreover, Branten et al. su-
ggested urine IgG with sensitivity and specificity of
88% as a helpful marker in predicting renal failure in
PMN patients; this could be used to make appropriate
decisions on the dose and combination of immuno-
suppressive regime [25]. Our study also demonstrated
higher serum levels of 1gG4 in both steroid-responsive
and refractory patients which decreased significantly
following RTX administration. This finding is in con-
cordance with most previous studies indicating the im-
plication of IGg4 in pathogenesis of PMN and sugges-
ting its diagnostic value. Despite elevated amount of
IgG4, the IgG1 and IgG2 were found in lower amounts
in steroid-resistant cases and were not affected by
RTX. The decreased level of IgG1 and IgG2 in pre-RTX
group might be attributed to the previous infusions of
rituximab which had reduced B cells general popula-
tion. IgA and IgM levels showed no significant differ-
rence between studied groups implying their irrelevan-
ce to disease.

Conclusion

In summary, evaluating the IgG4 level not only in ti-
ssue biopsies and urine but also in peripheral blood
could be useful in predicting the responsiveness of PMN
patients to the standard treatment. This could also be
used during the follow up period of patients as eleva-
ted IgG4 levels might be suggestive of uncontrolled
disease. Serum amounts of IgA, IgM, IgG1 and 1gG2
do not appear to be associated with the pathogenesis of
PMN whereas rituximab showed the least (or null) effect
on serum IgM concentration.
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