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Introduction: Complement activation is highly involved in membranous nephropathy. Identifying the mechanism of the complement
activation pathway carries crucial therapeutic implications yet remains controversial. This study explored lectin complement pathway
activation in PLA2R-associated membranous nephropathy (MN).

Methods: One hundred and seventy-six patients with biopsy-proven PLA2R-associated MN were enrolled in the retrospective study
and divided into the remission group (24-hour urine protein <0.75g and serum albumin >35 g/L) and the nephrotic syndrome group.
The clinical manifestation and C3, C4d, Clq, MBL, and B factor in renal biopsy tissues and C3, C4, and immunoglobulins in serum
were evaluated.

Results: Deposition of glomerular C3, C4d, and mannose-binding lectin (MBL) was significantly higher in the activated state than in
the remission state in PLA2R-associated MN. MBL deposition was the risk factor for no remission. During follow-up, the persistent
non-remission patients have significantly lower serum C3 levels.

Conclusion: Activation of the lectin complement pathway in PLA2R-associated MN may contribute to proteinuria progression and
disease activity.
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Background
Membranous nephropathy (MN) is an autoimmune disease caused by the deposition of immune complexes on the
subepithelial surface of the glomerular capillary wall.' It is the most common cause of nephrotic syndrome (NS) in
adults.” In 2009, it was discovered that the phospholipase A2 receptor (PLA2R) on podocytes acts as the primary antigen
triggering autoimmune reactions.® Currently, PLA2R antibodies are used as markers for the diagnosis and monitoring of
MN. Persistently high serum PLA2R antibody levels predict a high risk of disease progression.* Conversely, the
disappearance of serum PLA2R antibody concentration is termed immunological remission and predicts clinical
remission.>> The majority of PLA2R-associated MN was primary MN, and most likely develops governed by factors
such as genetic susceptibility, loss of tolerance, and alterations in antigen expression with a role for environmental factors
like air pollution, smoking, and infections.®

PLA2R-associated MN is believed to be developed when immune complexes activate the complement system and
form C5b-9, leading to podocyte damage and proteinuria.®’ The complement system consists of three pathways: the
classical pathway, lectin pathway, and alternative pathway, forming C5b-9 and triggering cellular injury.®*'® In addition
to C5b-9, C3a and C5a anaphylatoxins are generated by the activity of the C3 and C5 convertase, and have been also
shown to be important effectors of complement-mediated damage in primary MN'"'? (Figure 1).

International Journal of General Medicine 2023:16 1879—1889 1879
Received: 3 February 2023 © 2023 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 24 April 2023
Published: 17 May 2023

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Li et al Dove

Classical lectin alternative
pathway pathway pathway

IgG1,2,3 Aberrant glycosylated 1gG4 of 5 -I C3 spontaneous hydrolysisl
anti-PLA2R antibodies
,’/ Factor B,
MBL, ficolins !C3 amplification | Factor D, C3b,
i loop properdin
C4d, C4b2a
C3 convertase <.__| C3convertase
(C4b2a3b) (C3bBb)

C5b-9

| membrane attack complex

Figure | Three pathways of complement activation in PLA2R-associated MN. The classical pathway is often initiated by IgG|, 1gG2, and IgG3. The lectin pathway is normally
initiated by bindings of LP-recognition molecules (ie MBL, ficolins) to various carbohydrates or acetylated residues on the surface of pathogens (most commonly mannose
residues) and aberrant glycosylated IgG4 of anti-PLA2R antibodies particularly in PLA2R-associated MN. The alternative pathway is spontaneously activated by the hydrolysis
of the C3. After factor B (FB) has been activated to Bb by factor D (FD), Bb interacts with C3 (H2O) to form a C3 convertase. C3 convertases cleave C3 into the
anaphylatoxin C3a and C3b. C3b deposited on surfaces can form additional C3 convertases (C3bBb), and this drives the C3 amplification loop. Then the downstream
complements are activated and lead to the assembly of the membrane attack complex (MAC).

Most PLA2R antibodies are I[gG4 subclasses and do not activate the classical pathway.”'> The classical pathway is
usually activated by IgG1, IgG2, and IgG3."* Positive staining for C4d and mannose-binding lectin (MBL) in the absence
of Clq suggest that the lectin pathway plays a role in MN complement activation and is associated with disease
progression.'” Seifert found glomerular IgG4 deposition closely correlated with MBL signals, suggesting glomerular
lectin pathway activation by bound autoantibodies.'® Lhotta found MBL is present in the glomeruli of patients with
glomerulonephritis in 1999.'” Hayashi found that intrinsic antigen-related MN was more strongly associated with
complement activation by the lectin pathway, which may contribute to a less favorable clinical outcome.'? Segawa
found global MN patients showing complement activation of both the alternative and lectin pathways associated with
IgG2 and IgG4.'"® Zhao found no correlation between serum MBL levels and clinical manifestations or prognosis.
Meanwhile, Zhang observed that patients with MBL deposition reached ICR faster than those without.'> The incon-
sistency of the above studies indicated further research necessary. The mechanism of activation of the complement
pathway also remains controversial. This study explored lectin complement pathway activation in PLA2R-associated
membranous nephropathy (MN), and, therefore, contributes to a better understanding of the role of the lectin complement
pathways in PLA2R-associated MN progression.

About one-third MN patients undergo spontaneous remission, especially those with absent or low anti-PLA2R levels,
one-third progress to ESRD over 10 years, and the remainder develop nonprogressive CKD.'® Because of the poor prognosis
of these people, this study is needed to find remission predictors and provide a research base for future drug targets.

Methods

Study Population

Two hundred and fifty-six patients with biopsy-proven PLA2R-associated MN were enrolled at the China-Japan
Friendship Hospital from 2014 to 2021 in the retrospective study. The inclusion criteria were as follows: (1) positive
glomerular PLA2R or positive serum PLA2R antibodies, (2) =5 glomeruli on each renal biopsy tissue, and (3) signed

informed consent. The exclusion criteria were as follows: (1) already receiving glucocorticoid and/or immunosuppressive
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therapy before biopsy, (2) secondary MN, (3) incomplete clinical data, (4) infectious disease with hs-CRP >20 mg/L, and
(5) patients not in remission state or nephrotic syndrome state. As a result, 176 patients were enrolled in the study, with
30 patients in partial remission state (proteinuria <0.75g/d and serum albumin >35 g/L) and 146 in NS state (proteinuria
>3.5g/d and serum albumin <30 g/L). Eighty patients were excluded from our study, and among them, 57 patients with
proteinuria between 0.75 and 3.5g/d, 20 with proteinuria >3.5 g/d but serum albumin >30g/1, 3 with proteinuria <1 g/d
but serum albumin <30g/l. Clinical data, including serum albumin, proteinuria, serum creatine, serum C3, C4, and
immunoglobulins, and pathological data, were collected at the time of renal biopsy and during follow-up every two
months until the patients reach complete remission (proteinuria <0.3g/d and serum ALB >35g/1). This study followed the
principles of the Declaration of Helsinki and was approved by the Ethics Committee of the China-Japan Friendship
Hospital, approval number 2021-113-K71. Informed consent was obtained for the medical use of data and patient
samples.

Kidney Biopsies
MN was confirmed by kidney biopsy. Light microscopy, electron microscopy, immunofluorescence staining, and
immunohistochemical staining were performed on the specimens. The deposition of C3, Clq, IgG, IgGl, and 1gG4 in
the glomeruli was analyzed using immunofluorescence staining, and the deposition of PLA2R, C4d, MBL, and factor
B in the glomeruli was analyzed using immunohistochemical staining. At least 5 glomeruli per patient were analyzed for
immunofluorescence and immunohistochemistry.

Hematoxylin and eosin, periodic Schiff stain (PAS), and Masson and Jones silver staining were routinely examined by
light microscopy. The stage of MN progression was assessed by light and electron microscopy according to the

classification of Ehrenreich and Churg.

Immunofluorescence Staining

Staining for IgG, IgGl, IgG4, IgM, IgA, C3, and Clq were performed by indirect immunofluorescence. The frozen
sections were blocked with goat serum working solution for 30 minutes. Primary antibodies to human IgG1 (9052-02,
Southern Biotech, Birmingham, AL), IgG4 (9190-09, Southern Biotech, Birmingham, AL), IgG (Dako A0423), IgM
(Dako A0426), IgA (Dako A0262), C3 (Dako A0062), and Clq (Dako F0254) were incubated overnight at 4°C. In
immunofluorescence staining, the intensity of IgG, IgM, IgA, C3, Clq, IgGl, and IgG4 staining in the glomerular
capillary wall was scored from 0 to 3 (0, negative; 1, weak; 2, moderate; 3, strong) by indirect immunofluorescence.
Scores above 1 were considered positive. Five glomeruli from each biopsy tissue were randomly selected and scored,
using the average score as the final score for each patient. All sections were evaluated by two blinded pathologists.

Immunohistochemistry and Quantitative Analysis

Kidney tissues were fixed, embedded in paraffin, and sectioned at a thickness of 3 pum. After dewaxing through
hydration, the kidney tissue was repaired using an antigen repair method. Antigen repair of PLA2R and C4d was
performed using high-pressure thermal repair, and repair of MBL and B factors using proteinase K repair. The repair was
followed by inactivation of endogenous peroxidase using hydrogen peroxide. Sections were then incubated in goat serum
working solution for 30 min before being incubated overnight at 4°C with the following antibodies (all from Abcam,
Cambridge, UK): (1) PLA2R antibody (ab211573) and (2) C4d antibody (ab167093) diluted 1:100. (3) MBL antibody
(ab23457) diluted 1:100, and (4) B factor antibody (ab192577) diluted 1:500. After visualized with horseradish
peroxidase and diaminobenzidine, sections were viewed under a microscope (Nikon, Tokyo, Japan) at a magnification
of 400 x using a Moticam 2506 instrument (Motic, Fujian, China). Images were taken with a digital camera system
(Nikon) for qualitative and semi-quantitative assessment in a blinded manner. Semi-quantitative assessments were
performed using Image Pro-plus computer image analysis software (Media Cybernetics, Bethesda, MD, USA) to analyze
the average optical density (AOD) and quantify protein levels. Five glomeruli from each biopsy tissue were randomly
captured and analyzed, using the average AOD as the final result for each patient.
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Detection of Serum PLA2R Antibody Levels

Serum PLA2R antibodies were measured using an ELISA kit from Euroimmun AG (Lubeck, Germany), according to the
manufacturer’s instructions. Serum was collected from all patients 1-3 days before renal biopsy and analyzed directly
after collection. PLA2R antibodies >20Ru/mL were defined as positive and PLA2R antibodies <14Ru/mL as negative.

Statistical Analysis

Mean =+ standard deviation, median (25-75% interquartile range [IQR]), and counts (percentages) were used to
summarize normally distributed variables, non-normally distributed variables, and categorical variables, respectively.
The Student’s t-test (for normally distributed variables), Mann—Whitney U-test (for non-normally distributed variables),
and Fisher’s exact test (for categorical variables) were used to assess differences between groups. Pearson correlation
tests (for normally distributed variables) or Spearman correlation tests (between two non-normally distributed variables)
were used to analyze the correlation between the two variables. Univariable analysis followed by multivariable logistic
regression analysis with a stepwise variable selection procedure was applied to identify risk factors for the no-remission
of PLA2R-associated MN patients. All baseline variables entered the initial model and were maintained if p < 0.05.
Statistical analyses were performed using SPSS 26.0, and a two-tailed p < 0.05 was considered significant.

Results

Demographic and Clinical Characteristics

Among the 176 patients with biopsy-proven PLA2R-associated MN, 30 were in the remission state, and 146 were in the NS state
at the time of biopsy. The median urine protein levels between the remission state and NS state were 0.425 (0.295-0.525) and 6.54
(5.015-8.863) g/24 h, respectively. The median PLA2R antibody concentrations were 4.8 (4.3-5.0) and 61.2 (30.7-134.6) RU/
mL, respectively. The median serum albumin levels were 38.7 (36.1-40.4) and 26.0 (22.0-27.1) g/L, respectively. Hematuria,
proteinuria, serum albumin, anti-PLA2R, serum creatine, and eGFR were statistically different among groups. Although the
median serum creatinine levels (65.4 vs 79.3) and glomerular filtration rates (101.3 vs 91.8) were significantly different between
the 2 groups, they were all in the normal range, which indicated both groups have normal kidney function at baseline (Table 1).

Pathological Characteristics of Patients in 2 Groups, Including Deposition of C3, Clgq,
C4d, MBL, and Factor B in the Glomeruli

Glomerular C3 was observed in 25 (83.3%) patients in the remission group and 141 (96.6%) patients in the NS group.
Glomerular C1q was detected in 20 (66.6%) and 110 (75.3%) patients in the remission and NS groups, respectively. IgG
was detected in all the patients. IgG4 was observed in 26 (86.6%) and 145 (99.3%) patients in the remission and NS
groups, respectively (Figure 2). The intensity of glomerular C3 staining was correlated with IgG1 (r = 0.219, p = 0.004).

Table | Clinical Characteristics Between the Remission Group (n = 30) and Nephrotic Syndrome Group

(n = 146)
Parameters Remission group | Nephrotic Syndrome p
(n=30) Group (n=146)

Gender (male/female) 16/14 104/48 0.140
Age (y) 50.5 (39.3-62.8) 53.0 (44.0-58.8) 0.845
Proteinuria (g/24 h) 0.425 (0.295-0.525) | 6.54 (5.015-8.863) 0.001
Anti-PLA2R antibody concentrations (RU/mL) 4.8 (4.3-5.0) 61.2 (30.7-134.6) 0.001
Hematuria (HPF) 49 (2.6-8.1) 9.1 (4.5-16.3) 0.005
Albumin (g/l) 38.7 (36.1-40.4) 26.0 (22.0-27.1) 0.001
Hemoglobin (g/l) 136 (130-146) 136 (123-149) 0.805
eGFR (mL/(min*1.72m?)) 101.3 (90.6-115.8) | 91.8 (73.0-106.9) 0.006
Serum creatinine (umol/L) 65.4 (52.9-78.9) 79.3 (65.3-100.0) 0.001

Notes: Non-normally distributed variables were presented as median (25-75% interquartile range [IQR]).
Abbreviations: eGFR, estimated glomerular filtration rate; PLA2R, phospholipase A2 receptor.
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Figure 2 Positive examples of 1gG (A), IgGI (B), IgG4 (C) under immunofluorescence (original magnificationx400) are present along the glomerular capillary wall in MN
patients.

Glomerular C3 positivity and staining intensity were significantly lower in the remission group than in the NS group
[83.3% vs 96.6%, p < 0.001; 3.0 (2.0-3.0) vs 3.0 (3.0-3.0), p = 0.003]. Glomerular IgG1 [3.0 (2.0-3.0) vs 3.0 (3.0-3.0), p =
0.004] and IgG4 [2.0 (2.0-3.0), 3.0 (3.0-3.0), p < 0.001] staining intensities were significantly lower in the remission group.

The average optical density (AOD) of C4d (0.065+0.044 vs 0.10140.049, p = 0.013) and MBL (0.053+0.027 vs 0.084
+0.055, p =0.036) was significantly lower in the remission group than in the nephrotic group. Glomerular B-factor deposition
did not differ between the two groups (Table 2) (Figure 3). The intensity of staining for glomerular MBL correlated with IgG4
(r=10.481, p = 0.027). But the intensity of Clq was not found to be correlated with IgG1 (r =0.216, p = 0.217).

Clinical Outcomes of PLA2R-Related MN Patients

Among 146 patients in the NS group, 109 were followed up at our institution and 35 had serum complement data (16 in
persistent non-remission group and 19 in remission group). The median follow-up time was 14 months (5-19), and
among them, 57 (52.3%) achieved partial remission state (24-hour urine protein <1.0 g) and 20 (18.3%) achieved
complete remission (24-hour urine protein <0.3 g).

We performed Logistic regression analysis of the risk factors including age, gender, serum PLA2R-Ab, proteinuria,
serum albumin, renal function, C3 deposition, IgG4 deposition, and MBL deposition, for no-remission of PLA2R-
associated MN patients (Table 3). The result showed in univariable analysis, C3 deposition, MBL deposition, serum
PLA2R-ADb, proteinuria, and serum albumin were risk factors that predicted no remission. After multivariable analysis,
only proteinuria (OR = 1.997, 95% CI 1.028-3.879, p = 0.041) and MBL deposition (OR = 20.763, 95% CI 1.755-
245.646, p = 0.016) were independent risk factors for no-remission (Table 3).

Table 2 Pathological Differences Between the 2 Groups

Parameters Remission Nephrotic P
Group Syndrome Group
(n=30) (n=146)
Immunofluorescence
1gG deposit, n (%) 30 (100) 146 (100) NA
C3 deposit, n (%) 25 (83.3) 141 (96.6) 0.003
Clq deposit, n (%) 20 (66.6) 110 (75.3) 0.390
IgG staining intensity, median(quartile) 3(3-3) 3(34) 0.144
C3 staining intensity, median(quartile) 3(2-3) 3(3-3) 0.003
Clq staining intensity, median(quartile) 2(1-2) 2(1-2) 0.929
Immunohistological chemistry staining
C4d staining intensity, meantSD 0.065+0.044 0.101£0.049 0.013
MBL staining intensity, meantSD 0.05310.027 0.08410.055 0.036
Factor B staining intensity, mean+SD 0.028+0.016 0.022+0.016 0.345
Note: Bold: having significant difference with p < 0.05.
Abbreviation: MBL, mannose-binding lectin.
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Figure 3 (A) Immunohistological chemistry staining for C4d (a and b), MBL (c and d), and Factor B (e and f) expression in the glomeruli of the remission group and the
nephrotic syndrome group respectively (original magnificationx400). (B) The expression of C4d, MBL, and Factor B in the two groups. *p < 0.05.
Abbreviation: AOD, average optical density.

The persistent non-remission group has significantly lower serum C3 levels compared with the remission group
during follow-up (88.95 (77.75-97.3) vs 100.00 (95.6—103.5), p = 0.045). The serum IgM concentration is also lower in
the non-remission group compared with the remission group (55.75 (32.45-68.60) vs 74.40 (60.55-190.05)). There were
no significant differences in the serum concentrations of C4, Clq, IgG, and IgA (Table 4).

Table 3 The Logistic Regression Analysis of the Risk Factors for No-Remission of PLA2R-Associated MN Patients

Parameters Univariable Analysis Multivariable Analysis
OR (95% CI) p OR (95% CI) p

Gender (male) 1.032 (0.451-2.360) 0.94

Age (increased by | year) 1.004 (0.974-1.035) 0.801

Serum PLA2R (increased by 11U/mL) 1.010 (1.004-1.017) 0.005 0.990 (0.971-1.010) 0.336

Serum Creatine (increased by | umol/L) 1.004 (0.993-1.015) 0.483

Serum Albumin (increased by | g/l) 0.779 (0.702-0.865) 0.001 0.952 (0.675—1.344) 0.781
(Continued)
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Table 3 (Continued).

Parameters Univariable Analysis Multivariable Analysis
OR (95% CI) ) OR (95% CI) )

24h UP (increased by | g/d) 1.579 (1.320-1.891) 0.001 1.997 (1.028-3.879) 0.041

Serum C3 (increased by Img/l) 1.003 (0.980-1.027) 0.794

Serum C4 (increased by Img/l) 1.020 (0.960-1.083) 0.530

C3 deposition 2.147 (1.068-4.314) 0.032 0.880 (0.086-9) 0.880

MBL deposition 9.625 (2.117-43.753) 0.003 20.763 (1.755-245.646) 0.016

B factor deposition 1.235 (0.256-5.970) 0.793

Clq deposition 0.954 (0.567—1.606) 0.859

IgG deposition 1.237 (0.517-2.958) 0.632

I1gM deposition 0.749 (0.478-1.173) 0.206

IgA deposition 0.643 (0.371-1.114) 0.115

IgG| deposition 1.543 (0.634-3.753) 0.339

1gG4 deposition 3.903 (1.590-9.583) 0.003 0.485 (0.028-8.318) 0.618

Note: Bold: having significant difference with p < 0.05.
Abbreviation: MBL, mannose-binding lectin.
Table 4 Follow-Up Serum Complement Concentrations Between the Non-Remission and Remission Groups
Persistent Non-Remission Follow-Up Remission Group
Group (n=16) (n=19)

Follow-up proteinuria (g/24 h) 5.02 (2.68-7.29) 0.31 (0.23-0.45) 0.001
Follow-up albumin (g/l) 28.05 (21.60-35.03) 42.10 (36.90-44.00) 0.001
Follow-up serum creatinine (umol/L) 106.70 (74.50-177.30) 73.95 (63.75-103.80) 0.012
Follow-up eGFR (mL/(min*1.72m2)) 64.01 (26.15-91.80) 91.24 (71.32-108.05) 0.030
Follow-up serum IgG (mg/dl) 495.50 (359.25-615.50) 701.00 (504.00-1231.50) 0.089
Follow-up serum IgA (mg/dl) 151.00 (65.80-239.25) 341.00 (131.00-381.50) 0.128
Follow-up serum IgM (mg/dl) 55.75 (32.45-68.60) 74.40 (60.55-190.05) 0.002
Follow-up serum C3 (mg/dl) 88.30 (74.50-97.00) 99.10 (84.20-111.25) 0.044
Follow-up serum C4 (mg/dl) 24.20 (20.90-29.35) 21.00 (15.85-37.05) 0.731
Follow-up serum Clq (mg/dl) 156.00 (130.75-193.00) 205.00 (147.50-275.50) 0.088

Notes: Non-normally distributed variables were presented as median (25-75% interquartile range [IQR]). Bold: having significant difference with p < 0.05.

Abbreviation: eGFR, estimated glomerular filtration rate.

Discussion

We found that all three complement pathways were observed in glomeruli in the NS state of PLA2R-associated MN, and
glomerular deposition of MBL was significantly higher in the activated state of PLA2R-associated MN than in the
remission state. MBL deposition was an independent predictor for no-remission. Glomerular MBL expression is
correlated with the intensity of 1gG4, so IgG4 may activate complement via the lectin pathway. Moreover, during follow-
up, the persistent non-remission patients have significantly lower serum C3 levels. We revealed that the activation of
lectin pathways in PLA2R-associated MN is associated with proteinuria and disease activity.

Recently, various podocyte antigens have been identified, including M-type PLA2R,? neutral endopeptidase (NEP),?°
and thrombospondin type 1 domain-containing 7A (THSD7A).>' PLA2R and THSD7A are closely associated with
primary MN.**? In this study, we used positive serological PLA2R antibodies or glomerular PLA2R as a diagnostic
standard for PLA2R-associated MN. The decrease and disappearance of serum PLA2R antibody concentrations are
known to indicate immunological remission and predict clinical remission.” In contrast, glomerular PLA2R is more
consistent with the development of PLA2R-associated MN.*
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PLA2R in podocytes can act as the primary antigen that triggers an autoimmune response. Kerjaschk demonstrated in
a model of Heymann nephritis’ that these antigens could form antigen-antibody complexes and could be released from
the podocyte surface into the extracellular space, and bind to the glomerular basement membrane.”® Antigen-antibody
complexes can activate complements and lead to cellular injury.** Anti-podocyte antibodies can also directly mediate
podocyte injury.>

The mechanism of complement activation in PLA2R-associated MN is not yet fully understood. C3, C4, and C5b-9
can be detected in glomerular basement membrane immune complexes, and the urinary excretion of C5b-9 is a marker of
disease activity.”® The pathway activation is initiated by the antigen, subclass of IgG antibodies, and other antibodies
bound to the cell surface.”” In adult MN, Ronco et al observed activation of Clq in a case of relapsed MN after renal
transplantation without activation of the lectin pathway.>> Zhao et al also observed that glomerular C1q was expressed in
some patients with primary MN, but probably not in close association with renal injury.”” Clq deposition is more
commonly seen in secondary MN than in primary MN.?” However, C4d is commonly observed in primary MN, which
supports the activation of the lectin pathway rather than the classical pathway activation in primary MN.**® In PLA2R-
associated MN, IgG4 is the most commonly detected IgG subtype. However, it does not activate the classical pathway
because it cannot combine with C1q."” Studies have shown that abnormally glycosylated IgG4 can activate MBL and the
lectin pathway in PLA2R-associated MN,'?> which could be an unfavorable predictor of proteinuria and renal
dysfunction.'>'"** B factor is also often detected in the glomeruli in MN.'® This is consistent with our finding that
the classical, lectin, and alternative pathway activations are all speculated in PLA2R-associated MN.

In previous literature, there have been conflicting findings regarding the correlation between glomerular MBL
deposition and urinary protein, as well as the association between MBL and remission of membranous nephropathy.
Lhotta found MBL is present in the glomeruli of patients with glomerulonephritis in 1999.'¢ Segawa found global MN
patients showing complement activation of both the alternative and lectin pathways associated with IgG2 and 1gG4.>°
Zhao found no correlation between serum MBL levels and clinical manifestations or prognosis and did not focus on
MBL deposition. Hayashi found that intrinsic antigen-related MN was more strongly associated with complement
activation by the lectin pathway, which may contribute to a less favorable clinical outcome.'> Meanwhile, Zhang
observed that patients with MBL deposition reached ICR faster than those without,'” which appears to contradict our
study. Probable reason might be different sample size, different testing indicators, and different outcome events between
our study and previous research, and our study included more PLA2R-associated MN patients. Our study supports the
findings of Hayashi’s study and confirms that MBL deposition is more common in patients with renal syndrome and is
a risk factor for non-remission of renal disease.

We found the deposition of lectin pathway complement, MBL, C4d, and C3, was significantly higher in glomeruli in
nephrotic state of PLA2R-associated MN. We also found MBL deposition to be the risk factor for no remission. Therefore, we
speculated that the activation of lectin complement pathways in PLA2R-associated MN glomeruli is associated with proteinuria
and disease progression. Seifert found glomerular IgG4 deposition closely correlated with MBL signals, suggesting glomerular
lectin pathway activation by bound autoantibodies.>’ Our study showed that glomerular MBL expression correlated with the
intensity of IgG4 expression, confirming that [gG4 may activate the complement system via the lectin pathway.

Tsai found low serum levels of C3 predicted poor renal outcomes.>” Our report is the first to show that patients who
do not achieve remission have consistently lower levels of serum C3 during follow-up, suggesting that low C3 levels can
be used as a monitoring tool for PLA2R-associated MN. In contrast, there was no significant difference in baseline C3
levels between the remission and renal syndrome groups. This may be because C3 levels continue to decrease during
persistent unremitting states, but this depletion is not apparent at the onset.

This study provided increasing understanding for complement pathophysiology in MN and also potential prognostic
value and therapeutic targets of lectin complement components. There are several complement inhibitors in MN
investigated in clinical trials. Complement inhibitors OMS 721, which binds the lectin pathway protease mannan-
binding lectin-associated serine protease-2 (MASP2), and APL2, which binds to C3 component, are in ongoing trials
used for the treatment of MN.>

This study had some limitations. First, immunofluorescence and immunohistochemistry scoring was semi-quantitative.
Second, this was a retrospective study using laboratory information derived from clinical records. In addition, there were 30 cases
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in the remission group, which was insufficient compared with 146 cases in the NS group. The smaller sample size may result in
a larger variance, making it less likely to find true positive results in this study (smaller power), but will not affect the results of the
statistical analysis of this study. We could increase the sample size and perform multiple corrections to find that there is
a difference in MBL, and no difference in C1q and B factor, representing classical and alternative pathways, respectively, in the
future. Finally, the results are highly dependent on the specificity of antibodies and on the antigen retrieval methods. These
limitations may have some impact on the discussion of the results of this study. However, with the inclusion of 176 cases of
PLA2R-associated MN, and a comprehensive study of the three complement pathways, we have gained a better understanding of
the role of the lectin pathway in the progression of proteinuria and the mechanism of complement activation in MN pathogenesis.

In the future, we hope to explore complements in the lectin pathway in the sera of PMN. Recently, autoantigen-
associated MN, such as PLA2R-associated MN and THSD7A-associated MN,>!** have become a new classification
criterion for MN.>>2® We will explore the characteristics of complement deposition and IgG isoforms in different
autoantigen-associated MN, such as THSD7A-associated MN.

Conclusions

In conclusion, all three complement pathway activations were observed in PLA2R-associated MN, and glomerular
deposition of MBL was significantly higher in the activated state of PLA2R-associated MN than in the remission state.
MBL deposition was an independent predictor for no-remission. Glomerular MBL expression is correlated with the
intensity of IgG4. Moreover, during follow-up, the persistent non-remission patients have significantly lower serum C3
levels. We revealed that the activation of lectin pathways in PLA2R-associated MN is associated with massive
proteinuria and disease activity.

Abbreviations
MN, membranous nephropathy; MBL, mannose-binding lectin; NS, nephrotic syndrome; PLA2R, phospholipase A2
receptor; PAS, periodic Schiff stain; MASP2, mannan-binding lectin-associated serine protease-2.
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