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Abstract

Background
Currently, studies to data in MN are consistent with complement activation has an essential role in
mediating renal injury, and the LP is considered to be the principal pathway in PMN. CP activation
initiated by C1q which deposits are suggestive of SMN. However, C1q deposition together with IgG and
C3 granular deposit is found in many cases of PMN. Currently, the clinical and prognostic signi�cance of
C1q deposition in PMN is unclear. Therefore, we conduct this single-center research to explore the clinical
and prognostic signi�cance of C1q deposition in children with PMN.

Method:
73 patients with C1q deposition were enrolled in this study. According to the “Case-control matching
principle”, 73 patients without C1q deposition during the same period of the renal biopsy were selected as
a control group. The clinical and pathological characteristics, treatment response, and long-term renal
prognosis were compared between patients with and without C1q deposition.

Result
A total of 146 pediatric patients with PMN included with 86 men(58.9%) and 60 women (41.1%). The
median age at onset was 15.0 (14.0—16.0) years. During an average follow-up of 52.4 ± 35.6 months, 8
patients (5.5%) progressed ESKD, 12 (8.2%) patients developed ESRD or renal dysfunction. The frequency
of glomerular C4 deposits in the C1q deposits group was signi�cantly higher than no C1q deposits group
(34.2% vs 5.5%, p = 0.000). There were no other distinct differences in clinical and pathological
characteristics between the two groups. Glomerular IgG subclasses were available in 79 patients, there
was no difference in the glomerular IgG subclass distribution between the two groups (p IgG1=0.468,p

IgG2=1.000 p IgG3=0.988 p IgG4=0.216). The Kaplan-Meier survival analysis found that there was no
difference in the renal survival of ESRD (p = 0.415) and a combined event of ESRD and/or renal
dysfunction (p = 0.214) between the two groups. The logistic regression analysis (p = 0.553) and Cox
regression analysis (p = 0.618) revealed that C1q deposition failed to associate with renal dysfunction.

Conclusion
The CP does occur in some patients of PMN. However, it may be unrelated to the progression of the
disease.

Background
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Primary membranous nephropathy (PMN) is now considered an autoimmune-mediated glomerular
disease characterized by subepithelial glomerular IgG and complement. The discovery in 2009 of
podocyte antigens to which circulating autoantibodies bought about a great advance in the basic and
clinical research, antibodies against phospholipase A2 receptor (PLA2R) are present in 50 ~ 80% of
patients with PMN[1]. However, the pathogenesis of PLA2R-associated MN is obscure. Heymann models
of PMN in rats revealed that subepithelial deposits of IgG and C3 resulted from in situ immune deposit
formation involving a rat podocyte antigen, and the proteinuria was mediated mainly by complement
through the C5b which is a membrane attack complex[2]. Currently, whether complement activation is
pathogenic in human PMN or which activation pathway might be involved remain an enigma[3]. IgG4 is
the dominant subclass of IgG in PMN, it fails to bind complement and is incapable of activating the
classical pathway (CP), studies to data in PMN are consistent with complement is activated though the
lectin pathway (LP), and the role of the classical and alternative pathways (AP) has not been completely
excluded[4–6]. The complement is intensively activated by IgG1 and IgG3 through the CP in secondary
membranous nephropathy (SMN)[7, 8].

Classical pathway activation initiated by C1q which deposits are suggestive of SMN[9]. However, C1q
deposition together with IgG and C3 granular deposit is found in many cases of PMN. Currently, the
clinical and prognostic signi�cance of C1q deposition in PMN is unclear. In addition, there is a paucity of
studies about C1q deposition in children with PMN. Therefore, we conduct this single-center research to
de�ne the clinical and prognostic signi�cance of C1q deposition in children with PMN by comparing
various clinical and pathological characteristics, treatment response, and long-term renal prognosis in
patients with and without C1q deposition.

Methods
1. Participants

All the participants in this study were recruited at Nanjing Jinling Hospital from 2005.07 to 2013.09. The
inclusion criteria were:  PMN was histologically proven by kidney biopsy;  age ≤18 years;  informed
consent was obtained before study commencement. The exclusion criteria were as follows:  patients
with secondary causes of MN, including hepatitis B, autoimmune diseases, malignancies, medications,
and heavy metal poisoning;  renal pathology presented with “full house” pattern by immuno�uorescence,
HBc and HBs antigens deposit in glomeruli;  Patients with follow-up less than 12 months in addition to
the patient who progressed to end-stage renal disease (ESRD) or related death within 12 months. 73
patients with C1q deposition were enrolled in this study. According to the “Case-control matching
principle”, 73 patients without C1q deposition during the same period of the renal biopsy were selected as
a control group. Eventually, there are altogether 146 pediatric patients with PMN in this study.

2. Methods

We classi�ed all enrolled patients into 2 groups according to whether C1q deposits in glomeruli. The
patient’s general characteristics, clinical and pathological data at biopsy were collected by the reviewing
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of medical records. Comparing clinical and pathological characteristics between the patients with and
without C1q deposition. The patient’s treatment modalities, proteinuria, serum creatinine or eGFR were
collected by outpatient and telephone during the follow-up. Comparing treatment responses and long-
term renal prognosis in patients with and without glomerular C1q deposits. The baseline was at renal
biopsy and all follow-up dates were updated to June 2019.

The primary endpoint was ESRD which de�ned as eGFR ≤ 15ml/min/1.73m2 or the requirement of
maintenance dialysis or transplantation. The secondary endpoint was renal dysfunction, de�ned as eGFR
decline by 30% from the time of renal biopsy and to < 60 ml/min/1.73m2. Hypertension was diagnosed
according to the criterion recommended by the updating blood pressure references for Chinese children
aged 3-17 years established by Jie Mi et al (All enrolled patients were aged 3-17 years). Children less than
16-year-old used Schwartz formula to estimate eGFR, then, eGFR was computed adopting the chronic
kidney disease epidemiology collaboration formula (CKD-EPI) among children more than 16 years old.
The disease stages were based on Ehrenreich and Churg’s classi�cation criteria by electron microscopy.
Case-control matching principle was considered that the sex, age, and stage of chronic kidney disease of
the case group are matched with the control group. Complete remission (CR) was de�ned as blood
biochemical and urinalysis were completely normal. Partial remission (PR) was de�ned as proteinuria
was qualitatively positive ≤ 2+ and/ or edema disappeared, a serum albumin level of more than 25g/L.
We de�ned no remission (NR) as proteinuria ≥ 3+. Relapse was de�ned as proteinuria of at least
50mg/kg per 24 hours, or urine protein to creatinine ratio (mg/mg) ≥ 2.0, or proteinuria from negative to
3+ ~ 4+ for 3 consecutive days, except for infections.

Statistical Analysis
The SPSS software (version19.0, Chicago, IL, USA) was taken for the statistical analysis. Normally
distributed variables were presented as the mean±SD and compared using Student’s t-test. Continuous
variables with skewed distributions were expressed as medians and ranges, the nonparametric test was
used for comparison. Categorical variables were presented as percentages and compared using the chi-
square test. The Kaplan–Meier method was used to calculate renal survival rates and comparisons were
by the log-rank test. Risk factors for treatment responses were analyzed using logistic regression
analysis. The COX proportional hazard regression model was used to evaluate the relationship between
the parameters at baseline and renal survival. All P values were two sides, value < 0.05 was considered
statistically signi�cant.

Results
1. Clinical data and renal outcomes of children with PMN.

A total of 146 pediatric patients with PMN included with 86 men(58.9%) and 60 women (41.1%). The
median age at onset was 15.0(14.0—16.0) years. 48 (32.9%) patients presented with hypertension,
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nephrotic syndrome occurred in 67.8% of patients.

116 patients (79.5%) received immunosuppressive agents. 126 patients (86.3%) achieved remission,
including 83 patients (56.8%) who achieved CR in 8.5 6.4—13.0 months and 43 29.5% patients who
achieved PR in 4.5 3.0—6.0 months. Relapse occurred in 33 patients(22.6%). During an average follow-
up of 52.4±35.6 months, 8 patients (5.5%) progressed ESKD, 12 (8.2%)patients developed ESRD or renal
dysfunction.

2. Clinical data and renal outcomes of PMN in children with C1q deposition (Table 1).

The clinical and pathological features, treatment responses, and renal prognosis of patients with and
without C1q deposition were listed in Table 1.

73 patients C1q deposition were enrolled in our center, including 43 males (58.9%) and 30 females
(41.1%) with a male predominance, the median age at onset was 15.0 (14.0—16.0) years old. 22 patients
(30.1%) presented with hypertension and 46 patients (63.0%) manifested as nephrotic syndrome, there
were no statistical differences between the two groups (p hypertension=0.484, p nephrotic syndrome =0.215).
The frequency of glomerular C4 deposits in the C1q deposits group was signi�cantly higher than no C1q
deposits group (34.2% vs 5.5%, p=0.000). There were no other distinct differences in baseline
characteristics and renal outcomes between the two groups, including proteinuria, serum creatinine,
eGFR, the level of serum immunoglobulin and complement, pathological stage, treatment responses, and
renal prognosis.

3. The glomerular IgG subclass of PMN in children with C1q deposition (Table 2).

Glomerular IgG subclasses were available in 79 patients. There were 37 patients with C1q deposition, 36
(97.3%) with IgG1 deposits, 33 (89.2%) with IgG2 deposits, 30 (81.1%) with IgG3 deposits, 35 (94.6%) with
IgG4 deposits. There was no difference in the glomerular IgG distribution between the two groups (p

IgG1=0.468 p IgG2=1.000 p IgG3=0.988 p IgG4=0.216).

4. The long-term renal outcomes and related risk factors of PMN in children with C1q deposition.

During an average follow-up of 53.8±35.7 months among the patients with C1q deposition, 3 patients
progressed the primary endpoint, the cumulative renal survival rates of the primary endpoint at 5 and 10
years after biopsy were 98.2% and 78.6%, respectively. 4 patients developed the secondary endpoint, the
cumulative renal survival rates of secondary endpoint at 5 and 10 years after biopsy were 98.2% and
69.8%, respectively.

The Kaplan-Meier survival analysis was performed to compare the long-term renal survival between the
two groups. The results revealed that there was no difference in the renal survival of the primary endpoint
(p=0.415) (Figure 1) and secondary endpoint (p=0.214) (Figure 2) between the two groups.
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Logistic regression analysis was used to explore the risk factors for NR (Table 3). The results showed that
proteinuria >50mg/kg/day was the only risk factor of NR (OR=1.615, 95% CI=0.609—4.281 p=0.035).
However, C1q deposition could not predict NR (p=0.553).

The Cox regression analysis was used to evaluate the relationship between the parameters at baseline
and renal dysfunction (Table 4). NR was signi�cantly correlated with renal dysfunction in the univariate
analysis ( HR=8.866, 95% CI = 2.347—33.495 p=0.001). Parameters with P values lower than 0.1 in the
univariate were enrolled in the multivariate COX regression analysis. Multivariate Cox regression analysis
further con�rmed that NR was an independent risk factor of renal dysfunction ( HR=9.064, 95% CI = 2.400
—34.233, p=0.001 ). C1q deposition could not predict renal dysfunction (p=0.618).

Discussion
This single-center study was conducted to explore the clinical and pathological characteristics, treatment
responses, and renal outcomes of PMN in children with C1q deposition. 73 pediatric patients with C1q
deposition were enrolled, 73 patients without C1q deposition were selected according to the Case-control
matching principle. Therefore, there was no comparison in age and gender between the two groups.
Despite the reported rates were various in children, hypertension seemed to be uncommon in children
according to previous reports. There was no signi�cant difference in hypertension between the two
groups, but over a third of the patients present with hypertension in both groups. Nephrotic syndrome was
the most prominent clinical manifestation in both groups, with no difference in the prevalence, all of
which were slightly higher than that in adults with PMN (60%)[3]. The laboratory data consisted of 24-
hour urinary protein, serum creatinine, serum albumin, serum IgA, serum IgG, serum IgM, serum C3 of
patients in the C1q deposits group were comparable to those in the no C1q deposits group. However, a
previous study reported that the level of serum IgG in no C1q deposits group was higher than the C1q
deposits group (p=0.008)[10]. Renal pathological parameters included pathological stage, the frequency
of glomerular IgA, IgG, IgM deposits were also similar between the two groups. Whereas a retrospective
study in adult PMN pointed out that there were less MN stage I patients in the C1q deposits group than no
C1q deposits group, and more stage III patients (p<0.001). The positive rates of glomerular IgA (p<0.001),
IgM (p=0.011), and C3 (p=0.004) deposits in the C1q deposits group were signi�cantly higher than no
C1q deposits group[10]. C4 was activated through the CP or the LP, C4d is a cleavage product of C4
activation. C4d deposition together with C1q and immunoglobulin granular deposit that suggests
activation of the classical pathway, C4d with or without immunoglobulin deposition, as well as without
C1q deposition, suggested activation of the LP[11,12]. The positive rate of C4 deposits in the C1q
deposits group was signi�cantly higher than no C1q deposits group in this cohort. The �nding suggests
that the CP of complement activation occurs in the C1q deposits group. There was no difference in
treatment responses and long-term renal outcomes between the two groups, which consistent with a
previous study[10]. The rate of self-recovery in children with PMN is high, the consensus has been
reached that immunosuppression should be treated in the presence of nephrotic proteinuria and
hypoalbuminemia, proteinuria increased by more than 50% during follow-up, serum creatinine increased
by more than 30% during follow-up for 6~12 months, thrombosis and other severe adverse events.
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[1,13,14]. However, more than 75 percent of patients were on immunosuppressive agents in both groups.
It may be associated with the severity of the patients in our cohort.

C1q deposits generally suggests SMN[2,15], which is a rare �nding in PMN (<20%)[16]. None of PMN
patients with C1q deposition progressed SMN during follow-up. Therefore, except renal pathology
presented with a “full house” pattern by immuno�uorescent staining, C1q deposits may not play a
pathogenic role in SMN[17,18].

PMN is a rare pathological �nding in pediatric patients, occupies 1.5 9% of biopsies during the
corresponding period[19]. There is a rarity of data about the prognosis in children with PMN due to small
samples with a fairly short follow-up period. Several studies reported that 21 29% of pediatric PMN
presented with renal dysfunction at the last follow-up[20]. We performed the Kaplan-Meier survival
analysis to compare the long-term renal survival between the patients with and without C1q
deposition.The results found that the C1q deposits group showed comparable renal survival compared to
no C1q deposits group. According to previous studies, the established risk factors of PMN in adults
include age( 50 years old), gender(male), decreased eGFR on presentation, persistent heavy proteinuria,
increased excretion of urinary C3dg, urinary C5b-9 andβ2 microglobulin[3]. Whereas considerably fewer
studies have analyzed the association between glomerular C1q deposits and renal outcome. The logistic
regression analysis was used to explore the risk factors for NR in this research, and the Cox regression
analysis was used to evaluate the relationship between the parameters at baseline and renal survival. As
a result, C1q deposition failed to associate with disease progression, which was con�rmed by previous
studies.                    

The clinical and pathological characteristics, treatment responses and renal outcomes of patients with
C1q deposition were similar to the patients without C1q deposition. These �ndings show that the CP of
complement activation may occur in some patients with PMN, while it has no direct impact on renal
injury and may not play an essential role in the pathogenesis of the disease. Thus, the treatment of PMN
should target to common pathway rather than any one individual pathway.

Conclusion
The CP does occur in some patients of PMN. However, it may be unrelated to the progression of the
disease. 
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Figure 1

The Kaplan-Meier survival analysis compared the renal survival rates of ESKD between the patients with
and without C1q deposition.

Figure 2

The Kaplan-Meier survival analysis compared the renal survival rates of ESKD or renal dysfunction
between the patients with and without C1q deposition


