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Background: Alternative complement pathway dysregulation plays a key role in glomerulonephritis (GN) and is associated with C3 
deposition. Herein, we examined pathological and clinical differences between cases of primary GN with C3-dominant (C3D-GN) and 
nondominant (C3ND-GN) deposition. 
Methods: We extracted primary GN data from the Korean GlomeruloNEphritis sTudy (KoGNET). C3D-GN was defined as C3 staining 
two grades greater than C1q, C4, and immunoglobulin via immunofluorescence analysis. To overcome a large difference in the num-
ber of patients between the C3D-GN and C3ND-GN groups (31 vs. 9,689), permutation testing was used for analysis. 
Results: The C3D-GN group exhibited higher serum creatinine (p ≤ 0.001), a greater prevalence of estimated glomerular filtration rate 
of <60 mL/min/1.72 m2 (p ≤ 0.001), higher (but not significantly so) C-reactive protein level, and lower serum C3 level (p ≤ 0.001). 
Serum albumin, urine protein/creatinine ratio, number of patients who progressed to end-stage renal disease, and all-cause mortality 
were comparable between groups. Interstitial fibrosis and mesangial cellularity were greater in the C3D-GN group (p = 0.04 and p = 
0.01, respectively) than in the C3ND-GN group. C3 deposition was dominant in the former group (p < 0.001), in parallel with in-
creased subendothelial deposition (p ≤ 0.001). 
Conclusion: Greater progression of renal injury and higher mortality occurred in patients with C3D-GN than with C3ND-GN, along with 
pathologic differences in interstitial and mesangial changes. 
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Introduction 

The complement system is a major host defense mecha-

nism of innate and adaptive immunity, with complement 

proteins synthesized and secreted in response to various 

stimuli [1]. The kidney is susceptible to complement-asso-

ciated injury, which is most frequently triggered by immune 

complex (IC) deposition and classic complement pathway 

activation but can also be induced via activation of the al-

ternative pathway (AP) in the absence of IC deposition [2]. 

Deficiency of specific components or defective complement 

regulation at different sites results in various manifestations 

of disease, clinical features, and outcomes [3]. 

Recently, C3 glomerulopathy (C3G) was designated as a 

unique pathological entity that includes a spectrum of dis-

eases with predominant glomerular C3 fragment deposi-

tion in the near absence of C1q, C4, and immunoglobulins 

(Ig) under immunofluorescence (IF) analysis, with the un-

derlying pathogenesis being driven by overactivation of the 

AP system [4–6]. The C3 protein plays a central role in C3G 

pathophysiology through its enzymatic cleavage into C3a 

and C3b. Of these, C3a is an anaphylatoxin and cytokine 

precursor, while C3b forms AP C3 convertase and amplifies 

the C3 activation loop. Through C5 convertase activation 

by AP C3 convertase, C5a and C5b are generated, with the 

latter leading to formation of the membrane attack com-

plex. C3G can be subdivided into dense deposit disease 

(DDD) and C3 glomerulonephritis (C3GN) based on elec-

tron microscopy (EM) findings. In DDD, EM reveals linear, 

hyperosmophilic deposits along the glomerular basement 

membrane and in the mesangium, while mesangial and/

or subendothelial, intramembranous, and subepithelial 

deposits are present in C3GN. Additionally, DDD is associ-

ated with more aggressive clinical outcomes, such as end-

stage renal disease (ESRD) [7,8]. 

Although C3G is confirmed by pathological findings, dif-

ferent features may appear under light microscopy (LM), 

and variable amounts of Ig can be detected via IF. C3G is 

considered a disease process rather than just a result of 

biopsy analysis [4]. Thus, we retrospectively redefined glo-

merulonephritis (GN) with C3-dominant deposition (C3D-

GN) based on IF findings among primary GN cases from a 

multicenter database in Korea. Our aim was to investigate 

and compare the clinical characteristics, pathological find-

ings, and long-term outcomes of C3D-GN in primary GN 

with those of non-C3 dominant GN (C3ND-GN). 

Methods 

This study was conducted in accordance with the 1964 

Declaration of Helsinki and approved by the Institutional 

Review Board (IRB) of Seoul National University Hospital 

(No. B-1707/408-106). The need for informed written con-

sent was waived by the IRB because of the retrospective 

nature of the study and the minimal risk to participants. 

Patients and data collection 

This retrospective study used information from the Korean 

GlomeruloNEphritis sTudy (KoGNET), which is a database 

containing information from 21,697 patients who under-

went renal biopsies at 18 centers across Korea between 

1979 and 2018. In all cases, routine analyses including LM, 

IF, and EM were performed, and a renal pathologist es-

tablished the diagnosis at each hospital. IF findings were 

graded on a scale of 0–4, as follows: 0, trace; 1+; 2+; 3+; and 

4+. All clinical data at the time of biopsy and the last fol-

low-up were saved in the hospital information system. We 

retrieved medical records to obtain data on demographic 

and clinical features of age, sex, body mass index (BMI), 

underlying disease, renal function, proteinuria, serum C3, 

serum C4, and outcomes (ESRD and all-cause mortality). 

Proteinuria was evaluated by a 24-hour quantitative 

measurement. The estimated glomerular filtration rate 

(eGFR) was calculated based on the original Modifica-

tion of Diet in Renal Disease equation. Data on ESRD and 

mortality were extracted from each hospital’s information 

system and the ESRD registry of the Korean Society of Ne-

phrology and the Statistics Korea, respectively. The median 

duration of follow-up was 99.03 ± 116.33 months for ESRD 

and 105.46 ± 116.16 months for mortality. 

Definition of C3D-GN 

Pathological findings were reviewed based on the eval-

uation findings of the pathologist at each center. Cases 

for which complete IF findings were not available were 

excluded. We extracted cases diagnosed with primary GN 

based on histologic findings in renal biopsy. Primary GN 

was categorized as minimal change disease (MCD), IgA 
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nephropathy (IgAN), focal segmental glomerulosclerosis 

(FSGS), membranous GN (MN), and membranoprolifer-

ative GN (MPGN) without an evident cause such as viral 

disease (hepatitis B and C) or systemic disease. Except for 

all ambiguous or overlapping cases and missing data, only 

those diagnosed with primary GN were sorted. Both MCD 

and FSGS were excluded from the C3D-GN reclassification 

because the diagnosis is highly likely to change if C3 is the 

dominant deposit in those diseases. If the authors were un-

able to review the pathology slides anew, those diagnoses 

were excluded. 

In principle, C3G can be defined based on IF and EM 

findings [9]. For a more precise definition, genetic testing 

or a complement system evaluation is needed; however, 

we could not obtain such data. Therefore, C3D-GN was 

defined as C3-dominant when C3 staining was at least two 

grades stronger than any combination of C1q, C4, IgG, IgM, 

and IgA by IF, similar to the definition of C3G. Owing to the 

large difference in patient counts between groups (50 C3D-

GN patients vs. 13,070 C3ND-GN patients), we performed 

permutation tests for analyses (Fig. 1). 

Definition of histologic findings 

Glomerular findings included sclerosis, crescent forma-

tion, ischemic injury, and mesangium cellularity. Sclerosis 

and crescent formation were defined as positive if the find-

ings were greater than 10% of glomeruli. Ischemic injury 

was defined as positive if it was noted in LM findings. In-

terstitial fibrosis, inflammation, and tubular changes were 

graded, while vascular changes were defined as positive if 

atherosclerosis and intimal thickening were noted in LM 

findings. EM findings were defined as positive if mesangial, 

subendothelial, and subepithelial deposition were noted. 

Statistical analysis 

For demographic, clinical, and laboratory findings, contin-

uous variables are expressed as mean values, while cate-

gorical variables are expressed as prevalence rates. There 

was a large difference in patient count between the groups, 

and we used permutation testing to evaluate whether the 

differences between the study groups were significant. We 

Figure 1. The selection of patients between C3D-GN and C3ND-GN cases.
GN, glomerulonephritis; C3, complement component 3; C3D-GN, C3-dominant glomerulonephritis (GN); C3ND-GN, non-C3 dominant 
GN; DDD, dense deposit disease.

Korean GlomeruloNEphritis sTudy (KoGNET)
(n = 21,697)

Primary GN 
(n = 9,720)

Permutation testing

C3D-GN (n = 31) 
Excluded renal biopsy cases 

with C3 stain intensity of ≥2 vs. 
any other immunoreactant and DDD

C3ND-GN (n = 9,689) 
Excluded C3 stain intensity of ≤2 vs. 
any other immunoreactant and DDD

Excluded:
• Secondary glomerulonephritis 
• Ambiguous/overlapping diagnosis
• Missing data
• Minimal changes disease and focal 

segmental glomerulosclerosis
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performed a permutation test of the differences in base-

line characteristics of C3ND-GN patient groups. The per-

mutation test was performed on 10,000 permutations. In 

the permutation test, the two groups were assumed to be 

identical under the null hypothesis. Therefore, a random 

sample of 100 patients was selected among the permuta-

tions and randomly divided into two groups as many as 31 

patients (C3ND-GN). For continuous variables, the averag-

es are computed, and their differences are recorded. Then, 

p-values were calculated as the proportion of permutations 

with an absolute difference larger than that of our whole 

data. The permutation test for categorical variables was 

conducted in a similar way except that the difference in 

proportions for each category was computed and averaged 

over the categories. All analyses were conducted using R 

version 4.0.5 (R Foundation for Statistical Computing). 

Results 

The mean age of the C3ND-GN group was 41.41 ± 16.27 

years, and that of the C3D-GN group was 38.92 ± 20.31 

years. The proportion of males was 54.2% in the C3ND-GN 

and 58.1% in the C3D-GN group. The BMI was comparable 

between groups at approximately 24 kg/m2. There were 

more diabetic patients and fewer cancer patients in the 

C3D-GN group than in the C3ND-GN group (16.1% vs. 9.0% 

and 0% vs. 8.3%, respectively) (Table 1). 

Clinical differences 

Systolic blood pressure was significantly higher in the C3D-

GN group than in the C3ND-GN group (135.37 ± 23.90 

mmHg vs. 125.80 ± 18.16 mmHg, p = 0.005). Hemoglobin 

Table 1. Baseline characteristics of C3D-GN and C3ND-GN patients
Characteristic C3ND-GN group C3D-GN group p-valuea

No. of patients 9,689 31
Age (yr) 41.41 ± 16.27 38.92 ± 20.31 0.34
Male sex 5,247 (54.2) 18 (58.1) 0.72
Diabetes mellitus 845 (9.0) 5 (16.1) 0.09
Hypertension 4,922 (51.5) 21 (67.7) 0.07
Cardiovascular disease 265 (3.1) 0 (0) 0.64
Cerebrovascular disease 211 (2.5) 1 (3.8) >0.99
Cancer 737 (8.3) 0 (0) 0.16
Current smoker 745 (9.3) 1 (5.6) 0.87
BMI (kg/m2) 23.82 ± 3.93 23.62 ± 3.89 0.82
SBP (mmHg) 125.80 ± 18.16 135.37 ± 23.90 0.005
DBP (mmHg) 78.12 ± 12.84 80.23 ± 15.19 0.37
Hemoglobin (g/dL) 12.99 ± 1.99 12.02 ± 2.55 0.01
Albumin (g/dL) 3.58 ± 0.83 3.56 ± 0.91 0.92
Cholesterol (mg/dL) 212.89 ± 80.44 203.88 ± 64.87 0.58
LDL (mg/dL) 130.20 ± 64.87 127.75 ± 64.15 0.92
C3 (mg/dL) 108.13 ± 26.86 76.73 ± 40.69 <0.001
C4 (mg/dL) 28.29 ± 11.70 23.99 ± 11.64 0.06
ANCA 105 (2.0) 0 (0) >0.99
ANA 923 (16.9) 1 (4.5) 0.15
dsDNA 4 (0.1) 0 (0) 0.36
Follow-up for ESRD (mo) 103.11 ± 91.41 123.00 ± 131.67 0.22
Follow-up for mortality (mo) 113.18 ± 96.34 137.55 ± 132.11 0.16

Data are expressed as number only, mean ± standard deviation, or number (%).
ANA, antinuclear antibody > 1:320 titer; ANCA, antineutrophil cytoplasmic antibodies; BMI, body mass index; C3, complement component 3; C3D-GN, 
C3-dominant glomerulonephritis (GN); C3ND-GN, non-C3 dominant GN; C4, complement component 4; DBP, diastolic blood pressure; dsDNA, dou-
ble-stranded DNA; LDL, low-density lipoprotein; SBP, systolic blood pressure.
aContinuous variables were assessed by the independent t test using permutation testing; categorical variables were assessed by the chi-square test using 
permutation testing.
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and albumin levels were similar between the groups. 

Complement C3 level was within the normal range in both 

groups but lower in the C3D-GN group than in the C3ND-

GN group (76.73 ± 40.69 mg/dL vs. 108.13 ± 26.86 mg/dL, 

p < 0.001). There was no difference in C4 level between 

groups. The level of C-reactive protein, a marker of inflam-

mation, tended to be higher in the C3D-GN group than in 

the C3ND-GN group (2.02 ± 5.17 mg/dL vs. 1.07 ± 4.25 mg/

dL, p = 0.097) (Table 2). 

With regard to renal injury, serum creatinine (Cr) level in 

the C3D-GN group suggested the presence of greater dam-

age than in the C3ND-GN group (2.17 ± 3.52 mg/dL vs. 1.20 

± 1.01 mg/dL, p < 0.001). The eGFR tended to be low and 

there were significantly more patients with eGFR of <60 

mL/min/1.72 m2 in the C3D-GN group than in the C3ND-

GN group (43.3% vs. 26.8%, p ≤ 0.001). There was no signif-

icant difference between the groups in terms of number of 

patients with proteinuria of >3.5 g/Cr (Table 2). 

For ESRD and all-cause mortality, the number of C3GN 

patients who progressed to ESRD (19.4%) and the all-cause 

mortality rate (6.5%) tended to be higher in the C3D-GN 

group (vs. 11.2% and 1.5% in the C3ND-GN group), al-

though the difference was not significant. 

Histological differences 

Among all primary GN cases, GN defined as C3D-GN was 

most frequent among cases of MPGN (61.3%), followed by 

Table 2. Clinical outcome comparison between C3D-GN and C3ND-GN groups
Characteristic C3ND-GN group (n = 9,689) C3D-GN group (n = 31) p-valuea

Creatinine (mg/dL) 1.20 ± 1.01 2.17 ± 3.52 <0.001
eGFR (mL/min/1.73 m2) 83.34 ± 70.83 74.85 ± 51.63 0.22
 >60 6,940 (73.2) 17 (56.7) <0.001
 <60 2,537 (26.8) 13 (43.3)
UPCR (g/g) 2.71 ± 3.46 2.71 ± 2.66 0.99
 <3.5 5,935 (75.4) 18 (75.0) >0.99
 >3.5 1,934 (20.0) 6 (25.0)
C-reactive protein (mg/dL) 1.07 ± 4.25 2.02 ± 5.17 0.097
ESRD 1,082 (11.2) 6 (19.4) 0.15
All-cause mortality 142 (1.5) 2 (6.5) 0.08

Data are expressed as mean ± standard deviation or number (%).
C3D-GN, C3-dominant glomerulonephritis (GN); C3ND-GN, non-C3 dominant GN; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal dis-
ease; UPCR, urine protein/creatinine ratio.
aContinuous variables were assessed by the independent t test using permutation testing; categorical variables were assessed by the chi-square test using 
permutation testing.

Table 4. Glomerular change in light microscopy findings in C3D-
GN and C3ND-GN cases
Pathological finding <10% >10% p-valuea

Global sclerosisb 0.46
 C3ND-GN 4,838 (51.9) 4,478 (48.1)
 C3D-GN 18 (60.0) 12 (40.0)
Segmental sclerosisb 0.27
 C3ND-GN 5,517 (59.2) 3,801 (40.8)
 C3D-GN 21 (70.0) 9 (30.0)
Crescentb 0.61
 C3ND-GN 7,875 (84.5) 1,448 (15.5)
 C3D-GN 24 (80.0) 6 (20.0)
Ischemic injuryc None Present 0.64
 C3ND-GN 9,120 (97.6) 223 (2.4)
 C3D-GN 223 (2.4) 0 (0)

Data are expressed as number (%).
C3D-GN, C3-dominant glomerulonephritis (GN); C3ND-GN, non-C3 domi-
nant GN.
aAssessed by permutation testing. bWithin 10% of glomeruli in light micros-
copy. c0 or present in light microscopy.

Table 3. Proportions of C3D-GN and C3ND-GN among primary GN 
cases
Variable C3D-GN C3ND-GN p-valuea

MPGN 19 (61.3) 523 (5.4) <0.001
IgAN 8 (25.8) 7,264 (75.0) <0.001
MN 4 (12.9) 1,902 (19.6) 0.37

Data are expressed as number (%).
C3D-GN, C3-dominant glomerulonephritis (GN); C3ND-GN, non-C3 dom-
inant GN; IgAN; immunoglobulin A nephropathy; MN, membranous ne-
phropathy; MPGN, membranous proliferative GN.
aAssessed by the chi-square test using permutation testing.
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cases of IgAN (25.8%) and MN (12.9%) (Table 3, 4). 

There was no significant difference in glomerular change 

between groups. Rates of global sclerosis, crescent forma-

tion, and ischemic injury tended to be similar in the C3D-

GN and C3ND-GN groups. However, there was a significant 

pattern of greater proliferation of mesangial cellularity in 

the C3D-GN group (Table 5, 6). 

Compared to the C3ND-GN group, the C3D-GN group 

exhibited a significantly greater rate of interstitial fibrosis 

(above moderate, 8.0% vs. 10.0%; p = 0.04). Although not 

significant, vascular atherosclerosis and intimal thickening 

were more severe in the C3D-GN group (Table 7). 

Regarding complement and Ig deposition as evaluated 

by IF, notable C3 deposition was observed in the C3D-GN 

group. IgA was more frequent in the C3ND-GN group, but 

Table 5. Cellularity change in light microscopy findings in C3D-GN and C3ND-GN cases

Pathological characteristic None Mild Moderate Moderate to 
severe Severe p-valuea

Cellularity 0.06
 C3ND-GN 5,495 (58.8) 2,731 (29.2) 847 (9.1) 54 (0.6) 216 (2.3)
 C3D-GN 18 (60.0) 6 (20.0) 3 (10.0) 0 (0) 3 (10.0)
Mesangial matrix 0.78
 C3ND-GN 5,675 (60.7) 2,518 (27.0) 765 (8.2) 147 (1.6) 238 (2.5)
 C3D-GN 19 (63.3) 10 (33.3) 1 (3.3) 0 (0) 0 (0)
Mesangial cellularity 0.01
 C3ND-GN 3,678 (39.4) 4,016 (43.0) 1,092 (11.7) 174 (1.9) 383 (4.0)
 C3D-GN 10 (33.3) 9 (30.0) 5 (16.7) 1 (3.3) 5 (16.7)

Data are expressed as number (%).
C3D-GN, C3-dominant glomerulonephritis (GN); C3ND-GN, non-C3 dominant GN.
aAssessed by permutation testing.

Table 6. Pathological light microscopy findings in the interstitium and tubule of C3D-GN and C3ND-GN patients
Variable None Mild Moderate Moderate to severe Severe p-valuea

Interstitium
 Fibrosis 0.04
  C3ND-GN 3,315 (35.7) 3,769 (40.6) 1,451 (15.6) 150 (1.6) 589 (6.4)
  C3D-GN 18 (60.0) 5 (16.7) 4 (13.3) 0 (0) 3 (10.0)
 Inflammation 0.20
  C3ND-GN 3,522 (38.0) 3,874 (41.8) 1,290 (13.9) 103 (1.1) 473 (5.1)
  C3D-GN 14 (46.7) 8 (26.7) 4 (13.3) 0 (0) 4 (13.3)
Tubules
 Atrophy 0.13
  C3ND-GN 2,739 (29.6) 4,215 (45.5) 1,518 (16.4) 158 (1.7) 626 (6.8)
  C3D-GN 14 (46.7) 8 (26.7) 3 (10.0) 0 (0) 5 (16.7)

Data are expressed as number (%).
C3D-GN, C3-dominant glomerulonephritis (GN); C3ND-GN, non-C3 dominant GN.
aAssessed by the Pearson chi-square test using permutation testing.

Table 7. Pathological light microscopy findings in the vessels of 
C3D-GN and C3ND-GN patients
Vessel None Present p-valuea

Atherosclerosis >0.99
 C3ND-GN 8,198 (87.7) 1,145 (12.3)
 C3D-GN 26 (86.7) 4 (13.3)
Intimal thickening >0.99
 C3ND-GN 7,445 (79.7) 1,898 (20.3)
 C3D-GN 24 (80.0) 6 (20.0)

Data are expressed as number (%).
C3D-GN, C3-dominant glomerulonephritis (GN); C3ND-GN, non-C3 domi-
nant GN.
aAssessed by the Pearson chi-square test using permutation testing.

the C3D-GN group also exhibited trace and grade 1 deposi-

tion of IgA. IgM and IgG were deposited up to grades 1 and 
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Table 8. IF pathological findings in C3D-GN and C3ND-GN
Variable None Trace 1+ 2+ 3+ 4+ p-valuea

C3 <0.001
 C3ND-GN 3,829 (39.5) 1,001 (10.3) 2,351 (24.3) 1,653 (17.1) 779 (8.0) 76 (0.8)
 C3D-GN 0 (0) 0 (0) 0 (0) 5 (16.1) 18 (58.1) 8 (25.8)
C1q 0.23
 C3ND-GN 8,337 (86.0) 561 (5.8) 547 (5.6) 168 (1.7) 61 (0.6) 15 (0.2)
 C3D-GN 23 (74.2) 4 (12.9) 3 (9.7) 1 (3.2) 0 (0) 0 (0)
IgA <0.001
 C3ND-GN 3,552 (36.7) 492 (5.1) 1,839 (19.0) 1,827 (18.9) 1,667 (17.2) 331 (3.2)
 C3D-GN 21 (67.7) 4 (12.9) 6 (19.4) 0 (0) 0 (0) 0 (0)
IgG 0.35
 C3ND-GN 6,476 (66.8) 708 (7.3) 1,232 (12.7) 625 (6.5) 569 (5.9) 79 (0.8)
 C3D-GN 22 (71.0) 2 (4.5) 7 (22.6) 0 (0) 0 (0) 0 (0)
IgM 0.67
 C3ND-GN 5,533 (57.1) 1,459 (15.1) 2,061 (21.3) 531 (5.5) 79 (0.8) 26 (0.3)
 C3D-GN 19 (61.3) 2 (6.5) 9 (29.0) 1 (3.2) 0 (0) 0 (0)
Kappa 0.35
 C3ND-GN 7,363 (76.0) 357 (3.7) 863 (8.9) 681 (7.0) 399 (4.1) 26 (0.3)
 C3D-GN 22 (71.0) 3 (9.7) 3 (9.7) 2 (6.5) 1 (3.2) 0 (0)
Lambda 0.73
 C3ND-GN 6,920 (71.4) 291 (3.0) 726 (7.5) 988 (10.2) 699 (7.2) 65 (0.7)
 C3D-GN 22 (71.0) 2 (6.5) 4 (12.9) 2 (6.5) 1 (3.2) 0 (0)

Data are expressed as number (%).
C3; complement C3, C1q; complement 1q, C3D-GN, C3-dominant glomerulonephritis (GN); C3ND-GN, non-C3 dominant GN; IF, immunofluorescence; Ig; 
immunoglobulin.
aAssessed by the Pearson chi-square test using permutation testing.

2 in the C3D-GN group, which was comparable to observa-

tions in the C3ND-GN group. Light chains were deposited 

at various grades in both groups (Table 8). 

EM revealed that the C3D-GN group had greater suben-

dothelial deposition than the C3ND-GN group (48.4% vs. 

12.0%, p < 0.001). Additionally, subepithelial deposition 

and podocyte effacement were more pronounced in the 

C3D-GN group, but the difference was not significant (Ta-

ble 9). 

Acute changes, such as crescent formation, mesangial 

proliferation, vascular wall thickening, and interstitial in-

flammation, seemed more pronounced in the C3D-GN 

group than in the C3ND-GN group. Interstitial fibrosis, 

considered a chronic change, was significantly more fre-

quent in the C3D-GN group.  

Discussion 

Our study revealed a significant prevalence of C3-domi-

Table 9. Pathological electron microscopy findings in C3D-GN and 
C3ND-GN patients
Variable None Present p-valuea

Mesangial deposition >0.99
 C3ND-GN 3,253 (33.6) 6,436 (66.4)
 C3D-GN 10 (32.3) 21 (67.7)
Subendothelial deposition <0.001
 C3ND-GN 8,526 (88.0) 1,163 (12.0)
 C3D-GN 16 (51.6) 15 (48.4)
Subepithelial deposition 0.82
 C3ND-GN 7,717 (79.6) 1,972 (20.4)
 C3D-GN 24 (77.4) 7 (22.6)
Podocyte effacement >0.99
 C3ND-GN 7,014 (72.4) 2,675 (27.6)
 C3D-GN 22 (71.0) 9 (29.0)

Data are expressed as number (%).
C3D-GN, C3-dominant glomerulonephritis (GN); C3ND-GN, non-C3 domi-
nant GN.
aAssessed by the Pearson chi-square test using permutation testing.
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nant deposition in primary GN cases with differences in 

clinical and histological findings compared to cases of 

nondominant C3 deposition. We defined C3D-GN as C3 

accumulation at least two grades greater than any other 

immune-reactant deposition as determined by IF, as previ-

ously proposed by Hou et al. [9]. That definition was used 

to reclassify C3G according to the degree of deposition in 

primary GN. However, as no evaluation such as pathologi-

cal slide review or AP system analysis was performed, it was 

deemed more appropriate to record such cases as C3D-GN-

rather than C3G. Hou et al. [9] tested several IF criteria with 

varying stringencies for a more precise C3G definition, pro-

posing that a strict definition, such as “C3 only,” is impracti-

cal. Thus, “C3 dominance and at least two grades more in-

tense than any immune reactant (IgG, IgM, IgA, and C1q)” 

was proposed as a more useful classification. Accordingly, 

we established our definition of C3D-GN. 

Based on our definition, cases of MPGN (61.3%) were 

most commonly reclassified as C3D-GN, with IgAN (25.8%) 

and MN (12.9%) cases also often reclassified. MPGN exhib-

its similar LM findings to those in C3G. Accordingly, our 

data indicate that C3D-GN occurred mostly in MPGN cases. 

In our study comparing C3D-GN and C3ND-GN, LM 

findings revealed significantly more frequent severe me-

sangial proliferation in C3D-GN. Also, interstitial fibrosis, 

inflammation, and tubular atrophy were more progressive 

in C3D-GN; in particular, interstitial fibrosis was signifi-

cantly more severe, in agreement with the histological 

findings of C3G [8]. However, these findings should be 

interpreted with caution as both acute inflammation and 

chronicity are more advanced in C3D-GN [10]. 

Although the C3D-GN definition is different from the 

strict C3G definition, C3-dominant deposition could be 

associated with AP abnormalities. AP dysregulation is 

central to the pathogenesis of C3G, which is related to ge-

netic deficiencies, such as those of complement factor H 

(CFH), CFHR1-5, complement factor I, and CD46, or to 

auto-antibodies against factor H, factor B, and C3 conver-

tase [4,7,9,11]. A strict definition of C3G with no or scarce 

deposition of immune factors derived from the classic 

pathway has been extensively adopted. However, if C3G is 

considered part of the disease process, deposition of other 

mediators may also occur during C3G [4]. 

IF analysis of C3D-GN revealed multiple immune-reac-

tant depositions. C3 deposition was more prominent than 

that of other mediators, yet C1q, IgG, IgM, and IgA deposi-

tions were observed up to grade 1. C1q often initiates the 

classic pathway, and it can interfere with the AP by binding 

to C3b. Activation of CP via C1q can occur through deposits 

of IgG1 or IgG3, which have been reported to precede IgG4 

deposition early in MN [12–14]. IgM staining could be at-

tributed to nonspecific trapping in areas of sclerosis or cap-

illary wall thickening [9]. IgA was deposited up to grade 1, 

as observed in cases where IgAN or MPGN was the primary 

diagnosis. In IgAN, IgA deposition may be attributed to the 

nature of the disease. With regard to MPGN, a review of the 

biopsy specimens from some cases revealed IgA deposition 

in previously diagnosed MPGN. Furthermore, in rare cases, 

IgA deposition was more dominant than that of other im-

mune reactants [15,16]. Taken together, the findings indi-

cate that other forms of immunologic injury may occur in 

the glomeruli under C3G, and immune reactions, such as 

CP activation, that induce the deposition of IgM, IgG, and 

other mediators cannot be excluded. In addition to MPGN, 

C3 may be deposited in IgAN or MN. When C3 deposition 

was accompanied by IgAN and MN, the renal outcome was 

worse in cases with above-moderate C3 dominance [17–19]. 

Therefore, it is necessary to review and reclassify the pri-

mary diagnosis; due to practical problems, this should be 

considered a limitation of the present study. 

The serum C3 level in the C3D-GN group was within 

normal limits but lower than that of the C3ND-GN group. 

Increased renal injury rates and a greater tendency for el-

evated C-reactive protein level were observed in the C3D-

GN group. These observations may be a result of AP system 

dysregulation. Some previous studies have documented 

a decrease in renal function in C3G patients at diagnosis 

[20,21]. Considering these findings together with our cur-

rent results, we hypothesize that a similar clinical pattern 

would be present as a result of AP dysregulation—that is, 

renal injury and inflammation would be attributed to dam-

age caused by the already advanced CP activation as well 

as additional damage due to AP dysregulation. Regardless 

of which pathway is activated first, the amplification loop 

of complement activation can occur through a cascade that 

primarily involves proteins of the AP, with AP activation 

stimulating other complement systems to induce further 

tissue inflammation [22]. As our study did not evaluate AP 

dysregulation, we cannot conclude whether this was the 

driving mechanism. Nevertheless, we consider the pos-
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sibility of AP dysregulation contributing to the observed 

findings. 

With regard to clinical outcome, in the C3D-GN group, 

more patients progressed to ESRD, but this difference was 

not significant. At the time of diagnosis, acute injury was 

more prevalent, mesangial proliferation and interstitial 

inflammation indicating acute changes in pathological 

findings were severe, and interstitial fibrosis indicating 

chronicity showed significant progress in C3D-GN patients, 

which suggests that ESRD patients tended to be more prev-

alent in the C3D-GN group. However, the small number of 

patients likely limited our results. In addition, ESRD pro-

gression is influenced by the patient’s response to medica-

tions and other treatments and the presence of other dis-

eases. However, this study did not evaluate those factors, so 

it is possible that they may have influenced the occurrence 

of ESRD. C3D-GN patients showed a higher rate of all-

cause mortality, but the difference was not significant. In 

terms of C3G and mortality, a previous study documented 

lower survival with C3GN [20]. That study recorded fewer 

deaths and patients who died of sepsis and cancer and did 

not confirm how C3GN affected mortality. Other studies 

have determined that the mortality rate is high or better in 

C3G, although the relationship between C3G and mortality 

is uncertain [23,24]. However, a lower C3 level or the AP, 

which is assumed to be the main pathology in this study, 

has an effect on mortality and allowed hypothesis about 

the increase in mortality [25,26]. Nonsignificant differences 

may also have had an impact due to the small number of 

patients. The results of this study suggest the importance of 

reassessment of C3-dominant deposition if renal injury has 

progressed or acute inflammation is severe. In addition, the 

effects of APs in clinical manifestations can be considered 

if C3 is dominant in pathology and serum C3 level is low. If 

further studies show that dominant C3 deposition and low-

er C3 level are directly related to APs and if an acute-phase 

inflammatory marker or kidney injury is concurrent with a 

difference in C3 level, it is necessary to change or reclassify 

the diagnosis considering the treatment and prognosis of 

APs. 

This study’s relevance lies in the reclassification of pri-

mary GN as C3-dominant and the evaluation of its clinical 

and histological characteristics. Studies on the classifica-

tion and evaluation of primary GN based on C3 dominance 

are limited. By analyzing KoGNET data, we discovered that 

most GN cases in Republic of Korea were IgAN (34.17%), 

MN (9.17%), MCD (9.13%), and FSGS (7.65%), and all these 

conditions were more prevalent than MPGN (2.63%) [27]. 

As other primary GNs may also exhibit complement system 

abnormalities, we sought to determine the present aspects 

of C3 deposition. 

The present study has some limitations. First, we re-

viewed IF data based on biopsy reports rather than through 

reevaluation of the original IF glass slides. Thus, the precise 

characteristics and distribution of staining for each factor 

could not be evaluated. Discrepancies in diagnosis and 

grading systems between hospitals can exist, so review 

of pathologic slides by a single pathologist is necessary. 

However, there were no data to identify patients, and it was 

difficult to retrieve and review all pathological slides in 18 

centers. This is the major limitation of our study. Second, 

the primary diagnoses were not reviewed by a second 

pathologist. Such review might have resulted in different 

primary diagnosis through slide reinterpretation accord-

ing to the complements and Ig deposition. If there was a 

change in the primary diagnosis after review, patient char-

acteristics or outcomes may also have differed. However, as 

mentioned earlier, not conducting a slide review is also a 

limitation. In future research, we will perform a pathology 

slide review. Third, we did not evaluate AP dysregulation 

and could not determine whether it was an underlying 

cause of C3D-GN. If the AP system had been evaluated, the 

association with C3-dominant deposition and explanations 

of clinical and pathological differences may have been sup-

plemented.  

The current study showed that C3D-GN could constitute 

an additional category of primary GN. C3D-GN patients 

exhibited different pathologic and clinical features, high-

lighting the importance of considering complement depo-

sition. With regard to C3-dominant deposition, additional 

studies are necessary to evaluate molecular and genetic 

abnormalities at each step and to assess AP system involve-

ment. Taken together, the observed differences between 

C3-dominant and nondominant deposition in primary GN 

emphasize the importance of complement dysregulation 

in the pathophysiology of GN.  

Conflicts of interest 

All authors have no conflicts of interest to declare. 



Ryu, et al. C3 deposition in primary glomerulonephritis

107www.krcp-ksn.org

Funding 

This research was funded by Seoul National University 

Bundang Hospital (grant number 14-2020-048). 

Data sharing statement 

The data presented in this study are available on request 

from the corresponding author. 

Authors’ contributions 

Conceptualization: JR, HJC 

Methodology: JR, JCJ 

Software: EB, HES 

Validation: SK, KYN 

Formal analysis: JR, HES, JYR 

Investigation: JR, SK 

Data curation: EB, HES, SPK, SHK 

Writing–original draft preparation: JR 

Writing–review and editing: JR, HJC 

Visualization: JCJ, JHJ, SK, SPK, SHK 

Supervision: HJC, DWC 

Project administration: TIC, BSC 

All authors have read and agreed to the published version 

of the manuscript. 

ORCID 

Jiwon Ryu, https://orcid.org/0000-0002-2372-8948 

Eunji Baek, https://orcid.org/0000-0001-9226-7703 

Hyung-Eun Son, https://orcid.org/0000-0002-8719-3823 

Ji-Young Ryu, https://orcid.org/0000-0003-4134-1007 

Jong Cheol Jeong, https://orcid.org/0000-0003-0301-7644 

Sejoong Kim, https://orcid.org/0000-0002-7238-9962 

Ki Young Na, https://orcid.org/0000-0002-8872-8236 

Dong-Wan Chae, https://orcid.org/0000-0001-9401-892X 

Seong Pyo Kim, https://orcid.org/0000-0003-3065-8594 

Su Hwan Kim, https://orcid.org/0000-0002-8465-3564  

Jong Hyun Jhee, https://orcid.org/0000-0002-1255-1323 

Tae Ik Chang, https://orcid.org/0000-0003-3311-6379 

Bum Soon Choi, https://orcid.org/0000-0002-1412-9951 

Ho Jun Chin, https://orcid.org/0000-0002-3710-0190 

References 

1. Walport MJ. Complement: first of two parts. N Engl J Med 

2001;344:1058–1066. 

2. Appel GB, Cook HT, Hageman G, et al. Membranoproliferative 

glomerulonephritis type II (dense deposit disease): an update. J 

Am Soc Nephrol 2005;16:1392–1403. 

3. Koscielska-Kasprzak K, Bartoszek D, Myszka M, Zabinska M, 

Klinger M. The complement cascade and renal disease. Arch 

Immunol Ther Exp (Warsz) 2014;62:47–57. 

4. Pickering MC, D’Agati VD, Nester CM, et al. C3 glomerulopathy: 

consensus report. Kidney Int 2013;84:1079–1089. 

5. Sethi S, Haas M, Markowitz GS, et al. Mayo Clinic/Renal Pa-

thology Society consensus report on pathologic classification, 

diagnosis, and reporting of GN. J Am Soc Nephrol 2016;27:1278–

1287. 

6. Fakhouri F, Fremeaux-Bacchi V, Noel LH, Cook HT, Pickering 

MC. C3 glomerulopathy: a new classification. Nat Rev Nephrol 

2010;6:494–499. 

7. Barbour TD, Pickering MC, Cook HT. Recent insights into C3 

glomerulopathy. Nephrol Dial Transplant 2013;28:1685–1693. 

8. Medjeral-Thomas NR, O’Shaughnessy MM, O’Regan JA, et al. 

C3 glomerulopathy: clinicopathologic features and predictors of 

outcome. Clin J Am Soc Nephrol 2014;9:46–53. 

9. Hou J, Markowitz GS, Bomback AS, et al. Toward a working defi-

nition of C3 glomerulopathy by immunofluorescence. Kidney 

Int 2014;85:450–456. 

10. Kawasaki Y, Kanno S, Ono A, et al. Differences in clinical find-

ings, pathology, and outcomes between C3 glomerulonephri-

tis and membranoproliferative glomerulonephritis. Pediatr 

Nephrol 2016;31:1091–1099. 

11. Barbour TD, Ruseva MM, Pickering MC. Update on C3 glomeru-

lopathy. Nephrol Dial Transplant 2016;31:717–725. 

12. Fishelson Z, Muller-Eberhard HJ. Regulation of the alterna-

tive pathway of human complement by C1q. Mol Immunol 

1987;24:987–993. 

13. Ma H, Sandor DG, Beck LH Jr. The role of complement in mem-

branous nephropathy. Semin Nephrol 2013;33:531–542. 

14. Cunningham PN, Quigg RJ. Contrasting roles of complement 

activation and its regulation in membranous nephropathy. J Am 

Soc Nephrol 2005;16:1214–1222. 

15. Agrawal V, Kaul A, Ranade RS, Sharma RK. Immunoglobulin 

A dominant membranoproliferative glomerulonephritis in an 

elderly man: a case report and review of the literature. Indian J 

Nephrol 2015;25:168–170. 

http://orcid.org/0000-0002-2372-8948
https://doi.org/10.1056/nejm200104053441406
https://doi.org/10.1056/nejm200104053441406
https://doi.org/10.1681/asn.2005010078
https://doi.org/10.1681/asn.2005010078
https://doi.org/10.1681/asn.2005010078
https://doi.org/10.1007/s00005-013-0254-x
https://doi.org/10.1007/s00005-013-0254-x
https://doi.org/10.1007/s00005-013-0254-x
https://doi.org/10.1038/ki.2013.377
https://doi.org/10.1038/ki.2013.377
https://doi.org/10.1681/asn.2015060612
https://doi.org/10.1681/asn.2015060612
https://doi.org/10.1681/asn.2015060612
https://doi.org/10.1038/nrneph.2010.85
https://doi.org/10.1038/nrneph.2010.85
https://doi.org/10.1038/nrneph.2010.85
https://doi.org/10.1093/ndt/gfs430
https://doi.org/10.1093/ndt/gfs430
https://doi.org/10.2215/cjn.04700513
https://doi.org/10.2215/cjn.04700513
https://doi.org/10.2215/cjn.04700513
https://doi.org/10.1038/ki.2013.340
https://doi.org/10.1038/ki.2013.340
https://doi.org/10.1038/ki.2013.340
https://doi.org/10.1007/s00467-015-3307-z
https://doi.org/10.1007/s00467-015-3307-z
https://doi.org/10.1007/s00467-015-3307-z
https://doi.org/10.1007/s00467-015-3307-z
https://doi.org/10.1093/ndt/gfu317
https://doi.org/10.1093/ndt/gfu317
https://doi.org/10.1016/0161-5890(87)90011-3
https://doi.org/10.1016/0161-5890(87)90011-3
https://doi.org/10.1016/0161-5890(87)90011-3
https://doi.org/10.1016/j.semnephrol.2013.08.004
https://doi.org/10.1016/j.semnephrol.2013.08.004
https://doi.org/10.1681/asn.2005010096
https://doi.org/10.1681/asn.2005010096
https://doi.org/10.1681/asn.2005010096
https://doi.org/10.4103/0971-4065.145425
https://doi.org/10.4103/0971-4065.145425
https://doi.org/10.4103/0971-4065.145425
https://doi.org/10.4103/0971-4065.145425


108 www.krcp-ksn.org

Kidney Res Clin Pract 2023;42(1):98-108

16. Hara M, Endo Y, Nihei H, Hara S, Fukushima O, Mimura N. IgA 

nephropathy with subendothelial deposits. Virchows Arch A 

Pathol Anat Histol 1980;386:249–263. 

17. Kim SJ, Koo HM, Lim BJ, et al. Decreased circulating C3 levels 

and mesangial C3 deposition predict renal outcome in patients 

with IgA nephropathy. PLoS One 2012;7:e40495. 

18. Wu J, Hu Z, Wang Y, et al. Severe glomerular C3 deposition indi-

cates severe renal lesions and a poor prognosis in patients with 

immunoglobulin A nephropathy. Histopathology 2021;78:882–

895. 

19. Oto OA, Demir E, Mirioglu S, et al. Clinical significance of glo-

merular C3 deposition in primary membranous nephropathy. J 

Nephrol 2021;34:581–587. 

20. Habib R, Girardin E, Gagnadoux MF, Hinglais N, Levy M, Broy-

er M. Immunopathological findings in idiopathic nephrosis: 

clinical significance of glomerular “immune deposits”. Pediatr 

Nephrol 1988;2:402–408. 

21. Cho WH, Park SH, Choi SK, et al. Characterization of IgA deposi-

tion in the kidney of patients with IgA nephropathy and minimal 

change. J Clin Med 2020;9:2619. 

22. Harboe M, Ulvund G, Vien L, Fung M, Mollnes TE. The quan-

titative role of alternative pathway amplification in classical 

pathway induced terminal complement activation. Clin Exp 

Immunol 2004;138:439–446. 

23. Servais A, Noel LH, Roumenina LT, et al. Acquired and genetic 

complement abnormalities play a critical role in dense deposit 

disease and other C3 glomerulopathies. Kidney Int 2012;82:454–

464. 

24. Bomback AS, Santoriello D, Avasare RS, et al. C3 glomerulone-

phritis and dense deposit disease share a similar disease course 

in a large United States cohort of patients with C3 glomerulopa-

thy. Kidney Int 2018;93:977–985. 

25. Homann C, Varming K, Høgåsen K, et al. Acquired C3 deficiency 

in patients with alcoholic cirrhosis predisposes to infection and 

increased mortality. Gut 1997;40:544–549. 

26. Zinellu A, Mangoni AA. Serum complement C3 and C4 

and COVID-19 severity and mortality: a systematic review 

and meta-analysis with meta-regression. Front Immunol 

2021;12:696085. 

27. Kim K, Lee SH, Lee SW, Lee JP, Chin HJ; Korean GlomeruloNE-

phritis sTudy (KoGNET) Group. Current findings of kidney bi-

opsy including nephropathy associated with hypertension and 

diabetes mellitus in Korea. Korean J Intern Med 2020;35:1173–

1187.

https://doi.org/10.1007/bf00427296
https://doi.org/10.1007/bf00427296
https://doi.org/10.1007/bf00427296
https://doi.org/10.1371/journal.pone.0040495
https://doi.org/10.1371/journal.pone.0040495
https://doi.org/10.1371/journal.pone.0040495
https://doi.org/10.1111/his.14318
https://doi.org/10.1111/his.14318
https://doi.org/10.1111/his.14318
https://doi.org/10.1111/his.14318
https://doi.org/10.1007/s40620-020-00915-w
https://doi.org/10.1007/s40620-020-00915-w
https://doi.org/10.1007/s40620-020-00915-w
https://doi.org/10.1007/bf00853431
https://doi.org/10.1007/bf00853431
https://doi.org/10.1007/bf00853431
https://doi.org/10.1007/bf00853431
https://doi.org/10.3390/jcm9082619
https://doi.org/10.3390/jcm9082619
https://doi.org/10.3390/jcm9082619
https://doi.org/10.1111/j.1365-2249.2004.02627.x
https://doi.org/10.1111/j.1365-2249.2004.02627.x
https://doi.org/10.1111/j.1365-2249.2004.02627.x
https://doi.org/10.1111/j.1365-2249.2004.02627.x
https://doi.org/10.1038/ki.2012.63
https://doi.org/10.1038/ki.2012.63
https://doi.org/10.1038/ki.2012.63
https://doi.org/10.1038/ki.2012.63
https://doi.org/10.1016/j.kint.2017.10.022
https://doi.org/10.1016/j.kint.2017.10.022
https://doi.org/10.1016/j.kint.2017.10.022
https://doi.org/10.1016/j.kint.2017.10.022
https://doi.org/10.1136/gut.40.4.544
https://doi.org/10.1136/gut.40.4.544
https://doi.org/10.1136/gut.40.4.544
https://doi.org/10.3389/fimmu.2021.696085
https://doi.org/10.3389/fimmu.2021.696085
https://doi.org/10.3389/fimmu.2021.696085
https://doi.org/10.3389/fimmu.2021.696085
https://doi.org/10.3904/kjim.2020.195
https://doi.org/10.3904/kjim.2020.195
https://doi.org/10.3904/kjim.2020.195
https://doi.org/10.3904/kjim.2020.195
https://doi.org/10.3904/kjim.2020.195

	Introduction
	Methods
	Patients and data collection  
	Definition of C3D-GN  
	Definition of histologic findings 
	Statistical analysis 

	Results
	Clinical differences 
	Histological differences 

	Discussion
	Conflicts of interest 
	Funding
	Data sharing statement
	Authors’ contributions 
	ORCID
	References

