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Introduction 

Complement component 3 glomerulonephritis (C3GN) is a rare 

disease in which complement component 3 (C3) is deposited 

without immunoglobulin deposition in the glomeruli of the 

kidney due to dysregulation of the alternative complement 

pathway [1]. Most C3GNs appear as membranous and mem-
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branous proliferative glomerulonephritis (GN) patterns under 

light microscopy [2]. Clinical manifestations of C3GN include 

typical signs of GN, hypertension in asymptomatic microscopic 

hematuria, proteinuria and may be accompanied by renal dys-

function, which may later progress to chronic renal failure [3]. 

In most patients, C3 glomerulopathy—which includes dense 

deposit disease (DDD) and C3GN—is caused by acquired fac-
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tors, such as autoantibodies to various complement proteins 

and complexes. However, in about 25% of cases, C3 glomeru-

lopathy results from genetic factors, including mutations relat-

ed to the complement system [4]. Genes associated with C3GN 

include C3, complement factor B (CFB), complement factor H 

(CFH), complement factor I (CFI), and complement factor H-re-

lated 5 (CFHR5) genes (Table 1) [5]. While many mutations have 

been previously reported in C3GN, the significance of some of 

these mutations and the pathogenesis of C3GN are not yet well 

known [6].  

C3 plays a central role in activating both the classical and al-

ternative complement pathways [1]. Congenital complement 

deficiency usually occurs in an autosomal recessive inheritance 

mode and is a rare disease with a prevalence of 0.03% except 

for mannose-binding lectin (MBL) deficiency, which occurs in 

5% of Caucasians [7]. The most common congenital comple-

ment deficiencies involve C2 and MBL deficiencies (Table 1) [7]. 

Because clinical manifestations of complement deficiency vary 

from asymptomatic to life-threatening infectious and autoim-

mune diseases, accurate medical history and examination of 

the entire family are important [7]. However, to our knowledge, 

clinical manifestations of C3 deficiency in the form of C3GN 

have not yet been reported. 

Here, we report the case of a 9-year-old Korean boy with 

confirmed C3GN and a C3 gene mutation associated with C3 

deficiency. He was diagnosed with C3GN after renal biopsy, 

underwent genetic testing to investigate gene mutations caus-

ing renal diseases, and was confirmed to have a heterozygous 

frameshift mutation in the C3 gene, which causes C3 deficiency. 

Therefore, the patient was diagnosed with two rare diseases: C3 

deficiency and C3GN. In this case, the same C3 gene mutation 

was also confirmed in the father and older brother. We aimed 

to understand the pathogenesis of this patient who simulta-

neously had these two diseases, the pathogenesis of which re-

mains unknown. 

Case report 

The patient was found to have microscopic hematuria during a 

school check-up when he was 9 years old. He was suspected of 

having an acute post-streptococcal glomerulonephritis at an-

other hospital and was followed up; however, his complement 

levels were consistently low. Therefore, he visited the outpa-

tient clinic on November 30, 2018. In initial laboratory test re-

sults, isolated depression of C3 at 24.4 mg/dL (reference range, 

90–180 mg/dL) was noted; however, with normal C4 levels at 

18.5 mg/dL (reference range, 10–40 mg/dL). By urinalysis, mi-

croscopic hematuria (urine blood 1+, number of red blood cells: 

29/µL); however, no proteinuria was observed. No remarkable 

findings were observed on kidney ultrasonography. However, 

at regular follow-up, he developed proteinuria in July 2019. 

Therefore, we recommended a renal biopsy and genetic study; 

however, the parents refused. As a result, he was prescribed 

prednisolone (Solondo, Yuhan Medica Corp.) at a dosage of 1 

mg/kg administered in divided doses three times daily. Howev-

er, due to gastrointestinal side effects, tapering of prednisolone 

commenced on July 25, 2019. On November 21, 2019, the patient 

initiated treatment with angiotension receptor antagonist 

containing the ingredient losartan (Cozaar, Merck Sharp & 

Dohme Ltd.) at a dose of 25 mg once daily, which was subse-

quently increased to 50 mg once daily on January 16, 2020. On 

April 25, 2020, persistent proteinuria prompted the initiation 

of cyclosporine (Cipol, Chong Kun Dang Pharm.) at a dosage of 

25 mg twice daily. However, by November 14, 2020, the patient 

exhibited cognitive decline, dizziness, and depression, resulting 

in the discontinuation of cyclosporine and a reduction of losar-

tan to 25 mg once daily. On January 23, 2021, due to worsening 

proteinuria, the dose of losartan was increased to 50 mg once 

daily (Fig. 1). However, proteinuria was persistent and C3 levels 

did not recover even after several months and remained very 

low (<2 mg/dL), supporting the presence of a complement-me-

Table 1. Known gene mutation in C3GN and complement deficiency [4,5,7]

Diseases Known gene mutation
C3GN Factor H, factor I, C3a), factor B, MCP, THBD, DGKE, plasminogen
Complement deficiency Components: C1q, C1r, C1s, C4 (C4A, C4B), C2, C3a), C5, C5, C6, C7, C8, C9, factor B, factor D, MBL, ficolin-3, MASP-2,  

MASP-3, CL-K1, CL-L1
Regulators: C1-inhibitor, C4-binding protein, properdin, factor H, FHR1, factor I, CD46/MCP, CD55/DAF, CD59
Receptors: CR3 (CD18/CD11b), CR4 (CD19/CD11c, LFA-1)

C3GN, complement component 3 glomerulonephritis; MCP, membrane cofactor protein; THBD, thrombomodulin; DGKE, diacylglycerol kinase 
epsilon; MBL, mannose-binding lectin; MASP, mannose-binding protein-associated serine protease; CL-K1, collectin kidney 1; CL-L1, collectin 
liver 1; FHR1, factor H-related protein 1; DAF, decay-accelerating factor; LFA-1, lymphocyte function-associated antigen 1.
a)The gene mutation in this patient case.
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diated disorder. On June 9, 2021, he was hospitalized because of 

weight loss of 4 kg in 1 month, vomiting, abdominal pain, and 

increased proteinuria. At that time, he was diagnosed with pan-

creatitis; therefore, conservative treatment was administered 

and high-dose steroid therapy was not administered. After the 

event, the parents agreed to the genetic study; therefore, we 

conducted next-generation sequencing (NGS) for a renal dis-

ease gene panel on August 18, 2021. NGS results revealed vari-

ants of the C3, fibrillin 2 (FBN2), and microfibril-associated pro-

tein 5 (MFAP5) genes (Table 2). The C3 gene provides instructions 

for the creation of a protein called C3 [8]. C3 protein is essential 

for activating the complement system [8]. Some mutations in 

C3 have been found to cause C3GN and some mutations in the 

C3 gene have been found to cause C3 deficiency [7,9]. MFAP5 is 

a protein-coding gene. Diseases associated with MFAP5 mu-

tations include aortic aneurysms and aortic dissection [10,11]. 

FBN2 is a protein-coding gene. Diseases associated with FBN2 

include contractural arachnodactyly, and congenital early-on-

set macular degeneration [12]. This patient had no other clinical 

symptoms associated with MFAP5 and FBN2 gene mutations. To 

date, he has exhibited no symptoms, such as recurrent bacterial 

infections typically seen in C3 deficiency. Since C3-deficient pa-

tients are vulnerable to encapsulated bacteria, he was vaccinat-

ed against pneumococcal infection and continued treatment 

for GN. After consultation with the Pediatric Cardiology De-

partment regarding the MFAP5 mutation, the Ophthalmology 

Department and the Clinical Genetics Department for the FBN2 

mutation, and the Pediatric Infectious Disease and Immunol-

ogy Department for the C3 mutation, no other abnormalities 

were noted. However, since symptoms might develop in the 

future, we decided to conduct follow-up observations involving 

the four departments. After NGS, owing to prolonged protein-

uria and hypocomplementemia, the boy’s parents agreed to a 

kidney biopsy performed on June 30, 2022. The biopsy result 

was C3GN with features of diffuse proliferative GN (Fig. 2). The 

glomeruli were moderately sized and hypercellular, involving 

Fig. 1. Clinical course of treatment to the patient. NGS, next-generation sequencing.

Table 2. Next-generation sequencing result for a renal disease gene panel
Gene Nucleotide Amino acid Genotype ACMG classification
C3 NM_000064.2:c.1005_1015delCAGTGACATGG NP_000055.2:p.Ser336AlafsTer32 het Likely pathogenic
PKD1 NM_001009944.2:c.242C>T NP_001009944.2:p.Ala81Val het Uncertain significance
FBN2 NM_001999.3:c.6757+2C>T - het Likely pathogenic
MFAP5 NM_003480.2:c.472C>T NP_003471.1:p.Arg158Ter het Pathogenic

ACMG; American College of Medical Genetics and Genomics; C3, complement component 3; PKD1, polycystic kidney disease 1; FBN2, fibrillin 2; 
MFAP5, microfibril-associated protein 5; het, heterozygous.
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endocapillary cells. Mesangial interposition, forming a double 

contour, was occasionally observed. One glomerular sample 

(8%) showed segmental sclerosis. Ultrastructural examination 

disclosed heavy mesangial deposits and large, scattered subep-

ithelial “humps” as with localized subendothelial deposits. Me-

sangial interpositions were rarely observed. The epithelial cell 

foot processes exhibited marked focal effacement. The main 

immunofluorescence findings were prominent and diffuse 

C3 deposits, granular and nodular in some glomerular areas. 

Therefore, the patient was diagnosed as having C3GN. Due to 

persistent proteinuria, on June 12, 2021, mycophenolate mofetil 

(Myrept, Chong Kun Dang Pharm.) was initiated at a dosage of 

250 mg twice daily, which was subsequently increased to 500 

mg twice daily on June 22, 2021. However, due to the develop-

ment of a skin rash on August 18, 2021, the dosage was reduced 

back to 250 mg twice daily. A follow-up esophagogastroduode-

noscopy conducted on December 20, 2021, revealed persistent 

gastric and duodenal ulcers, necessitating a further reduction 

in mycophenolate mofetil. On July 18, 2022, the dosage of lo-

sartan was reduced to 25 mg once daily due to dizziness, and 

cyclosporine was re-initiated at 25 mg once daily. On August 17, 

2022, due to persistent proteinuria, the dosage of cyclosporine 

was increased to 25 mg twice daily; however, the patient sub-

sequently experienced dizziness and delirium, leading to the 

discontinuation of cyclosporine on August 27, 2022. Following 

a further exacerbation of proteinuria, cyclosporine was rein-

troduced at a dosage of 25 mg every other day on November 12, 

2022 (Fig. 1). Currently, the patient has normal kidney function; 

however, proteinuria and hematuria still persist. His family 

members underwent direct gene sequencing for the patient's 

mutations (C3, PKD1, FBN2, and MFAP5). In the father, heterozy-

gous mutations in C3 and FBN2 were confirmed. In the mother, 

heterozygous mutations in PKD1 and MFAP5 were confirmed. In 

the patient’s older brother, a heterozygous mutation involving 

Fig. 2. Light microscopy, immunofluorescence, and electron microscopy findings. (A) Hematoxylin and eosin stain (×200). (B) Periodic Acid-
Schiff stain (×400). The glomeruli are of moderately increased size and moderately hypercellular involving endocapillary cells. Mesangial 
interposition is occasionally seen, forming double contours. One glomerulus (8%) exhibits segmental sclerosis. Tubules reveal focal slight 
atrophy and loss with interstitial fibrosis. (C) Immunofluorescence  (×200). Diffuse C3 deposits in the mesangium and glomerular capillary walls 
(IgG negative, IgM negative, IgA negative, C3+ diffuse granular peripheral and mesangial staining, C1q negative, C4 negative, fibrinogen 1+ diffuse 
granular peripheral staining, Kappa negative, Lamda negative). (D, E) Electron microscopy (×5,000). Heavy mesangial deposits and scattered big 
subepithelial “humps” as with localized subendothelial deposits. Mesangial interposition is rarely seen. Epithelial cell foot processes show focal 
marked effacement.

Figure 2. Light microscopy (LM), immunofluorescence (IF) and electron microscopy (EM) findings.
A. Hematoxylin and eosin(H&E) stain B. Periodic Acid-Schiff(PAS) stain. The glomeruli are of moderately increased size and moderately hypercelullar involving 
endocapillary cells. Mesangial interposition is occasionally seen, forming double contours. One glomerulus (8%) exhibits segmental sclerosis. Tubules reveal 
focal slight atrophy and loss with interstitial fibrosis. 
C. IF. Diffuse C3 deposits in the mesangium and glomerular capillary walls. (IgG: negative, IgM negative, IgA negative, C3+ diffuse granular peripheral and 
mesangial staining, C1q negative, C4 negative, fibrinogen 1+ diffuse granular peripheral staining, Kappa negative, Lamda negative)
D,E. EM. heavy mesangial deposits and scattered big subepithelial "humps" as with localized subendothelial deposits. Mesangial interposition is rarely seen. 
Epithelial cell foot processes show focal marked effacement. (8,680x)

AA

CC

BB

DD EE



Kim et al.  C3 glomerulonephritis with genetically confirmed C3 deficiency 

128  www.chikd.org https://doi.org/10.3339/ckd.24.015

the C3 gene was confirmed. A heterozygous mutation in the 

PKD1 gene was also confirmed (Table 3). His parents and young-

er sister were in good health and the older brother had only mi-

croscopic hematuria and no proteinuria. Blood examination of 

family members revealed serum C3 levels of 55.2 mg/dL in the 

father, 57.6 mg/dL in the older brother, and normal levels in the 

sister. Serum CH50 and C4 levels in the father, older brother, 

and sister were all within the normal ranges. Since the patient’s 

older brother also had the C3 gene mutation, microscopic he-

maturia, and low C3 levels, he was followed up with close mon-

itoring of nephritic symptoms and planning for further evalua-

tion for GN treatment. 

Discussion 

In our case, a 9-year-old Korean boy with prolonged micro-

scopic hematuria, proteinuria, and low C3 levels was patholog-

ically confirmed to have C3GN by renal biopsy and diagnosed 

with C3 deficiency in the presence of a C3 gene mutation. How-

ever, the patient never experienced recurrent bacterial infec-

tions, which is a typical clinical symptom of C3 deficiency. 

We were curious whether there were any other cases of C3 

mutations without C3 deficiency symptoms. A previous study 

reported some cases with a C3 mutation that had mild or no 

symptoms of infection. In a study by Okura et al. [13], patients 

with C3 mutations in the N-terminal half of the gene tended 

to be more susceptible to severe infections, whereas patients 

without severe infections had C3 mutations that were concen-

trated downstream of the thioester domain (TED) [13]. Although 

the biological function of mutant C3 molecules has not yet been 

determined, we hypothesized that the hereditary C3 mutation 

in our patient may have occurred downstream of the TED in the 

C3 gene. This may explain why our patient did not exhibit any 

symptoms of infection. To address this possibility, developing 

a novel quantitative and functional assay to identify mutant 

C3 molecules is necessary. Other hypotheses may also exist. 

Almost all cases of C3 deficiency have been reported as homo-

zygous mutations involving C3 and no functional mature C3 

molecule can be produced [14]. Some compound heterozygous 

mutations can be compensated for by binding of the remaining 

wild type and the functionally normal α and β chains from the 

different alleles to avoid more severe C3 deficiency [14]. This hy-

pothesis is consistent with the unexpected finding of hereditary 

C3 deficiency. To address this possibility and to identify other 

mutations, whole-genome sequencing (WGS) appears to be the 

best choice. In the future, when WGS of national bio-big data is 

possible, our patient and his parents need to search for hetero-

zygous or autosomal recessive mutations using WGS. Subse-

quently, demonstrating the candidate gene in knockout mice, 

confirming the mutation in the older brother, and performing 

a renal biopsy, if needed, are necessary. Interestingly, the father 

and older brother also shared the same C3 mutation, but their 

C3 levels and symptoms differed from those of the patient. 

Serum C3 levels were 24.4, 55.2, and 57.6 mg/dL in the patient, 

father, and older brother, respectively. Although the patient had 

proteinuria and microscopic hematuria, his father had no such 

symptoms, and his older brother had intermittent microscopic 

hematuria. Even though his brother did not undergo kidney 

biopsy, C3GN was strongly suspected. This may be due to dif-

ferences in disease penetrance. In addition, in this patient's 

case, not only the C3 mutation but also other gene mutations 

(PKD1, FBN2, and MFAP5) were discovered. There are currently 

no reports of cases in which these mutations were discovered 

together, as far as we can identify. No clinical symptoms have 

occurred due to the above gene mutations in the patient and 

his family; however, they are being followed up. 

Similar to how the clinical manifestations of other gene mu-

tations may not correspond with those observed in this patient, 

C3 mutations may also present with distinct clinical profiles. 

However, considering the following hypothesis, we could sug-

gest that C3 mutations may be associated with C3GN. It is very 

questionable as to how C3 mutation can cause C3GN in which 

C3 is deposited since C3 deficiency is a genetic condition in 

which C3 is produced at low or no level. In a paper by Marti-

Table 3. Gene mutation in the patient and his family

Gene Mutation Patient Father Mother Older brother Younger sister
C3 NP_000055.2:p.Ser336AlagsTer32 O (het) O (het) X O (het) X
PKD1 NP_001009944.2:p.Ala81Val O (het) X O (het) X O (het)
FBN2 NM_001999.3:c.6757+2C>T O (het) O (het) X X X
MFAP5 NP_003471.1:p.Arg158Ter O (het) X O (het) X X

C3, complement component 3; PKD1, polycystic kidney disease 1; FBN2, fibrillin 2; MFAP5, microfibril-associated protein 5; het, heterozygous.
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nez-Barricarte et al. [8], the authors identified a unique DDD 

pedigree that associated disease with a mutation in the C3 gene. 

Mutant C3923ΔDG which lacks two amino acids, could not be 

cleaved to C3b by the C3-convertase and was therefore the pre-

dominant circulating C3 protein in the patients [8]. This genetic 

change is described as a “gain-of-function” mutation because it 

leads to an altered version of the protein that overactivates the 

complement system [14]. An overactive system damages glom-

eruli. We suggest the possibility that the C3 mutation in our pa-

tient can also cause “gain-of-function.” This possibility should 

be explored in future studies. One limitation of our study is that 

we only measured, C3 and C4 levels in our patient. Since the 

cause is dysregulation of the alternative complement pathway, 

serum C3 levels as well as CFH, CFI, and CFB must be measured, 

and C3 nephritic factor and anti-factor H autoantibodies must 

be investigated [1]. To evaluate the patient's acquired etiologies 

for C3GN, it would have been better to measure CFH, CFI, and 

CFB and test for C3 nephritic factor and anti-factor H antibod-

ies. Unfortunately, the hospital did not have the corresponding 

test. 

Because the patient and guardian initially refused genetic 

and renal tissue testing, the patient was treated with steroids 

and immunosuppressants for 4 years. When they became 

ineffective, genetic and kidney tissue testing was performed 

relatively late. As a general guideline, in cases where persistent 

hypocomplementemia and renal symptoms are present but no 

evidence of immune deficiency is noted, a kidney biopsy should 

be prioritized. However, in cases like our patient, where the 

patient’s guardian declines the biopsy, or if there is a suspicion 

of immune deficiency, or if complement levels are markedly 

reduced to the extent, it is advisable to consider genetic testing. 

Due to the side effects of steroids and immunosuppressants, 

we could only use symptomatic treatments such as angioten-

sin converting enzyme antagonists. We also considered the 

possibility of eculizumab, which acts on the C3 complement 

system, as a treatment; however, because the mechanism is not 

yet clearly understood, predicting the effects and side effects of 

eculizumab is challenging [15]. In addition, a trial involving ecu-

lizumab was difficult due to cost issues. 

In our patient's case, a C3 gene mutation was discovered 

in C3GN; in particular, the same gene mutation was found in 

his father and older brother. This represents a unique form of 

complement system deficiency called C3 deficiency; however, 

the patient and his family members did not have recurrent in-

fection symptoms. In addition to the C3 mutation, other gene 

mutations related to aortic aneurysms, contractural arachno-

dactyly, and congenital macular degeneration were detected 

in this patient. But the patient did not present with any of these 

symptoms. To our knowledge, this case report is meaningful 

because there are very few case reports worldwide of both 

C3GN and C3 deficiency. There are many questions left to be 

answered regarding its pathogenesis, and additional research 

will be needed in the future. 
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