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Answers
1. What is the differential diagnosis?

The patient presented with edema, gross hematuria, and
nephrotic range proteinuria combined with hypocomple-
mentemia. He showed clinical signs of glomerulonephritis
(GN).

The first differential diagnosis was acute poststreptococ-
cal glomerulonephritis (APGN) or viral-infection-related
GN. He was screened for various infectious etiologies,
including anti-streptolysin O (ASO), cytomegalovirus,
Epstein-Barr virus, hepatitis B, hepatitis C, and human
immunodeficiency virus. All of the tests were negative.
Antibiotic treatment at the local hospital was not effective.
This did not support a conclusion of infection-related GN.

The second differential diagnosis was IgA nephropa-
thy, but hypocomplementemia is rare in IgA nephropa-
thy. Accordingly, kidney pathology can help confirm the
diagnosis.

This refers to the article that can be found at http://dx.doi.org/10.
1007/500467-022-05527-z
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The third differential diagnosis was immune com-
plex—mediated GN. Given the negative double-stranded
DNA (dsDNA), anti-neutrophil cytoplasmic antibodies
(ANCA), and anti-glomerular basement membrane (anti-
GBM), a process related to systemic lupus or ANCA-medi-
ated vasculitis was deemed unlikely.

The fourth differential diagnosis was hereditary nephritis.
The patient presented with gross hematuria and nephrotic
range proteinuria. He had a history of cataracts, and his
mother had a history of kidney problems (microscopic
hematuria and mild proteinuria). Thus, Alport syndrome
(AS) was suspected.

The patient had indications for renal pathology with
signs of clinical syndrome and a family history of similar
conditions.

2. What would you expect to see on kidney biopsy?

A kidney biopsy was performed to explore the patient’s eti-
ology. Light microscopy: 25 glomeruli showed moderate
mesangial proliferation; moderate focal segmental prolif-
eration was shown. Granular and vacuolar degenerations of
renal tubular epithelial cells were shown with protein casts.
An interstitial infiltrate containing lipid-laden foam cells was
observed (Fig. 1a-c). There were no obvious abnormalities
in the walls of the small arteries. Immunofluorescence (IF):
IV collagen a2 (+), a5 (—) in the glomerular mesangial
area, C3+ + +, [gM +, IgA, IgG, and Clq were all nega-
tive (Fig. 1d-f). Electron microscopy (EM) showed that
some segments of the capillary basement membrane were
thin (the thinnest part was observed to be approximately
180 nm thick) or the subendothelial gap was slightly wid-
ened, some segments were uneven in thickness, and the thick
dense layer was torn and delaminated, showing a grid-like
pattern. A few segments had mesangial insertion, and no
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Fig. 1 a—c Moderate mesangial
proliferation, focal segmental
moderate hyperplasia. An
interstitial infiltrate containing
lipid-laden foam cell is visible.
d—f Immunofluorescence (IF) in
the glomerular mesangial area,
C3+ + +, IV collagen o2 (+),
and o5 (-)

electron-dense deposits were observed. Most of the foot pro-
cesses were fused. The mesangial cells and mesangial matrix
were slightly proliferated, and small pieces of electron-dense
deposits were seen in some mesangial areas. Renal intersti-
tial fibrosis was hyperplastic, and foam cells were visible
(Fig. 2). No hump was observed in the ultrastructure.

Fig.2 Electron microscopy:
Some segments of the capillary
basement membrane were thin,
and the subendothelial gap

was slightly widened. Small
electron-dense deposits were
seen in some mesangial areas
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The collagen a5 (IV) staining and basement membrane
performance in EM supported the diagnosis of AS. How-
ever, C3 was visibly deposited in the mesangial area in
IF, explaining the confluent electron-dense appearance
in the mesangial area, instead of the intensely stained
intramembranous osmiophilic ribbon-shaped deposits




Pediatric Nephrology

pathognomonic for DDD. This allowed us to make a diag-
nosis of C3 glomerulonephritis (C3G).

3. Which additional diagnostic tests would you
perform for the diagnosis?

Since C3G requires the evaluation of the alternative path-
way of complement, further lab testing showed the titer
of complement C3 nephritis factor (C3NeF) and human
complement factors to be significantly increased; fac-
tor H antibody (Anti-FH) was slightly increased; human
complement factor H (CFH) was slightly increased;
and human complement factor I (CFI) was increased
(Table 1).

Table 1 Laboratory results about complement factors

Value Range Unit
C3NeF 949.62 95-538 ng/mL
CFI 631.50 42.5-288.5 ng/mL
CFH 979.56 210-452.5 ng/mL
Anti-FH 1345.33 262-1292.5 ng/mL

C3NeF complement C3 nephritis factor, CFI human complement fac-
tor I, CFH human complement factor H, anti-FH factor H antibody

Fig.3 Sanger sequencing

Molecular genetic testing is necessary to establish a diag-
nosis in the cases of both AS and C3GN. We performed
whole-exome sequencing for the patient. A hemizygous
frameshift mutation (c.2014_2015 ins GCAGA ) was found
in exon 26 of COL4A5 gene(NM_000495). The patient had
inherited this mutation from his mother, who had a relevant
kidney phenotype (microscopic hematuria and proteinuria)
(Fig. 3). No mutation of genes related to the complement
pathway was detected.

4. What is your diagnosis?

X-linked Alport syndrome (XLAS) combined with C3 glo-
merulonephritis (C3GN).

The patient was given fosinopril (0.3 mg/kg/day) and
prednisone (2 mg/kg/day); proteinuria output was reduced
in 7 days.

Discussion

AS is a hereditary disorder of glomerular, cochlear, and
ocular basement membranes, resulting from mutations in
the collagen IV genes COL4A3, COL4A4, and COL4AS5
[1-3]. The observation of a pathogenic COL4A5 variant
confirms the diagnosis of XLAS [4]. However, AS with

chromatogram. The proband Standard sequence TTGCCTGGTAACCCAGIGCAGAIGATGGTGATGTAGGTC
appeared hemizygous. ¢.2014
(exon26) ¢.2015 (exon26) The patient TTGCCTGGTAACCCAGIECAGAGCAGAGATGGTGATGT
insGCAGA of COL4AS5; his
mother as heterozygous, and his
father as normal
\
\
The father TTGCCTGGTAACCCAG[GCAG AIGATGGTGATGTAGGTC
The mother TTGCCTGGT CCCAGIGCAGAGCAGAIGATGGTGATGT
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the co-occurrence of another nephritis is rare. AS in C3GN
spontaneous remissions has only been reported once in the
literature [5].

In XLAS, there is often a family history of hematuria
(with or without proteinuria) or kidney failure [6, 7]. On
kidney biopsy, AS produces no specific light microscopic
findings [8]. Immunohistochemical analyses typically show
the complete absence of immunostaining for the collagen
aS(IV) chain in XLAS [9]. EM findings show irregular
thickening and thinning of the GBM, lamellation, and split-
ting of the dense lamina. These findings are specific to AS;
EM findings are indispensable for the pathological diagnosis
of this condition [8, 10]. In our case, the patient’s collagen
a5(IV) chain was negative, and we observed a mix of thin
and lamellated GBM, which are the characteristic pathologi-
cal manifestations of AS. With the development of genetic
testing, Next-generation sequencing (NGS) has become
another means of diagnosis. Expert guidelines currently
state that individuals with hematuria and a lamellated GBM
or hearing loss, lenticonus, or fleck retinopathy are likely to
have AS and should be offered genetic testing for mutations
in all three Alport genes (COL4AS5, COL4A3, and COL4A4)
[11]. NGS detected a frameshift mutation in COL4AS5 in the
patient, and genetic analysis showed the same heterozygo-
sity as his mother. The variant shows low frequency in the
general population (1000 genomes: minor allele frequency
[MAF] <0.005%). Frameshift mutation leads to possible loss
of protein function, and according to ACMG guidelines [12],
this mutation is pathogenic. For this reason, the diagnosis
of XLAS in this patient and his mother can be made clear.

Notably, the child presented with hypocomplementemia,
C3 + + +deposited in mesangium under IF, and electron-
dense objects deposited in the mesangial tissue, visible under
EM. No hump was observed in the ultrastructure. These
pathological findings suggested C3 glomerulopathy (C3G).

C3G is a rare entity defined by C3 dominant GN and a
proliferative histologic lesion with C3 deposition at least two
orders of magnitude greater than any other immune reac-
tant visible on kidney biopsy IF [13]. The category includes
both C3GN and C3 dense deposit disease (C3DDD). EM
performance is the main point of identification [14, 15]. In
C3GN, discrete C3 deposits are located in the mesangium
and subendothelial tissue, whereas DDD is characterized by
electron-dense intramembranous deposits that form a unique
ribbon-shaped band [15].

Alternative complement pathway (AP) dysregula-
tion leads to C3 deposition in the glomerulus. This is the
pathophysiological mechanism underlying C3G [16]. This
unrestrained complement activation may be driven by
autoantibodies against complement components [17] or
abnormalities in complement genes [18-20]. C3 nephritic
factor (C3NeF) is an autoantibody that stabilizes C3
convertase (C3bBb) and causes AP dysregulation [18].
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Furthermore, 40-50% of patients with C3GN are positive
for C3NeF [14, 21]. In our patient, the low C3 levels and
the presence of C3NeF in the serum further supported the
diagnosis of C3GN.

Ding et al. reported a case describing the co-existence
of AS and C3GN. The mechanism underlying C3GN was
an uncommon heterozygous variation in CFHRS5, which
regulates the complement cascade [5], but there is no exist-
ing report on the association between AS and C3GN, which
requires further study.

In addition, there is currently no radical therapy for AS.
The goal of treatment is to delay the progression to kidney
failure. Recently published expert guidelines recommend
that male patients initiate treatment with ACEIs at the time
of diagnosis with AS [22].

Treatment for C3GN is based on the inhibition of fac-
tors that activate the complement pathways. This is done by
administering such drugs as corticosteroids and antiprolif-
erative drugs (mycophenolate mofetil) [23] or complement
inhibitors (eculizumab) [24]. In our case, we treated the
patient with ACEI and prednisone, and proteinuria decreased
in 7 days. During the follow-up, C3NeF and complement C3
levels returned to normal within 1 month. The child received
2 mg/kg of prednisone for 6 weeks, after which the dose
was gradually reduced. The total course of prednisone was
8 months. At present, the child has microscopic hematuria
with mild proteinuria.

Conclusion

The clinical course of our case is rare. Alport syndrome may
be associated with other glomerular diseases. The patho-
genic mechanism is unknown, and further study is required.
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