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Abstract

Mutations in the ciliary gene TTC21B, NPHP4, and CRB2 cause familial focal and segmental glomerulosclerosis (FSGS).
We report a girl with a mutation of the ciliary gene CC2D2A presenting with FSGS and nephronophthisis. The patient
had mental retardation, postaxial polydactyly, and ataxic breathing, and was diagnosed as having compound heterozygous
CC2D2A missense mutations at age 5. Retrospectively, azotemia at 1 year and proteinuria at 5 years were recorded but not
investigated. At age 6, she was referred to the pediatric nephrology service because of hypertension, pretibial pitting edema,
heavy proteinuria, and hematuria. eGFR was 66 ml/min/1.73 m?, total protein 5.3 g/dl, albumin 2.4 g/dl, and cholesterol
317 mg/dl. Ultrasonography showed normal-sized kidneys with a cyst in the right. Losartan was started. On renal biopsy,
8 out of 24 glomeruli were globally sclerosed, and three showed segmental sclerosis and/or hyalinosis with no immune
deposits. Mild tubular dilatation, tubular atrophy, and interstitial fibrosis were observed. On electron microscopy, glomeruli
showed focal foot process effacement with no electron dense deposits. Since losartan did not exert an obvious effect, treatment
with prednisolone was tried. Urine protein decreased from 6.6 to 3.7 g/gCr. Prednisolone was discontinued after 10 days,
however, because she developed duodenal ulcer perforation that necessitated omentoplasty. Subsequently, she was treated
with losartan only. Her renal function deteriorated and peritoneal dialysis was initiated 8 months later. FSGS in this patient
could be primary glomerular associated with CC2D2A mutation, rather than the consequences of tubulointerstitial fibrosis.
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Introduction

It has been reported that mutations in the ciliary gene
TTC21B, NPHP4, and CRB2 cause familial focal segmen-
tal glomerulosclerosis (FSGS) [1-3]. We report a girl with
a mutation of a ciliary gene CC2D2A (encoding coiled-coil
and C2 domain-containing protein 2A) presenting with
FSGS and nephronophthisis. This is another ciliary gene,
the mutation of which is associated with FSGS.
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Case report

The patient is a 6-year-old girl with mental retardation, post-
axial polydactyly, and ataxic breathing. She was diagnosed
as having compound heterozygous CC2D2A missense muta-
tions at age 5 years;

Chr4(GRCh37):g.15512892C>T,
NM_001080522.2:¢.563C>T, p.(Alal188Val)

Chr4(GRCh37):2.15591190C>G,
NM_001080522.2:¢.4202C>G, p.(Thr1401Ser)

inherited from each parent At age 6 years, she was
referred to pediatric nephrology service because of proteinu-
ria. In retrospect, azotemia at age 1 year {urea nitrogen (UN)
32.5 mg/dl} and proteinuria 3 +at age 5 years were recorded
at local hospitals but no investigation was performed.
Height was 106 cm (— 1.5 SD), weight was12.6 kg (—2.3
SD), and blood pressure was 116/53 mmHg. The breathing
was ataxic and there was pretibial pitting edema, but other
physical examination was unremarkable. Urinalysis showed
protein 3+, blood 2+, granular cast+, protein-to-creatinine
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ratio (pro/Cr) 6.6 g/g, 2 micro-globulin 112 pg/l, N-acetyl-
B-p-glucosaminidase (NAG)/Cr 33 U/g, and selectivity
index 0.09. Blood test revealed hemoglobin 13.2 g/dl, UN
23.2 mg/dl, Cr 0.56 mg/dl (eGFR 66 ml/min/1.73 m?), cys-
tatin C 1.34 mg/l, total protein 5.3 g/dl, albumin 2.4 g/dl,
cholesterol 317 mg/dl, and uric acid 7.5 mg/dl. Serologic
tests for glomerulonephritis were negative. Ultrasonogra-
phy showed normal-sized kidneys with a cyst in the right.
A diagnosis of nephrotic syndrome was made and losartan
12.5 mg/day was started for hypertension and proteinuria.
One week later she was hospitalized for renal biopsy. Soon
thereafter, she developed acute pyelonephritis due to E. coli.
After antibiotic treatment, open renal biopsy was performed.
On light microscopy, 8 out of 24 glomeruli were globally
sclerosed, and three showed segmental sclerosis and/or hya-
linosis (Fig. 1). Mild tubular dilatation, tubular atrophy, and
interstitial fibrosis were observed. No immune deposits were
seen. On electron microscopy, glomeruli showed focal foot
process effacement with no electron dense deposits. Since
losartan did not exert an obvious effect, treatment with
prednisolone was tried. Urine pro/Cr decreased to 3.7 g/g,
but prednisolone was discontinued after 10 days because
she developed duodenal ulcer perforation that necessitated
omentoplasty. CT scan performed then showed bilateral
multiple cysts in the kidney. Since then she had been treated
with losartan only. Voiding cystourethrogram showed right
grade III and left grade II vesicoueteral reflux and residual
urine. Her renal function deteriorated and peritoneal dialysis
was initiated 8 months later.

No clinically significant variants in known FSGS genes,
including ACTN4, ANLN, ARHGAP24, COL4A3, COL4A4,
COLA4A5, COL4A6, CHDIL, C3, CFl, CD46, FNI1, GATA3,
INF2, MYH9, PAX2, PODXL, RET, ROBO2, SALLI, SIXI,
SRGAPI, TBX18, TNXB, TRPC6, UMOD, WNT4, and WT1
were detected in the patient [4].

Discussion

We reported a girl with compound heterozygous CC2D2A
missense mutations who had nephrotic syndrome due to
FSGS and nephronophthisis. Her FSGS was thought to be
primary glomerular, based on the clinically overt nephrotic
syndrome and on mild tubulointerstitial lesions.

Mutations in ciliary genes including CC2D2A cause a
spectrum of overlapping and distinct clinical syndromes.
Joubert syndrome, Meckel syndrome, their related disor-
ders, and isolated rod-cone dystrophy have been reported
in CC2D2A mutations [5]. Our patient does not fit the phe-
notype of any of the above, but cystic kidney disease has
been associated with CC2D2A mutations. On the other
hand, nephrotic syndrome or FSGS has not previously
been reported. Méjécase et al. reported two brothers with

Fig. 1 Pathological findings. a Twenty-four glomeruli (eight global
sclerosis, three segmental sclerosis and/or hyalinosis) were found
in the wedged specimen. Tubular dilation, mild tubular atrophy and
interstitial fibrosis were observed. b PAM staining. Segmental sclero-
sis and/or hyalinosis. Hyper-cellularity was absent. ¢ Electron micro-
graph showing the presence of foot process effacement. Areas with
intact foot processes were also observed (not shown). There was no
electron dense deposit

compound heterozygous CC2D2A mutations with non-syn-
dromic rod-cone dystrophy and nephrotic range proteinu-
ria. However, the proteinuria was ascribed to the concurrent
compound heterozygous variants in CUBN, a gene associ-
ated with steroid-resistant nephrotic syndrome [6]. The renal
biopsy was reported as not compatible with nephronophthi-
sis or glomerulonephritis.
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CC2D2A is expressed in brain, prostate, pancreas, kid-
ney, lung, liver, and retina. It is a centrosome—cilia protein
essential for the assembly of subdistal appendages, anchor-
ing cytoplasmic microtubules and priming the mother cen-
triole for axoneme biogenesis [7]. In zebrafish, the role of
CC2D2A is suggested to be ciliary trafficking [8]. In mam-
mals, CC2D2A is thought to be necessary for primary cilia
biogenesis. In case of another ciliary gene 77C2/B muta-
tion, podocyte cytoskeletal alteration and the subsequent
loss of microtubular maintenance are suggested to be the
causes of FSGS [1]. Thus TTC21B-deficient podocytes dif-
ferentiate normally in vitro, suggesting that the cytoskeletal
alterations are independent of the primary cilia defect. In a
patient with CRB2 mutation, the expression of CRB2 was
reported to be decreased [9]. In zebrafish, gene knock-down
of CRB?2 grossly disorganized the podocyte foot process
architecture. The expression of CC2D2A in podocytes has
not been described. A recent study, however, reported a role
of CC2D2A as a downstream target of WT1, a master regu-
lator of gene expression in podocytes [10]. Thus CC2D2A
is one of WT1-bound genes in podocytes and its binding to
WTI changed dynamically during an adriamycin-induced
reparative injury response in a mouse model of nephrotic
syndrome.

The pathogenicity of the ¢.563C>T and ¢.4202C>G
variants was predicted as follows: the combined annotation-
dependent depletion (CADD) score corresponded to delete-
rious results (29.5 and 24.8) [11] and Mutation Taster (both
scores with disease causing (prob: 0.999 and 1.000) [12].
Overall, both the allele ¢.563C>T and ¢.4202C>G were
scored as likely pathogenic (PM1, PM2, PP3, and PP4)
according to the standards and guidelines for the interpreta-
tion of sequence variants by the American College of Medi-
cal Genetics and Genomics [13].

Patients with FSGS caused by genetic mutations are less
likely to present with clinically overt nephrotic syndrome
compared with those with primary FSGS [14]. Foot pro-
cess effacement is also helpful to differentiate primary and
secondary FSGS. It is non-existent or focal in secondary
FSGS including genetic FSGS as in our patient [15]. Sec-
ondary or genetic FSGS is usually steroid-resistant. Our
patient responded partially, but because of the serious side
effect, glucocorticoid was withdrawn. In this regard, there
is a report that FSGS secondary to a genetic mutation may
respond to calcineurin inhibitors [16]. Beyond their immu-
nosuppressive activity, calcineurin inhibitors exhibit a pro-
tective effect on podocyte injury [17]. We discussed their
use, but her renal function rapidly deteriorated before we
made the decision. Taken together, our patient’s FSGS was
thought to be primary glomerular, because her tubuloint-
erstitial lesions were mild. Her FSGS is probably due to
podocytopathy associated with CC2D2A mutation in con-
sideration of the literature and the genetic databases.
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Patients with ciliopathy, such as autosomal dominant pol-
ycystic kidney disease, Bardet-Biedl syndrome, and Joubert
syndrome with CSPP] mutation, are known to be associated
with vesicoureteral reflux [18-20]. Although not described
in patients with CC2D2A mutation, or Meckel syndrome,
VUR seen in our patient may be related to cilia dysfunction.

In conclusion, we report a girl with CC2D2A mutation
who showed FSGS and nephronophthisis. This is another
example of ciliary gene involved in glomerulopathy.
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