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Identification of new causative gene for congenital anomalies of the kidney and
urinary tract (CAKUT) and elucidation for pathology of CAKUT by iPS cells
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Congenital anomalies of the kidney and urinary tract (CAKUT) is an important

disease as a cause of chronic kidney disease (CKD), but its detailed cause is still unknown. The
purpose of this study was to clarify the genetic background of CAKUT in Japan, and to reveal new
causative genes of CAKUT and perform gene functional analysis using iPS cells. We analyzed 531
families with CAKUT, nephronophthisis (NPHP) or polycystic kidneys (PKD), which are clinically
similar disorder with CAKUT, in the whole research period using next generation sequencing. We
identified causative genes in 185 families. The diagnoses in some patients were changed from CAKUT
to NPHP or PKD after genetic analysis, so genetic diagnosis was extremely useful. However, no new
candg?qtﬁ gene could be identified in this study, and CAKUT related iPS cells could not be
established.

CAKUT CKD



CAKUT
congenital anomalies of
the kidney and urinary tract, CAKUT next generation
vesicoureteral sequencing, NGS
reflux, VUR CAKUT
500 1 CGH NGS
CAKUT CAKUT
chronic kidney disease CKD CAKUT
CKD

CAKUT 5,000
NGS

CAKUT
CHARGE Sotos

l/ 3 AcE BBS1 | CEP41 |DYNC2HI| GANAB | IFT80 | LMNA | PDE6D | SIx1 _|TMEM107| WDPCP
AGT BBS2 CEP83 DZIP1L GATA3 IFT81 LMX1B PIBF1 SIX2 TMEM138| WDR19
AGTR1 | BBS4 | CEP104 | £P300 | GONF | IFT122 | LZTFLI | PKDI SXs__|TMEM216| WDR34
C A K U T AGTR2 | BBSS | CEP120 | EVC Glis2_| IFT140 | MKKS | PKD2 | SLT2 |TMEM231| WDR35
AHIL 8BS7 | CEP164 | EVC2 | GLIS3 | IFT172 | MKS1 | PKHD1 | SOX17 |TMEM237| WDR6O
C A K U T ALG9 | BBSI0 | CEP290 | EXOC4 | GRIP1 | INPPSE_| MUCI | PTHB1 | SPRY1 | TNXB WNT4
ALMS1 | BBS12 | CHDIL | EXOC8 | GRLF1 | INVS NEKL REN | SRGAP1 |TRAF3IP1 | WT1
ANKS3 C2cD3 CHD4 EYA1 HNF18B lacs1 NEK8 RET TBC1D1 TRIM32 | XPNPEP3
ANKS6 | CSorf42 | CHRM3 | FAN1 | HOXA13 | ITGA8 | NPHP1 | ROBO2 |7BC1D32 | TSC1 | ZNF423
CA K UT ARL6 | C21orf2 | CITEDI | FGF9 | HPRTL | JAGI | NPHP3 |RPGLIPIL | TBX1 Tsc2
ARLI3B | CC2D2A | CSPP1 | FGF20 | HYLS1 | KALL | NPHP4 | SALL1 | TBX18 | TTBK2
650 17 ATXN10 | CCDC28B | CTDNEP1 | FGFR2 Ik |KIAA0S86 | OFDI | SARS2 | TCTNI | TTc8
B9D1 | cocst | pcocz | FRASL | IFN2 KIF7 PAx2 | sari | TCTN2 | TTC21B
CA K UT B9D2 CENPF DDX59 FREM1 1FT27 KIF14 PAX8 SDCCAG8 | TCTN3 UMOD
BBIP1 CEP19 DSTYK FREM2 1FT43 LIFR PBX1 SEC61A1 | TMEM67 | VANGL2

6.3%

Hwang et a, Kidney (3)iPS

CAKUT
iPS

Int 2014
CAKUT

CAKUT

CAKUT

2010 187
2017 531
185

CAKUT

34.8% CAKUT
PKD NPHP-RC ADTKD

(1) CAKUT

CAKUT 94
NPHP-RC 37
PKD 25
ADTKD 9
Others 20

500

CAKUT
VUR

nephronophthisis
related ciliopathy, NPHP-RC
EYA1 28

NPHP-RC EYAL
polycystic kidney disease PKD CAKUT

autosomal dominant tubulointerstitial kidney EYAL SX1  SALLL
disease, ADTKD

(2) CAKUT Unzaki A, MorisadaN et al. JHum
Genet. 63, 2018, 647-656




25

20

15

10

o w

PAXD
HNFLD e —
O ———

PKHD1 e—

PKD1 —
—
—
—
—
—

-
-
-
-
-
-

EYAl

PKD

REN
SDCCAGS mm
T1C218 ==
WDR19 mm

AT —

PAX2 24
PAX2

HNF1B 23

non-syndromic CAKUT
CAKUT

HNF1B  Maturity-onset diabetes of the
young MODY 5 5

non-syndromic CAKUT
HNF1B
17911.2 HNF1B
NGS
copy humber variation,
CNV
HNF1B
Nagano C, Nozu K,
Morisada N et a. Clin Exp Nephrol. 2018

CGH
17 1 5
1023-g24 5.6Mb
PBX1
PBX1 CAKUT
autosomal

recessive polycystic kidney dissase ARPKD

1 PKHD1
NPHP-RC
NPHP1 10
CAKUT
CAKUT
ARPKD NPHP-RC
CAKUT

ARPKD NPHP-RC

iPS
iPS
CAKUT
NPHP-RC

42

1. Unzaki A, MorisadaN, Nozu K, Ye MJ, Ito
S, Matsunaga T, IshikuraK, Ina S, Nagatani
K, Okamoto T, Inaba, Ito N, Igarashi T,
Kanda S, Ito K, OmuneK, Iwaki T, Ueno K,
Yahata M, OhtsukaY, Nishi E, Takahashi N,
IshikawaT, Goto S, Okamoto N, lijimaK.
Clinically diverse phenotypes and genotypes
of patients with branchio-oto-renal syndrome.
JHum Genet. 63, 2018, 647-656.
doi: 10.1038/s10038-018-0429-8. Epub 2018
Mar 2. PubMed PMID: 29500469.

2. Minamikawas, Nozu K, Nozu Y, Yamamura

T, Taniguchi-lkeda M, Nakanishi K,
Fujimura J, Horinouchi T, Shima,
Nakanishi K, Hattori M, Kanda K, TanakaR,
Morisada N, Nagano C, Sakakibara N,
Nagase H, Moriokal, Kaito H, lijimaK.
Development of ultra-deep targeted RNA
sequencing for analyzing X-chromosome
inactivation in female Dent disease. JHum
Genet. 63, 2018, 589-595. doi:
10.1038/s10038-018-0415-1.

3. Nagano C, Nozu K, Morisada N, Yazawa M,

Ichikawa D, Numasawa K, Kourakata H,
Matsumura C, Tazoe S, Tanaka R,
Yamamura T, Minamikawa S, Horinouchi T,
Nakanishi K, Fujimura J, Sakakibara N,
NozuY, Ye MJ, Kaito H, lijimaK. Detection
of copy number variations by pair analysis
using next-generation sequencing datain
inherited kidney diseases. Clin Exp Nephrol.
2018. doi:
10.1007/s10157-018-1534-x.

4. YamamuraT, Nozu K, Fu XJ, Nozu Y, Ye

MJ, Shono A, Yamanouchi S, Minamikawa S,
Morisada N, Nakanishi K, Shimay,
Yoshikawa N, Ninchaji T, Moriokal, Kaito
H, lijimaK. Natural History and
Genotype-Phenotype Correlation in Female
X-Linked Alport Syndrome. Kidney Int Rep.
2, 2017:850-855. doi:
10.1016/j.ekir.2017.04.011.

5. Tauji Y, Nozu K, Sofue T, Hara S, Nakanishi

K, Yamamura T, Minamikawa S, Nozu Y,
Kaito H, FujimuraJ, Horinouchi T, Morisada
N, Morioka I, Taniguchi-lkeda M, Matsuo M,



10.

11

12.

13.

lijimaK. Detection of a Splice Site Variant
in a Patient with Glomerulopathy and
Fibronectin Deposits. Nephron.

138 2018:166-171. doi:
10.1159/0004842009.

Nakanishi K, Nozu K, Hiramoto R,
Minamikawa S, Yamamura T, Fujimura J,
Horinouchi T, Ninchaji T, Kaito H, Morisada
N, Ishimori S, Nakanishi K, Moriokal,
Awano H, Matsuo M, lijimaK. A
comparison of splicing assays to detect an
intronic variant of the OCRL genein Lowe
syndrome. Eur J Med Genet. 60,
2017:631-634. doi:
10.1016/j.6jmg.2017.08.001.

Yoshikawa T, Kamei K, NagataH, SaidaK,
Sato M, Ogura M, Ito S, Miyazaki O,
Urushihara M, Kondo S, Sugawara N,
Ishizuka K, Hamasaki Y, Shishido S,
Morisada N, lijimaK, Nagata M, Yoshioka T,
Ogata K, IshikuraK. Diversity of renal
phenotypes in patients with WDR19
mutations: Two case reports. Nephrology
(Carlton). 2017 Jul;22(7):566-571. doi:
10.1111/nep.12996.

Nozu K, Minamikawa S, Yamada S, Oka M,
YanagitaM, Morisada N, Fujinaga S,
Nagano C, Gotoh Y, Takahashi E, Morishita
T, YamamuraT, Ninchoji T, Kaito H,
Moriokal, Nakanishi K, Vorechovsky I,
lijimaK. Characterization of contiguous
gene deletionsin COL4A6 and COL4A5 in
Alport syndrome-diffuse leiomyomatosis. J
Hum Genet. 62, 2017:733-735.
doi: 10.1038/jhg.2017.28.

genetic
approach,
5 2017: 367-371
CAKUT 82 2017:
402-406
CAKUT
5 2017:22-27

Iwafuchi Y, Morioka T, Morita T, Yanagihara
T, OyamaY, Morisada N, lijimaK, Narital.
Diverse Renal Phenotypes Observed in a
Single Family with a Genetic Mutation in
Paired Box Protein 2. Case Rep Nephrol
Dial. 6, 2016:61-9. doi:
10.1159/000445679.
lijimaT, Hoshino J, Mise K, SumidaK,
Suwabe T, Hayami N, Ueno T, Takaichi K,
Fujii T, Ohashi K, Morisada N, lijimaK,
UbaraY. Daughter and mother with
orofaciodigital syndrome type 1 and
glomerulocystic kidney disease. Hum Pathol.
55, 2016:24-9. doi:

14.

15.

16.

17.

18.

19.

20.

10.1016/j.humpath.2016.04.005.
Yamamura T, Morisada N, Nozu K,
Minamikawa S, Ishimori S, ToyoshimaD,
Ninchaji T, Yasui M, Taniguchi-lkeda M,
Moriokal, Nakanishi K, Nishio H, lijimaK.
Rarerenal ciliopathiesin
non-consanguineous families that were
identified by targeted resequencing. Clin Exp
Nephrol. 21, 2017:136-142. doi:
10.1007/s10157-016-1256-x.
Kanda S, Morisada N, Kaneko N, Yabuuchi
T, Nawashiro Y, Tada N, NishiyamaK,
Miyai T, SugawaraN, Ishizuka K,
Chikamoto H, Akioka, lijimaK, Hattori M.
New-onset diabetes after renal
transplantation in a patient with a novel
HNF1B mutation. Pediatr Transplant.

20, 2016:467-71. doi:
10.1111/petr.12690.

80(6): 855-858, 2016

(CAKUT)
24(1) 13-15, 2016
Matsunoshita N, Nozu K, Shono A, Nozu Y,
Fu XJ, Morisada N, Kamiyoshi N, Ohtsubo
H, Ninchoji T, Minamikawa S, Yamamura T,
Nakanishi K, Yoshikawa N, Shima, Kaito
H, lijimaK. Differential diagnosis of Bartter
syndrome, Gitelman syndrome, and
pseudo-Bartter/Gitelman syndrome based on
clinical characteristics. Genet Med.
18, 2016:180-8. doi:
10.1038/gim.2015.56.
KumaA, Tamura M, Ishimatsu N, Miyamoto
T, Serino R, Ishimori S, MorisadaN, lijima
K, Yamada S, Takeuchi M, Abe H, Otsuji Y.
A novel UMOD gene mutation associated
with uromodulin-associated kidney disease
in ayoung woman with moderate kidney
dysfunction. Intern Med. 54,
2015:631-5. doi:
10.2169/internal medicine.54.3151.

2 5
(CAKUT)
47, 559-563, 2015

47

Naoya Morisada, Akemi Shono, Kandai
Nozu, Ryojiro Tanaka, Kazumoto lijima.
Comprehensive analysis using target
sequencing panel for congenital anomalies of
the kidney and urinary tract and




nephronophthisis in Japan. American society
of Human Genetics 2017 2017.10.20, Orland
(USA)

Yuko Fujii, Hiroshi Tamai, AkiraAshida,
Hideki Matsumura, Akihiko Shirasu, Satoshi
Yamazaki, Hyogo Nakakura, Naoya

Morisada, Kazumoto lijima, Motoshi Hattori.

Clinical Diagnosis of Senior Loken
Syndrome in a Patient with SDCCAGS8
Mutation Genetically Diagnosed as Having
Bardet-Biedle Syndrome. Kidney Week
(American Society of Nephrology) 2017
2017.10.31, New Orleans (USA)

, NPH
MCKD , 60

, 2017.5.26,

NGS
CAKUT NPH
1 60 1
2017.5.26,

NGS
CAKUT
52
2017.6.3

NPH

CKD(

.4
2017.6.25

62 2017.11.15

OFD1

271
2017.5.20

Potter Sequence
Dysmorphology
2017.10.13

59
2016.6.17-19

59

12.

13.

14.

15.

16.

17.

18.

19.

2016.6.17-19

Congenital
Anomalies of the Kidney and Urinary
Tract CAKUT
51
2016.7.7-9

51
2016.7.7-9

39
2016.12.9-10

Naoya Morisada, Akemi Shono, Mariko
Taniguchi-lkeda, Kandai Nozu, Koichi
Kamei, Kenji Ishikura, Shuichi Ito, Rygjiro
Tanaka, Hisahide Nishio, Kazumoto lijima,
The comprehensive genetic analysis of
congenital anomalies of the kidney and
urinary tract (CAKUT) in Japan, The 13th
International Congress of Human Genetics,
2016.4.3-7, Kyoto International Conference
Center (Kyoto prefecture)

Naoya Morisada, Akemi Shono, Kandai
Nozu, Takeshi Ninchoji, Koji Nagatani,
Toshiyuki Ohta, Junya Shimizu, Takahisa
Yoshikawa, Ken Saida, Shingo Ishimori,
Masato Yasui, China Nagano, Koichi Kamei,
Kenji Ishikura, Shuichi Ito, Ryojiro Tanaka,
Kazumoto lijima, Rare nephronophthisis
related ciliopathy identified by next
generation sequencing in ten
non-consanguineous families, American
Society of Human Genetics 2016,
2016.10.18-22, Vancouver (Canada)

CAKUT
24
2016.2.6
2016.3.25
CAKUT
24
2016.9.10



20.

21.

()

@)

(€)

4)

Ciliopathy 27

Dysmorphol ogy 2016.12.2

CAKUT
NPHP-RC
52
2016.3.26

MORISADA, Naoya

00389446

SHONO, Akemi

10535066

lijima, Kazumoto

00240854



