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Congenital nephrogenic diabetes insipidus (NDI) is characterized by
defective urine concentrating ability. Congenital NDI is mainly caused by loss-of-function mutations
in the vasopressin type 2 receptor (V2R), leading to inactivation of cAMP/PKA/AQP2 water channels
signaling pathway. We focused on direct activators of PKA as novel therapeutic targets of congenital

NDI. The intracellular distribution and substrate specificity of PKA are largely controlled by
A-kinase anchoring proteins (AKAPs). Low molecular weight compounds that inhibit AKAPs binding to
PKA significantly increased PKA activity in renal collecting ducts and activated AQP2 to the same

extent as vasopressin.

AKAPs PKA AQP2 AKAPs-PKA



2 V2R AQP2

V2R cAMP
AQP2 AQP2
1
Rh5KZEBRING 3 KEBRINTEISRERD
]
0
90% V2R '.m: AQP2 [R¥IEERRE
V2R - N
AQP2 /\° °]° AQP2 £ U SBIETE R

1 V] >wzem§&apz DEHIS
AQP2
cAMP cAMP 1l AQP2

G protein-coupled AqP2
receptors (GPCRs) AQP2

NRYTLS 28 NYTLS 2282 E 1k (V2R)

= )
WL@

AQP2 E1 AQP2 DHIHiskiE

Protein Kinase A (PKA) cAMP AQP2

PKA AQP2
PKA PKA PKA
substrates A-kinase anchoring proteins (AKAPSs)
AKAPs PKA substrates
AQP2 (Kidney Int.
2008
PKA 2 regulatory subunit (RI, RII) 2 catalytic subunit
AKAPs PKARII Ht31 V2R AQP2
(mpkCCDcl4 cells) Ht31 PKA
PKA Ht31
PKA AQP2
AKAPs PKA (AKAPs-PKA disruptors)
2
Ht31
Ht31 ‘
AKAPs-PKA & _ﬁ }PKA © PKA Catalytic Subunit ﬁh‘b*’&“&ll)l

: Lo oll
(R Lpka Reguiatory Subunit Aszan;m

l
FMP-API-1 | AKAP-PKAEATRE | AQP20
i; U > b

FMP-API-1 DRTFR QEAFAm oTe
AQP2 BANES TDZFUwaﬁi(Céég‘ FL ) }PKA
PKA-R DIBEZL
Q @ = PKAEZEEL
ﬁ @ (AKAP-PKAREATIEE)
HE-31 "#‘ FMP-API-1 V2R
AKAP AKAP SR PR ARAE

E2 AKAP-PKARAMEEIC X DSPKA/AQP2ENML

PKA AQP2
FMP-API1-1 PKA AQP2
FMP-API-1
V2R tolvaptan
FMP-API-1
FMP-API-1

FMP-API-1 (CAS 7005-43-8, 61445-49-6) FMP-API-1




AKAPs-PKA

(PMID:21177871)
FMP-API-1 PKA/AQP2

FMP-API-1  cAMP

PKA AQP2
5269 ( 3) FMP-API-1
FMP-API-1 — 100 300 900 1500 — FMP-API-1 — 100 300 900 1500 — _—
NIy — — — — — + TS — — — — — + (umls) KiBiBR
800 %
AQP2
(S269) 600
KA
Su't)):trates 400
(RRXpSI/T) AQP2 200
'y
: Actin Control FMP-API-1/ty7L>>
E3 FMP-API-1(Cc X3PKA/AQP2iEE{L/ER

FMP-API-1 AQP2
FMP-AP1-1/27 FMP-API-1 1/10 FMP-API-1
FMP-API1-1/27  C57BL/6
AQP2 ( 4) FMP-API-1/27
6 AQP2
FMP-AP1-1/27
PKA
FMP-API-1 INITLSUICED V2RIEZEZEFEFTOD
HN NH, AQP2Y >E{E RISEEDEIE
PKA :O/\G[ FMP-API27 —  + — -
Phospho-PKA HO O Jwrrsy - — 4 (mosmikgh,0) PRISIEE
Substrate oacr2 B | - 20001 %
FMP-API-1/27 ‘ soni 1000
PKA OH tAQP2 :::::: Tolvaptgn -+ u
< :[] < IOH actin Tiaasinell FMP-API1/27 — — |+
E4 FMP-API-1/27(c X3 I XBEEDAQP2EH{LIFA

FMP-API-1/27 / FMP-API-1/27
PKA/AQP2 o
FMP-API-1/27 ege

@ SRR
in silico 2 acee B
Ho Ho (S269) |

AKAPS-PKA OrQY @ Je
Ho B Ho AQP2
2" PO

PKAZAQP2 \—[ BRI LA ]—J

A
\7 of
i o T N

FMP-API-1/27 &
PKA/AQP2 P o | =2, (B

L (S269) |
oThnds "oape, "n%‘um;%’a-%‘:m

WENERT BIAN " s

E5 38772PKA/AQP2EIHEMFAZ I DL &M DS




2

Ando Fumiaki, Mori Shuichi, Yui Naofumi, Morimoto Tetsuji, Nomura Naohiro, Sohara
Eisei, Rai Tatemitsu, Sasaki Sei, Kondo Yoshiaki, Kagechika Hiroyuki, Uchida
Shinichi. AKAPs-PKA disruptors increase AQP2 activity independently of vasopressin
in a model of nephrogenic diabetes insipidus. Nat Commun. 2018; 9: 1411.
doi: 10.1038/s41467-018-03771-2. ;

Ando Fumiaki, Uchida Shinichi. Activation of AQP2 water channels without
vasopressin: therapeutic strategies for congenital nephrogenic diabetes insipidus.
Clin Exp Nephrol. 2018; 22(3): 501-507. doi: 10.1007/s10157-018-1544-8.

5
. . 29 , 2019.
Ando F, Yui N, Nomura N, Sohara E, Rai T, Sasaki S, Uchida S. AKAPs-PKA Disruptors
Robustly Increase AQP2 Activity Independently of Vasopressin. ASN Kidney Week 2018.

) ) . AKAPs-PKA

AQP2 .9 , 2018
. FMP-API-1 AQP2 —
—. 61 , 2018
113 , 2018
1
. 2018; 105-109.
0
0

http://www.tmd.ac.jp/archive-tmdu/kouhou/20180413 1.pdf

o

(MORI, shuichi)



