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Background: In the kidney, OSR1 and SPAK kinases, mainly expressed from the
thick ascending 1imb (TAL) to downstream tubules, have been known as upstream
stimulators of Na'-(K")-(2)Cl cotransporter [N(K)CC] by phosphorylating their
Thr/Ser residues in the N-terminal conserved domain. We had successfully created
SPAK”" mice which manifested Gitelman syndrome phenotype (hypokalemia,
hypomagnesaemia and hypocalciuria) with increased total and phosphorylated
(p-)NKCC2 and reduced total and p-NCC abundance. Purpose and Methods: To tease
apart the physiological role OSR1 and SPAK 1n the kidney, we also generated and
analyzed the OSRI knockout mice by targeting disruption of exons 9 and 10 of
Oxsrl gene. Because global OSRI” mice were embryonic lethal before E13.5D,
the kidney-specific (KSP-) OSR1” mice were created by crossing OSR1 floxed mice
with cadherin 16 promoter-driven Cre recombinase mice. Results: Compared with
wild-type littermates, KSP-OSR1” mice exhibited mild hypokalemia and
hypercalciuria. The expression of total NKCC2 was mild significantly increased

but that of phosphorylated (p-)NKCC2 was dramatically attenuated. Total SPAK,



p-SPAK, total NCC and p-NCC was significantly increased. Blunted response to
furosemide but normal response to thiazide was also observed in KSP-OSR1™ mice.
The expression of ENaC, Maxi-K and epithelium Ca™ channels (TRPVS/6) were also
significantly increased. Conclusion: These results suggested that NKCC2 but
not NCC 1s the main target of OSRl in the renal tubule. Reduced NKCC2

phosphorylation and function with a compensatory enhanced NCC, ENaC, Maxi-K,
and TRPVS5/6 expression might be responsible for the Bartter-like phenotype in

the KSP-OSR1” mice due to Na" and Ca™-loss in the TAL.
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Background: Increased phosphorylation of thiazide-sensitive Na'-Cl
cotransport (NCC) in T55, T60, and S73 by SPAK/OSR1 kinases can enhance its
function, and defective NCC phosphorylation especially in T60 dramatically
reduces 1ts function without affecting 1ts membrane trafficking in 7z vitro
study. In human, NCCT60Mmutation 1s very common in Asian patients with Gitelman
syndrome (GS) characterized by renal salt wasting, hypokalemia, hypomagnesemia,
and hypocalciuria.

Purpose and Methods: To explore the molecular mechanism(s) of GS with NCC
T60M mutation 7z vivo, we created and analyzed Ncc TS8M (corresponding to human
T60M) knockin mice and crossed with Wnk4”™"* knockin mice [a Gordon syndrome
(PHAIT) animal model with an activated Wnk4-Spak/Osrl-Ncc signal cascade]
featuring a mirror image of GS.

TS8M/+

Results: Compared with wild-type and Nec™ littermates, Nec™ '™ mice
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TS8M/TS8M

recapitulated typical phenotype of GS. Total and p-Ncc in the kidneys of Ncc
were remarkably reduced despite normal abundance of their mRNAs. Immuno-gold
stain revealed that mutant Ncc (TS58M) was located in the sub-apical region of

DS61A/+

distal convoluted tubules. Moreover, PHAII phenotype in the Wnk4 mice were

P mice. Reduced total and p-Ncc expression

corrected by crossing with Ncc
even with a constitutive stimulation of Spak/Osrl was observed in Wnk4 D561A
and Ncc T58M double knockin mice.

Conclusion: These results suggest that reduced NCC expression was the

molecular mechanism of GS with NCC ToOM mutation and reiterate that increased
phosphorylation of NCC by the WNK4-SPAK/OSR1-NCC signal cascade in the main
pathogenesis of PHAII
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Gitelman s syndrome (GS) is caused by the mutations in SLC/243 encoding
the thiazide-sensitive NaCl cotransporter (NCC) 1in the distal convoluted
ducts (DCT). We have identified 37 different SLC/243 mutations including
three deep intronic mutations (IVS13-191C>T and IVS214253C>T, 1VS23-13T>C)
detected by cDNA analysis from 80 unrelated GS families. Halpotype analysis
for the recurrent mutants revealed that most of themare mutational hot spots.
In the phenotype and genotype analysis, GS patients do not always have
hypomagnesemia and hypocalciuria and carrying intronic mutations and triple
mutations appear to have severe phenotype. To further elucidate the
mechanisms of renal handling of sodium, potassium, calcium, and magnesium,
and of specificmutations in GS, we faithfully created two GS-causing knockin
mice. One 1s nonsense S707X corresponding to human S710X as the common
hotspot in Taiwan and the other missense TS8M corresponding to human TOOM
as the most important phosphorylation site of OSR1/SPAK kinase, an upstream
regulator of NCC and the downstream effectors of WNK kinase. Both NCC S707X
and T60M knockin mice fully recapitulated typical phenotypes of GS. The

upregulation of TRPVS and TRPV6 and of ROMKI and Maxi-K found in GS mice was
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further confirmed by renal biopsy from the GS patients. T60M mice had a marked
decrease 1n total and apical NCC expression of DCT and corrected the
phenotypes of pseudohypoaldosteronism II (PHAII)-causing WNK4 D516A knockin
mice (NCC phosphorylation-activated state), suggesting that this NCC
phosphorylation site may be involved in the NCC trafficking/sorting. Future
rescue therapies will be tested in these knockin mice.

P EREE(GS) = RVRPY SRLASR B AT B thiazidedr@if®
5% HFIEE (NaCl - cotransporter; NCC)LWFTI?@‘I’EEMQ?\ TR =P
e TS A 80 f[“%i‘ﬁ'%%ﬁkﬁ%f}féﬁﬁd 37 7 [l SLCT 243 B PRE A g -
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