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EFTCARNT I RAZBI ol IR T 2 DirERL,
15,000 rppm, 4°CIZ7C 15 43 filiztoL, S 7oK Jg 2 [m]Ue
LT, KBIZEED 2-7 ) —VENZ, RIVT I A
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CA, USA) THLBEL7-#%, ~7 AR LIHFY A /L ZH KIS
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fisi cDNA, 2xSYBR Premix Ex Taq 35 U* ROX Reference
Dyell (TaKaRa Bio Inc., Shiga, Japan) Z > C, 95°C30%>
95°C 5 FHI60°C 30 Fb% 40 H 1/ L D 4 FC, Applied
Biosystems® StepOnePlus™U 7 )L X A L PCR VAT A
(Thermo Fisher Scientific Inc., MA, USA) IZLVI T L2 A
2 PCR ZAT72o7, WHEIERELL T GAPDH Z MV T4%
T—HEMIEL, AL I ~—%2R 1R,

Table 1 Primer for quantitative PCR

Sense CATCCACAGTCTTCTGGGTG
GAPDH

Anti-sense  CTGCACCACCAACTGCTTAGC

Sense CGAACCTGCGATGAGTACGA
Claudinl6

Anti-sense  CCAAGGAGCAGGGTGATGAA

Sense GAGGAAAATCTGGACAGTTGGAA
TRPM6

Anti-sense  GTTTAGCGTGGTGAGCTTGCT
3. MIEHER

3.1 KRF /Y OF7 bR I RELLET—4
KRF-/-~UADRBI G T 572012, R —
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L77 KRFH+B L KRFH-7 AL ERL, A&, &
BEHE~ — 1 — L7 D IMHE Cre R B L OUM IR FEHRIC
ZEALIZ RS20 -7z (Figure 1A-C) , 5|21 FHA A4
b Ca ¥R, 24 WEREJR 1 Ca PRIl &, 24 W3 Ca HF
e, MY PiJREE, 24 BRERIR T P BSLOY, 24 RefER
Pi HEIEEIZ WT =7 28 W hetero <7 A& Lk L KRF-
[~ AZB W TEIE AN 2h > 7= (Figure 2A-F)
WIZ, SRTAREBHIB W T EEL2HHIN - THLHIEME
B 23 D, BIFCREEA/LES PTH, 3500 FGF23 I
JEZRRELIZEZA, MAiEHERE 23 D REICE X
FOIIRI TS, L PTH B LU F FGF23 i
2B e ERPRDBIE (Figure 2G-T)
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Figure 1 Biochemical data in KRF knockout mice
Metabolic cages were used for measurement of 24-h food intake
(g/day), and collection of urine, and feces from mice. (A) Food
intake, (B) plasma creatinine, (C) plasma blood urea nitrogen. Male
KRF+/+, KRF+/-, and KRF-/- mice at 89 weeks of age
(n=30-50). Values are mean + SE.
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Figure 2 Calcium and phosphate metabolism in KRF
knockout mice

(A-I) blood ionized Ca, fecal Ca excretion, urinary Ca excretion,
plasma Pi, fecal Pi excretion, urinary Pi excretion,
plasmal,25(OH)2D, plasma intact PTH, serum intact FGF23 levels
of Male KRF+/+, KRF+/-, and KRF-/- mice at 8-9 weeks of age.
Values are mean + SE (n = 10 - 20). a’p<0.01 vs. KRF+/+ mice.
b’ p<0.01 vs. KRF+/- mice.

3. 2 KRF /997 ORI RIZHE T DERES

KRF-/-~7 A%, FlZ2m s PTH JREEHB KO FGF23
TRE A RUIZZ ENBARICER L R TOVAIEIVR
ST lzsh, IXRTVHEINC R RO A KAk K

OLMER~— A —%5% fei8 L 7= (Figure 3A) , KRF-/-~77
AL [FRRICE 221 FGF23 #2538 5005 klotho /
YT IR ALY TITHE SN TWD I I BB
EI2 A RAL TR O B LT (Figure 3A) , LAL7R3H
KRF-/-~ 7 AR BN CAIKALITRRO BTz,
FBE D FGF23 1RLIERORAE, Mk 1B
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Figure 3 Renal calcification and Quantitative polymerase
chain reaction (qPCR) analysis of hypertrophy,
inflammation, and fibrosis markers in KRF knockout mice.
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37E

KRF-/-~ D AD~ 7 2207 LRI T 2 KB A1
szl K@ —vEAvclt, R —4%
fift# L7= (Figure 4A-C) , KRF +/+3 X O-/-~7 AIZH0)
T ~7 1oy LRE, EBIWRF~7 R0 L8k
M EICHERZTRDOLNR2D 5Tz, B~ 1
7 L HEHEBE Sy 7T D Claudinl6 33108 Trpm6 mRNA
ZWeRLIZL 25 KRF H+~7 A& KRF-/-~0 A% gL
T Claudinl6bmRNA FILUH BERZDBDOLIL) T
23, Trpm6 mRNA ZEL L TRAP-/-~T AZHBWTHER
KT 23580 b7 (Figure 4D, 4E)
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Figure 4 Magnesium metabolic parameters in KRF
knockout mice.

(A-C) Plasma Mg, fecal Mg excretion, urinary Mg excretion levels
of Male KRF+/+, and KRF-/- mice at 8-9 weeks of age. Values are
mean = SE (n=5-10). (D, F) Quantitative polymerase chain
reaction (qQPCR) analysis of claudin 16 and Trpm6 expression in
renal tissue. GAPDH was used as an internal control. Values are
mean £ SE (n =5). #p<0.05.
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AN TDY b~ 7 22D AOBRIEIZ DV TORRET
HED TV T EET D,



6

R A/ AR SRR EEN I AL L P

. R
AT AT DICHTZOHIFE B R A\ 272 VT AR

7. X #k

1.

Kuro-o M: Klotho, phosphate and FGF-23 in ageing and
disturbed mineral metabolism. Nat Rev Nephrol 9: 650-
60. 2013

Kuro-o M: Klotho in health and disease. Curr Opin
Nephrol Hypertens 21: 362-8. 2012

Dalton G, An SW, Al-Juboori SI, Nischan N, Yoon J,
Dobrinskikh E, Hilgemann DW, Xie J, Luby-Phelps K,
Kohler JJ, Birnbaumer L, and Huang CL: Soluble klotho
binds monosialoganglioside to regulate membrane
microdomains and growth factor signaling. Proc Natl
Acad Sci U S A 114: 752-7. 2017

Xie J, Yoon J, An SW, Kuro-o M, and Huang CL:
Soluble Klotho Protects against Uremic
Cardiomyopathy Independently of Fibroblast Growth
Factor 23 and Phosphate. ] Am Soc Nephrol 26: 1150-
60. 2015

Dalton GD, Xie J, An SW, and Huang CL: New Insights
into the Mechanism of Action of Soluble Klotho. Front
Endocrinol (Lausanne) 8: 323. 2017

Hanazaki A, Ikuta K, Sasaki S, Sasaki S, Koike M,
Tanifuji K, Arima Y, Kaneko I, Shiozaki Y, Tatsumi S,
Hasegawa T, Amizuka N, Miyamoto KI, and Segawa H:
Role of sodium-dependent Pi transporter/Npt2c on Pi

homeostasis in klotho knockout mice different properties

7.

10.

11.

12.

13.

between juvenile and adult stages. Physiol Rep 8: e14324.
2020
Segawa H, Yamanaka S, Ohno Y, Onitsuka A, Shiozawa
K, Aranami F, Furutani J, Tomoe Y, Ito M, Kuwahata M,
Imura A, Nabeshima Y, and Miyamoto K: Correlation
between hyperphosphatemia and type II Na-Pi
cotransporter activity in klotho mice. Am J Physiol Renal
Physiol 292: F769-79. 2007
Sprague SM, Martin KJ, and Coyne DW: Phosphate
Balance and CKD-Mineral Bone Disease. Kidney Int
Rep 6: 2049-58. 2021
Haffner D, and Leifheit-Nestler M: Extrarenal effects of
FGF23. Pediatr Nephrol 32: 753-65. 2017

Rroji M, Figurek A, Viggiano D, Capasso G, and
Spasovski G: Phosphate in the Context of Cognitive
Impairment and Other Neurological Disorders
Occurrence in Chronic Kidney Disease. Int J Mol Sci 23:
2022

Sakaguchi Y: The emerging role of magnesium in CKD.
Clin Exp Nephrol 26: 379-84. 2022

Sasaki S, Shiozaki Y, Hanazaki A, Koike M, Tanifuji
K, Uga M, Kawahara K, Kaneko I, Kawamoto Y,
Wiriyasermkul P, Hasegawa T, Amizuka N, Miyamoto
KI, Nagamori S, Kanai Y, and Segawa H: Tmem174, a
regulator  of
hyperphosphatemia. Sci Rep 12: 6353. 2022

Hernando N, Gagnon K, and Lederer E: Phosphate

phosphate  transporter  prevents

Transport in Epithelial and Nonepithelial Tissue. Physiol
Rev 101: 1-35. 2021



No. 2130

Mineral Nutrient Linked Anti-aging Regulation: A Novel Mechanism Involving

Magnesium

Hiroko Segawa
Department of Applied nutrition Institute of Biomedical Sciences, Tokushima University Graduate School

Summary

Hyperphosphatemia in chronic kidney disease (CKD) leads to ectopic calcification and secondary
hyperparathyroidism and is considered an aggravating factor in cardiovascular mortality. Currently, not only blood
phosphorus levels but also the phosphorus diuretic factor Fibroblast growth factor (FGF)23 and parathyroid hormone
(PTH) are thought to have adverse effects on various organs and cells. FGF23 has been reported to be involved in
various organ damage and aging progression throughout the body. On the other hand, hypomagnesemia is a predictor
of death in any stage of CKD, and magnesium has been reported to have an inhibitory effect on vascular calcification
associated with hyperphosphatemia. Thus, the presence of magnesium is very important in a state of disrupted
phosphorus metabolism.  Klotho acts as a co-receptor for FGF23. a-Klotho knockout (KO) mice show
hyperphosphatemia, hypervitaminosis D, growth retardation, and short life span, thus acting as an anti-aging factor via
mineral regulation. We recently identified a molecule involved in this system, aKlotho-regulatory factor (KRF), and
KRF KOs show elevated levels of FGF23 in blood, comparable to aKlotho KO mice. In addition, KRF and related
molecules were searched for, and magnesium-related molecules were detected, suggesting that KRF may be involved in
magnesium metabolism. In this study, we examined the basic analysis of magnesium in KRF KO mice to clarify the
FGF23/aKlotho-KRP-magnesium metabolic system.

Although there were no significant differences in calcium, phosphate, magnesium blood levels, fecal and urinary
excretion in KRF KO mice compared to wild-type mice, blood FGF23 and PTH levels were highly increased in KRF KO
mice. Kidney Trpm6 mRNA expression was significantly decreased, but no organ damage such as vascular calcification
or inflammation was observed in KRF KO mice.

Although we were unable to clarify the relationship between KRF and magnesium metabolism in this study, we plan

to examine extrarenal organs and intracellular magnesium content using dietary modulation and CKD models in the future.



