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Fig. 2 Effects of tenovin-6, TRPM6 expression, and extracellular Mg?" concentration on [Mg?'];
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Fig. 4 Effect of tenovin-6 and extracellular Mg?" concentration on ATP content
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Fig. 5 Effects of AMPK/mTOR signal inhibitors on CLDNs expression

3. 5 CLDN Ol B7EICR T HIETT I Ligih
REBEDZE
HOE SR YL a2 XY, CLDN $7 247 O R7EIC
KT BT R AR IEOEEERTFT LT, TOREER,
0.8 mM DOIEHF{ECTlX, CLDN7 LMD BRI/
ML, R~ 7 320 LR R TR I LY BRI T O A
EXEINL7 (Fig. 6), —J7, CLDN3 & 15 (X EICHIaE
WIS AL, (&~ 22 ARG BB IC LM E N T
DATEDEIMUTZ, L EXY, ZA T v 7 a kI
BIF D5 R EFBLEITEA S BT CLDNT (2D
UWNTC, BEREFRIT 21T 8T LT,
3. 6 AR/ N\ THEEICK T HIET T R LG
REOEE
A A A FiEtEE TER C, MIaRkRs TP
Z LY BATE CIRITU -, IR~ 1o AE I FE 120
TER MK FL, ZO%h %1% CLDN7 O /w247 A2 X0
=X (Fig. 7). £7-, CLDN7 O RIFE B LY TER 78

K F L7z, PL XY, CLDN7 (X EME A A O %
WA NS G DI EDNRE NI, WIS gt
XD RAERT LT LA, R~ 1oy LB TR S
FOFEEMEDEINL, ZOZRIT CLDNT D /v 7252
IVESNTZ, £7=, CLDN7 ORI BRI LKy 1%
WHEAME L7, BLEXY, CLDN7 13K 12k 4 25
Jaffl )T B Re a2 i b DL RS,

TRPM7 DEMREA A BIRVEAL R T 5720, AR

BAEE A WCTHND LA Al FAA o O MEE
AT, ZORER, ARENITE~ 7 R0 LG HIIR TR
(CEVHEBIZE(LLa0 ~72238, CLDNT FBLD /w77y
ANZEVIE LT (Fig. 8), F-, EFEAA LT N LA
A DEEIELE (Pe/Pre) BIK~ 7 R0 LSRR ERIC LA
BB L L2 57228, CLDNT FHLD /w7 272
K FUL7, BL XD, CLDN7 i3 F A4 Fil i a TriES
WAHZENRIBINIZ,



CLDN3 201 Merged

0.8 Mg

0.25 Mg

..%..%

Merged

CLDN7 Z20-1

0.8 Mg

0.25 Mg

Merged

CLDN15 Z0-1 DAPI

(=]
=
w
[am ]

(=]

=

[Ty

™~

[ ]

Fig. 6 Effect of Mg?" deficiency on the cellular localization of CLDNs

1
(@)
1



500 ¢ 500
—~ 400 — 400 F
E B
c.:‘-“ 300 s é 300
= vy %ok
& 200 i 200
== =
100 - 100 |
0 L] =} | 0
x W
z 2 & 8 ©O
» @ = 5
4] !
(7] —
O
0. SMg O 25 Mg
B
= 003 = 003p
E E
£ E
2 002} o S o02f
= #i =
S 3 o
g 001} 2 001}
& 2
= W
2 2 6 8 Q
@ @ - = =
g “
w -
— Q
0. BMg 0.25 Mg
Fig. 7 Effect of CLDN7 expression on paracellular permeability
= 1ar 151
= NS
£ mE NS
= | a4 | .
% 1.0 z 1.0 H&
8 {
=1 o
S 05 03
3
=
"% ® % "9 ® %
z z & 2 2 5§
0.8Mg 025Mg 0.8Mg 025Mg
Fig. 8 Effect of CLDN7 expression on dilution potential and Pci/Pa
4. B T EITIBE ORI B T 5, BFERENLERSN
MBI BICRBLT D~ R T LF ¥R ELT, Te~ 7227 L% TRPM6 Z9T L Tl B RGHia PN~
TRPM6, TRPM7, CNNM4 72 & B3 & ST 5, DIAEFL, CNNM4 Z/r L Tl M ~PEHE NS, £ D7
TRPM6 (I LB PRANAE DB ORI I EL TS W, %7 XY LOWILHTEIZIVT TRPM6 [T H
DITXFL, TRPM7 [ZEHICHEBLT 5, 72, CNNM4 EENZRT-T 0, EERE LOBMRITIIE DA TH



%o ABFFEIZINT, IERIZEY TRPM6 FELME F5%
ZEE R U, =7 R NP RE OMERF IR AT R
IRT2D, =TT DRI O B 3N s B R AR B -
THIENRBS D,

N8 B R ARRRIIECT B 8 DR E ROV
T, BIREA A 0RO EHIEGHS, N ETE
R AT DEGREFA L F v TR T AR — 2 —(C
Lo THREISNAZENMESIL TR, /v 7T TR~ Y
A% FWTRATICEY, CLDN (85922 LB
7po Tz, AAFRIZBWT, Eflin~7 AT CLDN3, 7,
15 OFBLENEIL, CLDN4, 8 O3 BLENE 52
xRz, ESBIZ, v 7 X 7.AE CLDN FEEOBIR
BRI ETD, =T R AEEOIK T IZED CLDN3,
7, 15 OFBLENPHIMLT-, CLDN3, 15 [Z¥ A v
Al Lo Tz, 2L ORI AR TH D,
—7J7, CLDN7 LR ST HERE D BIRA G~ 7225,
CLDN7 (35 st L TN T, SR AANTHL TR
TEIGRT HIENRIBES LT, 2 ETIZ CLDNT (34
FTAA BB EZTTESELZERNRESNTEVY,
Fox OFERITBEOREEL—EKT D,

b NG R 2R Caco-2 Ml A W= AT 1238 T
AMPK JEMEALFIRLERZ S > CHEE BRI TER 238
ML, &5 17 F A7 (4000 Da) DFEMEAME F L2
EDD, AMPK 13T REZTR(L T 5EE 2 DTN Y,
— 5, B~ R LA~ ORI X > T MCE301 #f
> AMPK ZiEMALLT=EZA, LY @ik FLiz
23, TER DMEMLT-, 2072, AMPK 13K 7-12%b 7
HNUT KRB A IR T A LRSI, — T, BB AA
CVEBMEOZERIL, AR, MR, FRROE W EN
WRELIEEBZONDT-D, SLRDRFDMLETHD,

5. SER0DZEE

ARFFECIL, MEIZEY TRPM6 BHOIK FEML T
Mg DMK F952 L, Mg DK Fizkh CLDN3, 7,
15 OFBENHINTHZL, CLDN3, 7, 15 OFE BN
(2 AMPK OIFMAL G2 2L, LasL, £

D FHRIAFAET D mTOR [EBI G- Ligh o772, #25
Bk FZ& &, ZiHo CLDN OFE BRI it
DN HD, F=, CLDN3 & CLDNI15 (FHA N7

var SO RHEDNBEES R T2720, PUiREEEL T

PRSI 2LEbIT, BREMT 21 TOLEN DD,

6. HitE

KA IZAT T HICHTZ, B E N2 T2

W FIE N Vb e A o ARFFE I JE AL L E

FET

7. X ®

1) Furukawa, C., Ishizuka, N., Hayashi, H., Fujii, N.,
Manabe, A., Tabuchi, Y., Matsunaga, T., Endo, S.,
Ikari, A., Up-regulation of claudin-2 expression by
aldosterone in colonic epithelial cells of mice fed with
NaCl-depleted diets, Sci. Rep., 7, 12223 (2017).

2) Hirota, C., Takashina, Y., Ikumi, N., Ishizuka, N.,
Hayashi, H., Tabuchi, Y., Yoshino, Y., Matsunaga,
T., Ikari, A., Inverse regulation of claudin-2 and -7
expression by p53 and hepatocyte nuclear factor
4alpha in colonic MCE301 cells, Tissue Barriers, 9,
1860409 (2021).

3) Tamura, A., Hayashi, H., Imasato, M., Yamazaki, Y.,
Hagiwara, A., Wada, M., Noda, T., Watanabe, M.,
Suzuki, Y., Tsukita, S., Loss of claudin-15, but not
claudin-2, causes Na+ deficiency and glucose
malabsorption in mouse small intestine,
Gastroenterology, 140, 913-923 (2011).

4) Hou,J.,, Gomes, A.S., Paul, D.L., Goodenough, D.A.,
Study of claudin function by RNA interference, J Biol
Chem, 281, 36117-36123 (2006).

5) Sun, X, Yang, Q., Rogers, C.J., Du, M., Zhu, M.J.,
AMPK improves gut epithelial differentiation and
barrier function via regulating Cdx2 expression, Cell
Death Differ, 24, 819-831 (2017).



No. 2215

Effects of Aging and Magnesium Metabolism Disorder on Paracellular NaCl

Transport in Intestines

Akira Ikari', Hisayoshi Hayashi?, Yoshiaki Tabuchi®, Yuta Yoshino!

! Department of Biopharmaceutical Sciences, Gifu Pharmaceutical University,
2 School of Food and Nutritional Sciences, University of Shizuoka,

3 Life Science Research Center, University of Toyama

Summary

Intracellular Mg?* functions as a cofactor for ATP-dependent enzymes and plays an important role in the control of
physiological homeostasis. Hypertension, diabetes, and chronic kidney disease may be worsened by Mg?* deficiency.
However, the effect of Mg?* deficiency on geriatric diseases is largely unknown. NaCl was previously thought to be
absorbed via various ion channels and transporters in the plasma membrane of intestinal epithelial cells. Recently, the
involvement of claudins (CLDNs), which are components of tight junctions (TJs), has been clarified. CLDNs contains
subtypes over 20 and the function of TJs are controlled by the combination of each CLDNs. Here, we investigated the
effect of aging and Mg?* deficiency on the expression and function of CLDNGs.

So far, we found that the colonic expression levels of CLDN3, 7, 15 in aged mice are higher than those in young
mice. Mg?" deficiency induced the elevation of CLDN3, 7, and 15 expression in the mouse colon-derived MCE301
cells. In addition, ATP level was reduced by Mg?* deficiency. The reduction of ATP content induces the activation
of AMP-activated protein kinase (AMPK)/ mammalian target of rapamycin (mTOR) pathway. The elevation of CLDN3,
7, and 15 expression was inhibited by an AMPK inhibitor, but not by a mTOR activator. These results indicate that
other downstream factors may be involved in the upregulation of these CLDNs. In the immunofluorescence assay,
CLDN7 was localized at the TJs under normal conditions, whereas both CLDN3 and CLDN15 were mainly distributed
in the cytosol. The fluorescence signals of these CLDNs were enhanced by Mg?* deficiency, but the localization was
unchanged. Transepithelial electrical resistance (TER) was decreased by Mg?* deficiency, which was partially inhibited
by CLDN7 silencing. In contrast, TER was decreased by CLDN7 overexpression. In a dilution assay, the ratio of
permeability of CI" to Na* was unchanged by Mg?* deficiency, but that was reduced by CLDN7 silencing. Our data

indicate that NaCl permeability may be enhanced with aging mediated via the change of some CLDNSs expression.



