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In this study we found that TRPM4 a cation channel molecule and neuroligin a
synapse protein play a role for podocyte differentiation to form the slit diaphragm. We
established the culture technique to form foot process in metanephroi from e-18 rat
embryo. It is expected that the transformation of these molecules can enhance the
podocyte differentiation. It is convinced that the findings obtained in this study
contribute to the establishment the technique to convert the immature podocyte to the
differentiated podocyte with the interdigitated foot processes and the slit diaphragm.

SR TERA
(BREHAT - 1)
JELAEE [A] BERE 2L & &t
SATIRERA 2,800, 000 840, 000 3, 640, 000

Woess e . ERIRE

BHAEDOSE - MH - WESRERRE S - BIBAES

F—U— R REKIR B, AR b BEE, RV » MNE, BTFFF v o x,
DR YN

1. BRI AR 15 B ke 14D T B TH B
WPER AR ORIEEL, B, BB
BIEL RS BBRERONZEE L% | o mroBm

DWWV ORBURTH D, BIfE, &H
THIBOH ANDOF NI ENT =2 T8 b, £
O A ME, FEM1HEBLZ TS E#®
EINTWS, BREICELFERELE LTE
T2 DITBMHRER IR 28, BEIRIFMERE 72 &
DAREREEBTH D, REREZFAESELH
WiaHRT 52 L1, BASETH T

SRERR ORE IR IEIEERE ORI R b
HE A CTH D RERIK LRz (R R4
B ) I TR RE 2 B 72 A WER BRI T 5
AWFgeo BE9IE, (DA KYA bosyvl - ik
B RIAT 52 L, (K YA Fomi
BRAM IR 2 R K9 MoofbisE X85 ik



ZPHE L. AN A P2l ESEDL I LICK
D RERISEERE A [RITE S & 5 HTIED BRI D IZ
DOIRENITEEHED D Z & TH D,

3. WrFEDHiE

(DAY~ % EAlE, R YA Fo#s
FTa T AN KT v BB R,
RERIA 2 BB 5, SSRBAMEBE T COBIEE T,
R~ BRHIEEL T DRERIE (%)
ER T R SEET D, 5 DT RERIRE
M % collagenase LB L | I % 55
SH HR Y F o ERHWE A=
VT LR R A N EBEL T, EF
BELT-AR Ty~ BN L AR~ 5 ER R
BOEET D, HONTeAR Ry A b, Ao~
% LMo BE RO 77 A4
T a1 o7,

(2) B#A RV A~ (Dr. M. Mundel XV fit
5 DRSS T ORI L S St T
DFEOEEF T a7 74 Y T EITV, 4
b, FREGETE CRELNEMNT 20 F DR %
1To7,

(3) WA 15.5 BT v M D L72% %
JRAREER R & O TRl AR TR BN (L
T 5T EIEET HIEEEIToT,
(DR FHFIZTZINETOME T T A
/NEBIHE S8R R A MIZRILL TEY
R RYA N OBERE Y O N6 2 B -
LTEDLZEERTHAEZSE TR, v
A /NEBIHE S8R R A b o4 bREE D
R, MERFICEHEERER AR LTS EE
ZTCW5, YT AREG FREOAR KA b
TOFRB, A LARER TORBL OB DT 2
1T-o7,

(5) L0 (1-5) DR CTH LT FRED Sy
(LB ERERE 2 fRAT 9~ 5 726D, siRNA 47 % H
WY F% /) v 7 B0 ST EEER
N+ N OREBLIES, BEEESY T DR BLORRET
{1077,

4. WrIERLE

(1)Subtractioni®, Differential displayiZ,
WA — 2 o B W RETTR R A B
DMAEE DAL, HEFFICBE DD T L LT
20 FED Sy 1 & [FIE LTz,
(2)B5A:15.5, 18.5HM T v M OHEHI U721
YR AR R A TN L. B T TR
DR ENDDEEE L, ZORITEER
TERHEFE DRBTOT-DICHERATH D EE 25
ns,

) WAL — 4 B COfET, Adherens
junctionBd#E 3 OIRFULTNAR R4 FdD
REASGIZEE L TWB Z & 2T T Ra 5
775

(4) 73 FF 2 F % X5+ T HTRPM D R ER
IR _E R FE ECHRIC R B L T D 2 & &8s
L7z (K1) . TRRMMEIARALA K¥-A R TO

FEBLUIHRD TURLS R YA F ok e & Hi
ZTORABHEHRSHZ L (M2) AV b
DY 7 —FERE 2 e L2 A TIE B oD
HELWERTRRBOONL Z 2B L (K
3) .

X 1

TRPMA4 L% Ek{k
EHmEEER TR
FEHEGINI—2T
Ry (W)
2
SEEH
ADKEY  omm
Dish1 Dish2 Dish3
TRPMA4EISERED RS A+
THOHFEBRMNERIND,
X 3

A)yhEEE(ZX
SEBRREERTR
PMADREBIIEHL
MNZETLTLS,

(6) 7 AR & #5501 T & HNeurexin-
Neuroligin A A U v FMEERIZHEBLL TV D

ZE (K4) . AV MEOARY T —HEED
KT, TORBMETLTND Z & 2 Els
L72, NeuroliginZ / v 7 7 U b L7-Be&ER
R A b CILAR R B2 5 258 O = ZARE R
ToHD720-10FBL, RENZENT D & %28
£ 1L7-. ZOFTAIL, Neuroligin 2374 K
A4 FOIHLEE TH D LR E OMINR S
WE O, MERICEEZRZL TS 2 L
PRrLTWbhEEZLND, (X5)



X 4

Neurologinl& & Ik{A
EMMERTH->
AY SaMAG LT
na,

X 5

RS APDZ0- 1D IR

Control siRNA

Neuroligin siRNA

NeurologinZ /vo 4 LT-#laTI&
20- 1D RENEILT HOI MBS

D SR By e Mt N A & 1 R e
LRFZET, N KA b GRERIA LRI o
SHEREE DTER. MEFFICB D 505 F 2 FET
H T LN TE T, TRPM4, NeuroliginiZB99 2%
B H O RIL 5600 B AR P AT S
(AL, 2013%5H) 2B\ THE L7,
ARIOMZETEHE LN MAIX, EARED
D WD CEE R BRIER 25| & 2 3 HK &
TR DR Dy TRESE ORI, & AR OIS IER
FOMRBIZ SRR EERERTH D, iz,

ARIFEE LIy + 2l BT 5 2 sk,

SLBEICSRT D ENTE D EEZ BN
b, SEIOMIETH K¥A4 b CRERIK LR/
) Dbz X B RERIKFRAIEDBRR D7D
DEEREREFDH LN TET,

5. TR

(WFFEAREKFE . WFEoy 035 R OV EERF 20 1

=)

CMERERR S0 (B 20 1)

1. Lakshmanan AP, Harima M, Suzuki K,
Soetikno V, Nagata M, Nakamura T,
Takahashi T, Sone H, Kawachi H,
Watanabe K. The hyperglycemia
stimulated myo- cardial endoplasmic
reticulum (ER) stress contributes to
diabetic  cardiomyopathy in  the
transgenic non-obese type 2 diabetic
rats: a differential role of unfolded
protein response (UPR) signaling
proteins. Int J Biochem Cell Biol.
45:438-447.2013

doi:10.1016/j.biocel.2012.09.017. (& A)

N G N P NS S SN L ES SR AN

= Bz

BORERIR ERGMIAE (R R¥ A k) U » b
DR L HERE— ARB O 7R K1 MMii#
{£H —Pharma Medica. 2013 Hlild

. Soetikno V, Sari FR, Lakshmanan AP,

Arumugam S, Harima M, Suzuki K,
Kawachi H, Watanabe K. Curcumin
alleviates oxidative stress,
inflammation, and renal fibrosis in
remnant kidney through the
Nrf2-keapl pathway. Mol Nutr Food
Res. 2012 doi:  10.1002/mnfr.
201200540. (#FEf)

. Soetikno V, Sari FR, Sukumaran V,

Lakshmanan AP, Harima M, Suzuki
K, Kawachi H, Watanabe K.
Curcumin decreases renal triglyceride
accumulation through AMPK-SREBP
signaling pathway in
streptozotocin-induced type 1 diabetic
rats.J Nutr Biochem. 2012 Aug 13.
doi: 10.1016/j.jnutbio.2012.04.013. (&

FiAT)

. Yamaguchi H, Suzuki K, Nagata M,

Kawase T, Sukumaran Vv,
Thandavarayan RA, Kawauchi Y,
Yokoyama J, Tomita M, Kawachi H,
Watanabe K, Yoneyama H, Asakura H,
Takagi R. Irsogladine maleate
ameliorates inflammation and fibrosis
in mice with chronic colitis
induced by dextran sulfate
sodium. Med Mol Morphol. 45: 140
-151.2012 (&#ifd) .

. Ramadan R, Faour D, Awad H,

Khateeb E, Cohen R, Yahia A,
Torgovicky R, Cohen R, Lazari D,
Kawachi H, Abassi Z. Early treatment
with everolimus exerts
nephroprotective effect in rats with
adriamycin-induced nephropathy.
Nephrol Dial Transplant. 27:2231
-2241. 2012 doi: 10.1093/ndt/gfr581.
(EFA)

. Tanabe M, Shimizu A, Masuda Y,

Kataoka M, Ishikawa A, Wakamatsu
K, Mii A, Fujita E, Higo S, Kan.
Development of lymphatic
vasculature and morphological
characterization in rat kidney. Clin
Exp Nephrol. 16:833-842.2012 doi:
10.1007/s10157- 012-0637-z. (F#HH)

. Sofue T, Kiyomoto H, Kobori H,

Urushihara M, Nishijima Y, Kaifu K,
Hara T, Matsumoto S, Ichimura A,



Ohsaki H, Hitomi H, Kawachi H,
Hayden MR, Whaley-Connell A, Sowers
JR, Ito S, Kohno M, Nishiyama A. Early
treatment with olmesartan prevents
juxtamedullary glomerular podocyte

injury and the onset of
microalbuminuria in type 2 diabetic
rats. Am dJ Hypertens.
25(5):604-11.2012 doi:

10.1038/ajh.2012.1. (&#HA)

. Sato A, Piao H, Nozawa Y, Morioka T,
Kawachi H, Oite T. Local delivery of a
direct renin inhibitor into the kidney
ameliorates progression of experimental
glomerulonephritis. Clin Exp
Nephrol. :539-48. 2012 doi: 10.1007/
s10157-012-0601-y. (&FeH)

10.Toyama K, Morisaki H, Cheng J,

Kawachi H, Shimizu F, Ikawa M, Okabe
M, DMorisaki T. Proteinuria in
AMPD2-deficient mice. Genes Cells.
17:28-38.2012 doi: 10.1111/5.1365-
2443.2011.01568.x. (&wif)

11.Kinoshita Y, Kondo S, Urushihara M,

Suga K, Matsuura S, Takamatsu M,
Shimizu M, Nishiyama A, Kawachi H,
Kagami S. Angiotensin II type 1
receptor blockade suppresses
glomerular renin-angiotensin system
activation, oxidative stress, and
progressive glomerular injury in rat
anti-glomerular basement membrane
glomerulonephritis. Transl Res.
158:235-48.2012 doi:
10.1016/).trs1.2011.05.003. (&HHH)

12.Soetikno V, Sari FR, Veeraveedu PT,

Thandavarayan RA, Harima M,
Sukumaran V, Lakshmanan AP, Suzuki
K, Kawachi H, Watanabe K. Curcumin
ameliorates macrophage infiltration by
inhibiting NF-xkB activation and
proinflammatory cytokines in
streptozotocin induced-diabetic
nephropathy. Nutr Metab (Lond).
8:35.2011 doi: 10.1186/1743-7075-8-35.
(EHA)

13.Suzuki K, Sun X, Nagata M, Kawase T,

Yamaguchi H, Sukumaran V, Kawauchi
Y, Kawachi H, Nishino T, Watanabe K,
Yoneyama H, Asakura H. Analysis of
intestinal fibrosis in chronic colitis in
mice induced by dextran sulfate sodium.
Pathol Int. 61:228-238.2011  doi:
10.1111/.1440-1827.2011.02647.x. (%
WA

14.Tkezumi Y, Suzuki T, Karasawa T,

Hasegawa H, Yamada T, Imai N, Narita

I, Kawachi H, Polkinghorne KR,
Nikolic-Paterson DJ, Uchiyama M.
Identification of alternatively activated
macrophages in new-onset paediatric

and adult immunoglobulin A
nephropathy: potential role n
mesangial matrix expansion.
Histopathology 58:198-210. 2011:

doi: 10.1111/.1365-2559.2011.03742.x.
(EHef)

15.Saito A, Miyauchi N, Hashimoto T,
Karasawa T, Han GD, Kayaba M, Sumi
T, Tomita M, Ikezumi Y, Suzuki K,
Koitabashi Y, Shimizu F, Kawachi H.
Neurexin-1, a presynatic adhesion
molecule, localizes at the slit diaphragm
of the glomerular podocytes in kidneys.
Am J Physiol Regulatory Integrative
Comparative Physiology 300:
R340-R348. 2011 doi: 10.1152/
ajpregu.00640.2009  (&HFHAH)

16. Ohtsuka Y, Kanaji T, Nishi M, Sakai N,
Sato T, Aoki S, Wakayama K, Nakazato
S, Hisano S, Sado Y, Kawachi H,
Izuhara K, Hamasaki Y. A notable case
report of May-Hegglin anomaly with
immune complex-related nephropathy:
a genetic and histological analysis. Clin
Nephrol 75:255-262, 2011 doi:
10.5414/CNP75255  (##if)

17.Kojima K, Nosaka H, Kishimoto Y,
Nishiyama Y, Fukuda S, Shimada M,
Kodaka K, Saito F, Matsumura K,
Shimizu T, Toda T, Takeda S, Kawachi
H, Uchida S. Defective glycosylation of
a-dystroglycan contributes to podocyte
flattening. Kidney Int 79:311-316. 2011
doi: 10.1038/ki.2010.403 (&t fH)

18.Miyasato K, Takabatake Y, Kaimori J,
Kimura T, Kitamura H, Kawachi H, Li
XK, Hunig T, Takahara S, Rakugi H,
Isaka Y. CD28 superagonist-induced
regulatory T cell expansion ameliorates
mesangio  proliferative  glomerulo-
nephritis in rats. Clin Exp Nephrol
15:50-57. 2011 doi:
10.1007/s10157-010-0370-4. (&EHA)

19. A%, KHIEK,
EVERERE (RS ML B iE)
g 33 : 227-231, 2011

20. EHER, FAA.
JL—T ABERET L
Bl 34 : 48 -53, 2011




(% #E] Gt 23 1)

1.

10.

11.

ER Y. TRPM4 OF ¥4 M2
HEBFER, 2 7n—FPEFLICEIT S
FEEEEORKRT. 56 0] H AR EF S
£, 201345 H 9 H~11 H, HK
PRAIRE, N YA MEREHERICBIT S
Neuroligin—1 O&E. % 56 [0l H AR sk
e 201345 H 9 H~11 H, K
A

BRI, VT A/Nas+ SV2B DR
R4 MEREHER ICBI ARE— ) v
T bR RN —. & 56 [H
HAB B ESME, 2013 4 5 H 9~11
H. H

EEY. 7 a—BEGERET VBT
% Endomucin FEEEHRE D FEFT. 45 56 [B] H
KENEF e, 2018345 H 9~11 H.,
WA

EREHE—. 7 v MEORCRERIBEELIEE T

JUZEBIT D Rituximab O H JRIPHIRN S,

%5 56 0] A A= a, 2013485 H 9
H~11 H. % 56 [0l H KB FSHa,
201345 H 9~11 H, B

P A, RERMK LR S £ 7 v
BT 5 Calcineurin OO, 5 56
[l B AR EE 22, 2013 45 5 H 9~11
H. A

TR SRERIR BRI A4 7%
%5 56 [B] H AR =fe . 2013 4 5 A
9~11 A, Hx

Yamazaki Y, Glomerular expression
of Renin-Angiotensin system
components in Rats with podocyte
dysfunction % 45 [ 7 * U 5 Bk
2, 20124510 H30 H~11 A4 H, ¥~
TaxA, TAUD

Takahashi Y, Role of p38 MAPK
activation in the slit diaphragm
dysfunction and proteinuria caused by
a direct stimulation to nephrin 5 45 [H]
T AV BB, 2012 45 10 A 30
H~11H4H, ¥o7 42, TAU D
Tomita M, Ephrin-B is interacted with
nephrin and plays an important role in
the slit diaphragm. —Decreased
expression of ephrin-B is an early
marker to detect slit diaphragm
dysfunction- 9th International
Podocyte Conference 2012 404 H 22
H~25 H Miami Beach Resort & Spa ~
AT, TAIH

Murad H, Ephrin - Bl in podocyte is
interacted with nephrin and 1is
phosphrylated by a signal from
nephrin % 44 07 A U D EgFESHRE.
2011 4E 11 H 10 B~13 H, 74 7T V7
AT TAUT,

12. Murad H, Ephrin-B1 is expressed at
the slit diaphragm and is struturally
and functionally interacted with
nephrin. EHEEE# T2 (ISN) Forefront
Symposium, 2011459 H 22 H~25 H., %
—T A, Trw—7

(KFE) Gr24h)

1. IR, /BN ) 2 & R AL,
2011 4, p94-98.

2. FINE. BEEMERE) AR,
2011 4, p93-96.

(Zfth)
i — VA ~ — 4 :
http://www. med. niigata—u. ac. jp/nim/welc
omej. html & TR OBEE & st

6. HFITHEA

(1) WFgefzs

AN # (KAWACHT HIROSHI)
PR - E 5% - B
e85 60242400



