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We aimed to clarify the role of the transcription factor Tcf21l in Podocytes
and in Stromal cells. In order to circumvent the early lethality of Tcf21 KO mice, we established an
tetracycline-induced podocyte specific Tcf21l KO mice and stromal specific Tcf21 KO mice. The
podocyte specific Tcf2l defect in adult mice did not result in proteinuria. But, by induction of
diabetes using Streptozotocin, the mutant mice showed severe proteinuria after 12 weeks. In
addition, the stroma specific Tcf21 KO mice showed severe defect in collecting duct and loop of
Henle formation.

Tcf21



M X CcC—19. F—19—-1., Z2—19,

1. WFFERME SR O 5=

18 M % i %5 (Chronic kidney disease,
CKD)E, R HIR &R0 72 B REIR T %
Tl RHBEAELLME A N T
WD THABDOERETHY . AT
1,330 FANDOEENFAET D (AAKRFK
T, 2012), WA ZRIBRIE I FAEE
TLARMEENTEE L 30 AT A, £
DEBIFIREREEMEL 2> T D,
LI HEREBEIL BN E AR O
44%% 5. F DIFRED RN & IR R
DIEINBHE Th D,

HEEE DX, Tef21 &I A EE R 1
AN RH A b OFEEEHIENI A TEHET
HHZ EERWIELTWD, Tef2l IR
R OB HEMRIC BB L, BRAE
?O FHZIE nephron progenitor 2% 3§
B L, hooligias T, M, O, ZETHES .

Welei/e E1CiB0 65, Tef2l © KO <
U A TR 72 i ORI R KOV A
BIZL Y HAEBERICEET S0, 20
PERE A AR CTREL <At 5 2 L1
AR A BE T H o 7= (Quaggin et al,
Development 1998. Harel, Maezawa et
al, PNAS 2012), Hi# 513 Toronto
Mount Sinai Hospital ® Dr. Quaggin
Lab 2\ T, R THRANZ Tef21 @
floxed mouse ZFk L Cre v 7 A & T
THZ LT, REYA MEAES DN
ONOEERET Tef21 Z# XBT D~V A%
E L7, TR, R A D
= R#ET D
(Wnt4CreTef21) & | £ D43k 3%E L < [&
FHIN, BEENTEEI LR WER D)
o7, IHIT, BRI LA R A1

progenitor T Tecf21

MZEBWT Tef21 2 KB (Pod-KO)T % & |

ARV A MIEFICHRAEL 2HEEGAE
TIIEEECTH 525, 40% D mutant 75 3 -

CK—19 (@)

4 \EZIB W T REDRER & FSGS %
275, =T T60%D~ T ALY 5
KB AR S, HIZ, Pod-KO ~ v
A DFRERIRTIL, Vegf BN K E KT
LTWbHD% XU, Placental growth
factor (PGF), Glypican-1 72 & RER{AHE
REICEDLRFDREINMET L, Tef21
ITRERIRICB T 2 M EF ALY NT—7
ZHIET 5 DT RV EEE ST,
L72rL. 728 Mutant B ClREBIZZEN
H DD, Tef21 18R FY A F%EE % il
3 55 FH . FBAERBREOEZE L PR
L7z, HAE%D Tef21 O&E, H 50
N A RS OBRIIZER T D Tef2l
DEEREIZ DWW TIIRIEARH TH - 72,

2. WO ER

T THFEELIX, ARV A MIBITD
Tcef21 O A B =X LM AER, A
fERIZ BT D Tef2l OEEEZ A S T
52 L, B, BEEMEO Tef21 @
BREZ B DT 2 EEARUSEO A L
L7,

3. WD HiE
ZTOHBOEDIZ,
7=,

LIF DERREZATR -

()T N 7% A2 U FEMER R A R
BrEY) Tef21KO ~ 7 &2 (Podocin-rtTA
/tetO Cre/Tcf21loxlox - PIF iPodTef21)
ZVER L. 8 Wl TEBLKIZ R o4
A7V UERATH I & T Tef21 Bis T
DOREBPEFE Lz, 3 HWEO R¥ o1
7 ) 5%, T Streptzotocin % JIE
PERNTESR 32 2 & CHIRIF 2 & L7z,
~UADOREA, M, AREEZE=F—
U, £ R 16 I T~y X &
JE&Re . SRERIRDZELIZ DWW CHRAR IS
Rt L7z,



(27K R4 FUSOMIICEB T 5 Tef21
DOFREZ MRt 272, BREMANICE
WT Tef2l ZRBSEDZ L L LI,
FoxD1-Cre v 7 A & Tef21 floxed % AR
L. BEHEMEERP) Tef21KO v 7 A
(StrTef21 KO) A#AER L., JR&E. R
BIEE R LIz, S HIC&SHDHE
Wl T~ U A& EF LB g2 B, HHA%
LHNIHRET LT, £ B RNA 2 A0
T realtime PCR <> RNA-Seq %% A\
THELEFRIAOLEIEZ, AR L
StrTef21 ~ 7 A THGHRE L7z,

4. WFFERCR

(1)iPodTcf21KO0 = 7 R i3 B R Im &
JEIZ susceptible 7> ?

T, TR THA 7V CFHEMNER YA
M) Tef21KO ~ 7 A Z/ERL L 7=,
Tef21 BVOEHEBELRONE HE LT
Hlodiz, HAEZOB LY R b1 7
V> ZHWTTeR1 Z RIS HE A,
OB TORFT LTIV I LT F=
Hix = b v — LR 28ug/mg + Cre,
iPodTcf21 v 7 A Tl 240pug/mg + Cre
EH BRI AR Uiz, MR

ST R ERIREE L & A X ADYEK,

W ONZIRARE 1T A FEZ 38, AR
BDR YA MEREMERFIZIT Tef21 2844
HAThobeBExb, —FHT, A% 3
Hs LV Tef2l ZRPSELLLET AL 9
ﬁ%\16L#ﬁ®ﬁﬁf R T
(ZHPARAL L i L CEEZ RO R o
tow%\$%3m@$h%4bf
TeRIIISIFEREETIERNEE B,
B4, REBRMEIC L - TELT D Tef21
OEEMENHL -7 (K1),

0~3:8H 9 Control

iPodTcf21 Mice
e e R T R

U-Alb/Cre (pg/mg * Cre)
N oW
8 3

Control  iPodTcf21

&1 tHiEfﬁ:ﬂ)'I’F'ﬂ‘*fFO)%ﬁ ﬁ?#l-chZHJ\ZE'C&Bé

LLEX Y, 3MHEmLIETHIFIEEEE
BT LR R A MEELERCTED L
Ez N0, 3HEEICT Tef2l K
BEE%, 6l STZ & FVCThf
RI\FZER L, FERFEBIEICK T S
Tef21 DEFENZ SOV TR LZ, 75 &,
9 Wi E TIXEAERD STZ ~ 7 A & il
LCERIZAON o7 hd, 12 BLE
=E S k%®F%E%%tL(u At
T, BpARISEY) 56pg/mg - Cre, iPodTcf21
207.8ug/mg + Cre X 2) ., #HAFHIIZ 58
VSRERIR DAL & AR R A R 228 O
Ak, FEEREOIEST Lk OE e 2L
Tz (1 3), fit> T, Tef2l X E %
ARRCHABERICBWTHETH D,
FERAERICB O TIE, EEIRETIE
&i@%gfi&mﬁ BE PRI PR BIE 72
E OB BIRIBITB W TIRRBE ML,

ﬁmﬁﬁmpﬁwfwé%®&%z%h
776

3~6iEED STZip
Doxcycline | 100mg/
#& kgx5days

30000 RAZILVTZ

R
(@)
M o
2 20000 0
> o
2
[0
§ 10000 ]{
2 . e
S 0
0 3 6

9 12 15 18
(Weeks after STZ)

X2 BRMEERDORRYA ~THWTTeR21%

RIEBUTH, YT RSERBESEICRD T LY



Control STZ _iPodTcf21 STZ
A RS e RS

M3 HBMEROK K1k TToR1ERE
LTH., YORIIEBRBEBEICED T

QEFMEIZRBIT S Tef21 D&EE

BV T, B ORI BT 5
Tef21 DFEENZOWTHREFTDZ L& L,
MVE #4972 Cre driver mouseline T 5
FoxDICre % H W 7= B &t % 17 » 7=,
strTef21 KO ~ v A% 4 B2 THEAT L7z
LA, WENRMEOIRIERAEZZ L,
—HCEIRRAETIE, 1 BIREDEFRE
1.43+0.21ml, 2 2.5 8.39+0.76ml & %5 5
HTHBICE o, REREG TIX
uromodulin BEPE®D Loop of Henle I TNZ
Aquaporin2 [GPEDEEE D 3 /— K X
VR MERIZHAO LTS Z ENgao
7o (K4), Ki67 Jetazi772 9 L RIEIC
BT DA OHETE T E IR T LTz,

strTcf21

Control

LTL/Uromodulin

X4 strTef21KOIIANY L DIL—T7DIEFERZET %

HIZZORBED A J7 = R b & FHHIT R
57z, HAER D whole kidney %
AW T RNA-seq Z1TV>, gene ontology
analysis Z{T>72, Z ORGSR, TIREF D
Iy K OB g g £ WS B b 581 D
VWE T A 1B 53 58612

strTef2] 7 A IZB W T L TV 5
DI LT,

ZFDh, BRAEICBWTREFEDLI
EREFRRICE D 5 BB FI2 DWW T,
realtime PCR VEZ W TEf L7z, 5
&, BH A D Master regulator T 5
GDNF, JREFIZHEH L GDNF 77V
YTWETH D Wnatll DFEBLD
sttTef21 vV ATIFETFLTWDH Z &2
HB L7,

ULEXD | BEIZHEET S Tef2l 1XEED
a2 R—= KAV N THDHIRMESCERE
DIAECTRE BRI BB 7 B 2 7= L
TWDHZ ERHBLMMNERoTz, —T7, cell
autonomous 7RFNFTIERWNZ L6 | [H
R D> & 53 W S AURAE OB E DI
AR AR T RR AR MEIR F DAFER. H DV
ERVE MRS X D IR N IR 2E D 4y
57 |2 AZH T & D RIREME DS /RIE S 45 73,
FELWA T =X AITHOWTITS B OHE
Lo Tn5,

5. Fp¥EEm L
(WFgefesess. I M ONE A 2T
FIZITTHR)

ERERmsC) RRO ) 2TABH Y
1: Ishikawa T, Koshizaka M, Maezawa
Y, Takemoto M, Tokuyama Y, Saito T,
Yokote K. Continuous glucose
monitoring reveals hypoglycemia risk
in elderly patients with type 2
diabetes mellitus. J Diabetes Investig.
2017 Apr 11. doi: 10.1111/jdi.12676.

2: Yamaga M, Takemoto M,
Takada-Watanabe A, Koizumi N,
Kitamoto T, Sakamoto K, Ishikawa T,
Koshizaka M, Maezawa Y, Yokote K.
Recent Trends in WRN Gene Mutation



Patterns in Individuals with Werner
Syndrome. J Am Geriatr Soc. 2017 Apr
10. doi: 10.1111/jgs.14906.

3: He P, Kawamura H, Takemoto M,
Maezawa Y, Ishikawa T, Ishibashi R,
Sakamoto K, Shoji M, Hattori A,
Yamaga M, Ide S, Ide K, Hayashi A,
Tokuyama H, Kobayashi K, Yokote K.
Combination of cilostazol and probucol
protected podocytes from
lipopolysaccharide-induced injury by
both anti-inflammatory and
anti-oxidative mechanisms. J Nephrol.
2016 Dec 22. doi:
10.1007/s40620-016-0361-y.

4: Ishibashi R, Takemoto M, Akimoto
Y, Ishikawa T, He P, Maezawa Y,
Sakamoto K, Tsurutani Y, Ide S, Ide K,
Kawamura H, Kobayashi K, Tokuyama
H, Tryggvason K, Betsholtz C, Yokote
K. A novel podocyte gene, semaphorin
3G, protects glomerular podocyte
from lipopolysaccharide-induced
inflammation. Sci Rep. 2016 May
16:;6:25955. doi: 10.1038/srep25955.

5! Dimke H, Maezawa Y, Quaggin SE.
Crosstalk in glomerular injury and
repair. Curr Opin Nephrol Hypertens.
2015 May;24(3):231-8. doi:
10.1097/MNH.0000000000000117.

Review.

6: Sakamoto K, Kuno K, Takemoto M,
He P, Ishikawa T, Onishi S, Ishibashi
R, Okabe E, Shoji M, Hattori A,
Yamaga M, Kobayashi K, Kawamura
H, Tokuyama H, Maezawa Y, Yokote

K. Pituitary adenylate
cyclase-activating polypeptide protects
glomerular podocytes from
inflammatory injuries. J Diabetes Res.
2015;2015:727152. doi:
10.1155/2015/727152. Epub 2015 Mar

7: Maezawa Y, Takemoto M, Yokote K.
Cell biology of diabetic nephropathy:
Roles of endothelial cells,
tubulointerstitial cells and podocytes. J
Diabetes Investig. 2015 Jan;6(1):3-15.
doi: 10.1111/jdi.12255. Epub 2014 Jul

11. Review.

8: Maezawa Y, Onay T, Scott RP, Keir
LS, Dimke H, Li C, Eremina V,
Maezawa Y, Jeansson M, Shan J,
Binnie M, Lewin M, Ghosh A, Miner
JH, Vainio SJ, Quaggin SE. Loss of
the podocyte-expressed transcription
factor Tcf21/Pod1 results in podocyte
differentiation defects and FSGS. J Am
Soc Nephrol. 2014 Nov;25(11):2459-70.
doi: 10.1681/ASN.2013121307. Epub
2014 Jun 5.

9: Wong MD, Maezawa Y, Lerch JP,
Henkelman RM. Automated pipeline
for anatomical phenotyping of mouse
embryos using micro-CT. Development.
2014 Jun;141(12):2533-41. doi:
10.1242/dev.107722. Epub 2014 May
21.

(Fa¥EER] Gt 26 1)
1. 8 31 AAAERFEEHEFES
2016 £ 10 A7 8 WeEKRtE 52—
SURDO LT ERREHELIEE
£E E 8 BEERBLORIKE
RESALDNAFOD—



2. BE EEA DURDTHLIERKMSE
BIEDREMEICE TEH =L ER]
REYADEEREE - SERF Tcf21
D/ENZHIZ- 5 28 EIHERFEE
EMES 2016 &£ 12 A3A #H;mtr
A—RTIL3RE JRERF—IL . ER

3. Yoshiro Maezawa, Koutaro Yokote.
The role of Tcf21
Development and Diabetic Nephropathy
The 8" Annual Scientific Meeting of
Cardio-Diabetes Study Group March
1and 2"92014, Tokyo Japan

in  Glomerular

4. Yoshiro Maezawa, Tuncer Onay ,
Rizaldy Scott , Lindsay Keir , Henrik
Dimke , Chengjin Li
Yuko Maezawa , Marie Jeansson , Asish
Ghosh , Jeffrey Miner

, Vera Eremina ,

, Seppo Vainio ,

Susan  Quaggin The bHLH
transcription factor Tcf21 regulates
Podocyte function.

14" International Vascular ~Biology

Meeting 2014 April 14-17 Kyoto, Japan

5. BI;E ZEBA. Tuncer Onay, Rizaldy
Scott, Lindsay Keir, Henrik Dimke.
MA R.HEF FKEB. Jeffrey H
Miner, Seppo Vainio, Susan E. Quaggin
BERFTRIDRFFAMIEITHR
BEERFEEEEDEEZL-LT
BABERBRFZFMESR 2014558
22-24B KR

6. REHAMZEIFTHEEEF Tef2l
DRBIERFF A DD LIEE L FER
REBEDEERZL 0T HE &
BA. 1A 8. Susan E. Quaggin . #&
F FEKRE

¥ 57 A BAEREEF
¢7JEJ 4H-6 8 R

fiTias 2014

7. Loss of Tcf21 in Podocytes leads to
Enhanced Diabetic Nephropathy.

Yoshiro Maezawa, Tuncer Onay,
Rizaldy P. Scott, Lindsay Keir, Henrik
Dimke,
Yokote,

Metabolic syndrome, type 2 diabetes and

Minoru Takemoto, Koutaro

and Susan E. Quaggin 9"

Atherosclerosis Congress. Sept 12-14™,
2014. Kyoto, Japan

8. New Insights into genetic diseases.

Transcription Factor Regulation in

Congenital Anomaly of Kidney and
(CAKUT).

Urinary  Tract Yoshiro

Maezawa. International Academy of
Pathology, Bangkok, Thailand, Oct
5-10", 2014

(ME) GF 0 1)

(2 36 T PEAE ]

Oy, GE 0 1)
OmfFikP. G 0 1)
(Z D)

R = Dk

6. WFFERERE
(WIFgEREH

BE =B (MAEZAWA YOSHIRO)

THERT: « RFPEEFATERTE - B

e 5 80436443
)it E

rA&  F& (TAKEMOTO MINORU)

THERY: « RFPEEF TR

- FHTER

WFIeE T+ 60447307
Q)EEEIEE ( )

MeE R
(DTt 13



