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Abstract: Organoid is a cellular three-dimensional in vitro model derived from stem cells, normal or tumor cells,
and is capable of recapitulating the structure and function of native organs. Over the past decade, this rapidly
evolving field has seen the establishment of various organoid models of urinary diseases. This review summarizes
the application of organoid culture technology in the research field of urinary system, including organ development
and tissue repair, drug nephrotoxicity testing, construction of urinary system disease models, and personalized
anti-tumor drug screening. The limitations and promising application prospects of urological organoid models are

also discussed.
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HH R e 22 30 A P AR B 2R 58 RIS R AH UL RS ¢ v
() 44 SME FOREAL M, 3T 3 43K, PubMed HU4i i
KA E MR SC T R4S K, HAld Btk
#2000 245, B THLHIBET . BIw AR AT
LA 2 A TR, T RS AR R —
AR AL ) ER S 77

WA PR R GEE R NAR B RS 77, HAH G
KRB EBRMR @S LN HBAZEHEM. LT 2h
T 41 i (induced pluripotent stem cells, iPSCs) 3K
iR = gt NI e N i = B AR RP)
fE 0L MG T RN WT e, A OGS R 3
TBMRSEERERE MALUEE D s ™,
BRI P AR O . AL, BEE RS R
AN e bR 28 28 B AR 4 g U, R R IR Y
JeE S AR BE 8 TN I R KB 0 0 e 25 W ) S
A B AR 0T — A IR R v T I PR A A

1 GPRARFEXLBFEREFEA

H 2009 £ LK, MpiEREH B R IERITA T
R B BRI AR T AR D Re I R Bha =X, B
KHAEE TR RGU B NE . AUAR . BS54
B R Rk R O AE Z BT 41 I (pluripotent
stem cells, PSCs) 55 73 4 A A [F) 28 24 B 248 i 1)
Henh | U, 2R RS S T Rt piis
A, I B oREA R 2 o £ BT 4 i
(pluripotent stem cell, PSCs), W ARG T41ig (human
embryonic stem cells, hESCs). iPSCs %%, Little [F1BA
AR5 LAAE X R i 140 i (mESCs) 55 9% 70 L &
i PO, BT activin, ML R B CHIR99021
IR AL T %, RIL hESCs 78 T MLy 2644 T T
[E] i 4346 N R 2F (ureteric bud, UB) #1515 A 78
Jii (metanephric mesenchyme, MM) %5 '& #H 41| it £
P U, {HBE o A 1) P G, B B A7 A 41 i B
A H B 1 T R A TR PR 2R AT . o B v AEL A
FEAA [ L 30R, Morizane % Y 278 CHIR99201
(1) 4k I (A, DA 5 5 8] IR 2 (intermediate
mesoderm, IM) J& # B 2 Hb 43t A J5 B [A] 78 i
(metanephric mesenchyme, MM) : % J7 & #| H 58 4=
W55 U SRR 54, o ma i AT AT AR 24k 8+,
9 KP4 BIRT 3RA5 7 41 R B 80%~90% [ JE B[R] 78
JRAMRAEAA, e 1R AL R . TR
40 MR R AR ROy B —, BT E ¥ A Bt
FRIEf# 0) @, 17 iPSCs 5 ESCs [A] N £ fe T4,
BA LT B A R4 BE 77, BLEL iPSCs

SN ENRRBRE R TR TR IEZ, T iPSs SKIE T
BHERA T 2 W KT R & T, FHRH) 74k
J7 R AE N B o AT . R T 4 (adult
stem cells, ASCs) >KUF 1 ZE 2% H b PSCs K 1) 2K 4%
HERMEAC, B3R — a8 e M2 5 T 4
16, AT CATE PR3 IR L RS I L T 22 AR AR P2
Schutgens 25 K fz J57 155 2H 23 R0 bR P BT R LA
AR T4 (renal adult stem cells, RASCs), 7EHL7
N-acetylcystein, EGF. FGF-10 £ Rho i & #1! 1 5
Y-27632 S MG FREE P AN 'S BRI
RASCs SRIE 1) B /NE 38 B n E RS EILA A 3D
B IE bR g5, B IFEANRER PSCs ARFEE HT 70ib A
TR AL T KA E .

IR I E RS B R SR S AR K R
FhAE S FE A o 2 1 8, A FT N R Bl S dkaE 1
& BT E S8 = T MR B I S A% R A Ty
W, BRI AT A = 4k b g B,
Karthaus %5 ' % figy 16 + 41 ffa 55 77 7 75 26 K 8 1 3k
— AR A, AN 40 IR VG 1 HT 2R DT BR R
HINIEF AL TR R U IEE KRBT, KI5
f4%: FGF10. Noggin &% R-spondin AL AL, {H
B A RBCR AR, 2FR R-spondin B Noggin #f
5 B i 41 M Rk R EK SZ 4K (androgen receptor,
AR) 13RIk, [4E, Gao 2™ 3 — P iF SLiX F ks
FrJ7 VA S R IS AT 2 e s B B o s
TR AT A BRI R A8 E, e RE A 4E 4 IR 46 e 2 24
ITEA FRAE A B R AR, I AT AR S G FRAL AR
L A7 . 2019 4, Clever S E B 1 AN H
Jrges R B R IR T %6, b N B FARY)
BRI 223 g ST RS I R A IR R AR, e TR
R SRk B AN F B MR RIBR BTSSR,
R M DR BT T 2 b e 1 2E 205 B 27 R Ak A e
S8 PR B S i e 1

2 AREEDRRGERFFHNA

BE & WA PR RGAH S RAR B AL S, RAEH
TEWARAMRIE I F 3 T EEAEH (B 1),
2.1 RELXESHELAEE
211 #H{EKE

HH iPSCs 70T K I 28 28 B B e 2 2% B 45 1)
28 B Thee ¥ RIS IR B R R B RE N
SETHROERAR, WERN R AL T iPSCs & M4
NEMRBERZ MR, UUHRAEEREA
RSB B B (R P
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Takasato 25 ' % Ff] CHIR99021-FGF9 J5 %%t A
iPSCs 1T % 5, JF1E 7t 2 /5 '8 18] 78 i fir B
(metanephric mesenchyma, MM) i A3 8 T~ 28 Jiii Ji
GREEREFE . MM A EAT A B S SR S T B
BERALI S IR, BB E RIS A
KRG LG A LU L, RIS i g L ) A2
B EMLE . SR, NS S UB 41 F
BRI SOVAS, B a4/ (nephron progenitors,
NPs) 5 5 J 4 £ fig /715 K 18 £ 1F 92, Taguchi Al
Nishinakamura™ F| i /N [ 7] & ] activin A/BMP %}
UB I NP AT IR £ 5%, 4 iUB M INP 5 £
4 A (SN) He 15 7= TR B K 96 FLAR ', 7E SN Al
iUB —#FH HFLFISCHE N, iUB 2R H 30 1E 5 &
Aoy, B =P Rt — PR, TTR&ESS
MMORCE BER P 58 RS M A AR AL = Y A
BNEREE . HAT, ZERT BRI B TR
Fham AT I T A, LS T R 1 B P T A A
B /NBR I B, R, B ARBE LR
FETEAS KNG S AR B 1) B A 012 3] 58 A A 4D B S
M2 8% B . Low %5 Yl ik 46 15 WNT {5 5l
P& 4 CHIR99021 S 4 il "B i A v 1 3zt v /)N 8 T
R AR XS B, TR — 25 R B /N ER AL 40 43 o
EN AR T A (VEGFA) 7K, I %0 hPSCs
AN LAY B U IR 2R 28 B, FF Uk BA I & Y
28 1) 43 AR ol 328 e A3t A2 4 B 43 WA T VEGFA 1)
Ko KRG TE 4 G LS IR B R %

w/ELXB

BRI EY

HUE 254 0 ik

Bl KRBEREENIR ARG R A

e AN BRAR NS, HNIE IR R 2% B 7 2 4H
FHEE & R i [ATE R 1 2 B 451, Hnldtirv)
WIS PEAVE IR, AN, 1N R B L R
-, BT RALNESE I [F R E
2021 4, Zeng %5 MHRIE T hPSCs i SR E RS
EAHA M AT ERAN R TR Y3, FF R R
MEAGEREE  ZRBEWA SRR ERESE
AE T PR PR ol 32 B0 PR S A - 2 4 il (principal cell,
PC) F1[E 4 Y (intercalated cell, IC), X Ait— Lt
FREERERME T HERRBE TG
212 HEWEE

it H, FIH PSCs b1 K B 2K 48 B AE E /N R
AU ME 2% O HI 9 RE . Toyohara %5 V' ¥ YGIESE T
DA iPSCs SR (158 73 L&A B B IE SR 28 B R 31 2
PEB /N BT, AT A I R 2R B LTS UL
KT, RS /NE RS A 2 35 DU,
RS IR a4 BAE A SV B AE IER A 45 07 T 2 A
EKHIN P /1. AL, Hepburn 25 PO 3iF s i 5 4
FEIRAF I iPSCs &4k 4ME FTE I RT IR KA B 2
R - EDIRS35C,  HIL R R R 1 5 N HT 41 iR 41 A
S ZEIETEAREL, 1% 131 A & UKL B iPSCs MK B
R0 PR A B S 2H R 1) FE ZEL AR T A8 /N BRAR N 0 A N
KT HIRRH S LA AT TR, iPSCs KUF AU IR
RGRBEARERHBEE ] e BA BRI 1R
TS, HH T ARA S IR R RS E Hikis H
T AR B B 5 B RIRTT ke, wRER
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1 ZEeTHBPSC)MEEREARENZTSOIUATR
kS SRURAHM BEFRREL NPEUBM b5 B NPEUB/ b J5 1%
(EV/ENPELUB)

Little2%", ESCs AHENTHLS  d,,: BMP4 (30)+activin A (10); T
2014 dys: FGF9 (200); dp:

FGF9 (200)+BMP7 (50)+RA (10™)

¥d,,: CHIR99021 (8);

d,.,: FGF9 (200);

dypyp: RIBIAEKH T
MorizaneZ®", ESCs 28/9 dy: CHIR99021 (8)+noggin (5); do.;: FGF9 (10)+CHIR99021 (3);
2015 d,,: activin A (10); d,o: FGF9 (10)  dy.: FGF9 (10); ds: #IFEFGF9 (10)
Taguchi%"™,  iPSCs 12.5/12.5 dy.,: activin A (10)+BMP4 (1); ¥
2017 d,,5: BMP4 (1)+CHIR99021 (10);

dysas: RA(0.1)+FGF9 (100)+
LDN193189 (100)+SB431542 (100);
dysers: RA (0.1)+FGF9 (100)+
CHIR99021 (5)+LDN-193189 (30);

dysios: Y27632 (10)+RA (0.1)+
CHIR99021 (3)+GDNF (1)+FGF1 (100)+
LDN-193189 (10); dygsns: Y27632 (10)+
RA (0.1)+GDNF (2)+FGF1 (100)+
CHIR99021 (3)+LDN-193189 (10)

Low45P, iPSCs 20/9 dy: CHIR99021 (10); d,: dip.5: FGF9 (50); dyus: FGF9 (50)+

2019 RIIMAEK A T; de: FGF9 (50)+ CHIR99021 (1); d,,,;: CHIR99021 (1)
CHIR99021 (3)

ZengZ:P, hiPSCs ~ 21/7 dys: CHIR99021 (3)+activin A (50) 8% d,.,: B-27, minus vitamin A (1¥)+

2021 CHIR99021 (4.5)+LDN-193189 (10);  2-Mercaptoethanol (0.1)+MEM

d,s: FGF2 (200)+TTNPB (0.1)+
LDN-193189 (30)+A83-01 (0.2);
d,,: FGF2 (200)+TTNPB (0.1)+
LDN-193189 (30)
ESCs: MGT40iE;: iPSCs: S ZaeT4iM; NP: Boidifl; UB: HREDF: Y27632: ATP3ESEROCK-TRHIROCK-II
I (umo/LYGRAFN A AR E I S B MR, FHE); BMP4: HIEAKEEA4S (ng/mL); activin A: I RA (ng/
mL); FGF2: WAF4EA KR T2 (ng/mL); CHIR99021: GSK-3o/BillF)(umol/L); RA: FLEEER(umol/L); FGF9: MZf4iA:
KHT9 (ng/mL); noggin: k& [ (ng/mL); B27B-27, minus vitamin A: ZHMREFRAIN75); LDN-193189: EHIEBMPE 5
JEEEADHI ) (nmol/L); SB431542: ATP3&4VEALKSHIHF(umol/L); FGF1: MeF4EEKHF1 (ng/mL); GDNF: &5 41 fui
PR 2278 FE K F(ng/mL); TTNPB: RAREZIF)(umol/L); A83-01: TGF-Bili|7(umol/L); 2-Mercaptoethanol: B-3iJE £
(mmol/L); MEM NEAA: MEMAE 7% MR ; KSR: KnockOut Serum Replacement (v/v); ITS: J &) - 4k (-l 77 3%
*¥M7E57); Aldosterone: [ & fi(nmol/L); Vasopressin: flE Z (units/mL). “d” 5 FAsEUE AN (KR)IEE .

NEAA (1x)+KSR (3%)+ITS (1x)+
Vasopressin (1)+Aldosterone (100)

FHOR I I ST B IR R4 B AN L& AR 38 B 2%
P AEFREE RN RE, LA S i AR ST H 4806 1 R0 78
B TR
2.2 AP ESENR

2595 5 M (drug-induced nephrotoxicity, DIN)
Fellin R AT RE G B — A 25 A RSO 7E i AR F
IR B, 3 R N B R R A SRS YIE
2y g B, A R S AR IEAH L,
HRAR I SRS R A BRI AE 4 BT i shaAn

N B B 22 IR, i e 2 B 2590 2 1
REREEAR. BEELNEELRARESS
DRI B MER A8 B N2 'S B M ER AL T B
T NARZE B (T AR O

BN bR A AR B R I 2 R E TR A
F1 (41 ABCB1. ABCG2 Fll SLC22 #£ [K &Kk ), X
S fN B AL B MR ) (AR, IR RERE)
A B E W E . Morizane 25 PV I 44 4h i
5 iPSCs Z3 I 1 T 2848 B 110 U g R 2 By /N 5
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5, 5. KB HORIEUW IR RGPIRAT T 1R H] 95

IEAAI PR 2 0 E #1205 S mg/mL B PRK
B #F A 5 mmol/L [NRATTALEE 48 h #1124 h J5, fujk
HAbGe s BoR'E 1145551 1 (kidney injury molecule
1, KIM-1) 753 bty J 376 iy /N R 08 v B B . e Ak,
Kim 25 PV F N iPSCs SR E ) B IE 2K 28 7, 701k
ANIAR 1 At T B A (B R . Ath v SR AL E R
IS 2% B i /N A S A R E T, JEHRILEA
REAT A SRR T RERRRG f Wi PR o

45N, FeT IR BT S A2
e R T IR R B WL B fB iy, R T
B LA AN [R5 B I 259 B 2 1 ) PRI B b 22
/A BS SO B 1 B2 B8 AR A B R U ik %
15 R BT 2540 A 2 75 B B, 2 S )
RS, R ERE R EIERE, N AE
B B 25 LA R TG RV ) 2 AT I
2.3 RAGHERRERENL

WA PR 22 G 55590 1A AR AN 0 B AR S TIE 90 B AN P95
TR T . B2 AR R M 0 —Fh 3D MR A4
JRORRETRY, 54 P SR 2 2 B 2% B ) 45 g R 3 (R 441
e FEARABL,  TEBEIR ALY (18] 2 K s WL PRt 9 5
DR B P,
2.3.1 AR AR A

W Pt S I 1 22 B 9 (autosomal dominant
polycystic kidney disease, ADPKD) AJ 7F AT fa] 4F #% Bt
R, IR EECHHE W, HATC A ADPKD A8
KA WA, 3% B8R B AT 5 2 Bl fr % N PKDI Al
PKD2, 3% P i A D] B G o — o A R AR $4 ] 3 3
LR E I RE ", Cruz % " F| B CRISPR/Cas9
FE R g+ AR AE hPSCs H15| N PKD1 5, PKD2 X %%
MR RAE, FE IR EXF hPSCs TS, 4
tb. 9 JE J5, PKDI 8 PKD2 ) % 7] {4 iPSCs %
FHE R E FEE BB A IR,
FRI ST | ADPKD B . 5 20 2 /) B S 2R
FHEE, JE T LR g 4B R AR 28 B R R BOR @S2 1)
ADPKD K28 B ALAY, FEVHFR 7 Fh R A 2 1k )5
BEAG R0 S AR AL S 25 e AT IR E K
(IR 5 o
2.3.2  ZGYR SRR A

Jit A Fir B S0P B 452405 (acute kidney injury,
AKI) 1) 3 ZAE F B G B NVE B 40, KIM-1
J&— PRI B A B TSR AR AR, TR
K EAE R #2972 . Freedman 25 ™ | H iPSCs %
SHIE RIS E AR, TR S BRI R
KERMIFES T, 80% B /INE & fin 22 Th] ml K6 0 2]

B it T KIM-1 13835 5 554h, DNA #iffibr &
Wy yYH2AX 75 3 4 VU J7 %t 4 2 (lotus tetragonolobus
lectin, LTL) FHVERE /NE H R RIS B, #E—
X0 T T2 1 B A0 A 2 R S G R S e, IE
BT M2 B 1 D S B U 0 A (1 S P 1
2.3.3 SR A AR A

B WSR2 B 7ERANLI98 5 s 2 ) AT 32 A AR
T EA KRR . BK FiE (BK virus, BKV) j&%F
PR b R A R N A ) — TG 1)
PR X% DNA 5 28 Y. Schutgens 28 ™ 1] H Il A&
B BRI R SR B NERBE, BE
(15 /N A% 2 /D S TR A% I 2 £, SV40/ K T
PrE G th R ag Y, X 5l R B BK i 75 K gL 45
FA—E. HAFFER 2T 53T BK K
B E/ANEILRTFR 7 d, WRIBIKRETTME, Wi
MR ERAD, HERERBE, 2054 R R
BK i 2 IR G 1) B NVE KRB E S5 R B g gh A
L, FEARVFERAINR A PE T MR . M R R
Al 2 (ACE2)s2 1 8L i R B8 (SARS-CoV-2) 17
NTE FEAN ) B8, BT AT ACE2 %24k £
O E L — W, XS B TSR T A R
BRI 0 R TT AR R R T R AT 1)
PR AMEEAY B
2.3.4  JERERLAY

MNIE 5 A 2R Bz 4 PR P R S 1 b R R A
B, WG G DR G R IR S — R e Y B AT
RAGGME,  DIR TR SRR e T R, gt
ZIER A I o L AR BT

B T 5 e () R E 32 T 2 SR JES 40 e ) B 2k
A B A0 B I S B A, SR, LR R o
LA A TE 2. Li 2 ™ 3@ 1 %t 806 41 5l 41 i
Jo SR E G SR (TFs) A i B, ERG 2[R
55 5 2 e 5 s B v B AR O . /N BROAT S IR 4
R E s AN AT AR 4 3D 53R, THC 451
7 1E T 5 R I 2R 2% el Kat8™ Py i 41 i )2 0
Krt5" #ME RN Z k. ik ik ERG 1) 1E 5 iy
G B A AT A A S, S g R R
2l Ket® & I A oA, $eom ik 30k 8 I 4
) EGR JE R n] B 4 1 s 40 i 2 1 D B IR
YA, @I o AT = 4R e R A5 R, % B AR I
ERG 454 40| Trp63 370 v 3 5 - (1 775 14 F1 G €8 )5
W, MIMPTER L EE K R . Trp63 iz vty 5 57 £ ERG
GEA T A B O S B ERG A\ 5 10 JE RS 40 a4 1k i
g%, UEBA T ERG TE 1T 51 e kL 46 40 H 1 & 4k
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AL B /E . Guo & ™ X /N BURG 51 iR 1F %
b R A AT BRI, R I S R A AE
AT B R AT 40, IF A 44 04 Luminal-C, %38
B b R A M AE R 1 BT SR I H B R IR SR A O R
71, EARN TR AT bR S s AR T s
ATV — 20 R FH 2% A1t 2 PR B R 48, 1IEBH Luminal-C
4B nT S 2R F1 R _E S N IR R (prostatic intraepithelial
neoplasia, PIN), A Luminal-C ] §& 4 A 41| iz i Jed 8
SHMIFR AL 1O .
2.4 MR BNEZLYFIE

FEW R RGRBE AL, MR RE B ORI TR
TR IR O B R B AR AR AR, NITAE E AT BRI /E
BTHIE R R Z A PP 1), Mullenders
S UQEE T 53 BlfBS ke S FEAS,  JES T ISR
JERAE M, RINASE] 83 RV B I K 45
HAREAY PAAEZESR, BB R4 by &
Mo AER — MR 2IE 5 dbAk,  EXT 5
SRR T AT T A BUBP RN, B UE T R
AT AT TG PR A 2R . Lee 5 U g0y
AR AR LRI 8 P 281 v 2 ) WL PR e s I
JE IR KA E R, I 44 27l 7 A1 DNA # U1
B, LT RS EAENES BEHLFEARRA
W R VA . R 40 Bl IR L WAL ST 2459
XTI 1D e b e 2R 4 B EAT 25 0NN, AR R 2R
a5 BN R AR 2510 () IR 5 e AT R AR FE R 2 TA) B 7
HE Ao, Hodr, SCBO-3.2 KA H RIM4NMIG
P i 2 e S BORH R BB 38 7R VR T RIS B 25 IO

HHl, XTSRS B R b .
Drost 25 P ik 7 M FTFIIRIE# 4A. e As il
A1) e 24 R A e 8 20 i R 8 37 3D i A1 IR A
HIGTRVIN RS, 12355707 42 BRiE——Fh vy
M A SR T A1) R Rz DA i B 40 s A A AR
IRGFR T 5, 1@ AE 2 JA N R a] SRS O SR 28
BRI FE ISR RS T MR R K
Ji& K % 1) 53 1 BRI BIF 98 DA B R 25 1) R I B8 08 1 4
fiie Gao 2 "V RIE T M I A A ARG 2 88 40 i
HEESL) T IR A B S A AR, R AE A
J A R T 51 e VAL 1 237 ARFAE, 4% TMPRSS2-
ERG fit %+ SPOP € 4F. SPINKI it % A& F1 CHDI
B, THISREEE o0 2 EOKRE IR YEZE R
BKM-120 @47 250 Ustk 5256, Hodr 1 A AR,
PTEN 1 PIK3R1 K% ) 2K & B MSK-PCa2 Xf %4,
B AR 4 55 m] 35 BoR BUK, R IR B2
BIT A6 BE AR )RR, IGFRIE A 1 A

29

PAEBETERM], @SR E R IR EOR, WOhEE
PR BE R R T B QRS B A, £
SRS AT 2 R R YRR, 4G et
DI P e LI o b, VARG AN R BB 1 2 ]
AL S 25BN R R IE, LR R 2
FRUBCERS 58, N BEA Al £ MR VR T 1R it
PRHT IR SCHEMTR 2.

3 REERE

WA JR 22 G AH RS 2% B W Y R e 37 W R R b JR
ANBHTIE B T R T OB ET S TR BRSRIE Y
KBREaHTRERE. HIUBE. 2599550
VR R, AR B A BAERSM
25 R ISR T KL, (EAIFAE V£ MR A
fif e BV () AN Ak 7 BT RS 3% R I A
BHING . DiRe. BAE T HAFER K E R, @it
P I AN [F) B o4l PR AR B o EE AN A, R B
EHVE R E 07 FAT 588 AARAL, AT 4
A BT LR 5 (2) B RS E R I E N 2% 44k
AR, ME RG I Z W T BTCEE RS MERLE AT
AL P8 SR ISCRN PRI A S S BE T RE, 0T
ERI R T AL T KT A AR
ST RIS, TR A A1 24 SOk W 2 S AR AR ATE
S BT 71 B, FE TR RGERT IR et
SRR A B AW P S, RN L COESE R
(R PR 5 458 M9 SIS 28 B A5 28 T s D oA it b 0 A
S RIEIT R U, 3o R — 20 A T A2 1
PR TR 52 ME TS AL BT Fe 3R AL T R f 4% B9,
EE IR A B AR N 7 PR i IR = A LA
VA TTI = (1) 0325 5 50 58 B 10 o R 8 (2)
Il R BT A4 4 23/ H g & A LA ] 5 (3) ik
1T ERE AL, T B RSN TR AN 1

BE& 3D AT N R H & 5e 3, AT Ep
SR BRI F R CHIPHEAR” MR E,
WA JR Z2 B0 AN [R) A 2R SRR R S 88 B B 1 I 1) PR 355 A Bk
Gk SR T I HLE P, Homan 25 Y R 3D 4T
FUES R HER, B3R T — MR E RS ENEE
AL W4, X 8B REs B I 1 3t — DA 5T 3
BT S B IR SR A B A OB A AL 8 AN R
52 PR TR AN FE ) 0] @3, Shin 248245 40 [ L2
T ORABEA” XS, E AR IEE T
1) e R e 200 3 ) -5 T 9 P B X %ol ) o 48
MOEATE AL, HEB S5 NERBERAHIER <K%
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5, 5. KB HORIEUW IR RGPIRAT T 1R H] 97

PR7, DR S B R TR B 1 LA R A T —
MR ATI T %, MM SRR B AL IRa%. B
SOTE R T 8. Y540, Hu %5 VR
BN B WA AR e, 7T A — & P SRASHAT J
TR AR TGOS IR, R B AR AV FE R AN B
FRISIR], 3K PR AR G MR A5 AR AN 8] A 3R AT
B TN S R IE M T BRSH

B H AT, AR B 4L i SRR Y 2R A
B, R AR R AR IR T B AR
BB E LM, RATAB GG, XA
VB AT AE WA JR 28 G505 I e A H A9 T 7 4003 v 4
KA S 9T Rl B B FH A

(Z £ X #

[1] Barker N, van Es JH, Kuipers J, et al. Identification of
stem cells in small intestine and colon by marker gene
Lgr5. Nature, 2007, 449: 1003-7

[2] Sato T, Vries RG, Snippert HJ, et al. Single Lgr5 stem
cells build crypt-villus structures in vitro without a
mesenchymal niche. Nature, 2009, 459: 262-5

[3] Foley KE. Organoids: a better in vitro model. Nat
Methods, 2017, 14: 559-62

[4] Lancaster MA, Knoblich JA. Organogenesis in a dish:
modeling development and disease using organoid
technologies. Science, 2014, 345: 1247125

[5] Taguchi A, Kaku'Y, Ohmori T, et al. Redefining the in vivo
origin of metanephric nephron progenitors enables
generation of complex kidney structures from pluripotent
stem cells. Cell Stem Cell, 2014, 14: 53-67

[6] Takasato M, Er PX, Chiu HS, et al. Kidney organoids
from human iPS cells contain multiple lineages and model
human nephrogenesis. Nature, 2015, 526: 564-8

[7] Toyohara T, Mae S, Sueta S, et al. Cell therapy using
human induced pluripotent stem cell-derived renal
progenitors ameliorates acute kidney injury in mice. Stem
Cells Transl Med, 2015, 4: 980-92

[8] Freedman BS, Brooks CR, Lam AQ, et al. Modelling
kidney disease with CRISPR-mutant kidney organoids
derived from human pluripotent epiblast spheroids. Nat
Commun, 2015, 6: 8715

[9] Hollywood JA, Przepiorski A, D'Souza RF, et al. Use of
human induced pluripotent stem cells and kidney
organoids to develop a cysteamine/mTOR inhibition
combination therapy for cystinosis. J] Am Soc Nephrol,
2020, 31: 962-82

[10] Kumar SV, Er PX, Lawlor KT, et al. Kidney micro-
organoids in suspension culture as a scalable source of
human pluripotent stem cell-derived kidney cells.
Development, 2019, 146: dev172361

[11] Mullenders J, de Jongh E, Brousali A, et al. Mouse and
human urothelial cancer organoids: a tool for bladder
cancer research. Proc Natl Acad Sci USA, 2019, 116:
4567-74

[12]

[19]

(21]

(23]

[26]

[27]

(28]

Lee SH, Hu W, Matulay JT, et al. Tumor evolution and
drug response in patient-derived organoid models of
bladder cancer. Cell, 2018, 173: 515-28

Vasyutin I, Zerihun L, Ivan C, et al. Bladder organoids and
spheroids: potential tools for normal and diseased tissue
modelling. Anticancer Res, 2019, 39: 1105-18

Chua CW, Shibata M, Lei M, et al. Single luminal
epithelial progenitors can generate prostate organoids in
culture. Nat Cell Biol, 2014, 16: 951-61

Gao D, Sboner A, laquinta PJ, et al. Organoid cultures
derived from patients with advanced prostate cancer. Cell,
2014, 159: 176-87

Ohmori T, De S, Tanigawa S, et al. Impaired NEPHRIN
localization in kidney organoids derived from nephrotic
patient iPS cells. Sci Rep, 2021, 11: 3982

Takasato M, Maier B, Little MH. Recreating kidney
progenitors from pluripotent cells. Pediatr Nephrol, 2014,
29: 543-52

Mae SI, Shono A, Shiota F, et al. Monitoring and robust
induction of nephrogenic intermediate mesoderm from
human pluripotent stem cells. Nat Commun, 2013, 4:
1367

Takasato M, Er PX, Becroft M, et al. Directing human
embryonic stem cell differentiation towards a renal lineage
generates a self-organizing kidney. Nat Cell Biol, 2014,
16: 118-26

Sumi T, Tsuneyoshi N, Nakatsuji N, et al. Defining early
lineage specification of human embryonic stem cells by
the orchestrated balance of canonical Wnt/B-catenin,
Activin/Nodal and BMP signaling. Development, 2008,
135:2969-79

Morizane R, Lam AQ, Freedman BS, et al. Nephron
organoids derived from human pluripotent stem cells
model kidney development and injury. Nat Biotechnol,
2015, 33: 1193-200

Calandrini C, Drost J. Generation of human kidney
tubuloids from tissue and urine. J Vis Exp, 2021, doi:
10.3791/62404

Schutgens F, Rookmaaker MB, Margaritis T, et al.
Tubuloids derived from human adult kidney and urine for
personalized disease modeling. Nat Biotechnol, 2019, 37:
303-13

Joshi A, Roberts MJ, Alinezhad S, et al. Challenges,
applications and future directions of precision medicine in
prostate cancer -- the role of organoids and patient-derived
xenografts. BJU Int, 2020, 126: 65-72

Said N. Establishing and characterization of human and
murine bladder cancer organoids. Transl Androl Urol,
2019, 8: S310-3

Karthaus WR, Taquinta PJ, Drost J, et al. Identification of
multipotent luminal progenitor cells in human prostate
organoid cultures. Cell, 2014, 159: 163-75

Shankar AS, Du Z, Mora HT, et al. Human kidney
organoids produce functional renin. Kidney Int, 2021, 99:
134-47

Yousef Yengej FA, Jansen J, Rookmaaker MB, et al.
Kidney organoids and tubuloids. Cells, 2020, 9: 1326



G gEEd

344

[35]

[39]

[40]

Dziedzic K, Pleniceanu O, Dekel B. Kidney stem cells in
development, regeneration and cancer. Semin Cell Dev
Biol, 2014, 36: 57-65

Wu H, Uchimura K, Donnelly EL, et al. Comparative
analysis and refinement of human PSC-derived kidney
organoid differentiation with single-cell transcriptomics.
Cell Stem Cell, 2018, 23: 869-81.e8

Koning M, van den Berg CW, Rabelink TJ. Stem cell-
derived kidney organoids: engineering the vasculature.
Cell Mol Life Sci, 2020, 77: 2257-73

Taguchi A, Nishinakamura R. Higher-order kidney
organogenesis from pluripotent stem cells. Cell Stem Cell,
2017, 21: 730-46.e6

Ahounova Z, Slabakova E, Bino L, et al. Generation of
human iPSCs from human prostate cancer-associated
fibroblasts IBPi002-A. Stem Cell Res, 2018, 33: 255-9
Low JH, Li P, Chew EGY, et al. Generation of human
PSC-derived kidney organoids with patterned nephron
segments and a de novo vascular network. Cell Stem Cell,
2019, 25: 373-87.¢9

Zeng Z, Huang B, Parvez RK, et al. Generation of
patterned kidney organoids that recapitulate the adult
kidney collecting duct system from expandable ureteric
bud progenitors. Nat Commun, 2021, 12: 3641

Hepburn AC, Curry EL, Moad M, et al. Propagation of
human prostate tissue from induced pluripotent stem cells.
Stem Cells Transl Med, 2020, 9: 734-45

Troth SP, Simutis F, Friedman GS, et al. Kidney safety
assessment: current practices in drug development. Semin
Nephrol, 2019, 39: 120-31

Hale LJ, Howden SE, Phipson B, et al. 3D organoid-
derived human glomeruli for personalised podocyte
disease modelling and drug screening. Nat Commun,
2018, 9: 5167

Kim JW, Nam SA, Seo E, et al. Human kidney organoids
model the tacrolimus nephrotoxicity and elucidate the role
of autophagy. Korean J of Intern Med, 2020, 36: 1420-36
Guo H, Deng N, Dou L, et al. 3-D human renal tubular
organoids generated from urine-derived stem cells for
nephrotoxicity screening. ACS Biomater Sci Eng, 2020, 6:
6701-9

Lo YH, Karlsson K, Kuo CJ. Applications of organoids
for cancer biology and precision medicine. Nat Cancer,
2020, 1: 761-73

Bergmann C, Guay-Woodford LM, Harris PC, et al.
Polycystic kidney disease. Nat Rev Dis Primers, 2018, 4: 50
Cruz NM, Song X, Czerniecki SM, et al. Organoid
cystogenesis reveals a critical role of microenvironment in
human polycystic kidney disease. Nat Mater, 2017, 16:
1112-9

Chong S, Antoni M, Macdonald A, et al. BK virus: current
understanding of pathogenicity and clinical disease in
transplantation. Rev Med Virol, 2019, 29: 2044
Anguiano L, Riera M, Pascual J, et al. Circulating ACE2
in cardiovascular and kidney diseases. Curr Med Chem,
2017,24:3231-41

Monteil V, Kwon H, Prado P, et al. Inhibition of SARS-

[56]

[57]

[58]

CoV-2 infections in engineered human tissues using
clinical-grade soluble human ACE2. Cell, 2020, 181: 905-
13.e7

Grassi L, Alfonsi R, Francescangeli F, et al. Organoids as
a new model for improving regenerative medicine and
cancer personalized therapy in renal diseases. Cell Death
Dis, 2019, 10: 201

Li F, Yuan Q, Di W, et al. ERG orchestrates chromatin
interactions to drive prostate cell fate reprogramming. J
Clin Invest, 2020, 130: 5924-41

Guo W, Li L, He J, et al. Single-cell transcriptomics
identifies a distinct luminal progenitor cell type in distal
prostate invagination tips. Nat Genet, 2020, 52: 908-18
Puca L, Bareja R, Prandi D, et al. Patient derived organoids
to model rare prostate cancer phenotypes. Nat Commun,
2018, 9: 2404

Driehuis E, Kretzschmar K, Clevers H. Establishment of
patient-derived cancer organoids for drug-screening
applications. Nat Protoc, 2020, 15: 3380-409

Kondo J, Inoue M. Application of cancer organoid model
for drug screening and personalized therapy. Cells, 2019,
8: 470

Drost J, Karthaus WR, Gao D, et al. Organoid culture
systems for prostate epithelial and cancer tissue. Nat
Protoc, 2016, 11: 347-58

Xu H, Lyu X, Yi M, et al. Organoid technology and
applications in cancer research. J Hematol Oncol, 2018,
11: 116

Drost J, Clevers H. Organoids in cancer research. Nat Rev
Cancer, 2018, 18: 407-18

T2, mEE, FEE. B S TR M
A o E R A Rl 2, 2017, 47: 17129

Harada K, Sakamoto N, Ukai S, et al. Establishment of
oxaliplatin-resistant gastric cancer organoids: importance
of myoferlin in the acquisition of oxaliplatin resistance.
Gastric Cancer, 2021, 24: 1264-77

Ukai S, Honma R, Sakamoto N, et al. Molecular biological
analysis of 5-FU-resistant gastric cancer organoids;
KHDRBS3 contributes to the attainment of features of
cancer stem cell. Oncogene, 2020, 39: 7265-78

Lawlor KT, Vanslambrouck JM, Higgins JW, et al.
Cellular extrusion bioprinting improves kidney organoid
reproducibility and conformation. Nat Mater, 2021, 20:
260-71

Garreta E, Kamm RD, Chuva de Sousa Lopes SM, et al.
Rethinking organoid technology through bioengineering.
Nat Mater, 2021, 20: 145-55

Homan KA, Gupta N, Kroll KT, et al. Flow-enhanced
vascularization and maturation of kidney organoids in
vitro. Nat Methods, 2019, 16: 255-62

Kim E, Choi S, Kang B, et al. Creation of bladder
assembloids mimicking tissue regeneration and cancer.
Nature, 2020, 588: 664-9

Hu Y, Sui X, Song F, et al. Lung cancer organoids
analyzed on microwell arrays predict drug responses of
patients within a week. Nat Commun, 2021, 12: 2581



