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Morphological Study of the Renal Tubulogenesis in the Organoid Culture by Fetal Mouse Kidney-derived
Cells

Tadasuke Nagano (Fourth Department of Internal Medicine, Saitama Medical Center, Saitama Medical School,
Kawagoe, Saitama 350-8550, Japan)

The organoid culture method using completely isolated cells from fetal organ is a useful tool for studying
organogenesis. Using this method, we investigated the renal development, especially renal tubulogenesis, by a
combination of electronmicroscopy, lectin-histochemistry, and reverse transcription linked polymerase chain
reaction (RT-PCR). Completely isolated cells from fetal mouse kidneys were seeded onto a membrane filter. After 7
days in culture, a dome-shaped cellular mass consisted of tubule-like structures was formed. Some short microvilli
and basement membrane were observed. After 14 days in culture, microvilli became longer, and the number of
microvilli was increased. The tubule-like structure showed a positive staining of lectins[Dolicos biflorus agglutinin
(DBA) and Wheat germ agglutinin (WGA)]. Expression of aquaporin-2 (AQP-2) could be detected after 1 day
in culture. When the culture periods were prolonged, the expression of AQP-2 was not detectable. Based on the
findings of morphological features and lectin-histochemical staining patterns, we concluded that the tubule-like
structure was recognized as a primitive collecting duct. Organoid culture method presented here is a useful tool for
studying the development of the Kidney.
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B O ITREE D SIRE Ul FRRRDIRELF &
FRRIE SR O B A (FEEEMARER) TH 0, RE
N SEBED, HIEEMIIED 5RERIK, IREDTE
KEND. & OICHREINRERITESE & IRME D
wEL, 2HoxT7ay0EEKRE L TOBEIIE
MEND &V EHRERERES. 270 YDMERE
N5EfE, Wb % nephrogenesisic 351F % FRE L
S DOEBEDOIEK » E L7, FEEME, S FRA
HINOEEIC & & 755 IREOEKE E, Tnb
DE W72 15 > T EY) DI AL (renal tubulogenesis)
IR 2B IXEMECT T RIS N TV S & idWv
AR, TS ZfRIHT % 41T in vitro Tl monolayer
culture 7 (X U & organ culture, high density culture

B ERER R ARG RS > X = 4R
CPR16E1H9H 52 4+)

THi# 3 % organoid culturelc kX O, HHMOBET
EDIEDF 5 Nin vivo |TWIEEZ & o T2/ MEh
FERENS T &z#HE L TWa. Organoid culture (&
B 7 2245 & medium O interface TR % J5ik
T®H Y, cell-specific micro-environment®D f & 7z &
BT BEVbNTEL?, LAl HERMED
D cell-cell interaction *® renal tubulogenesis®D i
I ¥ % cell-matrix interaction Z #1539 % DI H H 7%
JiETH 5. & id T Dorganoid culture 7z G 11 B i
WKISH L, Bz IREYNER E N5 2 &2
BLUY. SR OEREZ R s Mo 27
0«27 A2 MAHHTZEDD, BEEANBXU
L7 F I K BB L ANBIZ 21T O RGT U Tz
CREICIXEREGE L DN SmENME O N, £z,
CNDDOEREZR > THEEYIDNESE & LT HEEn
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TEZ R L T B0 ZHNS T2, EEEICRRMN
5IKF ¥ > )V T % Aquaporin-2 (AQP-2) DFEHIC
DU T Reverse Transcription linked Polymerase Chain
Reaction (RT-PCR) IC & D & SICHETZINA Tz
MR EA®E
1. Organoid culture
ICR~ Y Afiff, Hat 16 H OB ik 7z SRS N T
fiH U, Hanksii (HBSS) H T X RXZHWHIYIL 7.
HBSS Tk # L 721%£0.1 % collagenase/dispase/HBSS
(Boehringer Ingelheim GmbH, Germany) 7\ 37°C
T 6077 ERMICHRE) & ¥ 75 AV 5 incubate L 7z. HBSS
THEIAVEE Uzt EiE 28T, 5 mld growth medium
ZINA T, EXv 77 Uiz EE L7z, fLY 1
Z20umDF AT Ay ¥ a2 TAHBL, FiRTL07
f1800 rpm TidD U7t LG 245 C, % B s ilE
Wi fEBL L 2. [ £%3.5 mm O 52 [MIC stainless steel
7% ¥ & Z D I membrane filter & 427 O I &%
PRI R 7% 20 pl (3.6—5.510° cells) §DIE 5~
6 mm ! spot L 7z. B5#(MIC (& Ham’s F-12 medium
glucose; 2 mg/ml , penicillin; 50 units/ml, streptomycin;
50 pg/ml, nonessential amino acids; 10 ul/ml, 10%
calf serum il 2 7z growth medium 7% 2.5 ml3 D A1
37°C, 5% CO, in air THf#E U7z, B5EKIE 2 HEICR
Bl 7z, Bl W 72383881 Invitrogen Co., CA, USA
KXOAFLE.
2. EFHEMIRICK HEHE
REEmBXY1HH, 7HH, 14H HIC membrane
filter = @ 5% # Ml id % 2.5% gulutaraldehyde & 1%
tannic acid % & ¢50.1M phosphate buffer (pH 7.2)
THIEE L7721, 1% osmium tetroxide 7 & €50.1M
phosphate buffer C#& [E & L, T X ./ — )L THiK,
Eponical Ml U7z, WY 2 /ER L, Mg Y o5 =—
Ve T UMEERIC K 2 2B QA2 7Y, @i EE T
%% (JOL 1010, Nihon Denshi, Tokyo, Japan) T#i%¢
U7z, &7z, organoid culture THIE X NI EERIEY)
EDRD oI, Iafr A6 Him) ~ o A Bz &
MiE & ARG, Y] 2 FRk U FmEic ¢
BTz,
3. L7 F I &L BB EFRR S
HEMWBKIOIHHEH, THH, UHH DM E Z
10%HF PRIV Y THEEL, /NT 7 1 icallil
Lz, 4pmDNT 7 ¢ VY 2R L, {F#
LicUIR 2RSS 7 0 v LTetg, 01% bY oY
(Sigma-Aldrich, Co., MO, USA) & ZiE T100 X
Jo S BT 21T o T2, WK S—F F 2 X — BT
PaTaw 79 % HIc0.03%iEiE{E k2K (DAKO
Co., Hamburg, Germany) %Y FICii FLU=ZEIRT
1077 EfR(F LTz, MBUKTYIR Loz L
7z1%, phosphate-buffered saline (PBS) H1iC 5747 [l

SEAH

RIEI . PBSEHWVTIONGRLUIZL 7 F >
AR Z YR RIS T UERT607 M S S8z, H
W7z L 7 F 2 & Dolicos biflorus (DAB) ; specific for
GalNAc a 1-3GalNAc,Wheat germ agglutinin (WGA) ;
specific for GlcNAc, Glycine max (SBA) ; specific for
GalNAca 1-3Gal, 7% 5 U IC Ulex europaeus (UEA-1) ;
specific for the terminal o -L-fucose TH %. L 7 F Z
E-Y Lab,, Co. CA, USAX O AF-L7z. PBSTHInlitis L
721%, ZiET307) [ peroxidase ik streptavidin &
Ji & H 7z, PBS TYEH4, 3,3'-diaminobenzidine (DAB)
(DAKO Co., Hamburg, Germany) % W\ CHA S &
7z. Mayer D Hematoxylin Ic X 2 MLt =17 - 7214,
fik, FERRIEKAEEE AR ZHWTE A L.
4. AQP- 20ORT-PCR

feis16 H~ w7 AE /s 5 CIc i &EB IO 1HH,
3HH, 7HH, 14HHICAQP-20D ¥ 8l % RT-PCRi%
Z WV THGET L 7z, mRNAD 47 B 13 uMACS mRNA
isolation Kit (Daiichi Chem., Tokyo, Japan) % i \» C
7 - 7z. mRNA isolation Kit®> 7’10 s I — )L ic fit \»
16 H ~ 7 A, HBELZZNZTNDORHO
B B 7 WA 22 2 0 i A Uf i U Lysis/Binding
Buffer 2 il 2 5¢ &S VSR U 2. VAR LU 721 72 13,000
rpm T37%7 [ 3% .0 U 72 7%, Oligo (d'T) MicroBeads 7z
Mz, Ao LZ@EEEE% &Ik > TmRNAZTA
HU7z, =% /7 — )Lk, You Prime First Strand
Beads (Amersham Pharmacia, Buckinghamshire,
England) % F W eDNAZ & L 7z, & L 7z cDNA
% template & LTakara PCR Thermal Cycler MP
(Takara Shuzo Co. Ltd., Shiga, Japan) % | \WRT-PCR
% 1T > . AQP-2®primer design 7% 5 T 413,
Zharkikh 5 ¥ OAICHE> 72, PCRIEDNIZ1% 7 A T1—
A7)V 72 {E %L, Mupid % fifi /] L Tris-Borate-EDTA
buffer (Takara Shuzo Co. Ltd., Shiga, Japan) T & & vk
gzttt Lz,

#= R
1. X%, EFBEMRICKIEBR

BB L 7S EIHE CIEES L—E R - T
W7z (Fig. 1. 2o DEA LM, MR O
BEaEBXUCHlEomME T, BREREOEKRERD S
Nizholz. BETHHICIR % &LHHG TR aEL
E R—=LJRICE Y EA D, membrane filter i 2 L T
WA IR, HIRAES U e 27 9 R 72 58
Bz (Fig. 2A) . EMICIFEREZRET, —Hlex-T
WAELDEED BN, T OREEY) 2 BT BEMEE TH
% L EREZRT MOl s M Z & > Tz,
MR A T B IS U, MO EE M IdE K
TR MRS 5N, BFEHNCIZE NN S L IE
MERE N T Wiz (Fig. 2B) . S RERL S 2 il
BETEEDEVEDEEHNEDONRDEN, —imh
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PERE LWnb b 2 i AKER (ampulla) Z B L TW iz, &
TEEORNEDIIMMEICZLL, ETEEDR
WEDWF IOV RUTHEETH >, BiE14H
Hicks L, BlEZEKRT 2MEXDERSIL,
Bz T 2MEOMEICEI Fay FU TR
SBEICAD, BEREMCEES S NTMME (H 50
microplicae) (37 HH & b 552 LE 7% - T\ iz (Fig.

Fig. 1. After 1 day in culture : The cells were agglomerated
into a cellular mass. The intercellular adhesion was obscure.
Basement membrane was not observed at this time. x 2,500.

Fig. 2. A: After 7 days in culture: A high-density cell
suspension grew into a dome-like cellular mass on a
membrane filter. Tubule-like structures (arrows) were
observed in the dome-like cellular mass. Toluidine-blue
staining. x 50. B: Electron micrograph of the tubule-like
structure. Cells adherded to each other and acquired cellular
polarity. Basement membrane was formed under the epithelial
cells, and microvilli were formed on the luminal side of some
of tha epithelial cells. x 2,500.

3A). Brown & Gluck” AM5 LTV % X 5 2 Ml
TICH 253 % H' ATPase T & % $ibkkE s o/ i
(stubs) XS M Tld - 7z (Fig. 3B) .

LSRRI NI EE 2R T hE & oo 7z
BIC, Fig. 41Cfihin 16 H~ 7 A Bk O 8E 1 BB 52
RUTz. 16 Hifn RIS S E Ol R ITESR
HMlROEENAHA LN, MERMIEOES IR G

Fig. 3. A: After 14 days in culture: The microvilli (arrow
heads) had increased both in number and in length
compared to those observed at 7 days. x 9,500. B: A higher
magnification of the electron micrograph of figure 3A taken
after 14 days in culture. The stud-shaped structures were
unclear. x 48,000.

Fig. 4. Electron micrograph of fetal mouse kidney (16 days of
gestation). The cells were agglomerated into a cellular mass
with a lumen. Short microvilli were observed in the luminal
side. x 1,000
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HEOMANCBOTEIRDE L E D/ RLIE DT,
TR IS ME L TIE T TV S HifaRt & 171
LWz,

2. LY FUIc K BB EM RIS

DAB, WGA, SBA, UEA-1D4FE D L 7 F ¥ Kt
HhBHE, BEETHHICRED bNIENEE - I
B < DM DAB, WGAK SRR R & & & -
(Fig. 5) . Falhpr RIS ER F5 - To s 2 RS %
Mg S B, WEEANCFED 57z, SBA, UEA-1IcE
W E R R T EYIC B O T MEAT RIS 5
Nixzh-oiz.
3.AQP-20DRT-PCR

iR 16 H O~ 7 A i T AQP-2 Dl {7 FE B
YoM, B 1HHEICIZAQP-2 DBIETHEI R
BN, BEEBARAHS, 7, 14HH TIZAQP-2D 3
R 5 NEh o7z (Fig.6).

z 8

BEFEMIRIC S 8RR

FTHYOFEICDONTIE, BMIERENIC6DDE
FEMH O, 1 BEMIEE, 221 BlE Rk
(stage I: Larsson), ZH3MHH; B IKEAIH, 55418
ST IR (stage II: Larsson) , 55581 ; SRERIATE i ) 1A
(stagelll: Larsson), 56HH ; SRBRIKTE ik (stageVI:
Larsson) ICF 5N TWABS?. SE, R FICBW
THHEEINOR, BUHeHE2AEXTT, HNE

Fig. 5. (A) DAB, (B) WGA. DAB and WGA positive
staining was observed on the luminal side of the cells in the
tubule-like structures. x 250.

SEAH

JRERTEEE & KX N 2 ARG O KR E LI+
IROMERMIEOESHA LN, MERMEOEST
TEEICFHBESEOmANC BV TEIRDE L X 0 BR
LIZ U BRI YS LTV, HE2il ;s B o
BFEBESEOmMAIC B TEROZ L0 2R LI
FIROMEERMIEOBE UM EN SR TH S, 5
£ N TR INLBEOERIEADNTZVE S IR,
SERIEE NI B2 R OMGEY I TB R RN A
OAHEMEDREFEV X I ICEDbNS.
LI F VR

e E D B se I HEE L Z2MilEh SR E N
B oEyhmnhoxoay « 7 X2 Mg
LTWEOWERRS DI LT F U RIEETIT-S Iz
L F VRN L7 F 2 NREE O FEEE & R B IICHS
G958 % FIH U glycoconjugate i Hi 9™ % 72 8H1C
HousnTw3Y. Z dglycoconjugate 1325 H DIEHE
FAERPHI ORI BV CEEREZEEZH S TV
ZE0DbNTVS Y. FEMOBIKIC N TIEE 4
STIRADIRME AR ICIEZ T TV DhDL 7 F
UIRBELTWS E 0D TW3". Laitinen 5 &
fRiE 11~ 18H OB T, fii, =AIRME, £E5E
DWGA, DBA, SBA, UEA-1DKIGHEA AN, WGAIX
WL, mALPRAE, EEE CTHMETH 2 0VDBAGE
BEORGETH S L LTS, Hanai 52 & A
MO RO BT 5B TI6MEOL 7 F >
ZHWTHRTL TWSH, IBfAH, BrEfficsuT
DABGM TR ZZEDZDIZESEOATH - &R
NTW5. B N TR Bz R IMEYc By
THLDABIGMEZERD, SHIBIE S NI E 2 Fr - Tk
WEYNITERERN, LU F S X B HREAN S 5

BETHS EHENE N

AL T2 B E 1E, /KoNaliixic h b % &
#MAE (principal cells) & E&¥EEFATICEI D 2 M EMAE
(intercalated cells) & W\ > 7= FEBE D 75 52D DMl
NS ENTWVS. SRALNTEEZR - T

1: Fetal mouse kidney(16 days of gestation)
2: Organoid culture day 1

3: Organoid culture day 3

4: Organoid culture day 7

5: Organoid culture day 14

Fig. 6. Gene expression of AQP-2. AQP-2 gene xpression
was detected after 1day in culture. However, gene expression
of AQP-2 was not detectable when the culture was prolonged.



< AN R EHIIEIC X B R5# R CO renal tubulogenesis I 351) % JEREE IR ET 93

SN E FHE MWV EMICH YT &8
Nz2478, ETEEOHVWI IR T7DE
B E (B % W I microplicae) D K < FEL TV
HZMIERBICHYS T % &8s XA TOXFIAA]
BETH - e, MEMIE, H Z0Wd % aflifa® &
HCO* Z5ihd % Bl E SICHEE NS D, 2F
DR Tld o fIlETH % H B KD O XK FNE K T
Hote. Tv bR T ATIEALS- 2405 % T,
BEICIEEMREOA T EMRIEEED DTN WD

N3, HEMRE & A TEMRE AN — O RiBRAERIC ok
THEVWSHEEDHD, SOV AL

VS MEIRRIHE N TOAEWY . R L 7 F
O—FEPNARGET, E%3IBEHMSHBITS E0nbN,
F 7z a M B AT AERIIIC S B CTHIBR L, 2 A
Bl P E (B % W id microplicae) Z 7=z &b
NaZehs pilEORTEEMR TRV E b N 5. e
X, BEEEFSEEICR D > TV A NMERIIED 5 5
HHfE O H " ATPase Z apical membrane | 715 L B FERY
121310 nm DEEEE DG Z U 7z/M\d (stubs) & L TH
5N%Y. i N T TEIEIEEMONEN T, 14
HHIC &k F A mouse DEFE O NMTEMAL TRED BN
% KD IBWENMEE L TN H, MIFERE ROk
ORER Ul/MaiZ S Tld e o 7z, o MdICF
1£9 % H ATPaselZ, Y FDOBEAIAD BV E
BETIE, BEAD 2 0VIMERNOWT IS S RES
F, Ml kic o L, Mt E R 20 . i o M
PG AR TN 59 TICEET 5D Tl
<, BRI D SEAVMRANTEEIL, RfEz
PET ST ETHAIT B b, BisE FTIRARER
MMEDIRREICH B ED L BN 5.

AQP-2DHIF

Aquaporin (AQP) IZ7/KF ¥ R IVEHD T 7 2
U—Thv, BHEZETCICI0MEDOAQPH H W\ HY
SNTVS. ZOHTAQP2ITEHEAEICBNT
arginine vasopressin (AVP) IC X > THFE T N % /K
Fr Ve LTHRREENEYY, S MWL TR
FaE18H DESE FRICAQP-20 B Z3%, 4
%6-14HIC3 B L ZT25M5ICHINT 5 L WMEENT
W52, —7 Yamamoto 5 ' 13 & © BHIH 5 D AQP-2
FEB 2R L, Mrin16 H & O mRNADFEBI L, 18H
FICIE X SICHRBID S LSS D apical pole I 38
NRDEND T EEHRELTNBY.

Sl ORI TIE, AQP-2En T OFEIEEF=ICHW,
TelRi 16 H ORI TIE RN RED NI, K DIE
it & & BICHEAMNRD NG Ko T, HEZH
L, WETHHTIREREZ R - ISy OB RN
EHED R E N, 14HHE TR ZOMMEITFEL
EL&xy, BN, 2L 7F XS HBILENK
IO BIESEICHLLEZEDTHS D, EAEEL
TOKBEEN TH 5AQP-2DFH I E X N - Hlin

BICIIEDBENT, BEE L L THEREZ RT E T
FIEL TOIRWARMEERIGESE L Bbh iz, 85
B L L TORREDERITIIFIROTN S E DR
BT LICE>THODTEAE L L TORENREN
DTV b, X0 EERNICGIWEREIC
B 2EEZR > oGO, 7 JICHET 51
BERE M & Z DB FFFIC DWW Tl organoid culture
g2 HAGDE 5% E, BEEOWRLEFD
S LICHETT B END B L EbNEN, SRV E:
organoid culture!d, renal tubulogenesis’ in vitro T
REZHNCIET T 2 L CHMZAED1IDICRS LD
N7z, & 51T 1E metanephric mesenchyme & JRE
S ZNZFN5HE L 72MIiRIC K % organoid culture
EHAGDHLHE S T LI X D tubulogenesis T 5 1T 1
nephrogenesis 7 in vitro CHatd % A DG H 7515 %
etz 0LEbns.

5 A

O MREAGEISERICHBES N ZHH Lz
organoid culturei%7z V>, 1~ ZOBgh 5
SEAIC HEEX NI % membrane filter | TH;#
T5E, BET HEH T, B2 iy
FET % F— LAIROAMEEESE A membrane filter -
IR E Nz,

TERK E NIz E 2 F5 o 7o HEEYNC I IR &
IS B IMENBZRE N .

B o TSN ITEREANCERE L EAD
nre.

Mz Z2ICHioEiEE WHRZHD
FLEEHEERRZRGEELE Y 2 — B4R
WFVET B, WHYAE TR ARE LTI
BEBSMICHEEMB LU LT, Riffzto—E6id,
BIEBERKRYET / LESAHIE 2 > 2 — 7B,
B RERKY ; Al a7t B 2002 O i B 72 52
J7z.

X

1) Murata E, Zimmermann B, Merker H-J, Akita M,
Kaneko K. Basement membrane formation of fetal
mouse intestinal epithelial cells in organoid cultures.
Acta Anat 1995;153:96-105.

2) Kopf-Maier P, Zimmermann B. Organoid
reorganization of human tumors under in vitro
condition. Cell Tissue Res 1991;264:563-76.

3) Nagano T, Murata E, Mitarai T, Kanozawa K,
Matumura O, Akita M, et al. Roles of cell-matrix
interaction during tubulogenesis. ] Am Soc Nephrol
2001;12:524A-5.



94 Ik 17

4) Zharkikh L, Zhu X, Stricklett PK, Kohan DE,
Chipman G, Breton S, et al. Renal principal cell-
specific expression of green fluorescent protein in
transgenic mice. Am J Physiol 2002;283: F1351-64.

5) Brown D, Gluck S, Hartwing J. Structure of the novel
membrane coating material in proton-secreting
epithelial cells and identification as an H + ATPase. ]
Cell Biol 1987;105:1637-48.

6) Jokelainen D. An electronmicroscope study of the
early development of the rat metanephric nephron.
Acta Anat 1963;52 (Suppl 47) 2-71.

7) Larsson L. The ultrastructure of the developing
proximal tubule in the rat kidney. J Ultrast Res
1975;52:100- 36.

8) Bretton R, Bariety J. A comparative ultrastructural
localization of concanavalin A, WGA and RCA in
the glomeruli of normal rat kidney. J] Histochem
Cytochem 1976;24:1093-100.

9) Holthofer H, Virtanen 1. Glycosylation of developing
human glomeruli: lectin binding sites during cell
induction and maturation. J Histochem Cytochem
1987;35:33-7.

10)Nagata M, Tomari S. Development of renal tubular
system. Jintotouseki 2002;53:15- 8.

11)Laitinen L, Virtanen I, Saxen L. Changes in the
glycosylation pattern during embryonic development
of mouse kidney as revealed with lectin conjugates. J
Histochem Cytochem 1987;35:55-65.

12)Hanai T, Usuda N, Morita T, Nagata T. Light micro-
scopic lectin histochemistry in aging mouse kidney:
Study of compositional changes in glycoconjugates.
J Histochem Cytochem 1994;42:897-906.

SEAH

13)Hagege J, Richet G. Dark cells of the distal convo-
luted tubules and collecting duct. Morphological
data. Fortsche Zool 1975;23:288-98.

14) Clark Jr SL. Celluar differentation in the kidneys of
newborn mice studied with the electron microscope.
J Biophysic Biochem Cytol 1957;3:349-62.

15)Minuth WW, Rudolph U. Successive lectin-binding
changes within the collecting duct during postnatal
development of the rabbit kidney. Pediatr Nephrol
1990;4:505-9.

16) Matsumoto T, Fejes-Toth G, Schwarz G J. Develop-
ment expression of acid-base-related proteins in the
rabbit kidney. Pediatr Nephrol 1993;7:792-7.

17)Yamamoto T, Sasaki S, Fushimi K, Ishibashi K,
Yaoita E, Oita K, et al. Localization and expression
of a collecting duct water channel, aquaporin, in
hydrated and dehydrated rats. Exp Nephrol 1995;3:
193-201.

18) Fushimi K, Sasaki S, Yamamoto T, Hayashi M,
Furukawa T, Uhida S, et al. Functional characterization
and cell immunolocalization of AQP-CD water
channel in kidney collecting duct. Am J Physiol 1994,
267(4 Pt 2):F573-82.

19)Fushimi K, Uchida S, Hara Y, Marumo Y, Sasaki S.
Cloning and expression of apical membrane water
channel of rat kidney collecting tubule. Nature 1993;
361:549-52.

20)Baum MA, Ruddy M, Hosseltel CA, Harris HW. The
perinatal expression of aquaporin-2 and aquaporin-3
in development kidney. Pediatric Res 1998;43:6,
783-90.

© 2004 The Medical Society of Saitama Medical School



