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(EE]1 BB s ARy 1R BUE A2 T4 (kidney stem cell, KSC) , 3 %5 78 H A= ¥ = K- 1E S+
MMREPE. ik N 4 AR HEPE SD R BUOBUE B Lk Ak 4y B8 15 5 KSC 81 & WU T WL 5% 40 M B A& FRAE 58 5 i
SO G2 DB AR 2 8 KSC Y 3R BUARAE L 38 a7t & IR 75 7 o0 Ak 2 o JL AR RE Iy, Il 4 52 i i 995k PCR
(quantitative real time polymerase chain reaction, qRT-PCR) [t % KSC 5 Kk &5 /N4 L M 40 g (renal tubular
epithelial cell, RTEO) St H FXMER, HR  KSC BYEIY SRR AE K fpe st g5 R o KSC v %k Vi
HALALE) & A (alpha-sooth muscle actin, «-SMA) | I £ 25 1 ( Vimentin) . # 28 45 4% 8 1 (N-Cadherin) | ##1 22 $ 5 1
(Nestin) \CD133, /A 5% ik 45 %4 2 4-E (E-Cadherin) | 40 i 1 2 9 (cytokeratin-18, CK-18) , % %% 1% $2 % 14 (zona
occludens protein-1,Z0-1) s 40t 7 =0 45 R B 78, CD29., CD90, CD73 3k Hb & 43 5l S 99. O/‘QS 8% #1M1 99. 9%,
CD45 BHEA g 3. 4% s T A b i CD133 Hl Nestin FH 443512 33. 290 1 70. 200, S MR 31. 426 5 IR 5 5
JRINE O Yt 268, iUl 75 55 B E A A b An S P R AL 8 B 216, qRT-PCR 45 R 7R . 5 RTEC #
BB R T 40 M AR 0 #) Nanog.Octd/ pou5 f1,Sox2/sry-box-2 B mRNA ik 75 KSC i & (P<<0. 01) , i) i
FRICY o SMA | Vimentin mRNA %3k 75 KSC H38 & (P<C0. 01) . i 289 & B2 40 i 47 iC ¥ E-Cadherin, CK18
mRNA R #7E KSC AR (P<<0. 01, &g B3R L AALAT L4k B 35 2 0T Fa g 97 18 10 B TB) 5 BT 1 40 i 4
) KSC,
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[Abstract] Objective To isolate and steadily culture kidney stem cells (KSCs) from rat renal papilla, and to
identify the biological characteristics of KSCs. Methods KSCs were isolated from the tips of renal papilla in 4
weeks-old Sprague-Dawley rats. The morphology of KSCs was observed under inversion microscope, and the
phenotye characteristics of KSCs were identified through flow cytometry and immunofluorescence. The abilities of
KSCs in adipogenic and osteogenic differentiation were evaluated. The differences of gene expression between KSCs
and rat renal tubular epithelial cells (RTECs) were compared using quantitative real time polymerase chain reaction
(gqRT-PCR). Results KSCs showed a spindle-shaped and arborization-like growth pattern. Immunofluorescence
indicated that KSCs staining with alpha-sooth muscle actin (¢-SMA)., Vimentin, N-Cadherin, Nestin, CD133
marker, and without E-cadherin, cytokeratin-18 (CK-18) ., zona occludens protein-1 (ZO-1). The positive staining of
CD29, CD90, CD73 were 99. 0%, 95. 8%, 99. 9% respectively, the positive staining of CD45 was 3. 4%. The
positive stainings of stem cell marker CD133 and Nestin were 33. 2% and 70. 2% respectively, while the double
staining rate was 31.4%. , KSCs showed positive staining by oil red O after adipogenic differentiation, and orange
calcium deposition by alizarin red staining after osteogenic differentiation. qRT-PCR showed that the expressions of
embryonic stem cell marker Nanog, Oct4/ pou5 f1,Sox2/sry-boxr-2 in KSCs were higher than those in RTECs (P<C
0.01), and the expressions of mesenchymal marker «SMA, Vimentin were also higher in KSCs (P < 0. 01).
Compared with RTECs, the expressions of mature epithelium marker E-Cadherin, CK18 in KSCs were lower (P<C
0.01). Conclusion KSCs were isolated successfully and steadily cultured from the rat renal papilla, which were
identified with featured biological characteristics.
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HA T 408 (kidney stem cell, KSC)FE7E T 5 #.3k
T 20 i BE g b R UESE TAAAE T AL KSC 2 5
Tk L B NS B R AR M B L AR T %
b A AE T B R IR L AL O T KSC AR A W) 27 45
PERRIER D . O T ik — LRV KSC M A ¥+
RFAE AR BIF 58 75 30 B} & 47 B E 92 90 = BE AL fF 5T
HLAitly b 82 s K B L Sk Ak g O AR E B TR
KSC, [a] i F oA 40 4 e AT 1 ik — 20 %5

1 #Rl57F*®

1.1 zh¥ R HBasRiR

4 FWE 1 T R Sprague-Dawley (SD) K Bl
H [ S 2 R 2 G B R I R R 2 S 5 2l ) F 5 i 4
M, B ATHIE S : SCXK (3) 20090007, A BB /IS
H E 2 20 i (renal tubular epithelial cell, RTEC)
NRK-52E g A F R} e L i 20 i 4
1.2 FERFERHME

[ 3¢ B T 40 2 ( mesenchyma stem cells,
MSCs) JF R Tt (bt & /N E YRR R A
Hl BT o MEM, I % & 626) , DMEM/F12
FrigR 0. 2500 R AR g 6 4 1L (fetal bovine
serum, FBS) (3 [ Gibco A a)) ., KR [ (£ H
Sigma AR . MCHE L BUIE 5 S 401k 5 R (BRI A
PR A T o S P SR BT /N BB A A AR
H-E(E-Cadherin) Z 31 . % $i1 % % 3% % H H (zona
occludens protein-1,Z0-1) Z 41 P eF 4 EH#E H
(Fibronectin) £ i (santa cruz) , /)y BP0 K Bl &8 8
HH (Nestin) T A&, /N BUPL Bl 28 85 85 8 B (N-
Cadherin) £ $1. 4, 6 — Bk -2 K I w5 BE (4, 6-
diamidino-2-phenylindole, DAPID) . 1] 2 Ifit 75 (3£ [H
BD 2 &), /N B it WL 3 48 H (alpha-sooth muscle
actin, o-SMA) 241 (F [H Sigma 23 ) - LI ¥ &
I (Vimentin) £ 3% (Cell Signaling Technology) s/
FL BT 40 Bt £ B8 13 (cytokeratin-18, CK-18) £ ¥ (¥ [H
Abcam A WD), ZH W H AL & A AL A A =X
Ko AA < /N BLBT K B CD90-PE $i 44 |/ B4t K
Nestin $T & /N 4T K B CD73 $ipfk (3£ E BD 2
D LN B CD29-APC K/ BBt K Bl CD45-
PERCP $i & (%[ Biolegend 24 #]) , fdi CD133 £
Prdb B R A D I FEH/ N 647 1L FE PR
488 (% [H Invitrogen Alexa /A #]) ., LB E = 2¢ 6
PCR ( quantitative real time polymerase chain
reaction, gqRT-PCR) & | cDNA & ¥ 3 i 7 & .
qPCR ¥ #1857 & (H A& TOYOBO).

1.3 FENFH

UV5600 %I CO, 15724 (f [E Heraeus) , IX70
A E 7% B (H A Olympus) , f# 5] % 5 8
CEE IR AR A AR A B /D e X Al i 4 e A (36
BD FACS Calibur) , 1Q5 52 I & 1 %¢ ) PCR Y
(£ E Bio-Rad A7),
1.4 XWHZE
1.4.1 KSC 4 &3 AH54K 4 M SD KR
HOBUG 3025 5 o e T ) R RO R YR e R T
YPAT U NE B8 5 IR AT WL AE AR L S 25 4 . K7
WAETH R R AT ER 5 N & A EP 48, PBS
T VE BT ORI ARG T 58504k B0, 3% B .
M T 25 em B, BT 37 (CL5%CO, 41
FFRAAWN .72 h J5 T B 0050 LSS 4 A i R A
TEO IR, Z 5 ARG 2~3 d il A K =
70% ~80 Yo m A BT L 1 = 2 [ Ho A9 4T 4 B AL AR, 1
ARICE 1.2.3.4.5 {8 (P1.P2,P3.P4.P5),
1.4.2 RTEC #93& Ao te X FH& 10% 6 4 175
i) DMEM/F12 89736 4% 1 2 5 HBifL Q.
1.4.3 mpey Sk % eam B P3 RN iR+ 24
Lt AR E 702 ~80 00l A » 48 420 RT3 0
22 B P 25 Y 1 L0, 1% Triton-X-100 AR 10 %0 1113
IM3E 31 30 min J5 A —$T 4 Cib i, FREINA —
$t DAPL, & TR BT B T MR,
1.4.4 mpiaXtem KSC x&izE&4 P4
KSC H& T 100 pL PBS H A —# 2 pL.4 CHE
PRI 30 min, IIAAH R Pt 1 pL CE BRI PUAE
HIEMAYUE S w4 CHEIK, DG 30 min, PBS
THUE 3 & 100 H i M i J5 B ALAS I
1.4.5 KSC #h s g . B#HFoL OWIREST
b %5 P3 AR KSC LL 12X 10" /FL Y % B 35 7 T
24 fLARP IR AW 3 d B 1 d Iy
R 3 AER G B SR 7 4 AR JE #EAT AL O
e, OQWHIHETTMHE %% P3 L KSC U
5X10° /FL A 2 FE Rl T 24 FLAR . 48 Jf 00 BE 5 m
ABEES R 3 d K, 2 AEEEala
W5 B B R Gt 20 TR 4% B UL I 5 AT 3 A
1.4.6 qRT-PCR Fk#mlsmpk B Ak £5F I
P3 18 KSC & NRK-52E 40 fifl, ] Trizol 72 $& B i
RNA, #H8 cDNA Jz % 532070 & Ui WK RNA %
S cDNAL R 5 #E47 PCR SN = 51 9% 51 F 7= 4
B UL, AR 3 NEEE. &N
95 C A8 ¥ 2 min—> (95 C 15 s—>58 C 20 s—
72 °C 30 s>80 ‘C 10 s) X 45 JFH—>95 “C LR 1E i
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10 s BRI AE G ok B, H AL H A 2k
FH A |, L GAPDH fE-h N 2, it &
ACt, FF L2722 R H ) & A mRNA B A1 X 3£

Mtk qRT-PCR 3|4 & [ R 5% &
Table Primer and reaction conditions of QRT-PCR

Gene Primer sequences (5'-3") Length
GAPDH F:AGACAGCCGCATCTTCTTGT 238 bp
R: TTCCCATTCTCAGCCTTGAC
Nanog F:GAAGACTAGCAACGGCCTGACT 104 bp
R:GGTTTCCAGACGCGTTCATC
Oct4/ pou5 f1 F:GGCTGGACACCTGGCTTCAGA 141 bp
R: TGGTCCGATTCCAGGCCCA

F:CACCATGGCGACCGGCGGCAACCAG 297 bp
R: TCAAAGCGTGTACTTATCCTTCTTC

Sox2/sry-box-2

Vimentin F.:ATGCTTCTCTGGCACGTCTTGACCT 339 bp
R:ACTGCACCTGTCTCCGGTATTCGTT

aSMA F.CTTCTATAACGAGCTTCGC 137 bp
R: TCCAGAGTCCAGCACAAT

E-Cadherin F:AAAGCAGGAAGAAAACACCACTC 172 bp
R: AAAGGGCACGCTATCAACATTAG

CK-18 F. TTGAAACCCGAGATGGGAAA 62 bp
R:GGCCATTCACTTGGACATGAT

A B C

Bl kRS

ki,
1.5 %it=®EFHiE
TR s R . PR FL R k4l ¢
kg5, P<<0.05 MESAGIT¥E X,
2 #R
2.1 KSCHESEMNZE
KEVEFL LA Loy R T Wb T
MSCs K923 24 h J5 40 S 5% 4 /N 41 21 B 8 7R Il
BE A8 h Sl WA 2 EFRAERK . HHRIESHA
ZAEE AT PR A M R R A0 R B T 2 A A
Ml 4~5 d Al AE K2 80% filt & . BEAT AL AN, LG LU
1 20l B4R, 29 5~7 d A% 14815 % P3 {1t 48
i 5 AR Y SR BOIR b A A B AR T % 9 A Ak
RTINS 2N RSB VNS = N 2.2/l Nt 3 1 U
WEAZ(E D,
2.2 KSC iR BUSAE

HATFHBEES

Fig 1 The cell morphology of KSC from rat
A,B: The 3 d and the 5 d of primitive culture. X100; C: The 5 d of first-generation cell P1). X40; D: The 5 d of third-generation cell

(P3). X40; E: The 4 d of fifth-generation cell (P5). X 40
2.2.1 REXEEMNmMIE@FT 45EER,
KSC % ik ¥ 1% 09 8 £F 48 40 B8 45 ic o SMA,
Vimentin, 3 ik [8] 5 40 # #7 i¢ N-Cadherin, ik T
0 M ARiC Nestin fil CD133, A3 E g igtric E-
Cadherin,CK-18 I ZO-1, 33k £F 4k % 42 5 11 (&
2).,

2.2.2 A Xk mie k@ Aric P4 AR
KSC 2 i 2 20 i 434G 100 4 it 2 T s 2 - 245 SR & 2L [
T 4 Ml AR 0 CD29,CD90.,CD73 B F ik , FHYE 1L
RPN R 99, 0%.95. 8% Al 99. 9 % 5 1 & 1M 40 Y b
it CDA5 BH 3k, BIPE R 3. 4% T 40 i dr i
CD133 Fl Nestin, FHE% 43512k 33. 2% F1 70. 2%,
I AR AR IC B XS 2R A 31,4 %6 (& 3).,

2.3 KSCHHEENMERE

2.3.1 KSC# gt P34 KSCLigisS

R RIS A KRS B e AR 5 =P
NI ELLET T d MR A AT WL /INIE T Y K, b
BB E A, 2 JE ] i i 5 43 fl G L LR N S
KN — B NG I LE O Yeta B2 (5 (8 4A)
2.3.2 KSC#mE»4 P3KSCEWHIHES
R REAHRESHFRELERE. 22
FATE TS NI, B 3% P AT D0 35 22 B8 (0 20 /N JBORE
2~3 JAZE AT IR A AR R R R AL Qa2
L (E 4B,
2.4 b KSCE RTECEERIZZER

B P3 8 KSC 2 NRK-52E 4f Jifl . & Bt 40 i
RNA, #47 gRT-PCR £l , 45 5 i 7R 7 4h IR G+ 40
MARIC Y Nanog.Octd/ pou5 f1.Sox2/sry-box-2 TE
KSC 3k 8 & F NRK-52E(P<0. 01) , [a] i bR id
¥ o SMA . Vimentin 1£ KSC ()% ik & T NRK-52E
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Fig 2 Detection of cell surface markers by immunofluorescence

2A: X100; 2B: X200

4 KSCH B .HEFSSL. X200
Fig 4 Osteogenesis and adipogenic differentiation of KSC. X200

A Adipogenic differentiation, red oil O staining, alizarin red
staining; B: Osteogenesis differentiation, alizarin red staining

(P<C0.01), Ml 249 | &7 gl fd 4 ic ¥ E-Cadherin.,
CK-18 [y i & KSC ik F NRK-52E(P<C0. 01) .,
UL 5,

Wig
20 S A G B AR WA T R AR SRR T Y A

BLHTP R B L 1 B MSCs, MSCs 3k JEIE &
2 EkVE T B B84, MSCs IR Al f£AE T ReF 4 41 .

H W8

3

SEC AT 000

N-Cadhernn OLSMA Vimentin

DAP]

CTH5 PorC-Cw5-5

CIFI33 Hestia

50 — %50 — I50OF
Ol 4% v BETRTT = Tt
150 & & 150 { ] St
10 Lo " T i ; 110 ol
50 ( T E e T -
@ - % e [ &
[i] L] N —. [T b

ai |.'I| _|I| |.I.
TG AFABEFITC A

g 0 i |.'I|
Mestin- AFGAT APC- A

C05 PerCPCy5-5 A

B3 AR T 4 B R E AR I

Fig 3 Detection of cell surface markers by flow cytometry

JBE AT LB I JJFF IR R 4 A RS B R 2006 4F [
PrAmE AT A S AR T A ZE RS HlE T
MSCs M IFA AR E  OFEFRMERT I 5518 T, 4l il vl
FE B I O W RE AR K @ ik i M v KR .
CD105.CD73 il CD90 FH 1 % =95 % , 1fij & 1.+ 4f
i 4% i CD45, CD34, CD14 & CDI11b, CD79 &
CD19,HLA-DR FHPER<2% ; @ B A B GE i ¥k
F 41l von Kossa YL 0% 5E) g GE M er O G
058D  BUERE Gl o BT = 0 68, 578 22 ) 4 Ak 1
WHRE. ZIR E R AR HE AT 2 B KSC W B A
MSCs 1 — 28 FHHRHIE . 5 55 KSC 78 MSCs $5 57 3
h ELA RS I RE AR K B RRAE , Rk CD90.CD73 FH
PERAY 9 R 95, 8% F1 99. 9% . 1 CDAS5 BH 1 & Ky
3. 4% .k KSC BA BUE IR s AL AR AE . T
FRATA> B 12 B KSC A e 14 37 2048 I it 4 45
A I CD105 K H At — 26 38 1 1 48 A AH DG AR 12 3%
A AT AH T KSC & B 3L 3k Ak 0 B3 55 5%
G315 TN AR B R KOG B AT o g R O DR TR
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Fig 5 The differences of gene expression between KSC and NRK-52E (n=6)

A: The embryonic stem cell marker; B: The mesenchymal marker; C: The mature epithelium marker. * x P<Z0.01, vs. NRK-52E

Ze 3 I T4 A T REPE /N . Z g X e TP AT T K
DR AT T R BUE W R R 3 B A S AR
B TRATEHAES S5 g b T b 5T . 28 BFRAT
TR KSC B4 MSCs [ — SR AR Rk

A SR O T 5 W T 4 A AR R AL L O 9 A 4
HIF 5 UE T AR £ BB 15, 40 Ronconi 454 & BE,
Bowman’s % [f) BE )22 I 5z 4 g J2 /2 240 i 1) 46 #H 48
JH Ak A i a] BE 2 0 A LR BERS AT = /N EK B A0
L4580 T 18 A2 240 M 5 3 A BT 5 3 D3 B /N A8 Ak Ay
B T E AT A XS M H A 2 ) s T g
IEELRT LA Ak R s i /NG b B At i
FLK AL A7 7E B AL 20T 41 S 2004 4F Oliver %019
YA 0 5T B AR ) AR R B R i v S5 G A
PR BEAZ AT (Brd U AR - 807 J5 & B BrdU 18 'H 7L
K Ab i R L 10 W 324k 20 R A G A A R 5 5K A — e
T 20 B 44 B FS A 25 T e i 463 495 5 28U IE S T AR i
AL T ER L. S5 T B/NEBG W
BE P UE s T H T AR, TRk FEH
ORI I R 0] 5 40 A A B, 5T 3E WE— Fh
2 2 VL S A0 T 0 T R T DN L Sk Ak A A
K 1 T 200 L S AT IR e R L PR T R R AR R S A B T
BT, BT LIEE ST 45 54 i 22 5, Oliver 254
W T 4 B g KSC 43 4t it mT LA [R] B 63K | Bz
PR ZO-1 AT AR A5 o SMA ¥ 43 41 i 34 7] DL 3%
KM T AR & Nestin, 76 B J5 09 #F 58 b AR 35 i
—AESE T KSC 8 A/ T B FL L 454 il
JoT 2 P L O DA A I R] BT R L X — 2R 4 i CD133,
Nestin Pax-2 FEBHME" . i Ward 27 N H
FLk oy B i KSC FZAEAE T A H0L , BV B 3L
Sk (] J5T 200 JH N R A TERERE T B AR IE] . AAFRATT I
R IR R E PO QL MR 2 A7 1 F2 48 Jf A i
N B AL, ER T OGS PN R A R B R R AR R R
vy LI B 5 7 [, JE T A6 10 min A2 45 A AT LA

THALTT K o R Rl 25 A% 4K P B A i B A R R A7 I
I 20 i A 3 3 b A B A AR R B B SE T B
J5 AF 15 B A0 R IR S LG R IE BRI 0 L 5 iR S
BRAR B 2oL R B FRATT B 04T T A DG AR IC Bk f
REHE L 45 - i 7R E-Cadherin, CK-18 f1 ZO-1 ik
Y T T A B £ 2 A AR % T J5R A0 PR i o
SMA . Vimentin,N-Cadherin 2353 3 H M T Ai1iA
Wit qRT-PCR ¥ KSC 5 NRK-52E ()34 [ #E 17
B, 8 R B IRE AR ICY) « SMA | Vimentin 7 KSC
H Y S P K3k B T NRK-52E(P<C0. 01) , T Ji 24 Y
Bz 4 AR08 E-Cadherin, CK-18 fi 2 ik KSC
T NRK-52E (P<C0. 01), 3% 5 SCilik 4% 38 19 8 86
MSCs HA7 —5pg F B0, 5 H Al i 58 % i i B
FLJ b KSC A7 H, F AT 43 88 K5 77 1 KSC B A ] it
YRR G NS S o TR G

Nanog. Oct4/pou5fl, Sox2/sry-box-2 F & 3%
S7g a1y e AN R N 11 A TR € 2 P A D R
Feik 2 pE F R UE B T 40 M 2 RE R 3R AR Il
P, Gupta S5O0 DCE IE R4 G T 40
T PAFRIE Octd DI M Pax-2, 7] HEESL RS /NS
Bz 20, TR) s EL A 1) = R 2 oAk 4 b (AT Lok
PN 7 20 B A 8 T A AR D DR eI A R
JIE R Octd 3Rk B 1 3 — 28 48 Jf B oy 5 20 20T 4
Jfi. CD133 1 Nestin o J2 # 2 49 + 40 Mg 5 i, 0
Bussolati 281 W22 5] 5 ik CD133 PHAE A ik — 28
i i T LAFE AR P A o0 Ak A L B A0 A0 PN B 40 i, O
A DUE B/ NS KA 454 . Ward 285 A 2Lk
Fr B T KSC, X 2% 40 i E-Catenin, Nestin,
CD133 ik FH M, 5 K Bt I K2 20 i A te, IR i 1 4
M #% i€ Nanog. Octd/poubfl. Sox2/sry-box-2 7F
KSC & 3k, Jf H % CDI133 ik aifh 5 bk b5id
YAk W . X 5 FRATT A0 WF 5T 45 FE AR AL n R AT BF
¥ 45 B 5k KSC A ) %3k Nestin, CD133, H iR i3
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F 40 M #5818 Nanog. Octd/ pou5 f1. Sox2/sry-box-2
(3L [N % 38 UK F B F NRK-52E (P << 0. 01),
Adams %75 5 A [R] 5 18] 5 7 5 Brd U ) J7 20
3 B Lk AR /D BUIRIG2E 11,25 d Bt A )5 7 d
WHRIE & B A A 7 d 5 b Adb A A i 47 B8
06 240 P 1 AR L DR O L Sk Ak B iR OR B P AR
AE T itk — 2P Ml B T IR AT Y B 5 b A 3L Sk Ak
A1 B0 KSC R JIG 4 i br i e 2 38 1 A

FEFRATTHT BA 22 i 19 AF 5 e xR B KSC 1y
Oy BRI T WP IR R AR S A R AL AT
TR EM R QT B T4 M 8 55 5L MSCs i
PG IR 5L O it i — 20 B R, AT i 4 i A=
TR RRE A AS 3 13— a4k, A A B 5T 8 A
Z 07 WA T A0 AR W) 2 R e AT TS L A R
TAUMTT . TR AR KSC 76 1A Sk 35 55 M B 3¢
R [ MBI G AL A T R AR E Y 4 8 R T
P B ATT A 5 A BA 28 0 S IR PR R H R AN
A FrTURE AR DRI REEE T —&
4 LAl

L5 E TR FRATT S 0 DN L Sk Ak A B R AR E
Fife i — 2K B MSCs FFAE 1Y B 41 2085 5 v 1 4
JH o Sy ik — 20 WIS E B AR 5B AR B E T Ak
fifh .
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