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N7 &

TR BRI RN A R R

B INER T
(AL SR B2 AR BB, L 100029)

WE  NJRIEMET 40 (human urine-derived stem cells, hUSCs) & M N BRI A I8 Ik 5L 8500 70 55 855 7% ok ) B R G 34 5 vl
FZ m AR I AT 400, BA 70 T Rr A s me e, REALSR TS BRI AMiatE & Em SR miE
SFASA BRI AR, HEREsEBl 2 Mg m R IE M 2 7% B8 T 41 i (urine-induced pluripotent stem cells, u-iPSCs)¥ 1k,
{BLER FEL R AR AT SRAFAE — BB AR IR AN FE B 1003, N SR VBIR M T A AR IR SR UR e AN B, 7 )15 5 2 1 e T4 44k
B S A 38 K A B8 e EE SRR R R & . RS hUSCs HUSRIE . 40 B 9% 50k AR A0 o R 30 0 T 78 B gk R A7 2k

JS45 T B hUSCs [1) u-iPSCe 5 51 776 S N AT 5, v hUSCs FIRE RIS FH $E i 5%

KR NRIEVETA00E, 2B, AEVPRAE, N, RIZVEZ e T4

ZFRSES R329.2

F 40 (stem cell)/2 —2K H A H IR T HAE I/
Z I R A, ERAERY . ARE
RABIT K 250 126 S5 SUBAT A6 |2 HORIE 9 SR F
el 40 Mg 32 20T 43 o8 R G T 48 B2 (embryonic
stem cell, ES 4H/fl). AAAT4H/if(somatic stem cell)
7% T 2 3% #e 1% T+ 41 8 (induced pluripotent stem
cells, iPSc) = KR JRIG 20 M & —Ppis B AR 45
g, ©RAKERAREME, BA G H iEs)
VIR AR g RE. A T4HRIBEfFET S
ST Z BT A, RS AR T4
(marrow mesenchymal stem cells, MSCs). & Ifil T
21 Jif9( hematopoietic stem cell, HSCs). PN 7 tH 41 g
(endothelial progenitor cells, EPCs)%%, H AT 7T &
B, A0 B AT 5 3 A O T AE 2H SRR Y 42
AR R, R TSR AR, X T A )
WIS N, B2 Ay T fd N 2R A A 4 i
PSS AT R R A e A o4 i e w1 Oy s L
i N A5 3 AE 22 B8 1 40 i 3% 0k B My e 2k R4 2
1), AT RE AN T G T 20 B A AT 40 o 2 Ta] )
—IRYM, JEASRMAT R TIZ M OGEMM Y. A
JR I8 PE T 40 B8 (human urine-derived stem cells,
hUSCs) 2 15k M A SR P 7 B R R R R
UF BRI N AR T4 i, B TR, H R A H
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F0 T4 M I 55 M AR ) SRR O A i D B A A
B #i5 CD44. CD73. CD90. CDI105 A1 CD146 %
78 0 T AR bs &Y, ARBEMERE
CD34. CDI133 &3 I T 41 A f1 CD31 %5 Py ) 41 il
&Y B2 atigae; SO 5 . oo,
R IR AR T, AR RN S T IR
N, hUSCs AT CAr L RE 4n it s 4. g4
M. JRES ERZAM. ~FIEVIANE. PR iRt 2 A
RAM R, NMEfEA SR T IBE B LIRIR
TR RS AT R, FEYETE KRR
ARG 5 T A — e 3 /8.

1 ARBIEDTHARRIRIR

2008 4, 3% [ 4E 50 AR AR K 27 A R SE BT T T
7K TC SR E SN B PRI 7> B3R5 — P4, R
FH 8 53 40 o TG 137 15 77 2% (keratinocyte serum free
KSFM) F1 it iy £F 4 BF 41 ff 8% 7% &

medium,

* [E 5% SRR AL 4 W BT H (81473418),  [E ZAMOV R T A SR
PRI H (2012-2016), LI ERZ KR ETTERE “ 1117 Hh[F 61
e bR AT H (2016-DZM111-ZY008).
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(embryonic fbroblast medium, EFM)% Lt 5] ¥ & Wi
BT 5 5%, dw 4 8 N R R 1 T 48 L (human
urine-derived stem cells, hUSCs). WK, JRK
HH R 2 R YR T B R, AT N ER S A g i
R 584 A AN S AT AR 4 G - B hUSCs! ',
AN B P 28 2R 53 A0 4 AR B 30T 15 7 BRI T 4 R 2%
R 58 4 AR I B AT — € I3 R AE /1, A1 hUSCs
BN EEAR N, HAE AR SMEARRE 75— 5 I 8] 5 LA
T 38 5 11 H R R B> I S, T hUSCs 4 2 1K
FEAREE TR (R FR HE BE (1) 3 B e 02 1.

PRI T i BCR B>, ARSI 4l &
EAMERAFHGSE, T hUSCs & 2 IREAR S8 e
IREFIERER I TERE ). D% T PRV 1140 i R UsiAT
AR FARE: GO RR 2 S EaE, #F
P U 1L 5 PR H 0 A I 2 1 B B PR )
USCs, RILEH Y Getiik, HIK IR E 400
br & ¥) (CD224. CD13. NR3C2. CDI46. pax2.
pax8) A1 /N BR 2 40 A 1) ARy S R DAL AN 2 AR B A
(synaptopodin, podicin), X il B USCs K i§ T &

Ak, WA IRE , IR USCs RiA 1) CD146 [H
PEYINL S B R A0M— 3, 55/ NE RIS I IR 2%
R AN AR TR], R URAE T BE USCs A& KR T 5
JIEE 1 A2 40 B i 75 ), (Bt 47 408 Fr ol i RT-PCR
LW HE R 5P 40 g R 0k PR i b R 5 DR RS- 3 L3
DRI, PR 200 B A A8 vl 8 e B 13— 2B 7.

2 ARIBEMTHER S EIER

N PRG035 0 g v S R
Oy BE R IR, B IR AR A & W Bk 2 4 4H v,
hUSCs FIFEE S 55 72 7 1L AP RALHE R
LRI, wiREsO, Pk, Amits. S
ARG FE, 0P Hg0e. A JRIENE T4 7E AR A K
T 37 3R A5 S BOE B0 40 M & hUSCs T Ag S H
ATEE26F, 32 1 s H A SCRRHRIE ) hUSCs 3= 22
MERRE IR %, BRI RGBT FRE. M
T8 RO RE IR ) Aoy B BOR (R iR 8 0 S BRI i
), FATS % TR IEIE 18 B 5 AF T S B
7 hUSCs [y B 357707,

Table 1 Primary isolation and cultivation of hUSCs

F1 AKIRMETHEE hUSCs RO BIEFAZE

IR RS HODESH SCHR
KSFM ¥ 7R F1 BEFM 857705 1 0 1 ZLWHIR A, & 5% FBS. EGF. kY. EHLT 400 g, 10 min [6, 8]
#. AT A%
¥ 2% FBS [) DMEM #;3%3E, % hEGF. PDGF. TGF-B. bFGF. ITS % 400 g, 10 min [18-19]

3 AKRMETEREREYFIFIE

3.1 ARBEMETMEESFHE

1972 4, BHEEF MG AL IR I B 7% 20 g
R T B R B R AN AE A RE T I A R, 2008
5 [ 4 o0 AR AR OK 22 4R B2 2210 72 BT N B PR T
Iy ESRAFRIEMETA0A, X0 A AR 1E 2 L
HMEEEMETR, M1 “Yir” o <R E A AR
oA KA, 4IRS Z R T RE S A
1B RORAS FIRE IR A G, MR AETEIASL
LI AT RE.
32 AREMTHEOEZEIRESD

WM, F3] hUSCs ¥ 324 I8 G 141 i
FrEY, W SSEAs. TRA1-60. TRAI-81 Al Oct-4
2, (HBEEALARREEE N, X5 278 a8 3L K R AR
FIE R R, hUSCs m3K 1A CD44 fil CD90 %5

MSCs ¢ 5 & 14> 1, ARIKXEFLELIE CD34,
CDI133 %5 Z Hud& I T4HMF1 CD31 58 A B Al br &
W, $&7% hUSCs 3 i 140 i 5% P9 5z /i 44 20
T2 MSCs,  RIFPRIE M (8] 78 53 140 il (U-MSCs) 8.
33 ARIBEHETHENE @5 1LEEE

hUSCs 7E 45 52 & BMP9 ¥ 1 % 5 5% 77 % .
BOE 5 B IR B IR 7 A 5 3 R R b n] DUE K
HAAR . BRCE gE R AR 740 RS, 5 2 %5 E hUSCs
Z I RERI B A% . hUSCs fEAN R 1 55
PERER LR M =2 &R ok RS
A EGF ) KSFM/EFM & & % I35 15 9% 5 n) K
USCs E M S N JRIE L4l RASH
TGF-B. PDGF 4/ K [X 1) H-DMEM A#l EFM ik
AR IR IR hUSCs 55 3 ) P 3 WLAH g 43 AL
K RO 22 T 85 72 50 hUSCs 75§ 70 b o i &
Y1 R AN K BRSSP i 453477 [X 09 I A 5 35
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R, KAE MR 7708 hUSCs 5 3 04k o %
TR T REVEZII. hUSCs/y B 3 AR, 22
24, HEAZmaae /), &8 hUSCs 7E4H
IR HIEE HESWARSEET AR . Btk
AT AE 228 hUSCs 171 8 F4H B () 5 3 e 4L, B 9T
O — e ik R (FH SRR R K 3R).

4 ARBEM4ETFHER SRR

4.1 ARIEMTHAaN A THLETIEMMAR

HATHER PR EERMALRNEA, H
A A W 7008 hUSCs XT IR B kS Z M
ar R R A B E@RERSL RIEMET
RS E M S s, PiAE S 3D /N
MR T )=, 14 d EBHEA BRI, 14
HJa M %2 hUSCs 7] LA N T B2 4R 1 PR B B
AL, NIRIE FRAE LT E R B E R
fai i PREER AT 4E SR IS 4 hUSCs ik
PR = 5(B-TCP) b H F& 48 21 K 5B B K B R4
A, ARG 12 PN ML HUAIESE USCs £ 6t
WAL /7S, 3R] USCs RE B 2 Mo (2 3k 545 1
BE M, M@E UDSCs £ & % O Wi/ K
(PCL/GT) BT A K £ 4 i A 23 TR e bk, 5 ¢
FE L AH B4 B 4505 1 A e AR 8 R L A 5 T2 T v
WER] UDSCs HAT (&1 B kA% 1 & iR R 4%
42 ARIFEHETHRER A FERwmATRHR

PRUGAE 40 808 B s 2 A g B )
ifg, B EREOSSCHL R IRIT B AT RE. @it a
P YA S PR A - 24 o A 1 A 5 K B A 2R i 375 L I
FEAS. B/ BRIE T &, R Y] hUSCs A BEXT {8
PR SR 0 DR G RS, i R ki
SR PRS2 2 320 45 5 52 77 1) DK B e 22 5 P s e
DIRe IR, fsiph 2 YRV 55 IDE Ry 7 A B2 sl vl
RERT PRUE: ~40  BE 50 W R s K B PR i 1
5 IRILUET LCAE, 8D B /NBR R B A A 20 23 40 g
T, oGS IEDIRE, SRR B R IeIT A —
SEZZAE R,

AHFFLERY, hUSCs H A o y% il A Fo 2 417
HIXEAE, A 0] e sy — PR B e g% U T 4E
J, AR T Y A R A F LA AT A A ik — A T 5T
IRUE.

43 REMTHEBTFZ St THEESH
R

2006 4F, H A1l A i 5K (Shinya Yamanaka) i

T2 I8 A 7 A A G BRS AT 4 4 Bl H P T e s B

FNFRILTRGE H LR e e sk R, 5 R4t
M E LM IRTG T 5 ES 40U ThREARBLRI 40, X
SeZH AN T R R R A K E 2R, iy
% NS 2 % 68T T 41 ff (induced pluripotent stem
cells, iPSCs)¥. H 1L A Ad 5K FH 30 % S 5 55 1) 07 v
RIS iPSCs LAE, AT Bean 189 2 A IR
FEPL BRI miRNAPY, NMEA I & 251 Bk
IhNEFH TS iPSCsPY. REFIX L SR AR
JTE . HERFERCRARSE Z P, {HiPSCs A
O, T F RN EERS, FR A B
e, DRI B ROk R 22 BF 7T 3 1) DT R R B2,
LA B 7T CUE B hUSCs A& 7= 4= iPSCs 1 —F 8N
FAR AN RIS, AT PASEBL hUSCs [ u-iPSCs #%
7}5[33].
44 RBEMTHBEZYMSHEBKIFERIGENE
N RANE

B PR MY R 5T TR AR T R B BT
RAFTE, RART40M 5 HRE 1R & et
FE A Re 1 ELCAS B v ER T 15 LA 2 B, I8
o€ W 5 T A RS TR R E R AL Al . 2
A5 B S A MBI SR T A 1 Ak S ) EE MR DT 2R
YAl REAE FH O SR 2% B 25 M ANE LA S0, BT
HNIBAR SN2 R B B AT T A 2 T 40 PR Ak AR
Ao, B 8] 705 140 MR AR AMFS T 3R 150 UL
RRAGI O R B B NP5, 152 R T41
J o 7 6 2 A B I I A 25 W A AL ) ) AR A
BOIEERFES 2T R I, (52595 i
16 FH I SR AR A L RIR N Adkawa FPIHT A
J% iPSCs Kl Vb ) B Jie 4t i 25 1 R AR A 22 s
B LA RAR ] 7R 25 1 B0 B SRR R 3 2 e
M, D94 JE R HL A2 P 0 2 4T B AR
T I A SR RS S LA A B R IR
PET M A ks S 2 W RE T4 M, VIR A
W AN G VR YT IR TR B 25 i e £ L 4 o A Ty o,

JFFE 2 A B R BOIR S T 29 AR T 1 A
B, @ ARG, VR 2 IR SR 54
AR EE AR A, S AR I R 2
S L HE NI PRARR (1 55 LR RS, WF 708 R F 3)
Wy S (1A A ) R4 I S5 (AR A0 ) BIF 98 245 40 £ A R I
B S AREHLE], SR TR E RS R, ASRESE
2 SRS BUR TG B 15 L, 17 B30 SE 56
JK, FERRKENIM Ty, AW REW K AG B A
s AR AN T AR R AR 40 B LA B FA AR b S 56
B, FEARYERE T RIEMR B ThEE, R T 514K
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P — S (R P4S0 B A /KT, SRR T8
ARAEER 8, NJFEARFF AR AT s A FSE
JR AT 102 A1 Ath BT Jeg 20 P AR BB AR AR AR 25 B 3
{H 2 TS MBI us i A Rt R A B
Ak, AREF IR IE T AR sh e ke, [
I MR T4 B BR iPSCs [ BT 40 i 375 5 204k o
TR Z B Iz RER, H AT O — SRR AT 40 A
FTiPSCs 75 340 L N FF AN AR 7 ik 4. 38 bify TP 45
I ATV R AT e I RR D B I DG e S IR 1 5
B SEBUE G T 4088 ) SRR 40 B0 S04k, IR T
“EMT-MET” ML 7E T4 Ha 17 240 ff oAb #E v
[ B % X, SR hUSCs 8% u-iPSCs #2& 75 1 L% 5
RS IF AL, i 5 4 28 A 4 M ] S 3K 2%
I PR AT 75 33— S A F).

SRS, BUA T4 iPSCs )8 14 ik 74
REUEGENYTRIEBIE —F IR 4 . &5, &
ARG IR . hUSCs B A 18] 78 J5 T4 M
Refk, HOM 7 EIRGE. TR A, o] LG R
N u-iPSCs, At hUSCs & % 5 72 4= i u-iPSCs
TE 254 P % 35 14 B AR 128 U7 T 1A R P T AR AL
45 RIEMHTHMKENHAR

PR T 44 L ) b AR A 3 4 LA 45 A 1045 3
Iz MR, SR hUSCs 5 HoAth 1 % LA 40 g —

B, TEARANRE IR RE P R T b R i AR i e iR R4k
W, BRAHIMFEENETMIS, —EfEE B
w7 HAEHL R EBE. FEWIRIT . AYiaEtE &
PEBAFRESIR N . BRi, SfREdiEH
a0 M 7k AR A B R i X S i) @, 18 H piggyBac
system fZh i 1% H & A T4 S R R A 1K 5 3 7
hEFH, %5 37 85 B o3k 5% Ye 5K il Th i)
## SV40Tag /K 446 hUSCs®; K 2 N st oL fig 106
B SR (AL W3 hTERT ) 25 20 48975 25 00 4 500
BEK YL hUSCs, 2 it SRk i b g Y hUSCs!™; 44
7 %0 A T 38 KCNQIDN ) 18 %% 5 1 1& LV3-
shKCNQIDN 94 \ RIS T4HH, B8 (2 ik H 1
B FF bR T PR A OC B 36 L F c-Mye. Nanog Al
RexImRNA J 5K [ [ 3RIEH. X Lei g 77 i 1)
7K A=K hUSCs2 %5 52 35 HAG 8] 78 J5 - 4H L P A= 4 2
R

5 MNESRE

PRUFMETAH M 2 — P B RSG5 & TR A 22 1)
SHLBE T IR T 400, B B A R 7 T4 R &
FAEYD 2R e . BOM T EER] . AR R, fE4
ZUTHRR . BWIRIT R 2 PiE 1 g v B Ak 39 15
BT BRI (B 1),

NTCTE R
) JRAR A B
IR e VA YN S e AT
T4 il u-iPSCs
DRI T4 ,//////J
8 hUSCs
ST
8] 78 JoR T4l A PRIRIGIT
EWRIE 2 PE B AR

Z IR MLRET)

KA

Fig. 1 Biological characteristics and application of hUSCs
B 1 ARFEMEFHE hUSCs MEYFHERNATER

H #f hUSCs A ¢ B 70 36 47 75 — &4 ] 35 75 22
RNIE W AUE YL, 40 hUSCs BISKIE . % 5 £ bp
EVRIBER:. Z R 00Re 15 R A LE 1 5
AOIRZS . IRFREU T 2 & 40 B 4 B 8% 37 5 1R ) 2%
A W v R R AR K GE W15 T 2 0 R T At L

RIS RS, XA fr it — B AT
EREE N N RIETET- A0 M IR AT T, R (s LA
B2 R 5 R IIE T, A SRR 50 32 2
rhs),
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Latest Development of Research on Cultivation and Application
of Human Urine-derived Stem Cells’

ZHOU Ming, SUN Zhen-Xiao™
(Life Science College, Beijing University of Chinese Medicine, Beijing 100029, China)

Abstract Human urine-derived stem cells (hUSCs) are somatic stem cells isolated from fresh urine by the way of
centrifugation combined with adherence screening, which are with strong proliferation and multi-differentiation
capacity, and have all kinds of similar biological characters as mesenchymal stem cells. HUSCs have the potential
of playing an important role in reconstitution of damaged organs and tissues, treatment of the diseases and drug
activity and toxicity screening, and urine-induced pluripotent stem cells (u-iPSCs) have been induced by many
ways from hUSCs. However, several questions need to be answered prior to developing a technology for drug
screen with hUSCs and u-iPSCs, such as the cell source of hUSCs, directional differentiation and efficiency of
iPSCs reprogramming. In this review, recent progress in cell source, cell isolation and cultivation, cell biological
characteristics, and the application of hUSCs were studied, especially various ways of inducing hUSCs to u-iPSCs
and the possible application prospect were summarize, providing a reference for further study and application of

hUSCs in drug development and toxicity testing.

Key words human urine-derived stem cells, cell culture, biological characteristics, application, urine-induced
pluripotent stem cells
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