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—t A |
| FESZHfRE L iF SR A MR RE
x| RY xR EOE A& B KA FAEF RIF
BAR OB R A
Cr R BB 2R b 2 B, AG T URRI R 2% B, MU 0F 5 9T L6007 T8 B, S92 6 L9 2% PR ¢ o p5 52 25, K3 3000200;
e A EFERFIOIT, dEaT 102206)

HE JEf6 T 4m i (embryonic stem cells, ESCs)Z A& ARG A fa i ) o 3 o k49 % e T 4
fo, BA @ttt . FHoh R AR FAESE R LR R s, T AN R IR 69 5 fefe
WPdx Bl — ey, BA SR AR 6 R R RESWI s, il i RAREH KT A IR AR
AEay iz R R s, ot B —9M R R T A ij it ek i, AP R 22 A 4 F hPML-RARa
BB 6912 gk R qe s RES@ I A (R1), 3R1F45 4% L B 69ES@m e, BB ES@mZ R EF ., &
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SRl b R S M ES a2 AR ES, KAT T 4 A hPML-RARoZA R 493 R A R, 4, A
I REAZAERFE, TR R 5 C574 i e KA T 5% /) F % (doxycycline) 4L 32, 3R VA G 7 8

0 JohPML-RARoJK B FF 46 K A, AR T 420y RAR A MR B R A4 7T % b

VA b4ESE, 2

ZmAFRESEILIE S T T iH 509 & fesmdd L B RAER .

KA

I 9 A — R i R L 98 1) 2 P e, DAAN AT
5 11 ) I A AR B R o [ I SR TR 3= AT AR
SRS & M M (acute myeloid leukemia, AML). =
WK % [ 1% (acute lymphatic leukemia, ALL). & {': %
Z AL (chronic myeloid leukemia, CML)F11& M9k &
[ IfiL.9%4 (chronic lymphatic leukemia, CLL). {H &, %} T
F L9950 R 2R 1623 BILT H AR 5842 1 il

2 5L 4R 4 i 1 1195 (acute promyelocytic
leukemia, APL) & 2 PEHE &R 111955 (AML) [ —FRE Y,
R F L 2R BE R L 110%. £960%~70%
(RIAPL R 417 SR (e(15;17) Je ta Ak B A7, I I8 ik
Sy A0 M /4 R R 52 A R R T, B PML-
RARoEIAFEH I, PML-RARoIZ 2 154 T RARa
() Ti e, T8k BH A R 40 i (%) 1E 55 20 AT A 454 40 i
FEEZ . RUE QLA AR B 7 X RAR G 5% M 4 DA A
JERCIR A 2R, A I R R AR AT 5 S i
H%.

Y R (RA)E 5 18 2% 45 A% 52 AR 1R P A K e 458
i, 2fE FH R 2 AR (RAR)FI4E IR X Z /R (RXR). 3
TE R A, HldA ARA. MRAGEZ I, RARo/
RXR5 — R4 5L HI PCORLS &, % /IMEAd
F 25 S A0 T PR KR G £ 4 1) 805 2 it &5 ) Sk 40 71
Bl 53, A b PR 40 ) 23 A BEL S A 5L ARERY B

JRIG T4, PML-RARoFEIN; 5 1) 8 3853 kG4

ERAZ A G, $H IS WICoABUAR COR I i 5 5%
APLIE RN RS 4 H e T HARARWRXRAF S 14 7,
B LA SMRT. N-CoRZF#E I N 7454, IF S
#7474 PML. PLZF & RARa A AH A [ EDNAJT 1
117K PRI PML-RARo A5 55 R AT <41 PML, A £
ASPMLIE 5 4% 58 A7, 8 3% R4 40 A K F 5
T MIhRE .

RATEBAT rarad& I (rara) 1/ B HAT (1L i2E
ki R Th g, (HAERL 2R AH 40 i RAR e £k
BEAG TR R 0P 7 58 42 R Reraradit R /) B
(rara” )P N IE 5 R0 B A5 SR A7 7E, K0k, RARa
X TR B AR A L FF . BT EL, #87RAPLH 43
1 SZ BELIR 23 B, T2 W 58 B Rk e B iR 97
TR A7 H B S, A LA R BE R i A —
SEMPE R . ABIFFUI 32 5 H 2 10 12 245 v
FEDR UL ES AN ok 7 37— Fh APL ) /s B 2R S A )
WFF L7 1) o

Wk H3: 2012-01-17 5% H #: 2012-03-07

RF B R SL AT 5 7T % (No.2012CB966601, No.2011CB964801,
No0.2010CB945204, No.2009CB521803). F} 7 & K [ Fr 4 1 (No.2010
DFB30270). [ % 5 K 255 15(No.2011Z2X09102-010-04)FI 5 46 1fi 75 27
[R5 T A 92 36 38 TF 30U i 42 (N0.ZK08-01, No.ZK08-02, No.ZK 11-04)
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1 MRE5RZE

1.1 w4

111 @5 Rk /N BV IR T 40 ZRICE
A A RFE ST T i A R B AR L), 293 T4 M (A
S22 AR AE); 5 A APML-RAReSE X 18] B 1% 5T kr
(& A GFPFRIC 2k ) 1% 9 B¢ £ 25 J5t FZSPAX2FI
MD2G(A LK AR ) o

112 £Z&KA  DMEMKFRIL (ESHI ML H s
W) W ER R (100%) L-BR 2L (100%), Fasif
ZIERINEAA, 100x), 1% 1 (100x) B-iJik LE(100%)
/B AL AR A5 (mLIF, ESGRO®). 1% 8] jke 40
T Milipore /s 7] ; 413 FBSIE H Hyclone /A 7] ; 22
#7575 C. Polybrene. FK/KAlIZI4E H Sigma-Aldrich
AT 0.05%) -EDTAER 0.25% 56 [ Gibeo 2y 7 ;
Lipofectamine 2000. OPTI-MEM4I4 | Invitrogen 2y
A5 583 (Dox)J [ Sigma A w]; RNASR A&
I H QIAGEN/A 7] (RNeasy Mini kit (50) Cat.No.74104
QIAGEN); [ #5857 &5 H Promega s #] (ImProm-
II™ Reverse Transcriptase Catalog#A3802 Promega).
1.13 s£E3h4  ICR/M . C57BL/6/ L3I
AL dEm A A ] o

1.14 3|4 FL[KIZH PCR. RT-PCRJTH 5140741
A1 . hPML-RARaHEN 351741 5°-GAG GGC
TGC AAG GGC TTC TTC CGC CGC AGC-3’; R3]
YIFH1): 5°-GGC GTC AGC GTG TAG CTC TCA GAG
CAC TCG-3’. /N NZ5|4) GAPDH L5974 :
5°-TGT GTC CGT CGT GGA TCT GA-3’; N5 | W%
%1): 5°-TTG CTG TTG AAG TCG CAG GAG-3’.

1.2 7%

121 @FmFE  EE TR AT 293 T4 .
5295 293 T4 i 35 F7 76 7 41 10% FBSI = DMEM
B g S, $eH AR AR, ARG,
SEIE N oR R 1] (U N s Rl R N1 U 1
TAEAR, $28x100~1x107#: 1 T-10 eIl $5:F117~19 h
Jii, A0 A BEIE 3190% LA AT B A2, S0 Y
Lipofectamine 2000 56 W] 14T, I AL 2E 35440
H F 2 446~8 hg el tif 55 72 0k . 2 il fE 5548 h %
72 i, WeAENE 3, 111045 pmyEgeid g, i T4 °C
M IR 825525

1.2.2 ES@mfeaid s g BEu{HmEC
(10 pg/mL)Ab B f5 i IR JIG 1 2T 4 40 it (MEF)'®), B
feeder4l ffs, H147 10% FBS¥ & DMEM(Gibico

C11960)& 75 T HiSe 4 0.1% B IR I B5 F= L
K Jpfeederdi i 42 /06 h, F515% FBS. 1% NEAA.
1% NU. 1% B-FiFE 215, 1% Wil 1% 5% %5
2. 10°U/mL LIFYDMEM(ESM) & 75 /) SLES4H iy
R1, S50 K1 B 2 AR RS (E1), FH0.25%
()l -EDTA AL, $%1:3801:54640. & IR/ ELES
I HAE AR IR, 4 RCIR S AR T . e BRI UF I, K ES
I RAEAS . AL, I/ FESM T B, 42
b TP A0 4 B T R 35 7 L ) NG 92461 hE
FBrfeeder. WHL 3, THEUG 25> 10YFL ) % 5 42
Bh244L00 . B3 h)m, R I48 hij g, /M
ESM UL Jepolybrene L [7] it A\ 41 i (03 25 55 K5 7= L 1)
Ee il Ky4:1), BEFLESFRAA R K2 mL, 1 800 r/min, 37 °C
B090 min. JEYL8~12 hjg e A /N ELESM. ¥k H i
AT IRy, k) b RS2 hS I ES4H i,
8 B TS 5 A feeder R 15 77 LR, 40 MKW fa, 340
KAk, &t 1k tH GFP 4 Jfd

123 @mietaRiotr WG IESMAH 0.2~
0.25 g/mLAKKANE, YEF 3.5 h2 Ja, I Ak 250
WA . G5 90 B T 20 41 i (0.4 % M i R
#41:0.4% KCI=1:1), 37 °CALFE6 min, A BT EF L H 1)
] 52 W (UK TS T < F I =3: DT A 2 )5, B b
T, IGHE [ E R, 85240 min, 0025 L, FN
N8, AT 55 — K8, 1) 24 20 min, &0 2%
g ONEE e, BT T . B T
Jii H Giemsa %4y (147 GiemsaJi? ¥ +9 W 16 22 i)
HEAT et YL ta it a] ok %96 10 min, 2R )5 KR
THYE, BT AT . BATRENLE R
T 20 LA E 1R 40 it mh 30 23 SRR R38R AT 5%
AT IEMR ST

o 2 5 :
/N EESH M RFEAR SR o F5 =100 pm.
Mouse ES cells maintain the undifferentiated state. Bar=100 um.
E1 /NRESHMRES
Fig.1 Morphology of mouse ES cells
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124 RT-PCRARSN.Z hPML-RARoF B ¢ k% &
YL fEFIGFP ESAH MY, 157755 i ADox(500 ng/mL),
o3 AER] 24, 48, 72, 96 hJi5 4% AL A AL AR 4l
JH o K B ¥ 4 L ] RNeasy Mini kit W] 4542 Ht
RNA, e W, % Promegaifi i sg 1k 571 G0 H2 U1
RNA J % ificDNA, F- AT PCRAG I AS [7] 1 [R] 53 41 A
HHAPML-RARoFER 3L . W45 E: 95 °CAE S min;
94 °CAME30 s, 62 °CIE k30 s, 72 °CIEAH30 s, 35MIEFE;
72 °CHEI10 min. HUR N =) AT 1.5% B IR B it fise
HLUK, AT N S I AR AT

125 #&E&WRD RO rf e KY S HES
I k% B IR S, PR AN MRS S i I, YA
BEBG.0, i Brfeeder o il R4 i . H /> DMEM
B, BT E&M. H10~154 Y 5 ES Y i v
WE 9K 5 R, ARAMK S5 minfiF, TIA37 °C, 5%
COBE Feffivh Ak 4% 922~3 h, B BIMR 22 W ke2.5 d
(1) /N BRACR) 7 5 WY, BRI B B R 154N A A7 () TR
JG®. FERRLG I 5E19.5 diN, B AN R &4 P ike
NG B BT AR K B/ B 5 CSTBL/GME 1 /N B AT
B, 5= A2 R AR T SE AL S o BT I/ BB
F2, B 2R ORN B 1 K (20 pg/mL) 55 °Cit &,
TN SAL BN B B L TR 4L DNA, FIPCR 5 vE 8k AT 54

FEDRI/N SR G AT o B N 45 A e B MW e 112 P ik ()
RT-PCR 5%,

12.6 ARWEFhPML-RARoK A HUERYIHRM
T2 1K 6~8 )5 /N L, 45 F 10 mg/mLIK) Dox. 45 HU 4,
243, 7, 10 dify /N B BL A B B CH A SR BUHANG 2Y)
WA N 1 56 40 i th hPML-RARFER 255 . IS
MEWE FIEAL LN, ARG HCH /NI R 1R
B, JFP U BEA I, AR Neasy Mini kitif 71| G2
RNA, W SE , H4f Promega J % 5 1) SR HE B
RNASE it 5 i 5 i cDNA, F|F PCRESI APML-RARo.
ik, [ 4 At HEEK4IDNA PCRIF A A o

2 H#R

2.1 GFP' ESHRRIRIS R EE

2.1.1 GFP'ES#mfieeyik4F 12 eptue4s, 72 hi,
ATE S0 W E T WL R293 T4l i ik 43 (0 98 e i
F1(E2). /NEIIESYN LB 4448 his 786 Bt F nf
WL/ GFP 41 i, ESAH ML A5 T WK f GFP 4 Jifi
(E13), 2 B FRAT B Ly B h PML-RAR G R 5 N /) il
(ESYN L. 1E4C)5 MBS BT Wik, B, &
. AN S, 2 v sk H GFP AN i (F13),
Vb T-Hi A feeder [ 1 35 ML rp Gk 2l 4% 5

A, B: i #05548 h; C, D: i #43572 he A5 N=100 pm.

A, B: lentiviral packaging at 48 h; C, D: lentiviral packaging at 72 h. Bar=100 pum.
E2 WA RAMIENEFS E%48 hRT72 hE293TAHMARTS
Fig.2 Representative images of 293T cells at 48 h and 72 h of lentiviral packaging
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2.12 R PG HESMIAZ R K Z B IRAG HE 2.1.3 4RINEFZ hPML-RARoE R %% TR

ERIEGFP A ML BEAT A% R 3 e, R BLAL A Hh oK
T70%[) 40 g FL AT 55 1E 3 /I SES A MO A 7] 1) 1% 7
(40, XY), DK FRATTIN A 2 Rk e /s BUES 4 M ) %
NG EARR R (K 4) o

GFP" ESHI AT RSN F%, Beg i ADox, 737l fE
FH24, 48, 72, 96 hji7, RT-PCRZ; R 2 7 (185), Dox{F
24~96 hJm, 4 5 HIRAPML-RARoFE IR 3%, [RIFT:
YE G, R140I %A EAPML-RARoSE R 3%, i)

A, B: i #3 RJLESA 148 h; C, D: IR A MESY 2y 38 J5 (K1 /5 E, F: S /£ GFPFH P40 i f5 3535 1 B o A5 R=100 pm.
A, B: lentiviral transduction of ES cells at 48 h; C, D: proliferation of lentiviral transduced ES cells; E, F: proliferation of flow sorted GFP*ES cells.

Bar=100 um.

E3 ESHZmERENER

Fig.3 Representative image of transfected ES cells

El4 EREHIESHRRIZEY
Fig.4 Representative images of karyotype of transfected ES cells



436

IR -

Dox RS A AT 2 -

GAPDH

hPML-RARa

GFP* ESil i & Dox {41 5 524, 48, 72, 96 hJG hPML-RARoE A 11
I5 o 5 hPML-RARaSEF TR0 BRAE XS FE RUAR AR 24 B R
hPML-RARo. gene expression in GFP” ES cells at 24, 48, 72, 96 h after
DOX induction in vitro. Vectors carrying hPML-RARa gene were posi-
tive control; R1 cells were negative control.
BlS {KkSMEMAPML-RARaEE R3RIA
Fig.S The expression of hPML-RARa after Dox induction

in vitro

2.2 F|FGFP' ESHRIRISHR SR/ R

Ik B G 1 TR T3 MUk A AN B (B
6), TR ik 2 1k BT H (R ES 4 i 95 1 A8 5129
AN, BRI, T2 ARGk H TICR/DM R,
BOHEG AL R AERFRETHAESY
SRR B R A R A S S . REN R &
PRAN R EL A AS R0 ) € B, S22 IR HH ES A1 i ok I
[/ BB B OK B ik 7, 255 N 4IDNA PCR% 3¢
J5 KRB, Y ikhPML-RARaKE PR, 1t W1k 25 1 7N B
51 hPML-RARGHE o ¥ 31X 3 HAik & /N i) 40 )
C57BL/OMEE /N BRIEATACHEL IS, iE s A 1 B 1%
FREE ST, AT HGO. GOF/NER 5 IE #C57BL/6

/f [T j};fm

HAAYFT /N BESHIML, A (AT AR
Gray color is derived from mouse ES cells, while the white from recipient
mice.

Eo6 FIATEMEIFHEHMRS/R

Fig.6 Chimeric mouse deriving from blastocyst injection

MEPE /N RIEAT AL, BT = AR 1 JE AR, I PCRIEAT JE
DRI A 26 R 55 (7)o Ja AR A 121008 A2/ B R IA
hPML-RARofh A5 FE R o 30 3L 1] B (1) 4242 7 7%, ml kg
IRl BE AR G AR/ B AR T 2, 15 8RR e i
FERVIN R

GAPDH

hPML-RARa

FINGO5CSTBLI6/N AL A AR F2AUNFIR 5 CSTBL/6/ A
5 Ao 5 hPML-RAROFE N IRV B AK o BH A %ot o

The offspring of GO and C57BL/6 were F1. The offspring of F1 and
CS57BL/6 were F2. Vectors carrying hPML-RARa gene were positive
control.

El7 PCREEEKERY/NRFE
Fig.7 Phenotype identification of offspring by PCR

2.3 Doxifs S/ NR B BEL A hPML-RARoEF Fik

HA hPML-RARaK /N 45 T Dox 3, 7,
10 dif, HCH B A e, $2EURNA, HEATRT-PCR. 45
IR RNAZKSY b, 253 di, /)N BB i g o B
H I APML-RARaHE R 23k (K1 8); 1 ASH AT hPML-
RARofl A FEH 1)/ B [RIRE IR AR B, 556 10 dIF R
RINhPML-RARHEN IR 363k . DA BUESE, fEAANE
Doxi%F, hPML-RARaFEN VIR 2RIk, Kk, FeAT TRk
LR ESHH Mg 7. T nl 5 53814 hPML-RARo K A
[k G A/ BUREAY

& & I ¢

GAPDH

hPML-RARa

Dox % 33, 7, 10 dIf, /Nl H B 40 i T APML-RARoJE R IRy ik . 45
Y RPML-RARaSE R IR AR BT B X B LR £ Dox 5 5
hPML-RARa gene expression in mouse bone marrow (BM) cells at 3, 7,
10 d after Dox induction. Vectors carrying h/PML-RARa gene were posi-
tive control. The mouse without Dox induction were control.
El8 DoxifZA[E R} (6] F BELAAE T hPML-RARaEFE ik
Fig.8 hPML-RARa expression in bone marrow cells after

Dox induction at various time points
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3 itig

19814, Evans?5P1LA K Martin' ) 51 FH S [7] 1)
JiE RARIE T M IE & /N UG 4 B i T IR fis
Z e TU MR, WIFESAI MR, HHHAT T KEIRA
BRUIRISESG: o K 3R AT ANIRIE DR (W ES 40 i N\ 21 52 AR IR
FRMEENR s vh, KB RE TR R B ik o k. £t
A PRI, FALIESH fZE Ik & A BE b &
BN AT AN M, AR I 1 R A B R AT A F
AT H B SE R R FE R 20 o 3176 3h W 14 o it
SO T RE R 2 A I E T -

A SR A O AR TT BB 4 I R SR R R A
DUER, DR, 12 d 5 2P A0 4 G/ FRES 41 i U7 T 2
A EFWPL, R, 1205 2R IR 8 A fe A ot 15
AN R SN RUES i i b, JEAEESAN A
JE IR H T, AR 43 B 1 T AR AT 1)
SE DR/ BR AR A TR AR 2 T 5 6 1R 22 7, FE4 R
oA 7 AT R, B BT R AR R AT L
A0 o 1805 B A YR B S 4 R o 9 JIAR T S5 i ik
G, R T RN ZANHA T RE. kG
N2 S AR IR i 2R IR L 3L TR, R BAT 3%
(PR AL B R,

APLZTEIIR b 55— 4 s U4k R (ATRA)
753 Ia T MRS M R SR A5 R Th 1 e v, B
Ht(15;17) [ APL X ATRA B 3% 1 £ 45t(11;17) [ APL
STATRAANGE . DA, 87— AN R IR, S AfF
FEAPLIF R WL B AT — & 1S AN . Early%6)
I A H CD11b)E 813K 8)) PML-RARaFE 15 7 A i
DRI/IN B, 28300 1 A TR W0 4 03K A 2 56 DRI/ LI 3 28 2
IEH I, HEBE T80 s 1 & 2 . HeZE IR Grisolano
SEUTHhCGIY 3 8 T 9K 2 PML-RARafh &5 55 R 4R 1A
FEAE IR SE RN R, G0 — SR s R I 7= A T 2R
ANZEHIAPL. BrownZE"HhMRPS8 ) ) - I 5) PML-
RARafli &5 R IK [ FE DR/ AR R 5 A R
f(JAPL. [, PML-RAROZERE 2 & T 1 I B &
RN PR A AR APL AR R S 11

ATIF 538 T 1 s A4 B G /N B IRTES 4 M gt
S SR/ BB, IR H Dox 1 #8hPML-RARo
DRI IE o AR AR FAAE Tl 5 Sk, FRA s
RN ANSEEG AR T IGUE . AE RSN SZ56 H R YL ES
i, Krg2id B A\Dox &, hPML-RARaFE R H B %
ko EAR P SZ86 b BT hPML-RARGHE N /N R, 7
25 T Dox 3 dif /N R 1) B 8 41 M hPML-RARaE PR B)

AIRIR . BRI IE T 1A 2 1 ] o5 P A R
R T AR 25540 H, IR H IR BIAPL
(1R BB R o) o AHIE ST rh FRAT T A0 AR I
DRIAE G ik b A5 DU T WF Y, G ST Jig 45K
I8 v R I S RS BROER A W A 2 e E e R
A DLBEAT A R RV, 53 B 0I5B BRT A B4 DLE
P2 AV E DN ACRI RN el AT R
PML-RARaill & £ [ AR AT LA R AT 1(15;17)
(JAPL, {HIFAEME— R 2, RN IEAAAEN R R T R
APL. BRI AT b o LI (1 1 1 5 A, BAT IR
IEAER X — R P T — 20 APLRAENLHIIEI .
BN, AR T ESA M) A0 i r 1 nl 5 5 0 L
R | — 7 T Ay AR A AR K P B g —HIE 5 PMIL-
RARafil & 8 75 APL /E G T R A A
Ty J5 T, A AR R — A B T Al
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Establishing A Leukemia-inducible Model with ES Cells

Liu Ling', Liu Yanfeng', Cheng Hui', Jin Hui', Zhang Quan’e', Wang Zhengyu',
Yuan Weiping', Gao Shaorong?®, Xu Jing', Cheng Tao'*
('State Key Laboratory of Experimental Hematology, Institute of Hematology and Hospital of Blood Diseases, Chinese Academy

of Medical Sciences and Peking Union Medical College, Tianjin 300020, China; *National Institute of Biological Sciences, Beijing
102206, China)

Abstract Embryonic stem cells are pluripotent cell lines isolated from the inner cell mass of blastocyst that
have the potential for multi-lineage differentiation. Transgenic animals are generated by introducing exogenous
gene into ES cells. This approach has been used successfully for the analysis of gene function and regulation.
Transfer of ES cells that contain virus-transduced transgene into blastocysts can also generate transgenic animals
with germ-line transmission that stably express the transgene in mouse tissues. In this study, we confirmed that
lentiviruses containing our construct can efficiently deliver APML-RARa to murine ES cells with normal karyotypes.
The infected ES cells were injected into blastocysts and then transplanted into pseudo-pregnant mice. Three
chimeric mice carrying hPML-RARa were obtained with one confirmed as germ-line transmission competent. We
then fed mice bearing the transgene with doxycycline in vivo and observed the expression of #PML-RARa in bone
marrow cells after 3 days of Dox administration. It showed that the exogenous gene expression could be induced in
vivo. Our results demonstrate that we have successfully established a leukemia-inducible transgenic mouse model
with ES cells.
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