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HGEY FmBT ORFF MO ke R
(R A A Rb B, IR 200444; 2 B R} i E RSG5 BT, RifE 200031;
SRR IR IR S — NREERE, _EifE 200080)

WE MLLERWFFEHLTI L LWAKEAALL) MM A G m(AML). %3 40
KT A 4 TR BAKMLL-AFOM 22 /s RAMLAER! 69 7 k. AR L4 T R B miskik 55- A
Jiog ez (5-FU) 7 ik 8 5 M e ag 20, VA B R F) B 1) SO IR 69 98 A3 F BALin am IO % e 3 R 09 %
ofy, 1B IR XA K I, 5- AR S & 6B MLin 4 AL 4k48 h Ry mF k. TR RE
AT MLL-AF9R 4 697 # Lin 40 i60 R Jz, sh Bl dn. B 8. ARIELELR T 3K K E 49 & f % 2a Jie,
278, RT-qQPCRALIGIE T &) ot g ¥ 2L ) 69 R GA B3R, RO RAMLAER 69 A M. KRBT A M
F G m AR R AR AR T — AP 28 RS MR R G R AR A RR R & R K R ALEE b
& G ki 7 S RAEAR A e T A,

KR MLL-AF9; 5-9RMENE ; 00 5500 55 B #E Lin 40

Construction of Mouse Acute Myeloid Leukemia Model

Hui Xinhui'?, Wan Xiaoling?, Yu Fangfang®, He Qiaomei’, Zhang Yan’*, Zhang Wenju'*
(!School of Life Sciences, Shanghai University, Shanghai 200444, China; *Institut Pasteur of Shanghai, Chinese Academy of Sciences,
Shanghai 200031, China; *Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200080, China)

Abstract Abnormal rearrangements of MLL gene cause acute lymphoid (ALL) and acute myeloid leu-
kemia (AML). Here, we describe a method of construction of a mouse AML model using a MLL-AF9 retroviral
system. We compared the efficiencies of Lineage(Lin") bone marrow cells enrichent by using immunomagnetic
beads and S-fluorouracil (5-FU) treatment, and efficiencies of two different infection strategies. We found that 5-FU
treatment of mice and 2-round of infection of Lin~ bone marrow cells with viral supernatant 48 h post-transfection
would lead to a highly efficient infection of MLL-AF9 retroviral vector. Moreover, sixty days after transplantation
of MLL-AF9-infected Lin" bone marrow cells, leukemia cells were observed in the peripheral blood, and infiltration
of leukemia cells were detected in the bone marrow and spleen of the recipients. In addition, RT-qPCR results veri-
fied a significant increase of transcription of MLL-AF9-targeted genes, further indicating an establishment of the
AML mouse model. Our study provides a useful tool of studying the molecular mechanisms of leukemia pathogen-
esis and development of novel therapies.

Keywords MLL-AF9; 5-fluorouracil; retroviral; Lin~ bone marrow cells
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MLL(mixed lineage leukemia)Ji [X 7] DL 55 2 Ff &
BREAT G Ar B4, e TR R I D Re ) a E, 1
MR AR 7EL)7%M SV EREME A M (acute my-
eloid leukemia, AML)F110% 1) 2 P43k B (1 97 (acute
lymphoid leukemia, ALLYJ7 51| 1 & IMLLEE R F A,
AF9(ALLI-fused gene from chromosome 9)/& 5 MLL%:
DR R A Gy EL2E 1) LRI 22—, BRI &
B8 A& (A M (AML)H R B, 3@ ik 4 56 4 7 &
B, MLL-AF9 [ IL5p5595 AFE S ATMLL-AF9/E 4411/ B
e AL/ 44 P 2 R 08 R A AEAR K AR BA I o 3
HH, HOXJE: PR S I A1 HOX ' B PRl MEIS 1) e S5 B
BONEET, SRAb, I 4 AR T MLLAR A 2
(FFERFRIK, IXFR W, MLLEE R filv A A B il L8 5 52
ER R VB AE BVA YT #EAR « REMLLAY (3 HL05 354 T S A,
BT T fRBIR I R AR R SR FNBURAIE, SR
T3 %, W B T s 5 gt 7 AR TR,
TR S E B R AT LA H IR R A e MR B
FRAH A R 2, 1S NIRRT A T4 3=
ik, BT DR TV 2 I R R s it

19964F, Rabbittssi K = 4 & T 2 — HIMLL-
AFOR A 8 /0N BR A 7 15 28, A 283 ) [ 9
Y 1 7 1 3815 2 IAMLL-AFORM & 85 (1 1 FH 2 IR G
T2 Mo, e T O A MRS R A R, 1%
PR R A BB 2 R s>, 20064,
ArmstrongSZ 46 % 5 Cleary S 46 == 1@ 1o 106 3% 5%
BEJTVE, A FMLL-AF94y 7] J8% ek 4 it/ 5 Wik 40 Jif
HIAR4H L (GMPs)-5 440 B fific-kit 41 i, 4R J5 151X
s ) i 2 e Pk 3 S A 0 BB 7)o B 1 N BR R Y,
SIRBMERER A M. 20084, Kersey sk i =5y
1% T WENMLL-AF9EE A ) 3 I /) B ) B BELSK.
CMPs. GMPsHICLPs4H i, it 17 #% 48, B 58 K 30,
LSK4H i fICLPsi% & AMLI 6 715 5, 1M GMPs/A
AETE K AML. %4518 5 Armstrong 32 46 % 0 285 A
— 5, TR 5 R S MLL-AF97E A [3] 48 i 1) 2 3k
i UL Y JEMLL-AFOFI #M JRMLL-AFOTE AE ¥ % |
() 2R 22 1) 2 50 T e 256 1Y) S 6 45 R U180,

A SCH H Eric Sosi2 36 % 74 2 [IMLL-AF9I £
SETR R B, G BUE BELin gl e, 3RS TR
AML A I B RS . FRATT 38 i b e AN [) -1 i 40 i
Gy BT, AR B G SR, AL T A EEMLL-
AFOSPERE & A /s RS (1 53k, WIs T K
M R T 7T RN TAE & 355,

1 MRER*E
1.1 #%
111 FEA 00 5% 55 % 0 RipKat,
VSV-G. HEK293T4H il & H1 5258 = /A7, H IF1)5kL
MSCV-GFP-MLL-AF9K J§ TEric Sosi i & . A Sk
36 BT /N BN CSTBL/6T RS 5, 1 3% T o [ Rl 24 B -
g TSR ST SPRAIY b . BT A I3 HAE 1 1%
TR ERL 2 B b T A AT 5 B sh A0 B2 01 2
FEE 1) 5256 77 %8 (A2018010)
1.1.2 KX A 5-3RURBEIE (5-fluorouracil, 5-FU)
H Sigma/A . Lipo2000(11668-019)I [ Invitrogen 2%
#]. OPTI-MEMTM(31985062). IMDM(12440-053)-
DMEM(12440-053)I [ GIBCOA &« Murine IL-3(213-
13-10)« Murine IL-6(213-13-10). Murine SCF(250-03-50)
5 H Peprotech’A 7] » Retronectin(T100A)J% H TaKaRa
/~7). EasySep™ Mouse Hematopoietic Progenitor Cell
Isolation Kit(19856)4 5 STEMCELL Technologies A 7] «
Fetal Bovine Serum/J H ExCell/A %] . Polybrene(09735)
) H Sigma/A 7). EDTA. Na,EDTA. Zfb#N. KCI.
Na,HPO,. KH,PO,. KHCO;. NH,CU4 [ TAEY T
2 LA BR AR
1.2 75
121 JREH@IeRR DNREWLIE,
L OUIN (4 B B 5 i T FACS buffer, A 8Y TR Bk
H3kih%, 18 | mLyES 48, FHFACS buffer, % & #fi4H
s 215 mL g0V ;5 300 xg, 4 °CE0S min, 7
B3, T mLEBZL 20 MR TR 51, = IR AR
5 min; A5 mL FACS buffer, 300 xg, 4 °C&:(»5 min
J& 35 135, FHFACS bufferi 135, B o # 4H i 5 &
7E1 mL FACS buffer; F40 pmt) i i ik 38 35 B
OB, TRk, DL B s G
HBEAT, BT B DB BT R KA

FACS buffer: PBS+2% FBS. 10xPBSZE ik
(pH7.2~7.4): 80 g NaCl. 2 g KCl. 14.4 g Na,HPO,.
2.4 g KH,PO,, & & %1 Lo 10x4T 480 o 24 % Wi (pH
{8 7.2~7.4): 82.9 g NH,Cl. 10 g KHCOs. 0.37 g
Na,EDTA, E & %1 L.
122 RFEHMLn-mies & 5S-FULFEE: %
200 mg/kg 177 & I s v S AR 3N B, AN AL EE— IR,
Ab RS 55 SRR /IN BRI BE A L, 2EA4T J5 B8

S B W Bk B 4212 (KitiE): 2% STEMCELL A )
(1) 32 I 41 B A7) £2(19856), R 3L i X} 7
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B BRI 0 R AT AR R AU ARG ER bR, SR
S 308 It A T B 25 B AN R LA B BELin 40 P, 43 S
32 ) Lin 40 5 2R 5.
123 ##HFRFCLE B IIx10/mLEE R
HEK 293T#4iJfd, 20 /5, 40 I A FEIE F190%,; K ks
F% 0L A f % 9% V4 mL ¥ % DMEM(10% FBS);
Jic #1442 30 uL Lipo2000+500 pL OPTI-MEM™ #
15 ugfii Fi(8 ug MSCV-GFP-MLL-AF9+4ug pKat +3 ug
VSVG )+500 uL OPTI-MEM™; ¥ P A& & 15 508
A, FFEE 10 minf5IERMA DS, 1 mL/I0L, #
5], 37 °Cy 5% CORFAEE 7R, £5776~8 hfm #ubrfet
fIDMEM(10% FBS), 37 °C. 5% CO. AR5 77; By
48 hJi, WA LB A 48 WIS 90 B, 2 J5 B #
EEDMEM(10% FBS)7 77 5%, 4k 4157724 h)F FRUlc 4
— R 3, VEN72 WSR3 BE; 9 EEH0.45 umiiEas
IEE, AT RSB L . EERT 43%E )5 T80 °C
KHAGRAT, 1 b s B VR
124 #4FmERLFTHMLIn@E 2801 Ret-
ronectin(10 pg/fL) 4 °Cid 7% 4b ¥H245L 4R, 552K F1500
UL PBSYE 13, 4 °CH {RA7 1 Bl m S0/ R E 58
Lin 4fl }g T IMDME; 77 2 (% 40 i [ 7 50 ng/mL
mSCF. 10 ng/mL mIL-3. 10 ng/mL mIL-6), #17 Jil
B

BN B B BB Lin 40 i 25 20 it IR T
PO AR IR, WA AR, THEL, 1 800 r/min. 4 °C
5505 min, JH80%[#)48 h MLL-AF9% & I 15+20%
B EFIMDMES 77 2£(7715% FBS. 50 ng/mL mSCF.
10 ng/mL mIL-3. 10 ng/mL mIL-6. 6 pg/mL poly-
brene) B B A B 514 40 B i BB FLS < 10°, 1x10°
2x10°F) £ & ¥ 2] 1 4# T Retronectinih P (11241 Hi
B, AR FL2 mLEK YA &, 1800 r/min. 33 °C 0y i
90 minj&, B 133 °Cv 5% CO. 85378 h; T bt
IMDM%; 77 %1 mL/L; 4 fi £37 °Cv 5% CO,4k £
K5 #728~10 ho

B ARG R 5 TR AL R R R,

FEIN 80% 1748 h MLL-AF95 5 i 72 h (K 55
E 20%:8 fif IMDM3BE 775 (77 15%FBS. 50 ng/mL
mSCF. 10 ng/mL mIL-3. 10 ng/mL mIL-6. 6 pg/mL
polybrene), &2 mL, 1 800 t/min 33 °C 502 /& 490 min
Ji, B33 °C. 5% COH5724~48 h, WA, it
YHARAKT I GFP{E 5, T H B BE Lin 40 Bk e o
125 FHMBE  ZARBMEIR4 WEEERE
X5 2655 18 (9.5Gy, RS2000 X-5 & 48 HRAX), SR 5%
1x10*/~GFP*4ll ffil 7 /& 7£200 uL FACS buffer, i#
o RN S B 2 AR EERBIER200R . 40K,
60K, SKAESZAR/INER AN A I, FH I 4 B SR I
975 &4 L 1 B A3

12,6 ALLHAES5EE  NRFEEEITYK
0.5 e/ A5 K/, IRIBAEA%H) 2 T F S b 8 e i K
¥ 8 52 5 A SV B &, H R KZK M
1 h, RJGHEHAT QBB K. —HEER. RiSa
s A AR L, JERE N6 pm, SRS 1T
TIAKEHLLH&E) Y . /N R 5 128 7 i 5 A
AT B A EE, KRR T pH7.0~pH7 411 10%
EDTAWIR Y, 2~3 Rl — ik, B2 KRB e ih &2
AR ARJFHEAEE . phve. Bk, SR
RSP Yt

2 #R
2.1 FEHZESEHLin T B R 220
BATHERS TOH/INE, 7 A — NG R ES
5FU, IR, 5K 5 BN IR 5 155 e a4 i
ke 55— BOS I 12 1 BE 4, Kt
B AELin 20 M B TR B A R iR TR AT
MLL-AFO¥i % 55 975 75 J2% 44 AH [7] 45 & 19 B BiLin 41 i,
RIS-FULN 5 & 52 0 BELin 4 e R B3 =
FKitE EMLin i, FRER TR, S-FULEERT 18
BB Lin 210 58 75 5 B MLL-AFOI¥ #4595 B8 1)
2.2 AEIRT AR B TR B X B R A S0
SRJE, FRATTREAS [F] B 8] W3R IMLL-AF 9 75 1)

®1 FEIFHEEERILin AEH
Table 1 Number of Lin™ cells enriched by different methods

NS 5-FUR 4 NGRS Kit's 4
Mouse number 5-FU enrichment Mouse number Kit enrichment
1 2.0x10° 4 2.6x10°
2 2.2x10° 5 3.0x10°
3 1.8x10° 6 2.3x10°
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5%10° 1x106 2x10°
=
o™
o~
P 5-FU
[oe)
= 11.10% 13.70% 15.70%
e I e
= f
N | .
T { Kit
=} |
® [
( 1.72% 2.22%
| | | A
:j \
/
T TN e T 1 T T

48 hA72 hSCSR K Rk Qe A 7] 77 2w SR A Lin 4L, FCAL (2 RIS 0T 1
Use virus harvested at 48 h and 72 h infection of Lin™ cells, the red line is an uninfected negative control.
Bl EfELin AN AR E &S X BRAY RN
Fig.1 Effect of different enrich methods of BM Lin™ cells on infection efficiency

48 h+72 h
13.7%
! P
Ly Tl | oo LA | Lhbi |
GFP

48 h+48 h

17.6%

LILl it Sl 0l ma el f Ll e s L

LLAO LR ARG S

The red line is an uninfected negative control.

E2 TREIEIEI R B o 8 3 R AL R B0 20

Fig.2 Effect of virus harvested at different times on infection efficiency

RGBT FRATT o> T A SRS 35— sk
45 4y R 48 h572 hISGR B B8 I ] BB 24 hxt
Lin 40347 P UGy, 58 2 S0 4 At A48 h
WK )99 B2 (AT B 24 bt B8 Lin 40 32047 9 Rk
WE2ATR, AT IUE 48 hillosk 1995 5 5] FE24 h
X Lin 4 M AT PR OGS, LR T 5. R A
SR, 48 hISCER 1) L3E A, a5 1R B2 By, X
HBLin 40 0 (1) R G A R o

23 BINFERMNEE

SR, TRATXS RS M AMLL-AFQRK 4 & i 2 g
(1) S A4 /N BRPRT T I8 05 17 00, kAT W0 %% 5
WEBHTR, H—4/NRAETH N MmAET, i
WY BOE ] R IR R A a5 2/ SRAE S50 A 39
W IEHAFE; 35 =4/ DR G4S RITMaRE 80T,
TERAE G 75 RAHAET .

BATEUSAE 520K . 40K . 60K [ 5256 2H /)N
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SR &1 J& Il (peripheral blood, PB)#EAT it 20 . 5246
SRR FEB MG 60KR, A4/ RUA A I H 1 i
40 i LE A 2k 31180%(E15). R ET0OR, 5 IEH
/N B, B G, T MLL-AF9H i Lin 41 i 1)
AR/ BRI R R e, L B R (A
4), 40 JE A A s A MR 4E FL(CD11b " Gr-1)
EL A5 B B 38 I (Pl 6) . X Segh IR, Bt Y T
MLL-AF9 {5 ffi Lin 40 i (1) 52 44 /N BB B8 21 2R 08 152
eI, B b 20 B R 3G A, AR iR s 4 A
B0, SIS A IRPRE, F IR Ry
B 6
2.4 HLFRIERN

N HE— A I S BRI R T, AT

150 -

= = Groupl
= = Group2
= Group3
S 100 ==
\T; !
2 !
Z '
=]
5] 50 - ]
|
!
!
!
0

SR AE I 70K 1 1 L5 /8 B 40 & i (PB) B AE
(spleen) LA % F #ifi(bone marrow)i#f ITH&EZ . 5
T /NERAR R, B s /s BR 8 41 JE 1 B oeT A
W 252 1) B 1 o B 7 I 4 (L 7), X 5 2 i
A I (P A o AT 25 SR, DA R B i K ) & SR
F—8 [FE, B /S R4 E e 2040 g & &
D, R I S B 2020 M A RS2 B
25 ERTIR, HEURE AT IS Rt — DI UE T 5244k
/BRI A I R AT
2.5 RT-qPCRH&MMLL-AF94E < #0 & F g ik
=

B, FATH FIRT-qPCRYG IEH 8 4 197 41 i
W, 5 A R AE A SRR R IA . W EIRATR, TE

T T L] T T T T L] T 1
0 10 20 30 40 50 60 70 80 90 100
Time (d)

Group UNEFU IR M, REAMLL-AFYE AL HELin AHHRIIX /N, 63, Group2 A RAEI . AR AEMLL-AFK A B HELin 41X T/

Groupl were 3 mice irradiated at lethal dose, but not transplanted with MLL-AF9 infected bone marrow Lin™ cells; Group2 were 2 control mice that not

irradiated and not transplanted with MLL-AF9 infected bone marrow Lin™ cells; Group3 were 6 mice irradiated at lethal dose, and were transplanted

with MLL-AF9 infected bone marrow Lin™ cells.

E3 #BEEB MR R FELE

Fig.3 Survival curve of leukemia mice after transplantation

Normal Leukemia

ND

"4 |
mlnu]unlun‘mmml

Normal

Leukemia

Ac IEH/NRS AN B RAE; B: IR /NS IR B e S e .
A: spleen of normal mice and leukemia mice; B: femur and tibia of normal mice and leukemia mice.
E4 EE/)RSBELHNRERE RS

Fig.4 Femur and spleen of normal mice and leukemia mice
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Fig.5 Percentage of leukemia cells in PB of different days after transplantation
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Fig.6 Representative FACS profiles of myeloid cells in PB
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sHoskok ok 3k ok

1.04

0.5

Relative mRNA level

o

)
@Q}% ‘e\o,,:p ‘(\0.@0

mRNAZK AR 9 Gapdhif) F ik, *+#P<0.001
mRNA levels were normalized to Gapdh expression, ***P<(.001.

: Normal
ok k #kk Il Lcukemia
Q
o

El8 RT-qPCRILIE
Fig.8 RT-qPCR analysis

AR TOR, L /)N B A1 6 40 1L o Meis I Hox
S TR R 42 32K B R /0 BB BE A P Y S i, i R
BE— AT TACEIRAE 1 MU AR .

3 g

AR S0 R T MLL-AF9i% S (/) B 2 86
A I A A 90 B I MLL-AFOIY #% 59 3 %,
PRI/ BRI B B Lin 41, JRRE AR 2 B0 57 4 R
TSR A, AT AMULAR Y . fEAIT 5T,
PATE Je LU T AR J5 15 4 25 1 Lin 200 i 6] 8% 4 20
IR, H RIS G R PR S 5 1) BELin 40 i AH
b, 5-FUE & 45 ()8 56 Lin 41 i 58 45 5 #MLL-AF9
ARG . S-FUR] DURE S 1 b 95 Ak T 20 24 A ) 40
W, 24708 BRI e VR 6 5-FU S, 4 T3 24 31 10y 34 1 T/
ML B2 4 3, M OR B8 H Ab T Gl 1) 1
40 B e N0 A B o 0 A SR B A S S b TR
T IR A0 A, R BES-FUYE & 5 55 $ELin 40 iy
A G HEMLL-AFOMY 7 S5 5 B g . RS B
B VEF T LR Tt ST AMLBE RS (HAH L7 &
5-FU'E S5 AR BT B, BT AT DAY 48 SA0 RAR

FOUR, FRATECES T PR SR . (1) 48 L3RS
%548 572 hSGER I 85 L3, [ R@24 hl
YOG BELin 40 M0, (2)ckeidk SR mg: (i FH #4548 h
WK A B b T e B B Lin 40, R AR B fik 7 T
4 °C, [A]F@24 hiG F UGy BELin 40 i . PR 1) 22
BITET 38 R B i . FRATRIN, R %
I J548 hit) 7 B b i % 2R I e B BE Lin 41 i 11 X%
B . T2 WSOGR I R 3 IR, (R

BE i Lb48 hibf CL 22 W 25 PR AR, DRI Ub 2 3OF FH48 h
WSCSR PRI 5 S50 7, 1A1F524 hiZE R I e B BB Lin 40 i,
DA R IR AT 5 1 (R B R

I Ab, 458K Y IMLL-AF9I &% 5% 9 2 8k A
VF 2 AN RAR, AW 5048 1 2 0% A 0 F % B
(King’s College of London) Eric So#{#% 324 = 1
MSCV-GFP-MLL-AF9 i ¥, A7 EIE 1x10* 4
MLL-AF9JE G4 ) & B Lin 40 L, e % £ 5 bR 1y
VR ML BAT 2 At A ik oAt B AR RIMLL-
AFOWHE I 7 3K, A HMLL-AF9JcDNAJ&
Il 75 N\ T e 3R A5, (H A0 035 B S M 55 % 13 LI
(R, TR FIMLL-AFO I 5 S5 75 A #7141
I A TR B, 9 B MLL-AFO# AR (1 Sk Y5, I X 2 2
T RERS S A s HEAT IR

25 L RTIR, ARSCEIA T —Fp R FIMLL-AF91¥i #
ST B AL JE 1 AL AR Y 1) v, AU RN
URE ST L9 Y 0 WL ER 4L T sh A AL T
B, W RS 5 259 5697 s T — 4
AR AR AT .
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