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Abstract

AIM: To explore the feasibility of transferring dihydrofolate
reductase- (DHFR) gene and cytidine deaminase (CD) fu-
sion gene into mouse bone marrow (BM) cells to induce
resistance to high dose methotrexate (MTX) and cytosine
arabinoside (Ara-C), and to improve the tolerance of
myelosuppression following combination chemotherapy.

METHODS: Human double-mutant DHFR-CD fusion gene
was transferred into mouse BM cells by retroviral vector Granu-
locyte-macrophage colony-forming unit (CFU-GM) assay
was performed for retrovirally infected and drug treated mouse
BM cells. DNA was extracted from mouse BM, and the ex-
pression of drug resistant genes was examined by PCR.

RESULTS: Drug resistant colonies were formed by donor
mouse BM cells co-cultured with the retrovirus producing
cells, as well as the BM cells from recipient mice trans-
planted with the fusion gene transfected BM cells (CFU-

GM of donor mice was 14%, x2=42.55, P<0.01; CFU-GM
of recipient mice was 20%, x?= 44.26, P<0.01). The drug
resistance to both MTX and Ara-C was also increased in
the recipient mice. The survival rate of gene transferred
mice was significantly higher compared with the control
mice x?=7.42, P<0.01. Expression of the DHFR-CD fu-
sion gene in the transfected mice was confirmed by PCR.

CONCLUSION: Double drug resistant genes can be in-
tegrated and expressed in mouse bone marrow cells;
furthermore, they can increase the drug resistance to
MTX and Ara-C.
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oyt Sk, B SR BE A B AT 89 FTATE

Fik: AR FRENBR, AR At
iR BB A B (DHFR) Ao B3 BLA R BE L B (CD)id it £33
FBENDRTHRT @0, WRERAENTHmE
B AR R S AL G 2 25 M 4L R UG 64 B B am it
MTX & Ara—C CFU—-GM 4 & 9L, 45 K B /s 5B 3 4o
JAFRIEG DNA, JA PCRA&M 2 4 B s R B 8 a0 i mt 25
E RO R EMEHELA DA LZKAE MIX 2 Ara—C
WG % RREREFEH T,

ZER: BRI RGBT R e B A A
J& G 2 2 B (SFG—F/S—CD) 4 B B sm i A vt 24
SR R (14%, 20%:X2 53124 42,55, 44.26,P<0.01),
FH R R T 2 MTX Fo Ara—C # @& 5 xh I8 40 b4k
ARG KB MHZ KA BHITE, L HEFARR
BX=7.42, P<001), ffimdiik A B AR R
HH 2 PCR AN, R7HA F/S—CD AR &4 42
A AL R AT MTX A2 Ara—C #9645 B 8.3 An.
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HREIE RSB T AT IR N, AT HELLR B A
BN R A K T AT SR 1 A Rk
ST I 52, T ERIER, BSOS B AT
AR . FRATTRE SR I N A BRI S Bl TR
(dihydrofolate reductase, DHFR) A0 Er it 22 FE B I K
(cytidieaminase, CD) R SA/DNRE MM, Wse
N R R B2 RS (methotrexate, MTX) FHRATRE I FY
(cytosine arabinoside, Ara-C)fJi 51, £5RWF.

1 HRIFSE

1.1 AP B 555 P () = 4 5 B 44 SFG-CD (& A
SEA ) AL B U it = mCD) . SFG-F/S—NeoR (& X 5848
“Phe22-Ser31” [ &M 414 JEU B dnDHPR AN 7 2 2%
FEEINeoR) , SFG-F/S—CD (7 A GEAZ 1) — & 1 FRIE IR g
duDHFR SHOmEnE iz Bg) , R A~ 40
(amphotropic packaging cell, GP-Am12, &R
Am12) , 43 HIA L AM12-SFG-F/S—CD, fai#% 4y SFG-F/S-CD
(1) . DA 28044 J 40 i 5 X s 4243t . BALB/c 8
/NI 8-10 JE#E, 4T 5-FU EFEIKFST (150 mg/kg) ,
%4507 A RO AR BT AN s e 3 o A 40 I, v O
4 d JFRREE . R E I (2-5) 107, IR
M. THECEHEA % 40 S B, A B RE A % A N i
KW aE = A 4 id% 1 2 1 e, &4 200 mL/L /)
A MIEM 10 g/L B2 Bii%, 100 g/L WEHI 43555
W, P4 (SFG-F/S-CD, Am12)7F 37°C 50 mL/L
COZA T A4 748 h. i 2528 R 85 7 AL 41 i R 7
HLHEEFRAT 2 h A 1.5 Gy, SRR R T HE 4,
Tl A PR SR (7E PBS P79 AR 4 B i #2 A & CFU-GM
BER) . 2R EERETTIYE 8 6y BUtER
9, UlseemiiR e SiEimshes, WS HmANE
I 240 L A P 398 A % I ) i 24 17 000 /) BRUAR 408 44 It
HHEAL AP A 246 e SFG-F/S—CD; B 20 B %o
A, BEANREREA A AM12 JE88 37 A St 24 5
L A HD RARYE A R, E3UtERRE 12 h 2
B ki S 2% 10° B G A0 . HBEREAE S 4 wk g HUN R
ip MTX(20 mg/kg) #Ara—C (30 mg/kg) ELH:4 d. #i
RyESE (25 d, 30 d, 35 d, 40 d }% 45 d) WELi

G AR LR AR
1.2 Fr sk AT fiARa o 40 I 5 T 24 55 IR P s 1 = A
MMILIE TG, 76/ BAR SN A P 19 5E IR 38 1A T 24
CFU-GM AE B8 vt (Rl 6355 57 5 1) 6 40 AT AR 411 52
%, ZAONREEEREM YA 45 d JSEUEBEAN
MAT AR PISERS) . BE 3R AP - A dUNMTX & Ara—C,
Ara—C 5 MTX IR E 235024 20 nmol/L A 500 nmol/L;
BEH AL, Ahnzhdy. [t 6 ml 55 IR & H i
AL 3x10°, P43 28 3PN TR 37, K5k IMDM,
10 g/L FIELFYE=, 100 nl/L Ja4-fi, 150 g/L
WEHT 853790 ORGSR ), 10 g/L BRIRE
B, 10 g/L INEARREN, 10 g/L LHS5IELHEILER,
5 g/L ZFREAFE K 10 FHAL /L HERFERES, R
MAETEIMANRE B TR ATE A | ng/L B HRBEEF37°C
1 h A3, DLysb 40 i SR R 1 AT B 2R i D BT
A=, 3R ME 2 50 nL/L CO, 37°CH: 748 7-
10 d JEiHEsRTE, TS Rt AR g R i)
A /N B BEAN N, 4RI E FALBEAREL DNA. 50 pL
A PCR [z WA R & 4 0. 125 mmol/L dNTPs. P Fh
Z1470.5 pmol/L, 0.05 MU/L Taq DNA ZEA M, 1
B DNA 150 ng. PCR #3444k 2 94°CAFPE 10 min,
94°CAPE 1 min, 58°CiB-K 1 min, 72°CHEM 2 min,
A0 EF 2 5 72°CHEH 10 min. PCR P=#)7E 0. 8 g/L
TRNEHE G TP AT UK, BB BT AR B T 24
F:IH SFG-F/S—CD )51 ¥ 8 P v e vk 4 : 57 —ACTTT
GAAAGTGACACGTTT-3" 5° —GCCAAACTCTCTCATGACTTG
C-3" P IG45 R 50 498 bp.

Bt ahI8 AEAESMHT N Log Rank #3 (SPSS10. 0
GkiaR) , WHECREMT X R, PR BRI (R

2 BER

2.1 DEA AT MTX A Ara—C 89 at &b /D RIESIMTX
MAra—CJa, ¥ Ui 25K sh P 5 Xt REAHEL, Wt
TR R ATE. AR iR R R
2. 1.1 ¥4t 25 3L K5 F/S—-CD A /s B AE K7 R MTX
M Ara-C A3 5 45 d fEEZIL 67%(4/6), XTHA
TAETE, % Log Rank B3 (SPSS10. 0 48 it &k )
X2=7. 42, P<O.01. /PERIFES MTX fl Ara-C J5, 14
FUE . AR MRS TR T B, F/S-CD A /M
M5 RFTET BRI IRER IR, 45 diER
. E MO O E TEE (K 2-4).
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B 1 SFG-F/S-CD REERREBEHIARNIEE.
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B2 FAEmAYNETERETLER. AYRNES AMI2 H5F/S-
CDAAFRSLLE: 30 d, /= 3.82, P<0.01;35d, /=592, P<0.001.
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&3 SAYZYINEEEMEELER. YNES AW2 E5 F/S-CD
4 WBC LE#%: 30 d, £=130.64, P<0.001;35d, f=168.56, P<0.001

22 Hef KA AR s e eh Rk B HERS A AT AL
AT HE A0 M0 B B AL A2 Ak ) B A T 5 A T 24
FERA AN 25 5 R (R D . B RE AR AT X R4
SR 420 nmol /L5000 nmol/L [IMTXFIAra—
CJa, XPARNEIH) i 25 7l 23 o 9% A0, 5 XU
LR F/S—CD #H Jly 56% FT 22% ; 2 P4 24 [a) I n A\ P 20
T 24 S 23 50 24 O 0 14%, i B T M 24 255 PR o) o e 2
VI Te i 254, T A R 24 55 LA A — e
FE RN 52 0. B BERE AR S AT 2 I i i e Gt 24 5
DAL 21 it 245 o e 2 R A 85 00, o B 23 33104 7% A0,
F/S—CDZH A6 0%F126% ; 9 24 [7) i 0 A\ 5 20 it 2 7 [t 7
A4 OFN 20%. KPR/ B RE A1 RS2 B A DNA, 2 PCR
Frill, SR F/S-CDAE R4y, Ut Bt 25 5 R 5%
FOG R FAYFRIE (B D).

x1NEERARSHERERNEMZAERIZM (CFU-GM)

BREH My Ara—C+MTX5efE
pagis)
SHeEiED  EEeRiES  SHEEIERURYN  SEREGIHEW)
AM12 278 230 0 0
F/S-CD 318 281 45(14%)° 56(20%)°

X?=42.55, "P<0.01 vs AM12; X?=44.26, “P<0.01 vs AM12.
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&4 SEDMBYNEBIVIMIELER. ZYNIEE AW2 A5 F/S-
CD 4AM/MREEEE: 30 d, 7=19.56, A<0.001; 35d, /=27.71, P<0.001

B 5 /B EEEMIE DNA PCR F=HIRISKE R EER. M: Marker DL2000;
1, 2: JBLE; 3, 4: HERMZAER DHFR-CD EF7T 498 bp £

R AR AT . Z 2 2525 (mul tiple drug
resistance, MDR) J& AATH B0 B I8 2 it 24
FEPR N 22 24T 25 IR (MDR 1) 6 Ge {R47 5 4 3 .
AR T I E Sk AN IRRIRIERY B — 47 44
Vit 3R], AEARA B/ BRI T PR SE T I 4 i R
AT R ™. BEAR T 22 R B B LR 4
(1) 424k 2 F it 25T JE 5 — 2540 ; (2) TR it
(3) ¥RIT B B I 5 (4) 1 25 55 DR I e e 245 /N BB
PEIER, dn—E8 22350k MGMT 1 ALDH 5 BRI FH iR £k
FIEA ST 2 Epik it KB (5) BRI Y o548 K e AL 7
AL EFER PSRBT SR SE, AT IR R B T
(dihydrofolate reductase, DHFR) "™ % Moty /it = Eg
HPH (cytidine deaminase, CD) ®'ZEA B4 k44,
i BE 1 LT 40 R A B 3R 5B 20 18] 2L R e
T R HE IR 69T B BARRE A0 . i 23R SN IR
T 0T 40 L R R PR VR T B — R SRR L A R B
AR BESCIL AR SE DR 20 P 4 NS, T R R 3 I 40
RS AR BB HETE 70% IR EE R ITR
U B S2BULE 23 S iary s S NS M g SR BULE = S ik o A
oL 18 4 ML 247 e P s 20%.
KL 245 55 R 5 N T I 40 A T BRI 09T 2 3L
) BE DR AL T T Re kR 2R R i 5
S0 FRATTFH A A 0 B A XU 24 5 DR iR
ANBIS YL, #E—2B W50 T dmDHFR-CD iy 25
FE DR 8 FE 0 /N R I D R AR PR . 45 SRR B %
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BRI B BE X MTX R Ara—C [ 52 B8 S 3, sois
2 1M S BT IR, T X R A ot A SEER A/
BRI R B R AR AE A B 2 = T R PCR 2y, #:5:
JE 170N BB P 0 LA L 24 RS DR SR . AR S IE 5K
TS A RN PR A SR 24 55 R SN D B If
A0 5 5] B TR AT 2Rl = A A bk, 2R I 2
BRSBTS YSCI AT T T Hal, IR REF =N
7 LASR 5 oK PR R 4 I JeE 4 B I BE 22 IR E B AL T 41t
T, AT Re A B R 1A 4k
ST R A FH B 225 SORE. (H e i £ 58 A0l B8
Z I AR RS T, W 2R S 4 i
JERE R G IATRE A, DL #E 40 JE 1 A2 21 1)
BE A ] 5200 55 n) U4 A 75 Tk — 2B 5T
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