Zasgaatz Drug Evaluation Research F43EFE3HY 202038 « 423 -

N AE & 2= P450 B2 H 8 B 8] 78 B T AR X & iR 2
A B MY a7 1E

FALM, E O, WM, Ok 0, BRI, T B, M,
Lo ACERRER 5228 —RB i AR, Tk A5 053600

2. b VR R AR AR, db5 100176

3. ALET IR G AE B AR A A 78 58 T 40 5 T AR R 22 7L A, AEET 100176

4 Btk

W E: B8 TR EZEPAS0 (Cyt P450) FEFME M B MR 410 (UC-MSCs) BX& I BENERZ (CPA) Xf 2% B
I EEL I B P I R T AR A . 3R T I D RE U vk BT Cyt P450 2B6 (CYP2B6) LR F 51, SR 1S 7 %k A 3k (] 4 e
UC-MSCs, 152|T] m3R1A CYP2B6 £ 11 CYP2B6-MSC Fi 74l i . K 52 %¢ J6 %8 5t PCR (qRT-PCR) &l CYP2B6 3 [4]
W IE VPR J R SR 4 AR K CYP2B6 4H i R T AR E Rk RSN S /0 kil CYP2B6 41 il /7 4k fE
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Abstract: Objective To transfect Cytochrome P450 2B6 (CYP2B6) into umbilical cord mesenchymal stem cells (UC-MSCs) with
lentivirus vector. The anti-tumor effect of B acute Lymphocytic Leukemia with UC-MSCs-CYP2B6 cooperated with
Cyclophosphamide (CPA) was measured to provide laboratory database for gene directed enzyme prodrug therapy (GDEPT) which
used BMSCs as vehicles. Methods Cyp2502b6 (CYP2B6) gene sequence was designed by gene engineering method, and the
CYP2B6-MSC seed cells with high expression of CYP2B6 protein were obtained by transfection of UC MSCs with lentivirus vector
gene. The expression of CYP2B6 gene was detected by real-time fluorescent quantitative PCR (qRT-PCR) to evaluate the
transfection effect; the expression of CYP2B6 cell surface markers was detected by flow cytometry; the differentiation ability of
CYP2B6 cell was detected by inducing differentiation in vitro. The effects of UC-MSCs/CYP2B6-MSC combined with CPA on the
proliferation and apoptosis of Nalm-6 cells were detected by CCKS8 and annexin-V FITC / PI kit. Results The results of qRT-PCR
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showed that CYP2B6-MSC could highly express CYP2B6 protein, while hUC-MSC (control group cells) did not express CYP2B6
protein. Flow cytometry and induced differentiation detection showed that the flow phenotype and differentiation ability of CYP2B6
gene modified MSC had no significant change. Compared with UC-MSC and without CPA, CYP2B6-MSC + CPA significantly
inhibited the proliferation and promoted the apoptosis of Nalm-6 cells (P < 0.01). Conclusion These data suggest that MSCs

expressing CYP2B6 with CPA could represent a promising treatment for B acute Lymphocytic Leukemia to test in future clinical

trials.

Key words: gene directed enzyme prodrug therapy; Cytochrome P450 2B6; umbilical cord mesenchymal stem cells;
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Fig. 1 Lentivirus plasmid structure of LV-CYP2B6
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Y, 2k 21 % 5 80% B SR AL AP 1 .

2.3 CYP2B6-MSC 2R 4 ¥ ThREAE N

W g I B 4B B RCR S, BAIE R UC-MSCAE N
X R JE s i S B R A I CYP2B6-MSC 41 i 3% [
Pt J5L (CD73. CD90. CD105. CD34. CD45. CDI11b.
CD19 X HLA-DR).
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2.4 qRT-PCR#&M CYP2B6 & X Rk

K H RNA 42 Bk 7 & , 42 I UC-MSC K&
CYP2B6-MSC 4 il RNA. % ] RNA 5 % 5% ik 71
&, W A 41 il RNA 73 2] cDNA. K H SYBR
Green I qRT-PCR i 7] & H-1 HH ABI 7500FAST 5}
9896 5 B PCR AU iR 41 g 1) CYP2B6 % [ & ik
BTS2 5Ok 5E B PCR KN . CYP2B6 3145 %1
N #5157 -TGC CCC TTT TGG GAA ACC TT-
37, F#5I % 5" - GGC CTC TAC TCC ACA CAG
CA-37, 93 Fr BEK B 4 140 bp; N 21 $% A B-actin
FHL 5 WFE AN ElESIP S5’ - CCT GGC ACC
CAG CAC AAT-3’, NiiE51# 5" - GGG CCG GAC
TCG TCATAC -3”, 934 v BL K & 4 144 bp.
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2 W8 SR RGBT, 0.5~2.0 mmol/L [¥] CPA %
A A B0 B gt CYP2B6 i K] 1 248 A B Jir 983 2
Jio, ASHIF 72 3% F 0.5 mmol/L [ CPA 1F 5256 Kk JiF o

# hUC-MSC. CYP2B6-MSC L) 4x10%/4L % #h
24 FLAR, K 5 ol 248 B % 70 SR o HERI CPA 2, 73 il
A 0.0.5 mmol/L CPA [ DF12 $% 77 & , £ 7= 41 g
24 h g, I8 i3 B O U SR AN IR 45 F BT CPA
%} CYP2B6-MSC A7 55 5
2.6 Nalm-6 20 & 78 46 )

# hUC-MSC. CYP2B6-MSC LA 4x10°/4L 4% Ff
96 FLH , DF12 5% 32 W (10%FBS) 1% 72 1 7% ; 4 &5
0K B2 ) . 0.5 mmol/LCPA 1] 1640 £% 77 %, 50 pL/
FL, 4k 2255 3% 24 h; TC LG 1640 K 77 54 Nalm-6 41
o R W N 2x10°%mL, X 50 uL 5 MSC B
CYP2B6-MSC L5 9% , 7 54 9% 0.24.48.72.96 h, 7
K Nalm6 4H i W%t BT 37 19 96 FLAR H s In A 10
pL CCK-8,37 °CHi# & 4 h, £l % 2144 i 450 nm &b
W B CADHE
2.7 Nalm-6 AR T4
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24 FLAR , DF12 3% 95 W (10%FBS) % 77 i 1% ; 0 ¥
0.0.5 mmol/LCPA ] 1640 £% 3% 3£ , 500 pL/fL , 4k &
15 9% 24 hy R T IMLIE 1640 15 77 54 Nalm-6 2 i 5
B IK N 2x10°/mL, B 500 pL 5 MSC 8% CYP2B6-
MSC 5% 9% , 78 55 7% 24 ho¥5 Nalm6 41 jg W 5 5%
Annexin-V FITC/PLiR 7 & o 0 40 i =
2.8 GitH&E

K HI SPSS19.0 G it £ A , 11 B % RHE ] xts
Foow, HOBUAE I SRR 3R 07 22 0 i K e ke B
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SR 30 40 9246 I hUC-MSC J% 3 R & 1 Jei
MSC, 25 R 1 FoR, S A& MSC R Y
CD19. CD34. CD11b. CD45 fl HLA-DR 3 Jy [
PECBH T 2% <2%) ; CD73. CD90. CD105 ¥J A

PECRHPEZ>95%) .

K HH B B R g o A B IR 0 % 2 4 i it
THthES SHRRN, B HESFHERIHEE,
20 4 B G 3R 40 -S HEAT e 3 Dy BH M 5 IR
33 A G, % 4L g0 M 2 0 41 -0 Yt 2 N BH 1 .
iR WK 2,

F1 MSCHMRXAmTRBEERSIT
Table 1 Flow Cytometric Inmunophenotype of MSC

21 CD19/% CD34/% CD11b/% CD73/% CD90/% CD45/% CD105/% HLA-DR/%
UC-MSC 0.36+0.21 0.10+0.05 0.46+0.40 99.78+0.22 99.90+0.10 0.25+0.18 99.75+0.25 0.32+0.22
CYP2B6-MSC 0.59+0.36 0.08+0.08 0.52+0.35 99.84+0.16 100.00+0.00 0.18+0.15 99.73+0.20 0.70+0.45
CYP2B6-MSC 3.3 CPA X} CYP2B6-MSC ZHBaHI R 151ER

JfE 7k

2 MSCHSZURNERDH
Fig. 2 Differentiation analysis of MSC

3.2 CYP2B6 & EFKiEKFH4M

& 3 A7~ , CYP2B6-MSC % iA CYP2B6 3t
KR E T UC-MSC, Z R B A Gt %3 L (P<
0.001).

2507
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100
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507

0 T
uc-mMsc CYP2B6-MSC
HUC-MSC 4 " P<<0.001
P <0.001 vs UC-MSC group
E3 qRT-PCRIGMAPEFRIE CYP2B6 £ E K F
Fig.3 CYP2B6 expression of MSC by qRT-PCR

3 FH10.0.5 mmol/L CPA %t hUC-MSC.CYP2B6-
MSC#HTAbHE, 48 h J5 MEAMUIRES . WK 4 Fs,0.5
mmol/L ] CPA X} CYP2B6-MSC EA B AR5, 1
[ FEE ) CPA T UC-MSC A RRAN 2

uc-MscC CYP2B6-MSC

Sl \

0.5mmol-L* . PR
CPA . S R

4 CPAREZE {5 CYP2B6-MSC 4
Fig. 4 CPA significantly kills the CYP2B6-MSCs

3.4 CYP2B6-MSC/CPA X} Nalm-6 £ fifl & 1& 55 #11
Hl1E R
WK 5 fizn , UC-MSC.UC-MSC+CPA %} Nalm-6
2 6 1 14 58 G W R A0 AR A s AR AN B CPA (1%
T, CYP2B6-MSC Xf Nalm-6 2 s 18 5 5 i AS B &2,
T i\ CPA J& , CYP2B6-MSC W] {2 411 ] Nalm-6
YIHLA I HE (P<<0.01).
3.5 CYP2B6-MSC/CPA %t Nalm-6 AR ET-{EFH
5 R T CPA 4 8%} | 2 (UC-MSC/CPA) L %%
CYP2B6-MSC+CPA 1] & # {i¢ #f Nalm-6 41l i 1
T2(P<0.0D), &5 R WLE 6 fIFK 2.
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081 ® CYP2B6-MSC
4 CYP2B6-MSC+CPA

0.64

AfE

0.4+

0.21

0 24 48 72 96
t/h
5 UC-MSC(+CPAY L L #2: 7 P<<0.01
P <0.01 vs UC-MSC(+CPA) group
5 Nalm-6 ZHAEIEELE R
Fig.5 Proliferation of Nalm-6 cells

ot 8 0.5mmol-LtCPA

10*

uc-MsC
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3
3

Y - Sl
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Annexin V FITC Annexin V FITC
El6 Nalm-6ZHRET 4R
Fig. 6 Apoptosis analysis of Nalm-6 cells

2 Nalm-6 fFT- =R
Table 2 Apoptosis rate of Nalm-6 cells

A YR T2/ %

UC-MSC
UC-MSC+ CPA
CYP2B6-MSC 28.2+4.8
CYP2B6-MSC+ CPA 78.0+8.5""

16.5+£5.2
30.8+6.6

5 UC-MSC (+CPA) 4 Lk 5% : "P<<0.01; 5 CYP2B6-MSC 41 Lk
. 7P<0.01

*P < 0.01 vs UC-MSC (+CPA) group; P < 0.01 vs CYP2B6-
MSC group
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BB A 29 AU G ALY BT 245 9R 9T 1 I B S AR
JiR , LA 24 W B ) PR R R AR Ak T 25 B T B
s, BRI AE MR R T R B — 8 B I R R A
E‘-ﬁ%[l&lﬂo

CYP450 Jy F i 42 1 , v 8 A0 25 0 AR\ T 28 AR
A5 2 Tl R B, S WL AR P MR PR I 2 2
Wi AT E A B R . CYP450 2 — MK
%, HAE 2 & BN CYP450 708 T 18 M5,
DATWFE . NKEA R 25 I & Y
46K 2 N P4s0 W R . o, CYP2B6 2
CYP450 K Jtk 1 s B 25 AR W g , )z 43 A T A
A FF I B I A I abk BN B A5, 25 %2 Bl PR 1
RN IE LY I AR . CYP2B6 3 K T 4
ik 19q13.2, 42K 28 kb, i i &5 1 H1 491 DML R
PR, EAL T4 N I . CYP2B6 Al AR i 35 it
Ji 25 CPA RIS CPA 55 Z Rl TR 2454, 1X £ 2454 1) 3t
A7 5 2 EATTAS B B M S B U /R (AR N
I CYP2B6/NADPH i J5 g (RED) 4 & AR 1 4 %)
i iRg B B R R bR 25t . o, CPA & —
Pl T B R B e A A, 2 A T TR g
XF 22 P iR A BE R B AR, AR AR A e
28 CYP2B6 #1048 v 4b A F B i 19 e 0T, A
1M 5 DNA K A58 R4, # il DNA & B, T4t
RNA Ihag , I & 3G A

YER—Fh) iz N BB I8 254, CPA 1) i
P A R B A AS 28 AW, TE 980/ F B 1) [ )k
B PN G aR S Sl = AR DR T T
TE 3-8 AR g 5= DR F0AE B A A7 11 24 3 R v R B
CYP450 GDEPT A5 — £& & L (1) ¢ ik : CYP450 Hi 24
11 CPA 1 53 CPA &5 A 58 K 1) 55 W& 240 it 53418 5 1)
FH N2 P450 5 [R] M I 38 S %) ¥6 7 J8 R = AR A i
IS B B8 7 s FE AR SUMRE BR85S A AR AT
T 24 LA % P450 34 J5 B0 B A= W08 SR 254 s DA S d
ik 3 6 P 4 ) A P4SO 5 PR IR D 4 B B EE TS
PEZ5 W0 AR W 1 AT BE A, X LB RFAIE f P450 GDEPT
PSR B PRYE TT A B BRI 77 (6 9T 7 %67

AT (1) & CYP2B6 it [ 1 18 9% 5 % 15
A&, F N UC-MSCs J& X 4 fiu i) CYP2B6 & [K 3214 J
AW R PR AT R I - QRT-PCR A & 1L, CYP2B6
2[RI AT AE KL &M J5 CYP2B6-MSC 4 il v v £ ik
Ut I8 75 B B D A I F A EAZ A N Rk [
IS} 52 R 4 /5 (1 UC-MSCs, H R bR £ 338 S i
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B R 2 A S5 R AR ) 70 5 T 240 M A ) S R R
M. X CYP2B6-MSC 41 ffl 447 CPA 4b ¥ f5 R BN
CPA ] i 2% 717 CYP2B6-MSC 41 ifg , ¥t ] CYP2B6-
MSC 4 fitd 7 K % 40 g 06 75 7 1) CPA %64k il A7 75 1
() 4OH-CPA . & i Nalm-6 4H [ 33 5 A T 46 0 1)
JIEM5E CYP2B6 /R MK & CPA I HT S 1t B itk 2 4H
Jf It 7R S 45 SR R B, CYP2B6 3 (A& 1ii 5 (1)
MSC kA CPA X Nalm-6 H A I 25 1 A= K 01 1) K0 97
TAEH, B8] CYP2B6 11 1 ik o] L ik Bt A kT
1T 24 CPA., 338 58 5% 495 1 % ek 3 440 e 1 1

KA H2H CYP2B6 £ K/ 3 B 2459097 2 —
b B EL Vs 7 W IR IR T R 32, R R T A
KRS E ST 0 MR R Aok T A A A
P ] R gE— 25 B T I PR AT A A SR N B 9T o
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