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Abstract

BACKGROUND: Previous studies have suggested that interleukin-12 (IL-12) is a powerfull anti-tumor cell factor. Bone marrow
mesenchymal stem cells (BMSCs) are prone to introduction and expression of exogenous gene, and have weak immunizing
antigen and immunological regulation functions. Therefore, mesenchymal stem cells (MSCs) carrying IL-12 gene possess great
prospects for tumor treatment.

OBJECTIVE: To construct an adenoviral (Ad) vector encoding human IL-12 (hIL-12) gene, infect human BMSCs, and detect the
expression of IL-12.

METHODS: The total RNA of human dendritic cells (DCs) was obtained. hiL-12 p35 and p40 cDNA were amplified from the total
RNA by RT-PCR, and p35 and p40 fragments were linked by internal ribosomal entry sites (IRES), to construct the shuttle vector
pDC515 p35/IRES/p40. Using Ad Max™ adenovirus vector system, pDC515 p35/IRES/p40 and pBHGfrt AE1, 3FLP were
cotransfected into 293 cells, and Ad hiL-12 was generated by FLP recombinase-mediated site-specific recombination. After Ad
hIL-12 infection, hBMSCs were irradiated with y -ray to lose proliferative activity. IL-12 levels were determined in cell supernatants
utilizing hIL12p70 enzyme linked immunosorbent assay.

RESULTS AND CONCLUSION: The sequences of p35 and p40 fragments were identical with those provided by GenBank
NM_000882 (762 bp) and NM_002187 (987 bp), respectively. Ad Max™ was an efficiently and quickly packaging system of
adenoviral vectors. hlL-12 gene in which the two subunits p35 and p40 were linked by IRES can efficiently express the protein of
IL-12p70. The high expression of IL-12 is consecutively found after the infection of human BMSCs with Ad hIL-12, suggesting a
potential application to the gene therapy of human BMSCs as a carrier.
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ReT-4Hf, X Fh g 7E — ek 22 ot sl 4 fifd DX
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HE SRR T A B L3R S 25 DR 36 1240 R A
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FERF iR
T BRI P ) H A TaKaRa”A )
T4 DNAE R E[ENEBA A
RT-PCRiA 7 & 2% [ Invitrogen /A 7]
RNAFEEUR 7 & b B A R A A
o AL SR HUR R [ 0 2 [E O-MEGA Bio-Tek
R AH]
Ad Max™ FLPZ 41l % %= KMicrobix Inc.
R4
hIL-12p70 ELISARFI & % [H Diaclone A 7
P IR G 4 10037 % [ GibcoA
W E:

ASNE M SRIRRI R SR mpatE s U R A
ANJEL L, FH AR B 40 5 s PR i
B9 NS LA A AL, R FH 200 B U B v A
41 1f.CD14" 5 AZ 41 i Hh I rhGM-CS FirhIL-4
BRI OOIR A ML, 555707162 IR [9].

hIL-12EE R TERE - K50 B9 204 IR SR 28
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. FH 20 P S RNABGE 2 B S R BOp
FORANM Y B RNA,  #ThermoScript ™ 71 £
LA S —HECDNA. Bt mxt 514, #—
XS T 3 pA0 KL K B, BRI
5'-ccg tct gag atg tgt cac cag cag ttg-3'(1£5"%
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gl AXho 157 53), FiE5140: 5-cgg gat cct aac
tgc agg gca cag a-3'(#£5' 5| ABamH I
M) FEXGIYHETY Wp35k A A B, EiE
5/%). 5-cta gcc_atg ggg ccc cct ggg tca
g-3'(1E5" 1 51 ANco I #4), FiF5149: 5'-ccg
fct gag gtc gac tta gga agc att cag ata
gc-3'(fE5'i 5] ASal IF1Xho 167 /). LLERRT
FERN REAR ,  FHAE LI R S v 5| I PCRY 1
p35F1p40FE K Bt . p35 4 Bt FHXho IA1BamH
| A7) J 47 A\ pcDNAS. A ()5 KL AH B 1) £ T [
K7, #%pcDNA3.1 p35; p40 B fNco |
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2 e S, #EpmRNA IRES-p40, &
J5 K p35 F BEANIRES-p40 F B 43 51 A FH 2 )
AR YT, 0T AR O R R R R
pDC515(1 % e fE A7 s, #47#pDC515 hiL-12
p35/IRES/p40. b [ 13 K 7 Brik b 5 {7 18
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BB H A IR

WBhL- 125 RFESHENME: %
AdMax™ FLPH AN RS W -Filk T ¥
% R i K. pDC515 hiIL-12 p35/IRES/p40 5
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FRAS YT IR VLS e 220341 b, 10 dAE AT
AR, BEHSBE, 7529340 it — i,
BB 0 o R B 75 DNABE TPCR4 58, 1E
LI 25 BB Y S, WUAR 29340 iR T R
fift, FH2XCsCIFH & &0 FTPD-104: % 2 CsCl
33| 2i1L A hiL-12.

hBMSCsEI 2 B\ diftfntsss: B R L&
HE5 ML, FH bk E 20 B 20 25 v P o B 5 0V
BN BE LA, SR 2 P U R v A
RS FEIRShBMSCs, TEAIIRT % 7155 IR X
BR[10].
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IL-12p70 ELISARF & 1 &N E FiEHhIL-128 H 1)
KFo

FEMEIEHR: IL-12p70 ELISAIRF GG YL f5
{10 B ) 7 o8 44 L ) 4 B 3R 12304
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—. . SRR W NETEE, BWATIEM ARG E
Il

2.1 hIL-12ERMZEFAD hiL-128988  (RiM%5%
(R SROTR 4 i 22 A 1 IR 22 BRI 24 hs, 4RI R
RNA, ZRT-PCRY 34 nJ 73 B3R5 H 25 K/N1 29750 bp
F11 000 bpfy B, 34 A BB pcDNA3.1 FHipmRNA
IRESH1, ZPCR%s 5 BH M 1) 7 4 326 24 7] I 1IE S\
pcDNA3.1 ) K Bt A hiL-12p35 , 5 GenBank
NM_000882(762 bp)#2 it /7515 4 —5: FIFE, 4N
pmRNA IRES ] v B 2 Il J ilF 52 A hIL-12p40, &5
GenBank NM_002187(987 bp)ifif 541 5¢ 4= —5L,
Fy% FikRipcDNA3.1 p35HIpmRNA IRES-p40. R )57
¥4 p35HNRES-p40 Fr B FAH B2 1 A DTG U] T e 4
N IR 25 28 4R i ki pDC515 1, #9@pDC515 hiL-12
p35/IRES/p40.

7 MR R K pDC515 hIL-12 p35/IRES/p40 5
PBGHfrtAE1, 3 FLP £ B 428 5 R i 2 FR 25 T
I 20340 i, 4110 dEDHE SR, Z114 d
P B B ) 2S BERLAS AE 29341 e, dnith e 2% Bk
%5, FAFAd hIL-12FEH, # & Ad hIL-12F 711293
Y1 S B VR A I, SEENDINA( S 29341 A fr 3 X 4 A
Ad hIL-123£ R 4), Fp35. p40s 5 #)it17PCRE &,
23 I 3RAFhIL-12p3581p40 DNA A B (K1)

M: DNA marker; A: production of human interleukin-12 (hIL-12) p40 by
PCR; B: production of hiL-12 p35 by PCR

Figure 1 Production of IL-12 p35 and p40 amplified by PCR
using adenovirus hiL-12 DNA as a template
1 L Ad hIL-12 DNA Jy#iii, PCR #1# IL-12 p35 il

p40 FrBLaE R
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HEM1AT L, DNAER & A hIL-12p35F1p402E [

FrBt. 29341 M K ZHDNAA ] GEiE T PCRY 3k
13 p35F1p40JE [K F B, AT I p35 Fl p40 i Bt K
Ad hIL-1278, KR P M ZAd hiL-12. 18
iR E YR, CsCl4lfk J& o 3k 45 9% % % ) 10"~
10" pfu.
2.2 hBMSCsHITERSAFIE 4% FE bh RS 55 0o J2 26 B UG
BE T 75 () BN L A % 5548~T2 WG T HEH /b &4 L
BE, BRIE, BIESAN, LAS SRR RIZHIE 2 . il
FoBRAMGREL N, 7 dAC A7 WL J3 I B A0 it 2 4T 4 R
RHEZ, 4HM BRI, AR Kol . A = 5 Al
MIBE . Z114 AN 4HIA70%~80% &, S AR,
BEARAEAT, B IRAAR . DUJE BRI B4 i AR K 22
70%~80%fl & A AR, LML/, AT B4
1k, WE2,

Figure 2 Human bone marrow mesenchymal stem cells
cultured till the third passage (x100)
K2 s 3ANEHMA R4 (x100)

2.3 AdhIL-12EhBMSCs&iE  ILKEI3.
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Figure 3 Expression of interleukin-12 (IL-12) at different
time points in adenovirus human IL-12 (Ad
hIL-12)-human bone marrow mesenchymal stem
cells
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B3 W, R E V100 K Ad hIL-12 8 3L
hBMSCsJ&, 4 v SRS R LIGHERE )1, 0 BIfE
12, 24, 48, 72, 96, 120 hyE4i 5 FELISAK:
TMhIL-12p70%5 &, 45524 h4) 5] 79(4.914£1.09) ng/10°
20, (59.40+1.17) ng/10°41 3. (106.88+4.64) ng/10°
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21 i F1 (205.83+10.26) ng/10°4H fid, Tfii 75 A J&k Yx Ad
hIL-12/7) B 818 78 5 40 _E 3 A A 2IL-12. R
Ad hIL-12/&JhBMSCs & ] 4 % ik 1L-12.

3 it

IL-122 H 18 S 28 96 77 H o i FH 48 f R+
2 B LM EY DG, Wi S s, B
PEK i T AN A R A ORI A ThRe TR ARE
APTR s P E A . FSCIRUE, 1112
Al U BECDA S B ETA AR M Th 140 M 434k, AR & Ap
DA 3E T 4 A 38 5 R 40 WAIL-2. IFN-y 240 i 5 701,
TEE FAVATh A T (1 G e D& b R 35 B EE A,
SRR 7 g s R e I B BT 2 — . TERAR
P28 =123 i NK4H i R #E/E B, Marcenaro' b 4
JE LRI INKAT L 51L-123855 9812 h)s,  IL-127% S
NKZH 7 W K& IIFN-y. GM-CSFHITNF-a, &4
B EFPEAE FH o [ IL-12 55 00 1 e 3 2 10 A= i 4R
FRUN, 30— 7 00 o) R A K e R b e N R B
Rk, L1208 8 — MR a sk E 4 F= 1, EK
LA R 3 058 2 P PR SE R I T SRR B . (E
IL-124 5 N AT AAAEAR 2 1 /8, ansgmlfE oK. Rl
ROSEI A)5T 2% . OheZs Xt IL-1236 77 IR H 2 I IR
W IAE T [ R R GE . IL-12396 97 I PR b ] W %2 5
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WA T8, BAEFZHEAMEN, Wwk#, 5.
TEFE L AT WUR. A0 FFIhaEd
EA L1200 B0 R R A AR R TS, (4 gk
AN SRR R, FHik, FR—F
FIIRE JR3 30 A v TR B PRI IL-1210) 45 24 7 U AT R LA K
(1 R 7 FH A B

AT R, P S i 53995 55 R0 I 25 4R 465
BRI 4B A 2K 12(mIL-12) 36 R RE W8 fE AR A0 = A B A
VI E B ImIL-12, 75 3P S5 ouF B B B i
YE T Alves 25 M8 B B gl ot 92 0 B IR T MR
(HSV1-TK) B 5 & % 35 (GCV) Bk & #5157 IL-12 3 []] 1)
SRR VA TT K R DHDK2 45 79 11 2 4k MR T i F A
B, AOOUE B MR AR 450, T HLOK BRI 26 2
4. Jia SR Th 40 sk b 1 G SC IR Eh
RS, 87 P VA S BRI -1 2R B A, I S R 4 2112
FIA48 hik 2= HFFLERIAT d, HF H s 4 SUAF
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BRI AR IX PR AR R T AR — 2 G,
W 5 R TR A BRI AR > 4T, T W FEDNARE S
Z 15 EHE A R T R R e R R AR 0, RS
KM= e G |, B 25 5 W LR S Rt
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MZaETa, BEREIMTE. BA5EHR. 5T iNER
[R5 N AR 4% DA B S TR PRI SRR, AT O
I MU IR R T A SUE B R T2, ek
R, 5% I T EA T hBMSCs A i i ik e i =2,
FARFITNBMSCs 2 B A4 4024, Rk, LUR N
FM. DIhBMSCs gk A 12 K67, &) 25l
B RPER B I SE R T S IR T . Gao P/
BRIL-1 2 ) 2 2 s 753 B AR e i B ) 70 03 T4 )=
IR YR B 2/ BB 4 g (RCC)HE, IIESEMSC/mIL-12
) A e AR, A K /N R ZE A7 - DuanZg )
WESE, R FVESMSC/Ad mIL-12F5 7 J5 372 A4 IL-124F,
hBMSCsi& nl /% 2 ffifi AT AL 7= A= AR 4B o
[Rlt, hBMSCs AT AE Ay R 1) 35 BRUFE #  pA B FH 1 i ogg
3L RETT -

A SEG IR IR T Ght N IL-12 70 Jls 75 3 A, I e
hBMSCs) fit 5 i B K B[R] b 23 N IL-12. 0 7 A
PLR JLANMRE A ORI P IR E AL (IRES) P 5114
hIL-1211p35Fp40 3k (K] Bz ite i, Al A~ JE A
Fr BAEF— AN s T A AR RIS . IRES
T B A ) AR 00 ) 2 3 AR A T T8,
BFJashF R R L5 -Cap ik #i it 7 k7 & A
HIFIBERC IS, 170 B T IRES T il i 5 K U LL5-CapaE Kk #it
flg7ak, ENIRESHRE) 77 b7 5 A RO 46220,
ASLIGFI A hIL-12Hp35EH % & T CMV R iF, 1M
p40N| & TIRES Nif, IXFEIECMVIEBI T T, #
KA TR —26mRNA,  HH1p35LL5-Cap #7720k
PERE A, mp40 0] LURES UK Eh i 77 34T 5 A 18
B, PRIE T IRESTF A E B I p40Flp355E A 1) %% H
SRR . @F M A hIL-12(100 MOIs) J# 4
hBMSCs 3 F 5 £k fE 5 i hBMSCs 2k X 8 5E it 71 )5 »
hBMSCs ] j= 4= fl 73 WA K HIIL-12, HIKETIA24 h
100 ng/1x10°40 1, T HAERIFREEIT A K, sG]
BESKR, L1209 0 WA SR B TR Sk dmiy
IL-12 9 Jl 975 5 38 A4 SRR JhBMS Cs i JL 43 482 73 WA IL-12,
TR FHhBMSCSIT b 32 Ji 1 (14 i, 1T 20 ok BB f
FIL- 128 A A BRI 2 RS IR
DA Bz T 1 0 P 0 2 8 A M o 9 S 25 5 5 AT 5 B )
PE SN T BE ) IR B ) Bk . @RI LA
YA 21 2F0 N B 10 70 5 T ANV E I S 5, TR
T 50 45 SR e RSP PR A, (DB 38 4 7 B 2 LB
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