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(# ZE]1 HI:HE MDA-7/IL-24-HT7 J5 & B 235 F0kE , 14 MDA-7/1L-24-HT7 fl &85 14, BRI %R 28 11 g 4n
I P 4 5 A7 B H R AN B TR . 918 PCR 918 MDA-7/1L-24 3£, 5 A& HaloTag ( HT7 )FRZE Rk b, by
MDA-7/1L-24-HT7 J5A% S FLA% 363K B0k ; MDA-7/1L-24-HT7 Rl 8 A4 IPTG S R iB R 4. FIHW A RIS HT7 Bt
LWL MDA-7/1L-24-HT7 78 fled 40 N (0262 . MTT ¥ 5 AnnexinV-PI Y (6546 MDA-7/1L-24-HT7 %} fifyes 40 it A= K A o4
TOROSEN . SR IR T 5k MDA-7/1L-24-HT7 R4 25 11 B9 50 B B 33K FORE, MDA-7/1L-24-HT7 R4 3 11 1 B A7
T E. coli BL21 MALIAIKIN . MDA-7/1L-24-HT7 @liG 85 (7 7 T g 20 M P9 5 . MDA-7/11L-24-HT7 filvA 2 (1 n] 4 il
bR ALY AE K .1 mg/ml MDA-7/1L-24-HT7 filvG 2 A/ER K HCTL16 40 R SMMC7721 41 96 h J& , 4 a3 53
FIH(34.7 £1.3)% FI(22.1 +£0.9 )% , 8% T AAb B MR A0 P <0.01). 4518 #745 HaloTag b7 () MDA-7/11-24-
HT7 Gl 85 AT S0 1 e g 4 L 38 0 R g 2 MLl 1
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Preparation of MDA-7/1L-24-HT7 fusion protein and its apoptosis inducing
activity on tumor cells
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cal University, Shanghai 200438, China; 5. Experimental Center, First People’ s Hospital Affiliated to Shanghai Jiaotong
University, Shanghai, 200080, China )

[ Abstract ] Objective: To construct MDA-7/1L-24-HT7 prokaryotic and eukaryotic expression vectors, and prepare
purified MDA-7/1L-24-HT7 fusion protein, so as to study its cellular localization and apoptosis-inducing effect on tumor
cells. Methods: MDA-7/IL-24 gene was amplified by PCR and cloned into vectors containing HaloTag ( HT7 ) to con-
struct MDA-7/1L-24-HT7 prokaryotic and eukaryotic expression vectors. MDA-7/1L-24-HT7 fusion protein was induced by
IPTG and further puified. Cellular localization of MDA-7/11.-24-HT7 fusion protein in tumor cells was monitored by fluo-
rescence-marked HT7 ligands. The effects of MDA-7/1L-24-HT7 fusion protein on growth and apoptosis of tumor cells
were detected by MTT and Annexin V-PI staining assays. Results: MDA-7/1L-24-HT7 prokaryotic and eukaryotic expres-
sion vectors were successfully constructed. The MDA-7/1L-24-HT?7 fusion protein was mainly expressed as inclusion bodies
in E. coli BL21, and localized in the endoplasmic reticulum of tumor cells. MDA-7/IL-24-HT7 fusion protein inhibited
growth of tumor cells. Apoptosis rates of colon cancer HCT116 cells and hepatic carcinoma SMMC7721 cells were
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(34.7+1.3)% and (22.1+0.9)%, respectively, after treatment with 1mg/ml MDA-7/IL-24-HT7 for 96 h, which
were significantly higher than those of untreated tumor cells ( P <0.01 ). Conclusion: MDA-7/1L-24-HT7 fusion protein

containing HaloTag ( HT7 ) can inhibit growth and induce apoptosis of tumor cells.

[ Key words ]

FI4N A 2% 24 JEF( interleukin-24 , IL-24 ) XL FR
MR A 2C 3L T 7( melanoma differentiation as-
sociated gene-7,MDA-7 ), J2& Fisher 25 ' 22 W 22 58
FR K —Fh 5 B ZIE AR B 8 T IL-
10 FE> o HE DR 24 0 e 5 R 2 6 0 M & B, A
MDA-7/1L-24 B GE AL T 9L A 4K 1932 ~ 1q41 1 5
R, i 7 AFMEF A6 AN A FALAL, H cDNA
R4 1.7 kb, it £ 206 NRIERINE N ; 1%E
FIY N i & 49 AN MR 41 B 115 5 KT 51
A5 E AW B AN, BFST R, MDA-7/
1L-24 25 11 5 A 008 5 928 1 24 T I Jed 19 7 T 1) 2
FE « A INBON A1 5] S 240 B 50 W 40 AL PR 16
TNF-o JFN-y . IL-18 IL-12 Fll GM-CSF 227 ikl fif
TEAMM AR 3 G R A R T A 2 1
EII TS AR KW PS3  Rb . P16 25 ) 9 3%
N TE A B AT 5 & —Fh AT JF R T 1 n4t
iR R o ARHIFSE SR A HaloTag 85 [ Rl A 4R %
FR ¥ MDA-7/1L-24 F X 5 [ A+ HaloTag 1525
FE5I( HT7 )Y pFC14A-CMV-Flexi( R )# A&, 15 %)
WA HaloTag b2 (Y Rl& 5K MDA-7/1L-24-HT7 ),
TR SRl JE O e B pET28( 2 )JFE R IE RS,
Wt IPTG 75 5 18 KA 24k 15 ] MDA-7/11L-24-
HT7 Rl 25, WSS I Rl 2 1 7 b 3 4 v 1 o
A, LA e 20 B3 s AR T VR IR ARG
MDA-7/1L-24 VE R He i 259 04 n] 68 B 43 Pl
B A

1 #R5EFEE

1.1 ##

pET28( a ) 5T kL . K A1 # BL21( DE3 ) I #k H
KRS EARAE . & MDA-7/1L-24 F: K Y pClon9-
INS-MDA-7/1L-24 G 55 22 15 K22 2R 7 JiFJIH =
BESE — S EIRIT LI AR AL, A HaloTag #3457
H( HT7 ) ) pFC14A-CMV-Flexi( R ) KL [ Pro-
mega A F] o NN SMMC7721 . A 45 B i
Mtk HCT116 ARSI 2= /A7, R 10% i
A= MG B DMEM 5323676 37 °C 5% CO, &A% 5
3. Taq DNA B4R T4 DNA Y42 HE  BRH1E N
fiff g 3 TaKaRa 2> &, IPTG . BE#E( imidazole ) . Halo-
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Tag Mt £ Y K} HaloTag® diAcFAM Ligand( 4f {5 ).
HaloTag® TAM Ligand( £1 €2 ) Fl P4 J5i M AR iC #)( ER-
Tracker™ Blue/white dye, W) A Progma NI
MTT 500 3 Sigma A H] o BR300 & F i [E]
WA £ H Qiagen /A F], MDA-7/1L-24 ELISA 5
A7) & B Rapiod 22 F], Annexin V-PI 41 g 4 1=
i G H - Invitrogen 23] .
1.2 MDA-7/IL-24-HT7 @42 B % pFC14A-MDA-7/
1L-24-HT7 AAz kK Raaey M

G PCR 5 ¥ it ), A 4l5 Gene bank |-
MDA-7/1L-24 ] mRNA J¥%1]( BC009681 )i% it & £
fitg U 0 s Nhe 1 B9 B %% 51 % ( 5-AATAGGGC
TAGCGCCACCATGAATTTTCAACAGAGGCT-3") i
Xho 1 #9F % 51 ) ( 5'-GAATTCGGTCTCCTCGAG-
GAGCTTGTAGAATTTCTGCA-3" ), LI pClon9-INS-
MDA-7/1L-24 JFiki DNA Mt , PCR ¥ 4% MDA-7/
IL-24 i WG 3L K BE( 94 °C .30 s, 58 C .30 s,
72 °C .2 min; 30 NEI ). PCR = H UL Nhe 1 .
Xho 1 XU B VI ) , i A pFC14A-CMV-Flexi #% 1A %)
Nhe 1 . Xho 1 i i, I, 3 5] pFC14A-MDA-7/11.-24-
HT7 STk, A TR L Hind M .Sal T UG %
B, XA TN R SR IE
1.3 pET28( a )-MDA-7/1L-24-HT7 & # & & R4
EOR k=4

¥ Nhe 1 .Sal 1 Y] pFC14A-MDA-7/1L-24-
HT7 FokifS 3 ) MDA-7/1L-24-HT7 fl &5 8 Bl
TafEA pET28( a ) A% R IBEAR) Nhe 1 . Sal 1 i
J5,75%8) pET28( a )-MDA-7/1L-24-HT7 JF B ik E
20 R, FEZH R 28 Hind T Bgl 11 SUBHTI 4 5E .
1.4 MDA-7/IL-24-HT7 @47 @ 9 & ik

22 W E TR Y pET28( a )-MDA-7/1L-24-HT7 J5
BB ok Ak BL21 Bz A4y, PR TR 75 7% LB
WAREEFR A Kan* )G SR 4% 1% MORBEE
) 2 ml LB W55 57 B Kan® ) H1,37 €180
rpm/min k% 55 7 E (D ME M 0.5 ~0.6 i
IIAZHE J 1 mmol/L 4 IPTG 55, 4k £ 1557 4 h
JE SRV, R R A . DI B AR B 28 404k
AL AE % R, 22 SDS-PAGE, §ifi 6 7 /K °F 26 ik
MDA-7/1L-24-HT7 ZEH A B4 TR . Rk i i
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BT RETRIVE HE AT LB MR R 3R 3 Kan ™ )y, K537
WG 7% 1% WRTRERD 2 ml W T LB WAAR:
F2FE( Kan* ) H1,37°C 180 rpm/min IR i F: E D
{4 0.5 ~0.6 Bf ,JMAZEE R 1 mmol/L /) IPTG
W ,4 h J5 13 400 x g B0 5 min BERITHE, H 500
wl V5 TR 28 PR A R DOUE , B 7S RS 13 400 x g 55
OB P A A R 22 i R TOE , A
THFVLEREST SDS-PAGE .
1.5 MDA-7/IL-24-HT7 &% Gty A1k

e PR TEREEN 1.5 LRGBS OBUE R
R UTIERREE ] 3.0 go R IRAE SO 3 ml
7 A7 P R DLE , SO Rl 3 RS, #2100
e/ ml A TR, VKU B P I S5, 13 400 x g 25
L5 min, SHIGER B3 RTURE . DUREFEIAS 2%
TR () 8 75 24 ff W 75 43 T B, 50 C KA 10
min,4 °C 13 400 x g Z5.0> 5 min 2353k T 3E AT
VE,HEL 1R, DIEHMRIRAHE 1.3 mol/L #h2
DIy 7P 2 Ao W 6 4 ( 22 7R, 10 min ), 4 °C .13 400
x g B0 5 mine PIFEHE 6 mol/L ERFR I AR MR
HEL 4 CHMR. RIS 2R MG, Higid
10 J3 AR 43 it 42t 2K 11 8 45 ( Millipore , Amicon
Ultra 4 )i 3,4 °C .7 500 x g B.L> 10 min, i 25 5
F 5 T3 AH X 4 ot i 2R R kL 4 C
7500 x gB3L> 10 mino Z3HllWcAE b E EAE N R 4
W LA KB 5 T3 AR 23— J5T 5t 2 1 A A U A P U 2
W, 34T SDS-PAGE HLUK , % Eh s i e (o J A7 48
T o R SCER B0 1 7 o e 440 R, P AS (] ik 32 R R
AR PEWE( 6.5 .4 .3 .2.1 mol/L .PBS )& 1,4 C4 4
h, B J5 HE AT WS B, IR i D A8 N, 4 C
13 400 x g5 0> 10 min, L&A MDA-7/1L-24-HT7 filt
HHEA L, ELISA /1 MDA-7/11-24 #H &t
1.6 MDA-7/1L-24-HT7 % & £ ¥ 7% 40 i, 1 84 €45

Fi2 1 x 10° /LK T S8 SMMC7721 40 i 43 b 1 B
T 24 AR B R b 555 R AR LA Lipo-
fectamine 2 000 ( Invitrogen ) /1 T pFC14A-MDA-7/
1L-24-HT7%% %% i 988 20 B, 550 A 246 i MDA-7/
IL24-HT7fl &8 H L, 1555 24 h J5, I HaloTag
B3 A9 ekl HaloTag® diAcFAM Ligand( 5 pmol/L;
ZRfa ) HaloTag® TAM Ligand (5 pmol/L, AR DIV
BN M ARIC ) ( ER-Tracker™ Blue/white dye, 100
nmol/L, W {5, ), 4415, 15 ~ 30 min J5 /1] PBS W& 20759
Yokl 49% Z2 5 B S [E € 40 20 min. VRIS 99O
B AR FARE
1.7 MTT i:#ml MDA-7/IL-24-HT7 &A% & 33 Y
7 m e, & K 69 AE R

e 1 x 10°/4L 4r 7 ¥ HCT116 48 M1 X
SMMC7721 M ffid%Rh T 96 fLAR B35 s A
AN [E VR B 44k ) 1 MDA-7/1L-24-HT7 il 1, 4k
ZEREFE 96 h T, SR MTT B4 I A7 16 40 0. 4 —
AR 4 NG, SR ER 3 IR,

1.8 AX i AR#nl MDA-7/IL-24-HT7 &4 4
<+ i 98 4@ e T 6 % v

2 1 x 10°/FL K HCT116 . SMMC7721 40 s 42 Fh
T 24 FLA 55 5 5 AR [A) kB 2l A )5 9
MDA-7/1L-24-HT7 Rl 8 H , 4k 223557 96 h 5,
% 0.02% EDTA #9 0. 25% [ 8 11 1 11 b | o4 4n
Ji, LT 1) PBS 8% 2 IJ5 , LA Annexin V-PI 4t
I, ROEIFE 15 min J5 I =X 40 B SR 8 - 20
iioe
1.9 it oA

SLIFIEI L x + 5 3o, FH SPSS13. 0 Giit4k
PRI AT ¢ K5, P < 0. 05 Fm ERA L HF

2 & B

2.1 BAEARREUREGER

PCR ¥ 141 MDA-7/1L-24 B # 3K KN K 630
bp,ifid PCR SV I SEEL T MDA-7/11-24 FE X ¥
HIFI pFC14A-CMV-Flexi( R)Z AR I HT7 ARG .
DFF45 3 5 NCBI HE[H B MDA-7/1L-24 1) cDNA
958 4 —5, pFC14A-MDA-7/1L-24-HT7 40 Jf
A2 Hind [l Sal T AEFYIEEE, VI 29 1 890 bp 11
IR B, 5B AE AR AT 5 1M % BB kL pFC14A-CMV -
Flexi( R)ZARYI 19 7 Be K EE 291 660 bp( &l 2 ).
pFC14A-MDA-7/1L-24-HT7 Jii#i 2 Nhe 1 . Sal 1
Y1, 158] MDA-7/1L-24-HT7 @& FE 0 A B, e e A
pET28( a ) 5 #% K IK# A, 15 5] pET28( a )-MDA-7/
1L-24-HT7 FAH TR E 1), 4 Hind I Bgl 11 XL§Y)
YeE WAEVIRZ) 1 800 bp AY F BL, 5 BRI AHAF
(K2).
2.2 IARHWIHL

50 B LA, P Bk Ak i) 4 R EA TR 95 28 IPTG 1
SIEAEART 4> F B 52 000 kb #RA A WA H 4
A5 TR Z Bz AR Y Feak it LBz ( 813 ).
2.3 MDA-7/IL-24-HT7 &A% G 0 &% 4k R ik &
AR

223 IPTG 1755 1 T 1A 7 I AR s, 500 40
B L AUTE R AT L K, 45 R R, MDA-7/11-24-
HT7 A& E A TE BL21 H LU g 0% U7, 76 1
B EAKIAE H W EACE 4),
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Fig.1 Construction of plasmids
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Fig.2 Identification of recombinant plasmids
by restriction enzyme digestion
M: Marker; 1: pFC14A-CMV-Flexi( R ); 2: pFC14A-MDA-7/
[L-24-HT7; 3: pFC14A-MDA-7/11.-24-HT7 ;
4: pET28( a )-MDA-7/1L-24-HT7 ;
5: pET28( a )-MDA-7/11.-24-HT7

i | I ] ] 4

11K (HHR
E5 [
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E 3 SDS-PAGE Y7 MDA-7/IL-24-HT7
MEEAHNRIE
Fig.3 SDS-PAGE analysis MDA-7/1L-24-HT7
fusion protein expression
M: Marker; 1: pET28( a); 2,3,4,5: Four individual
pET28( a )-MDA-7/1L-24-HT7/B121 clones after induction of IPTG

AR AR AR S T 6 mol/L £h g A 1 %
ARIEE KU U8 W AR alifb i A2 Th 45 4 43 E T SDS-
PAGE, % S szis e o, 458 K 4 )W/, 10 TH

5 J3 AR o R AR R IR AR AR W T AR AR H Y
B, LB KA A 2 EE 43 511 80. 3% ,92.
T% o HBUEHRAR T AT 2k BT, IS Bl E
ELISA #:30] , MDA-7/1L-24-HT7 Fili & 2 [ 09 5 2 ik
FEAY A 575 .67 pe/ml, 45500, f AR 255 A8
PE EEUE B YEE REAl kS 8] MDA-7/1L-24-HT7 il &
HEH.

W
113 Ol
RS 0y
47 (K

At CHH)
2 (il

ST -‘II
El4 SDS-PAGE £EH/E
MDA-7/IL-24-HT7 @& ER
Fig.4 Identification of purified MDA-7/IL-24-HT7
fusion protein by SDS-PAGE
M: Marker; 1. Supernatant from pET28( a )-MDA-7/1L-24-
HT7/BL21 transformed cell lysate; 2: Pellet from
pET28( a )-MDA-7/1L-24-HT7/BI121 transformed cells;
3: Supernatant from 1mol/L guanidine hydrochloride washing;
4: Supernatant from 3 mol/L guanidine hydrochloride washing;
5: Concentrated by Ultra-15 centrifugal filter ( M, 100 000 );

6: Concentrated by Ultra-15 centrifugal filter ( M, 50 000 );
7: Flow-through of Ultra-15 Centrifugal Filter ( M, 50 000 )

2.4 MDA-7/IL-24-HT7 & 4&% & f£ SMMC7721 %
JiEL 1 04 ST A

i35 HaloTag FC 45 & B9 28 G AR 0 I 7R B
HaloTag Rl &5 811, S o b e 25 3 K 5 )R W],
SMMC7721 4 M %% 4% pFC14A-MDA-7/1L-24-HT7 J&
W BB I A R 3K B MDA-7/1L-24-HT7 &l
HHEAE ,MDA-T/1L-24 A FEEMTHER.
2.5 MDA-7/1L-24-HT7 #k4&- % G 47 4] I 55 20 B &
KA i 5Bt 95 2 iR

PR FVR EE I 2lL S MDA-7/1L-24-HT7 iG]
JnEA HCT116 SMMC7721 i fY 96 FLARMILLE F:R
H1,96 h J5 MTT SAAATE 4. 2554 K 6 )R, ki
# MDA-7/1L-24-HT7 il 25 F e BE BN, 47155 41 i 1
W /P, MDA-7/1L-24-HT7 il 4 8 (1 %} HCT116 Al
SMMC7721 4 g () 2 £ Boe 7 5 43 53 241 600.1 000
ng/ml, ¥E—3 ] Annexin V-PI A6 A0M0IHT-,1 000
ng/ml MDA-7/1L-24-HT7 fil & % A 1E H HCT116,
SMMC7721 48 96 h J, J T4 L %53 A ( 34.7 =
1.3)% F1(22.1 0.9 )% , i A MMDA-7/11-24-HT7 i
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FE AR A TR 7).

B 5 MDA-7/IL-24 i & & 87 SMMC7721
20 A P SR ) R E
Fig.5 Localization of MDA-7/IL-24 fusion
protein in ER of SMMC7721 cells( Bar = 50 pm )
A: pFC14-MDA-7/1L-24 plasmid;
B: Purified MDA-7/1L-24 protein
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Fig. 6 MDA-7/1IL-24-HT7 fusion protein

inhibited growth of tumor cells
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Fig. 7 MDA-7/1L-24-HT7 fusion protein

induced apoptosis of tumor cells

3 3t it

MDA-7/1L-24 A He £PE 40 ) b I 240 i AR 1<
5 e 200 B R T A A AT RS RE T, X O
”*fﬁiﬂ’@&ﬁﬂfﬂr],nz T HLA T vk 7 0 g A
T2 SR, MDA-7/1L-24 $ g 4 FHAIL ) i A B
. AR FIH HaloTag #R% AR FRiC MDA-7/1L-
24,5 MDA-7/1L-24 Hi et s 448t 138 FB .

AR H A H A N el C o e AR,
AT AR P sy B ik H R A . B ETHE /N
BT Z AR A 6 x His P, Flag““, HA, c-myc,
StrepH{ 1S TSR A T, ] DA
S A A H 40 2 1 A B, U0 Western blotting . f
BEAAL AR, B —HKbrs h RAFEAT,
GFP,RFP 5Ot HE M, Wit 5 HE AR A, 15 B
PENCER AT LABRER ol R B M A, FRBIE A
TR B IR oA AL RS A 2
MM EAENS ., Wik, EAES FIREC L) 2
Ho R AT A RR 2 T B 2 A AN TR 0 AR
IRP AR A B, 1A 45 B E’JIJJ‘EE%%
iz A fE—ii.

HaloTag & Promega 23 F] & Wi —Fgidn 45, v]
VLT85 1 BT A R 3 1 B D) B 9% . HaloTag
SETE R B R S DR 2R AN AR B A HaloTag it
I SR TR A] 3 3 25 A {8 B HaloTag it 5
T4 & B bR 0 n] BRER SR 1% 40 Y 9 HaloTag
B E 2 ARBFSE T, MDA-7/1L-24 S — Rl
VR A, TCE B E NS, B TE A0 A%
S PRI R P, VA 1 43 Wb 5 55 4 6 IR 5 S 4
MU b2 ARG A R Y e ) AR ST
o SRR I ELAZ TR 2R 45843 | 335 MDA-7/11L-24-HT7
Fl& 26 1, Al HaloTag #1245 i A ¢ 6 b ic 1Y
HaloTag BrHEZE A AURE AL TE M B /R T MDA-7/1L-
24 TE R84 ML PN (R R FE L . RE LT N S I 1)
MDA-7/1L-24-HT7 Fil& 35 1 A] BB A7E /55 /R 4 i 2%
R RACE S 7R 15 5 IO VR F R 20 W B B o 5
A7 AT RE I PN 5 P N S AR T FESER L)
(120 e A v o = MU B~ 97 N S e Al a1 AR e
P 1) Ei A 3R TR, T A5 45 2 1 AT R X B A% 5 ]
TR A5 () G5 A N D RE 7 A R . AR YR
ik Al MDA-7/1L-24-HT7 Rl 8 F o] 30 50 i 92
R A I T IR A T, 368 HaloTag #r
ZIFRFE M MDA-7/1L-24 FEH M IIE. K A A
R4S B 1) MDA-7/TL-24-HT7 {5k B 46| fib



X, 4F. MDA-7/1L-24-HT7 Ritf &8 (Al 8 SO 40 i 08 T s AR . 391 -

968 20 M A R AR R A P R T T

M2 AR N T RS AR E T FE
MDA-7/1L-24-HT7 il & 8 (19 JR A% 22 38 ks, Jf-38
i HaloTag #54 , #t 57 1 AT LAPR o BRI i 7 H bR 8
F MDA-7/1L-24 (8 )5 % . ABFSEIESE HaloTag A5
ZEANFE N MDA-7/1L-24 fil 5 85 (A 1936 14, i MDA-
7/1L-24 B AL F T 34 T B
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