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Construction of TRAIL and Kallistatin Combined Expression
Vector and Its Antitumor Activity Analysis
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Abstract; In order to study the anti-tumor effect of tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL) combined with kallistatin, a dual-expression of TRAIL and kallistatin recombinant plasmid pAM-
CAG-Kal-IRES-TRAIL was constructed and then transfected into A549, 1.LO-2, NCI-H446 and Hela cells with
liposome to investigate the anti-tumor activity of the dual expression vector . The experimental results show
that the constructed dual expression vector can express TRAIL and kallistatin simultaneously, and both of
these proteins can be secreted into the culture medium; the combination of TRAIL and kallistatin expression
significantly enhances the inhibition of tumor cells viability and induces apoptosis of tumor cells, which indi-
cates that the combined expression of TRAIL and kallistatin can enhance anti-tumor activity.
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BAS5E S E & M08 T 6 R A o TRATL j= AR 1 25 M 5 26 1 3 R0 2 1 O Y B 2 BE
AT LA SE BT R 0 M ST DLk e AR T 240 L B TRATL g 16 7 i 1 55 7 1.
KRR 25 5 8 1 (kallistatin) J& — i 22 220 B2 85 1 B 40 1 700, B A Hoosd /8 % kal-
listatin 5 TRAIL B4 A2 A B 0R TRATL 5t s 16 o4 B § 8 A WAH SCHGE. B, AR SCi i
pAM-CAG-Kal-IRES-TRAIL 2 Z44 . 3 2o 4 38 A% 5 44 i A7 2507 31 (IRES) 6] B 32 35 TRAIL 5
kallistatin, 25 4 M 3 7 F0 20 M0 - 5236 36 3E TRAIL 15 kallistatin B4 1 B0 M 98 15 1.

1 MRS

1.1 A Fi 5

B 4 kR F R E. coil DHS5a, pAM-CAG, pIRES-eGFP, pCDNA3. 1-Kal, pCDNA3. 1-TRAIL
W A Sy 2 AR A s AS49, 102, NCI-H446 Fi1 Hela 4 s bk 1 ATCC 48 il 7.

Hind |l \EcoR | .Spe | .BamH | &R N YIEE . T4 &0 . Tag DNA RE 8 CREFEY L
FEA IR 7)) 5 R4 B0 & DNA B IR0 ) & (b st RAR A W R BRA | 5 fe bt kallistatin,
AT TRAIL FSEREDUAR FHT R F PR ZHt (L [E Abcam A w)) s kallistatin, TRATL Ff 3K %0 55 11 55 &
(ELISA, % EH R&D /A7) ; Annexin V-FITC/PI 40 g 8 T & 7] & (3¢ BD A FD.

1.2 SLBAHE £ 1 PHWAMEEE PCR 5

1.2.1 B®ARAGT ¥ WIE GenBank HE W Tab.1 PCR primers for amplifying target gene
TRAIL.IRES, kallistatin % F 31 #% i1 PCR 5] ¥ K J¥ 5 53

(3 1), 48 W M pIRES-eGFP, pCDNA3. 1-TRAIL, IRESF TCAACTAGTGCCCCTCTCCCTCCC

i IRESR TCAGAATTCTTGTGGCCATATTATC
CDNA3. 1-Kal Jii k7 15 3| IRES, TRAIL 1
P al BURLH 45 74 ? TRAILF TCAGAATTCAGTGTGAGCAAGGGC

kallistatin H #92 K. TRAILR  TCAAAGCCTTTAGGCAACTAAAAAG
lL.2.2 FakE&AKBME 1 pAM-CAG- gar  TCAGGATTCATGCATCTTATCGACTA
TRAIL ) # #&. i i3 PCR J7 ¥ M pCDNA3. 1-  KalR TCAACTAGTCTATTGTTTCGTGGGGT
TRAIL thy 4% TRAIL H 9 5L A 38 i B B b 58 A

FiL Yk %8 2 6 B A 3 B T, IR B A 3 DRE 5F Hind T/ EcoR T XG0, F) FH T4 DNA % 45
fitg s H A9 BE R TRATL 5 0] 55 8 2 pAM-CAG Bk Hind [l /EcoR 1 BYIL 5.

2) pAM-CAG-Kal i #. R ] PCR J775 )\ pCDNAS. 1-Kal s34 Kal H i L F L i 5 5508 Bl e
B Yk I H RS D, B 3@ o BamH 1 /Spe T SUEEYI EN, I FH T4 DNA % #2286 H
() J A Kal % 17 5w 2 pAM-CAG Fikif) BamH 1 /Spe 1 BEYIN 5.

3) pAM-CAG-Kal-IRES-TRAIL fy##E. % PCR )5 M pIRES-eGFP Jii ki 31 IRES H 1) 3
SRS pAM-CAG-Kal ki) Spe 1 /EcoR 1 WY 5 2 6] 4 8 B pAM-CAG-Kal-IRES
A BORL . PR TRAIL H 36 g B 2 pAM-CAG-Kal-IRES FikL ) Hind [l /EcoR 1 i s Z (8], JE B
pAM-CAG-Kal-IRES-TRAIL i 2 i .

1.2.3 ETARXERAGEAESERZT WEWEAFRKE pAM-CAG-TRAIL, pAM-CAG-Kal, pAM-
CAG-Kal-TIRES-TRAIL £ 52 FR il 14 P9 Ul %5 72 o B 28 58 DNA W 43 A7 1F 6 J5 8% 52 50 J530kE 5 08 152
7 2000 R & )5 5% g4 2 Hela 240 M b, 55 558 — & B 0] 5 OB 55 97 B0 S 20 M. F) F ELISA Fl western
blotting J7 1k % & TRAIL 5 kallistatin fy A F M.

1.2.4 TRAIL 5 kallistatin B¢& & A 2t 4w j7& A 69 %vh A549,L0-2, NCI-H446, Hela 40 Jf1 43 5] LA
5000 4> « AL B BE R & 96 LR 37 CL IR ECH 5201 CO, K537 12 h, Ff 20 i 5 BE 5 L 43 501
Yt pAM-CAG-eGFP, pAM-CAG-TRAIL, pAM-CAG-Kal, pAM-CAG-Kal-IRES-TRAIL J& ki, 5 4t )5
UkSERE SR 24,4872 hoBFALIMA 10 L 5 mg » mL 'BEMREE (MTT) , 4k2E 15 5% 2 h, FE8E 3R 3, M A 200
pL ZH A (DMSO) ¥ fff o FH B AR ORI K R 490 nm B A RO AE , AR 45 24 X153 40 i 7 ).
1.2.5 TRAIL %5 kallistatin &2 je 8 =49 %0 OGS E0E KWIAY A549,1L0-2, NCI-H446, Hela 4
Jitl .6 FLAR B FLAEFE 50 000 AU, K5 5% 12 b, IR BTAR 2000 4 JBks e s 22 240 i 3 4k 22 15 57 36 h, [
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THALFF AN .1 000 1« min " B0 5 min, 8RR ER 22 WG UE 2 s 25 BT I 22 oh 008 8 20 i vk 2
1X10° A« mL L 100 pL 4 2 5 mL B0 L A S pL BN BE (PD 34 5wl An-
nexin-FITC Jeif . 1821 J5 #E0'6 I P 4 15 min, A 400 pL 855 G2 oh R 21 5 - BEAT U =X 40 1l 23 A

2 XWHER

2.1 BEHERZIHEWEE

pAM-CAG-TRAIL,pAM-CAG-Kal,pAM-CAG-Kal-IRES-TRAIL [ iff b) % 52 45 5, & 1 7 5.
pAM-CAG-TRAIL i Hind Il s EcoR | FLEGYIAR WA 5P 19 554 B4 Hind lll /EcoR | 3§ Y)
J&i 5 #E 500 bp 4b H B — 4 M4 (I 1)), 5 H A TRAIL /9 K/MNEFF (516 bp) ; pAM-CAG-
Kal #iif BamH 1 /Spe 1 WEGY) G .76 1 200 bp A2 47 HBURE 20 5540 . 5 H W 3L A kallistatin i K/
— (& 1(b)) ;pAM-CAG-Kal-IRES-TRAIL 43| 434 Hind [l /EcoR 1 XE§YI Al BamH 1 /Spe |
XUEFY) G #E 500,1 200 bp b H BLAE S 450 (B 1Ce)) B H A 3L A kallistatin 55 TRAIL & 2 7ol
Z pAM-CAG 3. My HEEAY 3 R i 41 ki 22 DNA P 43 A 45 58 2R L 3l A H 935 R T 51 58 42 15 .

15 000 bp

1 500 bp.
1 000 bp

250 bp

(a) pAM-CAG-TRAIL (b) pAM-CAG-Kal (¢) pAM-CAG-Kal-IRES-TRAIL
B 1 pAM-CAG-TRAIL, pAM-CAG-Kal, pAM-CAG-Kal-IRES-TRATL [ iff 1) % 5 25 5
Fig. 1 Identification of pAM-CAG-TRAIL, pAM-CAG-Kal,
and pAM-CAG-Kal-IRES-TRAIL by restriction endonuclease
2.2 TRAIL 5 kallistatin W RIZ5 %X E
TRAIL MR TR E ST KRG G AR s M T 5 M Al P TRAIL £ T HIAM X,
WAAE AN LA A B 5 52 R 25 6. R A ELISA J5 kil 55 5 5 v TRAIL (9 it 2 ¥k B (o (TRAIL)) L 85 41
WME 2 fiz. HE 2 4 5% pAM-CAG-TRAIL Fpidl iy TRAIL [ 5 &€ B 0 (1. 85+0. 18)
pg e mL ' B Yt pAM-CAG-Kal-IRES-TRAIL Jii ki 2 i) TRAIL () it & ¥ & Ry (1. 65 £0. 24) pg -
mL L W2 Z )Y 22 5 T8 i o4 i S T % B pAM-CAG-Kal, pAM-CAG-eGFP [t ki 41 3% A 6 I 5
TRAIL {3k,
kallistatin HA {5 5 K, & —F W 8 A, B 32 5w kallistatin (9 5T i & B (o (kallistatin)) , 41 &
2(b) 7. HE 2(b) n] Al 55 Y pAM-CAG-Kal b2l kallistatin (1 R 9 B 4 (12, 0840, 21) pg +
mL Y pAM-CAG-Kal-IRES-TRAIL ki 4] kallistatin i 55 3 8 4 (11, 7340, 37) pg » mL ',
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Fig. 2 Expression of TRAIL and kallistatin in culture supernatant
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P Z 8] i 22 5 o ge i 2 X

Ak Fl ] western blotting J5 B4 I 40 g N TRAIL F1 kallistatin f 3235, 25 B & 3 s, HE 3
AL i gy pAM-CAG-Kal-IRES-TRAIL 1 pAM-CAG-TRAIL Jfi ki 41 40 i N #8F TRAIL (335 ; 4%
P pPAM-CAG-Kal-IRES-TRAIL Fl pAM-CAG-Kal itk 2 20 il 1 #5 4 kallistatin [ 335,

TRAIL T — Kal — -_—
GAPDH S GAPDH S S
¢GFP  Kal TRAIL Kal-TRAIL eGFP Kal TRAILKal-TRAIL
(a) TRAIL (b) kallistatin

K 3 Western blotting %l 40 s )y TRAIL 5 kallistatin ik
Fig. 3 Expression of trail and kalistatin in cells by western blotting

2.3 TRAIL 5 Kkallistatin Bt & % 1% XJ 40 i1 i& 1 49 22 0

TRAIL 5 kallistatin XF 20 il 1% J7 09520, W B 4 Fros. B4 deg MG R s « RonZ 5 A 50t
2 B 4 A A BIEE Y pAM-CAG-Kal,pAM-CAG-TRAIL ., pAM-CAG-Kal-IRES-TRAIL Ji §i
i s LO-2 4 M A7 75 R 5% AL AR [, 28 R 0G0 127 3 35 40 i % ¢ pAM-CAG-Kal, pAM-CAG-TRAIL,
pAM-CAG-Kal-IRES-TRAIL ki J5  A549 4 M A7 1% Ry 78. 300 4. 3%6,67. 4% +3.5%,53. T +
4.1% ,pAM-CAG-Kal.pAM-CAG-TRAIL 4 5 pAM-CAG-Kal-IRES-TRAIL 4] # [t . 2 5 B4 4 it
R OSC U A K38 TRAIL F kallistatin BEA2 . 25 4% 55 240 0 (0470 )i 98 305 M 5 Hela 20 i A 52 56 295 2R ik
7 pAM-CAG-Kal, pAM-CAG-TRAIL, pAM-CAG-Kal-IRES-TRAIL 41 1 41l Jfd 47 35 2R B 8 R 1%, 43 5]
b 76.4%£5.3%,66.4%14.3%,52. 7% £3. 5%, 5 Y pAM-CAG-eGFP Il b, 2 5 B A G it 2%
A X, H TRAIL, kallistatin X% 35 41 (9 40 i 77 75 K 5 pAM-CAG-TRAIL, pAM-CAG-Kal 40ttt , 2%
S B G S RIS R fE i TRATL A5t i 16 v s NCI-H446 4 i 52 30 25 Rty W A 3R
ik TRAIL 5 kallistatin g 4% i 25 3% 58 FLH0 MR 15 M s Hela, AS49 F1 NCI-H446 41 il £7 15 5 S0 50 45 L
7~ - TRAIL 5 kallistatin Bt 2235 J5 g3 40 16 g #2305 2 B0 i ik 1G5,

120 120
100
80

N
<60
40
20
0
XTHRZH  eGFP Kal  TRAIL Kal-TRAIL XTHEZH  eGFP Kal  TRAIL Kal-TRAIL
251 2151
(a) LO-2 20 )i (b) A549 7 jify
120 120
* *
100 | ,*7 100 [ | *h

80 - 80 |-

< oof < eof

40| 40

20 | 20

XTHE4  eGFP Kal TRAIL Kal-TRAIL XHRZH eGFP Kal  TRAIL Kal-TRAIL
2051 2H 51
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Bl 4 TRAIL 5 kallistatin % 4t il 7 J3 /) 5% W
Fig.4 Effects of TRAIL and kallistatin on cells activity
2.4 TRAIL 5 Kkallistatin Bt & 3 3£ X i 85 28 AL T B9 S 1
TRAIL 5 kallistatin XJ 240 g 98 T @52, A0 & 5 Bros. B 5 .o A4 i 3 r- 2. d & 5 vl %0
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TRAIL 5 kallistatin % LO-2 4 fg 98 128 A 5200, 50 AU LG, 22 R 0G0t 2% 5 1 TRAIL 5 kal-
listatin BEVE S A549 400 T, 40 M IR =540 3l 5. 2290 +0. 34%,8. 02% 0. 45 % B A I8 41 1 40
MR T %0 10,9820 0. 84 %, 550 BRALAH b . 25 580 BT S8 124 2 s Hela 40 08 12 5255 W78 pAM-
CAG-Kal 5 pAM-CAG-TRAIL 41 1) 4H i #B8A AS [ B B2 9 08 T2 40 M 08 =28 4303y 5. 8126 40. 56 %,
8.62%40.49% , 5XF AL EL . 22 5 HA G it 248 S0 B A 25 L 4 i P8 T2 %3k 12, 0026 £0. 65%
TRAIL 5 kallistatin 355 NCI-H446 20 Jf f 72853 51 2 4. 9520 40. 43%0,7. 95% 0. 51 %, B &5 HI 24
AP T 11, 2426 £0. 85%. i T- 5L 55 45 . @ w , TRAIL 5 kallistatin G855 5 A549, Hela I
NCI-H446 4 - B & 25 A 40 a9 =% 5 TRAIL F1 kallistatin ZAH I, 22 5 HA Gt & L,
YL TRAIL 5 kallistatin ¢4 o B39 55 775 S 40 M0 04 T O Sh fiE.

201 25 *

*
1.5 20

10 |
O.SV . 5_
OJ

/%
S
6/%

X HRZH Kal TRAIL  Kal-TRAIL Xof FRZH Kal TRAIL  Kal-TRAIL
415 415
(a) LO-2 70 )i (b) A549 7 jify
25 = 25 *
* *
20 ‘ 20 F
. 15} . 15f
g N
10 = 10+
5 I 5 -
popiistiil Kal TRAIL  Kal-TRAIL X HRZH Kal TRAIL Kal-TRAIL
4151 5
(c) Hela 481 (d) NCI-H446 4115

B 5 TRAIL & kallistatin % 4l i 98 T 19 5%
Fig.5 Effects of TRAIL and kallistatin on cells apoptosis

3 it

TR T B K e th 2 B L2 R R S 5 IR Al B R AT B — 1 SR BFHR T 45 b 2 i e A2 Ak ot
T v AR 22 HE % A 37 2872 [B) ) AH 2GR . M 1986 4 Seno 4517 B 2y dth A K 7 #F BT BK A 63K TEN-y/11L-2
Ji » TR R 22 i DRI X065 Y6 9 o e 118 BIF 8 5 A T 98 9 22 R DR B 53R 7 T LA ) — YR T 5 vk 1 T AN [
H A3 B BA s o] DU AN ] J7 28 i PR 22 ] B 3K 5 225K 15 A WY fl 25 > 55 R I6 7 A DL, 3 2
AN EE & 2 A B B AR P A 7 56 R A e 0 X R 2 B0k B EBE LR8B4
TRATL EA7 4 e 55 M F0 000 ] b 98 4 e A= 4 4/ L B TRATL X 1E % 40 M & A 08 T i 5 = AE . LU
WH9E 28] . TRAIL 7] 1% S AR 20l 5908 248 i #k (CRT2MG, US72MG) P T2 I B FLAR I 40 41, 9 Hov]
DA ) 2 4 50 e e 400 1) P 10 2 R R MR BT BR . 5 TRATL A&y T 0 I I R IR 50 © & ik A7, 4
Geng S5 TRAIL Jy F T8 8898 193897, 4 TRAIL 552 {k TRAILR1 fl TRAILR2 4545 .15 & %
TRTE AR b & A= = RAL I 15 b caspase-8, i3 3l W 45 A5 5 30 I A% 36 U4 T2 % 5 1M 9800 1 U 20 0 2
caspase-3, caspase-6 BY caspase-7,caspase-9,fx 2 5 F A M T, kallistatin 2 — Fh 22 & BR & 14 B0
HI3). WFFE % B, kallistatin 0] DL ) NF-«B, PISK-AK T, nucleolin % {5 5 il B4 193801570 X ] B N
kallistain 5 TRATL 55 HI 24 1 55 AT M9 05 1 42 B4R 5.

SCH R HE B AW FE ik 2 KR pAG-CAG-Kal-IRES-TRAIL £ Hela 41 g #4631 3] TRAIL 5 kallistatin
)43k IRES SRR 1)1 Wi B X i B ORI 2 352 . TRAIL K3k & 5 pAG-CAG-TRAIL #2257
TGe i L WS A Y Ponnazhagan 60— 30, 40 g 1 7 7040 g 98 T2 52 50 A UE 92, TRAIL & kal-
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listatin B¢ A5 FH 25 7 UK #4245 5 D A 4 5 ) S04 588 TRAIL A kallistatin (¥ 477 Job g 6 4, 3% R 45 B 45
FHZ5 0T B8 J& TRAIL &7 I i — > J7 1wl

S E k-

[1]

[2]

[3]

(4]

(5]

(6]

[7]

[8]

(9]

[10]

[11]

(12]

(13]

[14]

[15]

[16]

LEMKE J,VON KARSTEDT S, ZINNGREBE J, et al. Getting TRAIL back on track for cancer therapy[]]. Cell
Death and Differentiation,2014,21(9) :1350-1364. DOI:10. 1038/cdd. 2014. 81.
KB KA B %L (R)-Preconviction ¥ 5 Hela 400 T/ 20 FHLHI L) . S 07 K220 CH KRB0
2013,34(4):422-428. DOI:10. 11830/ISSN. 1000-5013. 2013. 04. 0422,
DIMBERG L Y,ANDERSON C K,CAMIDGE R,et al. On the TRAIL to successful cancer therapy? Predicting and
counteracting resistance against TRAIL-based therapeutics[J]. Oncogene,2013,32(11):1341-1350. DOI;10. 1038/
ONC. 2012. 164.
SO J.PASCULESCU A,DAI A.et al. Integrative analysis of kinase networks in TRAIL-induced apoptosis provides
a source of potential targets for combination therapy[]J]. Science Signaling, 2015, 8 (371):1-18. DOI: 10. 1126/
SCISIGNAL. 2005700.
HUANG Kaifei, YANG Huiyong, XING Yongmei, et al. Recombinant human kallistatin inhibits angiogenesis by
blocking VEGF signaling pathway[]J]. Journal of Cellular Biochemistry,2014,115(3):575-584. DOI. 10. 1002/JCB.
24693.
LI Pengfei, GUO Youming, BLEDSOE G, et al. Kallistatin induces breast cancer cell apoptosis and autophagy by
modulating Wnt signaling and microRNA synthesis[ J]. Experimental Cell Research, 2016,340(2):305-314. DOI:
10.1016/J. YEXCR. 2016. 01. 004.
SENO M,HINUMA S,ONDA H,et al. A hybrid protein between IFN-gamma and IL-2[ J]. FEBS Letters.1986,199
(2):187-192. DOI:10. 1016/0014-5793(86)80477-X.
FOR R, B U SRR S Rk BRI TR R S BB LT ] b R I K 2020, 37 (15) : 893-896. DO 10.
3969/]. ISSN. 1000-8179. 2010. 15. 015.
CHOI C,KUTSCH 0O,PARK J,et al. Tumor necrosis factor-related apoptosis-inducing ligand induces caspase-de-
pendent interleukin-8 expression and apoptosis in human astroglioma cells[J]. Molecular and Cellular Biology,2002,
22(3):724-736. DOI:10. 1128/MCB. 22. 3. 724-736. 2002.
WALCZAK H,HAAS T L. Biochemical analysis of the native TRAIL death-inducing signaling complex[ ] ]. Meth-
ods in Molecular Biology,2008,414:221-239. DOI.10. 1007/978-1-59745-339-4_16.
GENG Chuanying, HOU Jian, ZHAQO Yaozhong.et al. A multicenter, open-label phase ]I study of recombinant
CPT (Circularly Permuted TRAIL) plus thalidomide in patients with relapsed and refractory multiple myeloma
[J]. American Journal of Hematology,2014,89(11):1037-1042. DOI:10. 1002/AJH. 23822.
RE LS A EM . TRATL 755 bR 40 i 04 0 59 20 7 AL S TE Mo A 36 7 wh s i AT L. A= 90 9)
2447 ,2012,28(6) :448-456. DOI:10. 3724/SP. J. 1260. 2012. 20047.
HUANG Kaifei, HUANG Xiaoping, DIAO Yong,et al. Kallistatin, a novel anti-angiogenesis agent, inhibits angio-
genesis via inhibition of the NF-xB signaling pathway[ ] ]. Biomedicine and Pharmacotherapy,2014,68(4) ;455-461.
DOI:10.1016/]J. BIOPHA. 2014. 03. 005.
HUANG Xiaoping, WANG Xiao, XIE Xiaolan,er al. Cell surface expression of nucleolin mediates the antiangiogen-
ic and antitumor activities of kallistatin[ J ]. Oncotarget, 2018, 9(2):2220-2235. DOI:10. 18632/ONCOTARGET.
23346.
WANG Guoquan, WANG Xiao, HUANG Xiaoping,et al. Inhibition of integrin beta3, a binding partner of kallista-
tin, leads to reduced viability. invasion and proliferation in NCI-H446 cells[ J]. Cancer Cell International,2016,16:
90. DOI:10. 1186/S12935-016-0365-7.
PONNAZHAGAN S,MAHENDRA G,KUMAR S,et al. Adeno-associated virus 2-mediated antiangiogenic cancer
gene therapy: Long-term efficacy of a vector encoding angiostatin and endostatin over vectors encoding a single fac-

tor[J]. Cancer Research,2004,64(5):1781-1787. DOI:10. 1158/0008-5472. can-03-1786.

(RERE: Wb RXCHEK: XKD

http: / www, hdxb. hqu. edu. cn



