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Effects of a hypoxia-induced, tumor-specific gene therapy vector on proliferation
of human colon carcinoma cell line LoVo Human colon adenocarcinoma cell line
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[ Abstract ] Objective : Homebox transcription factor 2 ( CDX2 ) has heen described as a colorectal tumor suppressor.
This study aimed to evaluate the effect of overexpression of the hypoxia response element enhancer ( HRE ) sequence-in-
serted CDX2 gene under the control of the human telomerase reverse transcriptase ( hTERT ) promoter on proliferation of
human colon adenocarcinoma LoVo cells in vitro. Methods: Stable clones of LoVo cells expressing pLVX-hTERTp-CDX2-
3FLAG ( hC ), pLVX-5SHRE-hTERTp-3FLAG ( 5Hh ) and pLVX-5HRE-hTERTp-CDX2-3FLAG ( 5HhC ), respectively,
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were generated. LoVo cells stably expressing hC, 5Hh, and SHhC, respectively, were cultured under hypoxia control
( CoCl, 200 wmol/L ) and normoxia, respectively. At the designated time points of culture, cell viability was assessed by
MTT assays, colony-forming capacity by trypan blue staining and cell cycle progression by flow cytometry. Result: Viabil-
ity was significantly decreased in hC- and SHhC-expressing LoVo cells as compared with wild-type LoVo cells and SHh-ex-
pressing LoVo cells. The proliferation rates under normoxia and hypoxiarespectively were ( 48. 62 + 3. 32 )% and
(36.81+2.83)% at5 days( P <0.05) and ( 56.44 +2.28 )% and ( 38.51 £3.21 )% at 7 days ( P <0.05 ) in 5HhC-
expressing cells. LoVo cells stably expressing hC and SHhC, respectively, formed significantly less clones than cells stab-
ly expressing 5SHhunder a hypoxic condition ( 44.2 3.5 v5 90.8 £9.3, P <0.05 ). The proportion of cells at G, phase
arrest was ( 63.59 £0.55 )% and ( 64.82 +2.22 )% in cells stably expressing hC and SHhC respectively, significantly
higher ( P <0.05 ) than that in wild type LoVo cells and cells stably expression 5Hh ( 51.38 +0.70 and 51.59 +0.38 )
under normoxia. Under a hypoxic condition, as high as 71.38 +3. 02 5HhC-expressing LoVo cells were arrested at G,
phase. Conclusion: Overexpression of the CDX2 gene carrying the HRE sequence driven by the hTERT promoter may sig-

nificantly inhibit proliferation and colony formation of human colon adenocarcinoma LoVo cells in vitro, through inducing

G, phase arrest. These effects were more significant under hypoxia.
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Fig.1 Transfection of SHhC inhibited the proliferation of
human colon carcinoma LoVo cells
* P <0.05 vs ShC/LoVo cells in normoxia condition and the LoVo
or SHh/LoVo cells in normoxia or hypoxia condition
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Fig.2 Transfection of SHhC inhibited the clone formation
ability of human colon carcinoma LoVo cells
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Fig.3 Transfection SHhC arrested the G, phase of human colon carcinoma LoVo cells

x1 RAAREENZBERERSH %)
Tab.1 Percentages of cells in each phase of the cell cycle are indicated by flow cytometry( % )

Group Condition G,/ G, S G,/M
hC/LoVo ™ Normoxia 63.59 £0.55 26.01 +2.21 10.40 +1.32
Hypoxia 63.65 +0.44 21.94 +£2.04 14.41 +0.98
LoVo Normoxia 51.38 £0.70 30.02 £0.66 18.60 +1.13
Hypoxia 51.44 £0.56 26.73 £0.61 21.83 +1.25
5Hh/LoVo Normoxia 51.59 +£0.38 36.19 £1.12 12.22 +0.30
Hypoxia 52.60 +0.99 32.04£1.23 15.36 0. 17
SHhC/LoVo Normoxia 64.82 +2.22° 24.88 £1.98 10.30 £0.32
Hypoxia 71.38 £3.02° 20.62 £1.59 8.00 +0.33

*“P <0.05 vs LoVo or 5Hh/LoVo cells in normoxia;

it

LLOTF A= W) R SR Bl A= a7 A S R 4

J e B 2R U0 T BT By o BT S e P A e Ak
PERY B R e iz R G0, SR 5 T e e P e s e

3 it

4P <0.05 vs SHhC/LoVo cells in normoxia condition

1, NI AU A BB f% 4p 2 B FIVRR S 1 R 3k
S F A T 2L RR T B BB g i 7
LA, = NI TF IR 85 IR R s R T
JIe g 240 A R R T i, BIVRE ) P B IR YT 5 H iR
% M ( human alpha fetoprotein, AFP ) I R B R



- 318 -

o [ fosd A a4 2014 £ 6 A L,21(3)

( carcino-embryonic antigen, CEA ), {1 51| i ¢ 5 4 Ht
J5i( prostatespecific antigen, PSA ), A ¥ #7 fifg 41 £k 3V
HA7( human telomerase reverse transcriptase , h\TERT )
SR PR Y 3 B TR R S R A e T
HE I PR AT A 23 0 o WTERT 2645
BT BB IZ AT 0 U S A R
AL [RIAFAE , AN DT G 4 P 200 D S5 4 O P 4R
(7, 75 v 1 MR P9 RO B . A iR
FAFT e A0 A A 22 SRR TR R B s Rk R A
ARAR , Xof R AR RN RS2, PR T AT LA FH S A fe e
b 14 R S P 35 f TR DR DR A e R v R S M R
ik, St bR R S A B A YT BAEURR T
( hypoxia response element , HRE )J& v FI% S8 A 5 &
35k 5% —BL DNA 741, HAZ 0 91 T 5 it 4
Y5 HIF-1 )45 5 455, DTS 3l 38k A A0 5
SO0 SEARSR S T RGN E A 3 DR A i SR B A B
THIFRIBAKE, 5 A5 DRk s e R HRE A
N — T, 25 YOV TR T EAAR R EE, Shi-
bata %12 R M HE T SHRE I8 98 & B 4
AOTERIEE T RTAE 8] 55 A0 6 DR 3k 7K 19 i 40 ~
50 15, Wang 252 JIEW] SHRE J8$ Y9 TSST-1 KK i)
FOIRTEBRE IR T AENS I I L3R

T b S, AR R A T
SHRE 35 5 Fl hTERT J5 2l HK 5 18 42 10 i 5 [
CDX2 FRHY M7 AR H AR SHhC B IR 25
hC SHh, FFXFEH IR R, R A5 1R
3% 5HhC \hC .5Hh 1) LoVo 4/l SHhC/LoVo hC/
LoVo .SHh/ToVo ), xS 3 H il FH S A2 R SR DL
CoCl, Ay 200 wmol/L, W J& AT 45 MTT M
Western blotting 7 15 f*) X5 2 g 7 P4 B /> HL AT DL ik
fEFIT SHRE 1§58 7 B {8 b CDX2 33k & i 51
o ARSI FEHR hC SHRC Fik 5, 45 40
I F LoVo RYNSFR I L VKL M RE T 14 12 2 FEAIT,
IR AL CDX2 Rk Ry 4553, 5 SOk il —
P e — A BE AR PR , SHhC/ LoVo 91 5
BRRE AR TIE MR ) BH SRS AR L, AR E B
i, 3% SHRE 45 17 IR T b I 98 2k 1]
CDX2 Rk 51 18 i Ji =40 MR % 3, SHhC/
LoVo .hC/LoVo 4l & 4= G, WIRH#E , H7E S &R
581 ,SHhC/LoVo AR Bk 3% , 2% SHhC 32
M) 1 25 g A L 3R LoVo 1) 48 it J81 359, foff JFL 4 i Sl
W e

L5 BT AW ST A B ST 5 A IR e e
FLPIGY T 2RA SHC 3 1 NS5 R i 2R &R Lo-
Vo M G, HIFEA S ], AT LoVo 4 i F 1 5 AiE

T R, ELAE GRS PRIE R, R CR e 2,
WG IR HAK SHhC TESI IR N 1Y D) BE i 57 24
E TR

[ £ % s Wk ]

[ 1] Laszo L. Predictive and prognostric factors in the complex treat-
ment of patients with colorectal cancer [ J ]. Magy Onkol, 2010,
54(4): 383-394.

(2] BREJR, BZE, K. 2R R MR T #8T5T 9t
CJ] R APy 2R, 2012, 19(1): 103-106.

[3] Shayakhmetov DM, DI Paolo NC, Mossman KL. Recognition of
virus infection and innate host responses to viral gene therapy vec-
tors [ J ]. Mol Ther, 2012, 18(8 ): 1422-1429.

[4] Chen EQ, Song XQ, Wang YL, et al. Construction of a highly-
active, liver-specific transcriptional regulatory element through
combination of the albumin promoter and a-fetoprotein enhancer
[J]. Plasmid, 2011, 65(2): 125-131.

[5] Dong K, Wang R, Wang X, et al. Tumor-specific RNAi targeting
elF4E suppresses tumor growth, induces apoptosis and enhances
cisplatin cylotoxicity in human breast carcinoma cells [ J ]. Breast
Cancer Res Treat, 2009, 113( 3 ): 443456.

(6] XU, BI%E, IMFZE, 55, WU 4 CDX2 B 15 7
AR SR [ T]. hEESNER S IR KA, 2014,
21(4): 414419.

[7] Asayama M, Kadowaki S, Yamaguchi K. Issues of molecular tar-
geted therapies in combination with chemotherapy in metastatic
colorectal cancer [ J ]. Nihon Rinsho, 2011, 69( 3 ): 464 —471.

[8] M, Ih2¢2E, TAh, % SRABIREEX TSST-1 i S 1T
CEA * LoVo ML i6 T i 4 [T ] o s AR iR 7 2%
&, 2011, 18(6): 597-604.

[9] LiuJ, Harada H, Ogura M, et al. Adenovirus-mediated hypoxia-
targeting cytosine deaminase gene therapy enhances radiotherapy in
tumour xenografts[ J ]. Br J Cancer, 2007, 96( 12 ): 1871-1878.

[10] Zeng H, Wei Q, Huang R, et al. Recombinant adenovirus media-
ted prostate-specific enzyme pro-drug gene therapy regulated by
prostate-specific membrane antigen ( PSMA ) enhancer/promoter
[J]. J Androl, 2007, 28(6 ): 827-835.

[ 11 ] Chen L, Tang XD, Yu ST, et al. Induction of anti-tumor immunity
by dendritic cells transduced with hTERT recombinant adenovirus
in mice [ J ]. J Pathol, 2009, 217(5 ): 685-692.

[12] %58, Ph37%5, FEIL5E, %5 hTERT,CEA K CMV i 8h FHEA
SEM TR AR P R S M e [T ] AR 2R
2014, 23( 1 ): 74-80.

[13]Xu Y, Hou J, Liu Z, et al. Gene therapy with tumor-specific pro-
moter mediated suicide gene plus IL-12 gene enhanced tumor inhi-
bition and prolonged host survival in a murine model of Lewis lung
carcinoma [ J ]. J Transl Med, 2011, 9(1): 39.

[14 ] Zhang H, Liao ZK, Sun W], et al. Enhanced suicide gene therapy
using a tumor-specific promoter in combination with cisplatin [ J .
Mol Med Rep, 2009, 2( 6 ): 1017-1022.

[ 15 ] Nemunaitis J, Tong AW, Nemunaitis M, et al. A phase [ study

of telomerase-specific replication competent oncolytic adenovirus



BUFE, 4. SHRE B3 1F1 hTERT Ji 3h FHCA T CDX2 LR X AL AN 2R LoVo H5H A I . 319 -

( telomelysin ) for various solid tumors [ J ]. Mol Ther, 2010, 18
(2): 429434,

[ 16 ] Dang DT, Chen F, Gardner LB, et al. Hypoxia-inducible factor-
la promotes nonhypoxia-mediated proliferation in colon cancer
cells and xenografts [ J ]. Cancer Res, 2006, 66( 3 ): 1684-1693.

[ 17 ] Jubb AM, Buffa FM, Harris AL. Assessment of tumor hypoxia for
prediction of response to therapy and cancer prognosis [ J ]. J Cell
Mol Med, 2010, 14( 1/2): 18-29.

(18 ] #ME%E, 55 SR, #RIB3E, 45, SHRE B4 PCEA 47 TSST-1/
CD8OTM 20 L R IR i e S B Rt 2 [ 1 ). iy
S FRIEFIRE, 2009, 25( 10 ): 863-865.

[ 19 ] Law AYS, Ching LY, Lai KP, et al. Identification and character-
ization of the hypoxia-responsive element in human stanniocalcin-1
gene [ J]. Mol Cell Endocrinol, 2010, 314( 1): 118-127.

[ 20 ] Hu J, Stiehl DP, Setzer C, et al. Interaction of HIF and USF sig-
naling pathways in human genes flanked by hypoxia-response ele-
ments and E-box palindromes [ J ]. Mol Cancer Res, 2011, 9
(11): 1520-1536.

[ 21 ] Shibata T, Giaccia AJ, Brown JM. Development of a hypoxia-re-
sponsive vector for tumor-specific gene therapy [ J ]. Gene Thera-

Py, 2000, 7( 6 ): 493-498.

[ 22 ] Wang W, Sun XJ, Lu L, et al. Cytotoxicity of lymphocytes activa-
ted by superantigen toxic-shock-syndrome toxin-1 against colorectal
cancer LoVo cells[ ] ]. Mol Cell Biochem, 2013, 376( 1/2): 1-
9.

[ 23 ] Zheng JB, Sun XJ, Wang W, et al. Hypoxia-inducible factor-1 al-
pha modulates the down-regulation of the homeodomain protein
CDX2 in colorectal cancer [ J ]. Oncology Reports, 2010, 24( 1 ):
97-104.

[ 24 ] Olsen AK, Coskun M, Bzorek M, et al. Regulation of APC and
AXIN2 expression by intestinal tumor suppressor CDX2 in colon
cancer cells [ ] ]. Carcinogenesis, 2013, 34( 6 ): 1361-1369.

[25]Xie Y, LiL, Wang X, et al. Overexpression of Cdx2 inhibits pro-
gression of gastric cancer in vitro [ J ]. Int J Oncol, 2010, 36( 2 ):
509-516.

[ 26 ] Gross I, Duluc I, Benameur T, et al. The intestine-specific ho-
meobox gene Cdx2 decreases mobility and antagonizes dissemina-
tion of colon cancer cells [ J ]. Oncogene, 2008, 27( 1 ): 107-
115.

[ KisEE] 2013 -12-20
[ AxX4HmE] b7, Wt

[f&EHE ] 2014 -03 -26

R ¥ S F R _F

FUIE PR X 38 &R Rz 7 AP (]l AR B0 i A FR O i AR

Fp i AR EE: 73 M 00 ( Chinese Clinical Trial Register, ChiCTR )b TAEFS T g B9 1 Z s ARG M o0, 2 5 T AR 240
] B i DA X 56 T A I X — 2 i A LAA( World Health Organization International Clinical Trial Registration Platform Primary Regis-
ter, WHO ICTRP Primary Register ), B LA 3 o G IE [ 2 Hh 0o AN DU I | 2246 T8 R 52 25 1 2005 4F 7 A 25 HIER S IFis17 .

BRI PR MR B2 o 1 54 [ BOR AR R e WHO SR N7 o i R0 A A BN 27 i XU 3 S, H 2
TS EMBA A RS B Tk, AT TR T Akt 2 i BT AR A, DR T I PR U A 5 O AR R AT G
T RIRER A 5 8, IR S T A AR M B 2 SRR WE 5T & 1 S5 MIE R ST i PRI TE A (L BE B O 18 39 41 I IR
AR, A TN B 45 -5 BB A B T A B B R TIE

ChiCTR F)25% B S A i [ AN xR A i RIS U Ik PRUEA T2 2 G2 R RTINSy TR H AR o A
e s PRI A L, R e LB, ) R 55 AR | R T TLAR IR 551 9% 5 FBOR T3 A BOR ) & e A3 v 5 A PR 1 98 i
8, AR R TR BRI A MR 55 T RN R A AR A Rl

JITAS e N ARSI 1435 24 8 T e R0, BRI e TE M J S . ML TR I AR AR 22 8 #5% T WHO ICTRP A BR%E— 1Y
ME— S o

F [ AR 2 1% 2 1 ) v s A e B v S ) N7, 1 e PR 84T 7 S SR ML, TEAE P S e A BB R R
BAT R — 5 i i R g R 4

ChiCTR 252 v [ X S A BR A e RS0 W R 33 , 164352484 WHO ICTRP TATE R — 2 I HLA ik i) Ve, O 1]
WHO ICTRP H S Bffi e ik i 5 B Bk R . BRI ARAK B 41, ChiCTR DL T A 3 v B ARG E B2 o rp s (IR B2 B
TRR_E A VERTFE PG [ Cochrane HLy (JE[E Cochrane HLy PR 248 Py B2 B 1] P i PR IR0 4709 27 10 A8 74 5 5 )1 oo
HANAREAR ST, TR R AR BT O BEPL 8 SCEAE FOE I, 3l B v 3 15 s R 16 ) o bk

i3t ChiCTR K3 A F Rk www. chictr. org, 23 AR AT J5 (8425 10 & IG5 B, IF 5 WHO 2 BRE R A D #EE, 7T 7
i b A ) 42 BR E PRI RIS

( AT 238 )



