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Construction of an HSP 70B’ promoter-driven heat-inducible vectors pHSP-
shTERT and its anti-proliferative effect in breast cancer MCF-7 cells

Li Yanqi', Li Jing’, Li Haixia’, Wang Xuefang’, Zhu Yan’, Ye Fan®, Zhang Zhenzhong’, Ren Xueling’( 1. Internal
Medicine, Hospital of Zhengzhou University, Zhengzhou 450001, Henan, China; 2. Department of Pharmaceutical Anal-
ysis, College of Pharmaceutical Sciences, Zhengzhou University, Zhengzhou 450001, Henan, China )

[ Abstract ] Objective: To construct a novel heat-inducible RNAi vector under the control of the heat shock protein
70B’ ( HSP70B’ ) promoter and to examine the vector’ s activities in RNAi induction and proliferation and apoptosis regu-
lation in MCF-7 cells under the condition of heat shock. Methods: An HSP70B’ promoter-driven heat-inducible RNAi
vectors against telomerase reverse transcriptase ( TERT ), pHSP-shTERT, was constructed through PCR-amplification of
the HSP70B' promoter and subsequent subcloning. MCF cells were optimally transfected with this vector with GFP as an
indicator and flow cytometric analysis as a confirmatory assay. Untransfected MCF-7 cells were used as a control. TERT
mRNA and protein levels were analyzed by RT-PCR and Western blotting, respectively. Cell proliferation and apotosis
were determined by MTT assay and flow cytometry, respectively. Results: As compared with control cells, cells transfect-
ed with newly constructed vector pHSP-shTERT had significantly lower levels of TERT mRNA ([ 12.24 +1.96 1% uvs
[80.18 +2.28 J% ; t = —286.5, P=0.000 012 ) and protein ([ 1.64 +0.42 % vs[ 63.45+3.12 % ; t = - 31.37,
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P=0.001), significantly decreased cell viability ([58.93+2.951% wvs[91.22 +4.16 1% ; t =15.747, P =0.004 )
and significantly higer apoptosis rate ([ 40.97 +4.80 ]% wvs[ 8.33 +1.14 ]; t = —=11.672, P=0.007 ). Conclusions:
The novel heat inducible vector pHSP-shTERT constructed against TERT was effective to silence the TERT gene and sup-

press the proliferation and induce the apoptosis of MCF-7 cells under the condition of heat shock.
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Fig. 1 Consruction and identification of
heat-inducible recombinant vectors
A: Analysis of PCR product of HSP70B’ promoter.
1: DNA marker, 2: PCR product;

B: Analysis of pHSP-GFP. 1: DNA mrker. 2: pHSP-GFP;
3. pHSP-GFP digested by Pst | ; C: Analysis of heat-inducible
RNAi vectors pHSP-shGFP and pHSP-shTERT; 1: DNA marker,
2: pHSP-shGFP digested by Vsp [ /BamH 1 ; 3: pHSP-shGFP;
4. pHSP-shTERT digested by Vsp I /BamH 1 ; 5: pHSP-TERT
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Fig. 2 Optimization of heat-shock conditions
in MCF-7 cells( x200 )
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Fig.3 pHSP-shGFP vector producted a RNAi
effect on GFP mRNA in MCF-7 cells
1: Transfected MCF-7 cells without heat shock
2: Transfected MCF-7 cells with heat shock
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Fig.4 Expression of GFP in MCF-7 cells transftected
with HSP-shGFP detected by FCM
A: Transfected MCF-7 cells without heat shock
B: Transfected MCF-7 cells with heat shock

2.4 pHSP-shTERT % 3 5f #5474 MCF-7 %0 fie
TERT mRNA Fe %% & 69 &4

RT-PCR Rl 255 B 5A ) B, 5 ARG AT
X BEZHAH E, 25 40 il E 42 C K5 3% 40 min 5,
MCF-7 4il S /9 TERT mRNA By % ik B & T
[(12.24 = 1. 96 )% wvs ( 80. 18 = 2. 28 )% ;
t=-286.5,P =0.000 012 ], Western blotting 4 Il
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t=-31.37,P=0.001 ],

A

1 2 3
B-actin
TERT
B
- Sees w9 [-actin
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Fig.5 Expression of TERT mRNA and protein

in MCF-7 cells was restrained by hHSP-shTERT
transfection and thermal induction

A: RT-PCR; B: Western blotting. 1: Transfected MCF-7
cells with heat shock; 2: Transfected MCF-7 cells
without heat shock, 3: Un-transfected MCF-7 cells
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Fig. 6 pHSP-shTERT transfection promoted the apoptosis of MCF-7 cells under the condition of heat shock
1: Transfected MCF-7 cells with heat shock; 2: Transfected MCF-7 cells without heat shock; 3: Un-transfected MCF-7 cells

3 3t i

HSP70B’J& HSP70 K JiG rh B 2 1) — 51, BEANY
TE 22T CIRAS T A 40 A N g 2kt 1 EL AT LA
YERFFEBS S EARMNA R IS i %
FE B, T HSPTOB! (9 438 75 ZAGA S St N
125, Kt HSP70B' Ji 8 F Al E A A S5 s+
PEPR MR I R 2k 0 BFSE T R, HSPTOBY
JA SRS SR S A DI G . HSPT0B'
BTk = BRI TATA box I CAAT box FF41), {H &
B & H GATA box Fl GAA/TTC box, i H.& 4 HA4
PPOTIHRSF B E 751 GAA/TCC, HSPT0B' Ji3 311
AT 1 A2 Bk U AOT R, DRI, AR
PEFE —299 ~ +18 bp XIRAE R HSP70B' )3 2l F 19 5
[ESE

ABFFELA GFP AF R 32 45 8 111, ok 4 (5 9¢
Gk ik % 58 HSPTOB' Ji 3 F 1% . 15 %6, LA
HSP70B'J5 31 T %4t GFP £ iA#H 1K pCMV-GFP |-
CMV Ja gh 7, ¥ s #0075 AL 1) (98 o K ik 4Rk
pHSP-GFP; SR J5 , 44 8 2 24k pHSP-GFP % J¢MCF-7
YA, 38 LA B R ARG R A5 R 42 R 40
min, &% HSP70B' 3 3l & 4t RNAi F ik 84K
pCMV-RNAi Ff) CMV 33 ¥ 1 T 24k pCMV-
RNAi F &G4 GFP (1) shRNA J37 51, Rt #  1)
HA 4K pHSP-RNAQ 5t /& L HSP70B’ 1 5 119 LA
GFP #8551 RNAI KK, KA Ak pHSP-
RNAi 5% 0,98 R ik 8K pCMV-CGFP L% L &
MCF-7 400, 754 48 h J& , i A K& GFP [

ko (HEMFEJ AN AE 42 °C 21 T H 40 min
J& ,GFP 1 mRNA FIEE IR B ACE Y 3 T %, 45
R E R SR , HSPTOB' Ji3 ) 1 7] AR 45 4
] GFP 1y shRNA 9335, N1fii T8 GFP mRNA 3
Ik, NI SEBAGE T 2514 T 1Y RNAT B0V .

St — LR B S RNAT 23k 2R FH T
JiggE 3 RIIR YT I v AT AR IF SR T # R N TERT
A S 7 RNAL A 3K, TERT #9315 5 vk
it P 6 23 IR 56, i b R 24 85 % 1A A b R
YRR PR IEH A T LT R Rk . ik i Y
PO SR M M R AL kR R PRy o
FON TR O R R R IR AR
ot RNAT $2 ARG TERT B 23k T LA 5. 2 30 il Aoy
MRS I . TEASBESE W AR 3 T W) TERT
(5 S RNAT KA Z Ik pHSP-TERT, 1% 2k {4 18
I A FAME T LR 3R IR L R 0 A, S
RNAi B0 5 [R] s A 8% A7 2040 il 2L o 4t e 1) A=
K, B IR T, B R AT IS I X
NG T bR R 1) SE LAY T I HE— A5 B
FE TSI A

[ & % s Wk ]

(1] #3063, BN, B3, 5. pGPU6/GFP/Neo-hTERT-shR-
NA X2 EL I8 SWASO 48 LBk SRS R A Mt [ 7 . o A
ARk, 2012, 19(1): 72-76.

[2] Wang L, Shi J, Zhang H, et al. Synergistic anticancer effect of
RNAI and photothermal therapy mediated by functionalized single-
walled carbon nanotubes [ J |. Biomaterials, 2013, 34( 1 ): 262-
274.

[3] Li W, Li DM, Chen K, et al. Development of a gene therapy



AT, . R T0BY 3 TR A A BAA pHSP-shTERT (19 # K Hoo ZUIRAS MCF-7 UMM BRI | (55 .

stratigy to target hepatocellular carcinoma based inhibition of pro-
tein phosphatase 2A using the a-fetoprotein promoter enhancer and
pgk promoter: An vitro and in vivo study [ J/OL ]. BMC Cancer,
2012, 12: 547-556.
[4] RenX, MaY, XuM, etal. Construction, modification and eval-
uation of apolipoprotein A-I promoter-driven shRNA expression
vectors against h\TERT [ J J. Plasmid, 2011, 65( 1 ): 42-50.
[5] K#, S BACEAMPTTE SRR ] FRic s
SAHT SR, 2008, 15(5): 332-334.
[6] Wu C. Heat shock transcription factors: Structure and regulation
[J]. Annu Rev Cell Dev Biol, 1995, 11: 441-469.
[7] Chen P, Kanehira K, Sonezaki S, et al. Detection of cellular re-
sponse to titanium dioxide nanoparticle agglomerates by sensor
cells using heat shock protein promoter [ J ]. Biotechnol Bioeng,
2012, 109( 12 ): 3112-3118.
[8] Fogar P, Navaglia F, Basso D, et al. Heat-induced transcription
of diphtheria toxin A or its variants, CRM176 and CRM197: Im-
plications for pancreatic cancer gene therapy [ J ]. Cancer Gene
Ther, 2010, 17(1): 58-68.
(91 wfl, AR, B IR 5 2 11 2 (R 2l 98] 7 ik DR 7
BRI [T ] AR MeEAeak, 2001, 3003 ): 198-202.
[ 10 ] Zhang W, Xing L. RNAi gene therapy of SiHa cells via targeting
human TERT induces growth inhibition and enhances radiosensitiv-
ity [ J]. Int J Oncol, 2013, 43( 4 ): 1228-1234.

[ 11 ] Jostins L, Ripke S, Weersma RK, et al. Host-mocrobe interactions
have shaped the genetic architecture of inflammatory bowl disease
[ J]. Nature, 2012, 491( 7422 ): 119-124.

[12] Huang F, Huang JP, Pan JY, et al. Intracellular heat shock pro-

tein 70: A possible therapeutic target for preventing postoperative

atrial fibrillation [ J ]. Pharmazie, 2012, 67( 9 ): 747-755.

[ 13 ] Calderwood SK, Khaleque MA, Sawyer DB, et al. Heat shock pro-
teins in cancer: Chaperones of tumorigenesis [ J ] . Trends Biochem
Sci, 2006, 31(3): 164-172.

[ 14 ] Lee YJ, Galoforo SS, Battle P, et al. Replicating adenoviral vec-
tor-mediated transfer of a heat-inducible double suicide gene for
gene therapy [ J | . Cancer Gene Ther, 2001, 8( 6 ): 397-404.

[ 15 ] Vilaboa N, Voellmy R. Regulatable gene expression systems for
gene therapy [ J ]. Curr Gene Ther, 2006, 6( 4 ): 421-438.

[ 16 ] Cebrian V, Martin-Saavedra F, Goémez L, et al. Enhancing of
plasmonic photothermal therapy through heat-inducible transgene
activity [ ] ]. Nanomedicine, 2013, 9( 5 ): 646-656.

[ 17 ] Noonan EJ, Place RF, Giardina C, et al. HSP70B’ regulation and
function [ J ]. Cell Stress Chaperones, 2007, 12( 4 ): 393-402.

[ 18 ] Rreington SJ. Green fluorescent protein: A perspective [ J ]. Pro-
tein Sci, 2011, 20( 9 ): 1509-1519.

[ 19 ] Lokody I. Biomarkers: TERT marks recurrence of urothelial cancer
[ J]. Nat Rev Cancer, 2014, 14(1): 11.

[ 20 ] Bojesen SE, Pooley KA, Johnatty SE, et al. Multiple independent
vatiants at the TERT locus are associated with telomere length and
risks of breast and ovarian cancer[ J |. Nat Genet. 2013, 45(4 ):
371-384.

[21 ] Xie M, Chen Q, He S, et al. Silencing of the human TERT gene
by RNAi inhibits A549 lung adenocarcinoma cell growth in vitro
and in vivo [ J ]. Oncol Rep, 2011, 26(4): 1019-1027.

[FmEE] 2013 -12-04
[ AxXHmE] wWHH

[f&EIEHHE ] 2014 -02 -22

0 <

< 0 <

- BB A -

SIRT2 M ES/IAEH H3K18 £ 2L & B e

AR BB S 53R SRR IE R iE e, 52 AR A E A L 2Bl B A SERGTER, AEANEZ
ik A3t 2 P 4 9 25 LB AL histone deactylases, HDAC )i fb 58 . 7EMEZL s, HDAC 438 =35, 85— 250 4E HDAC-
1.2.3.8,5 24145 HDAC4.5.7.9 .10, %5 =25 sirtuin( SIRT )%, 4% SIRT1 ~7 -EHEHA .

% 1 T AE A 5 R SR A I AR AR S =R SO TR RR 5 18 B0 A B, LR 2R R B R e A
YNBRR G B ORI R . BRI A I, R TR LS T AR R H3 &4 T Rk, JFEst & B, 7Rk
et FE R H3KI8 Al R AE T 25 S BEAL, It 2E g /NI NTESE TR M. 2R K RAE 2013 4F 8 J HRIY Science 5%
A AEF R A HDAC BHIF (siRNA T4 N5 AR AR SR 0 7% e T Bdinill 2 90, /& SIRT2 f#4k T H3K18 L ZWifk, SIRT2 F%
AYATFEANML T, AR R v n] DU (5 S A A, S P AR T 2R W R P B9 3 0 B F InlB 15 EANMLRY c-Met 52 4K K Tl
PIBK/AKT {5538 fif . BELWTILGE i) , BB 0 T SIRT2 BEASREFE (7 B 40A04% , H H3K18 1) LB Ab /K PR SBEAG. IR, 40
G S AT 2 B, 358 272 A4~ SIRT2 RS 14 35 R 7R SR e A2 o R IR — S5 R LU R AT T R0IE . 5o, FH 2R s i R e il
% SIRT2 B/, S BT UE vh 2 r e o B i i 20, H. H3KIS Ak K S 8o A AR . 45 0 VR , 78 28 4 i S e i AR
ol REICEE IR InlB 575 AN c-Met SZ 4R 45 &, B35 T T U PI3K/AKT 15 538 % , 175 SIRT2 M40 8 5 B {3 21 41 i
¥, 5T H3KI8 125 LWkAL , R T AHICIE R 1 2235, NI 25 Al B X 1 2R

ZF S T R AR T AN B T DL B R e R AR VB, ELXRME AN R T LU RGE 9 PRR /55 W TLR {55 .
RIG-1 {555 XHAE BRI . 5340, %8 X i R ARIE T SIRT2 e ¥ H3K18 12k Z Bk, I HAe g i i &k
T MBS B MR A AL o I AR IR AR A3 SR A AR ELAE AR T — A2 LA

[ BXHY 1%, K1 @ . Eskandarian HA, Impens F, Nahori MA, et al. Science, 2013, 341( 6145 ). 1238858. ]



