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[ ZE] 8@ TE4HA Krippel 255 F 4( Kriippel-like factors 4, KLF4 )3 K 7E T8 HepG2 40N b XHLIT FGEN A7 1Y
JATER . 7 ik KA KL 18055 pWPTS-KLF4 244, B ] RT-PCR . Western blotting Kl pWPTS-KLF4 B 44 J5 HepG2 £ i
o KLF4 mRNA FIZE 19235, MTT SE58 A8 HepG2 A1 ARXH BTN | FA i Bk e o 60 P v e i 32 4 119 728 Ak A R 3h 31697 fUskd:
HAEAE, B PR 123 Yokl HepG2 AL A RE LA A AE 1k, 46 R RINMI H A8 35 pWPTS-KLF4 R4 AR | BR BB ok
SEURMEIEAL B HepG2 41 72 h 5 , pWPTS-KLF4 J& L4 HepG2 40 M 1735 S5 % FRZH W] i 4 75l (43.43 +4.78 )% vs ( 18.09 +
1.02)% 5( 110.51 +4.58 )% vs (75.23 £5.92 )% 5( 34.55 £2.93 )% s (19.16 +1.32)% ,P <0.01 |, S LhiN Sa9eshh
JRYT IR 24 h,pWPTS-KLF4 B4l HepG2 HMEAFE R BN HRLL B Wk (37.16 £3.26)% s (57.24 +£8.01)% ,P <0.01 ], 40}
IR PRI R I A . 48 4R c TR KLF4 7T LA 5 HepG2 UM AL P32 30t 5l J 1A 7 gt
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Kriippel-like factors 4 modulates the effects of chemotherapy and photodynamic
therapy on hepatocacinoma HepG2 cells

JIA Yong-sheng, LIU Xiao-dong, SHI Ye-hui, DONG Guo-lei, TONG Zhong-sheng ( Key Laboratory of Breast Cancer
Prevention and Therapy of Ministry of Education & Department of Oncology of Breast Tumor, Affiliated Tumor Hospital ,
Tianjin Medical University, Tianjin 300060, China )

[ Abstract ] Objective: To explore the regulatory effects of Kriippel-like factors 4 ( KLF4 ) on chemotherapy and photo-
dynamic therapy on HepG2 cells. Methods: Lentiviral pWPTS-KLF4 vector containing human KLF4 was constructed. The
expression of KLF4 mRNA and protein in HepG2 cells after pWPTS-KLF4 infection was analyzed by RT-PCR and Western
blotting; the tolerance of HepG2 cells to cisplatin, cyclophosphamide and fluorouracil and the sensitivity of HepG2 cells to
photodynamic therapy were evaluated by MTT assay; the change of mitochondrial membrane potential in HepG2 cells was
examined by Rhodamine 123 staining. Results: Lentiviral pWPTS-KLF4 vector was successfully constructed. Treated with
cisplatin, cyclophosphamide or fluorouracil for 72 h, the vialble HepG2 cells were significantly increased after pWPTS-
KLF4 infection ([ 43.43 +4.78 1% vs [ 18.09 +1.02 ]% ;[ 110.51 +4.58 1% wvs [ 75.23 £5.92 1% ;[ 34.55 =
2.931% vs[19.16 £1.32 1% , P <0.01 ); Treated with ALA mediated photodynamic therapy for 24 h, vialble HepG2
cells were significantly decreased after pWPTS-KLF4 infection ([ 37.16 +3.26 1% wvs [ 57.24 +8.01 ]% , P <0.01 ),
and mitochondrial membrane potential was significantly decreased. Conclusion: Recombinant human KLF4 can increase
the tolerance of HepG2 cells to chemotherapy and the sensitivity of HepG2 cells to photodynamic therapy.
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N Kiriippel 28 A F 4 ( Kriippel-like factors 4,
KLF4 )FER IR Yet 250 M ILAS 4 Bz 40 0 cDNA 5C
PR SERE AR TS, 2 4 44 24 hEZF( human epithelial
zinc finger ). KLF4 F& A PREE DL, AT Y 0K
9q31,cDNA 4ifih X Ky 1 413 bp, i fis—A4~ 470
ANEIERRIRILE W K. AT ST 2 B, T
TARAE T KLF4 &Rk, H 5 s T 400 3 FR 508
PR 38 G A P MR A K 88 DDA G, 8 ) KR4 7T
AR e T A 1 3R TR AL G IS BB . Row-
land 253 V& L, 76 BUVE I WG 4 4 i et 638 KR4
Jei o 20 T AT ) TS 37 e 0 BH S 3 o, F — 20
52 KW, KUF4 AT LGS pS3 1, fark i
p53 sk AT ML T, $28 KLF4 AR AT 6E 5 e
ALY TN SZ AP AE — B R R . BT IL, AR %
& KLF4 Feak B O i 2 408 HepG2 A I X 42,
3 12 B R 1 T IR AE HepG2 4H i 5037 2 3k
KLF4, 738 HXF HepG2 ALY 952 . 53 4h, 78
— 2RI IR T AR &% B0 8h J197 R Y7 SR i
A7 2 0 s 5 2 KLF4 25 5080 1118 T 17
TERANR R 7 PR 8 73 4fr KLF4 X%f HepG2
YA FOE B iR IT B RZ I, DL R I A T 1R
PG

1 RS

1.1 fmiedfe £ 23X A

HepG2 21 L 4 17 b 3 B B 27 g 48 e v o
HEK 293T 4 i th A 52 56 % - A7, 76 10% Jifi 4 1ML 7
) DMEM 56435 Fe Berh i 73, ook il 4 12050 & 1
E] Promega AL KLFA PiiRE 3 Santa Cruz A F, N
YIF BamH I 1 Sal 1 W H Fermentas 2 &, = 1% B
DNA B4 HF primeSTAR . Taqg DNA B4 . T4 DNA
BEREREN [ TaKaRa 237,
1.2 pWPTS-KLF4 1% 5% 4 # 4k 69 4 2 B 1% % 4 69
¥4

P KLF4 JEF 4K cDNA 4RSS0k ¢
Wit sl ¥, LiE 5l ¥ A 5-ATGGATCCCTGCT-
TCGGGCTGCCGAGGACCTTCTGGG-3', R s 51 ¥ KM
5'-TCGCAGTCGACGGCAGTGTGGGTCATATCCACT
GTCTGGGA-3', ¥ 44 I Bt 1 529 bp. L% 41 g
BEL-7402 () cDNA A4 , % i primeSTAR 12071 &
ULEHY" 3 KLF4, 9738 7= Wy v Uk 5 B8 K ml W 4v2
1 500 bpMY LK Z%HT , 4T BamH 1 Fl Sal T XLV,
37 Cid . pWPTS-GFP JFfi( ASLEG % /A7 ) FEAT
BamH 1 Fl Sal T VI HLUK , BERL [FTIL pWPTS F
Bro B S KLF4 ¢cDNA R BCRIZEE: pWPTS 7E T4

HEEAER T 4 Cil . W H HESE" Y%
HB101 B2 25200, PhBUAN B v e b 488 s R AT ook
PEIL, BamH T F Sal T WU YIS 5 B 2 75 1722 42 A
) B e F BT 1 BH A 5B 2% Invitrogen 28 RN ¥ .
pWPTS-KLF4 54145 5k pMD2. G il psPAX2( AR 5L
B 3 R AT )38 ) B R A DU UE 1 7 1 AL L 293T 4
Ji9,293T 40 jg fu % pWPTS-KLF4 5 & BUk: i 8% Y
HepG2 4.

1.3 RT-PCR #: | pWPTS-KLF4 2 % )& HepG2 4n
f KLF4 mRNA & & &

18957 pWPTS-KLF4 J&#¢ HepG2 41 fid 72 h, %
A2 1 x 10° i, ¥ B8 Qiagen /A Al RNeasy mini
R AU BB RNA L BT pg & RNA 5208
Promega % siia 30 & v B EA T R 5%, & i cDNA
%—%%. PCR 519 FIgIER A wIG L, KLF4 Lt
5194 5'-CCCAATTACCCATCCTTCCT-3", FiiF5 |49y
4 5"-AGGTTTCTCACCTGTGTGGG-3", #"1 Fi Bt 240
bpo LA B-actin %ﬂﬂm%‘,ﬁ-actin LEsI Yk 5 -
AACAAGATGAGATTGGCATGG-3', FiiF5I ¥R 5'-
AGTGGGGTGGCTTTTAGGAT-3", §" 1 A Bt 251 bp.
P AT 1. 5% B BEREEE FL UK, Ak L BE Y £
WEE , BEIE SR R G40 B UK ™ 1)

1.4  Western blotting # # pWPTS-KLF4 & % /&
HepG2 % it KLF4 & & 0 % ik

129975 pWPTS-KLF4 JE&JY HepG2 4Hiffd 72 h, 4
A M B 1, A&k A8 PR JS #E 1T SDS-PAGE. )5
W AFEEDE] PVDF I I, Dbt KLF4 Frik s/
BT B-actin FiMH—Pr( 1: 500 ), BAR i AL My il
FricHis( 1:3 000 )sHt/NR 1gG 2 —Hi( 1:5 000 )
AT RIEMC ARG A E RO A
1.5 497 4E R JE HepG2 ta R/ i& F g 4]

189575 pWPTS-KLF4 J&#% HepG2 41 M1 72 h,¥f
R MILL 8 x 10° /L% B2 R0 T 96 LAk, 741 3
flo 24 h J5 2 B0 A 100 wmol/L i 4A( DDP ).
2 000 pg/mlIFABEREREZ( CTX ).200 we/ml H IR W5 hE
(5-FU), W5 72 h, il A MTT( 5 mg/ml ),37 °C 4}
KR fEE 4 h, W An B 5 3738, A 150 wl DM-
SO, 7t 53t LARBFRAXAE 492 nm ARG
1.6 HX3h /& 77 )5 HepG2 @l 5 7& & b 4]

M%7 pWPTS-KLF4 J&JY HepG2 4lIfig 72 h, ¥
AL 8 x 10° /L% B 4270 T 96 fLAk , B4 3
fLo 24 h JEWE S 40 B 8% SR L, & U PBS BE 1K,
TIA 0.1 mmol/L &85 3 $7( 5-aminolevulinic
acid, ALA IO TCIMLTE DMEM #5353 ,37 °C 4033
FEWEE 4 h, WL A0 B R SR W, BT N OA TG I



ot

B3k, KL OITREARIE HepG2 A3 K2 113477 (07815 1 399 .

DMEM 3355, R UK R 530 nm WA ABOLIR
ST AT BRI, WOGRE R % B 2.5 J/em®, JRST 10
min, #7% 10% 54 L7 B DMEM 58 42355735, il 0]
M TR 24 h S5 4T MTT #6000
1.7 F A 123 &40 HepG2 4a feL R ALK
A%

pWPTS-KLF4 1 pWPTS #% & E& Yt HepG2 41 it
72 h 5 K AL, 10 x 10°/fLEB M T 6 1L
M, B4 3 Lo e TR TS PEI 123 Jefh it
A A ARG 4 o Zhe b AR B H £
1.8 it

B« £ 5 Fon, R SPSSIL. 0 k{447 4%
Mr, 4118 L3R ¢ K36, P <0.05 8% P <0.01 %
RNESHAG R L.

2 & B

2.1 RIHE pWPTS-KLF4 Ak

R E DNA RA Y 1 KLF4 J5dEfT vk, 45
OB 1A ) B/RTE 1 500 bp 078 H 300 W e vk &5
W, 2 KLF4 ¢DNA ¥ 38 521, pWPTS-GFP #E 17
BamH 1 F1 Sal T WY 7k 45 0 K 1B ) iR,
AR LM o3 B 25l iRl GFP 4311 0 i V)
W, X% S ) pWPTS-KLF4 ¥E4T BamH 1 F
Sal 1 WEGVISEE , 45 RO 1C )R, ik 1 ~3 1
AN WP 45 SRR, 3 S T8 5
KLF4 J7H5¢ VLR, UESE pWPTS-KLF4 A4k 2 A%
Bj 8

A B

kb  Maker KLF4 kb Maker pWPTS

2
1
0.75

0.5

—1.5

kb Maker Vector pWPTS Clone-1 Clone-2 Clone-3

—KLF4

E 1 12%%F pWPTS-KLF4 £{fatE
Fig.1 Construction of lentiviral pWPTS-KLF4 vector
A: Amplification of KLF4 cDNA;
B: pWPTS-GFP was digested with BamH [ and Sal [ ;
C: pWPTS-KLF4 was identified by enzyme digestion

2.2 pWPTS-GFP &2t 2 % HepG2 4@ it
12957 pWPTS-GFP /&Yt HepG2 41l 72 h, %

6 i 1HBE W 8% B, pWPTS-GFP fE 1% 1o 450 Jak e
HepG2 4}l , JERGLRHM(85.0 £8.2 )% -

E2 12553 pWPTS-GFP S HepG2 4hf ( %200 )
Fig. 2 HepG2 cells highly infected by lentivirus
pWPTS-GFP ( %200 )

2.3 pWPTS-KLF4 % % J& HepG2 #m e L8 KLF4
Fik

1299 pWPTS-KLF4 J& UL HepG2 4} 72 h )7,
KLF4 mRNA( 8] 3A ) AR FHK (B 3B )R RIA K
pWPTS 25 2R AR YL 21 35 B S 318 5 . Hhy ] L, 1295
B pWPTS-KLF4 7] LIAT % b 7E mRNA Fl&R 17K -
I KLF4 335

Control pWPTS-KLF4

[ —
X
B Control pWPTS-KLF4

L

3 pWPTS-KLF4 B FiF HepG2 4hff
KLF4 mRNA( A )FIZHB( B )R
Fig.3 pWPTS-KLF4 infection upregulated KLF4 mRNA( A )

and protein ( B ) expression in HepG2 cells

2.4 pWPTS-KLF4 & 33§ m HepG2 2 fexi 177 24
0 it

MTT 2545 5 & 4 )W, 100 pumol/L 4 |
2 000 pg/mIFBEMERE 200 we/ml FUREIERFF 72
h J& , pWPTS-KLF4 20177 1Y HepG2 41 e H 43 b4
Xof WA ZH AT BH S 38 A0C P <0.01 ), FBH KLF4 S4v %
IKFTLASE N HepG2 4 B X5 NTUET | PSR4 Mt fre 1 380 DR i
WE 1T 52 1
2.4 pWPTS-KLF4 & 342 & HepG2 fm et .3 7
G 7 W R

MTT 4553 K 5A ) fik7R , pWPTS-KLF4 2 HepG2
M LR TIRIT IR A7 I AR L A9 550 B 20
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BRI P <0.01 ). NANMEARZE R K 5B )
FER W], pWPTS-KLF4 YL 5, HepG2 4t il 2 s {4 JE
H (o7 550 2 B (i B AR ( P < 0. 01 ), W] DLJR g pW-
PTS-KLF4 J& , HepG2 4 X 3 hif-J: 0968 J1iG 7
R R

120 | .
[ Control
B pWPTS-KLF4
9 |
S
B 60}
2
§ ok
30 | 1
0

DDP CTX 5-Fu

B 4 pWPTS-KLF4 E1E 0 HepG2 40X L7 AT 52 1%
Fig. 4 pWPTS-KLF4 infection increased
chemotherapy tolerance of HepG2 cells

*" P <0.01 vs Lenti-vector control group

A B
[ Blank H Control .
90 OpWPTSKLF4  f
@ "
< o)
2 60} <
8 5
) ** g
= =
230 3

Ctrl pWPTS-KLF4 Mitochondrial membrane potential (Adm)

5 pWPTS-KLF4 B3¢ HepG2
40 RS 3h S U RO S 0
Fig.5 Effect of pWPTS-KLF4 infection on sensitivity
of HepG2 cells in response to photodynamic therapy
A: Cell viability; B: Mitochondrial membrane potential
" *P<0.01 vs Ctrl group

3 #

Ms B4 22 245 i 25 1 ( multiple drug resistance,
MDR )5 % 1 i e 200 e 45 ol — Fb e 25 ), 4k mo
Xf Z2 S R AN [R] AR AL 2% S5 00 A e 9 24 7 A=
Mt 251k, MDR BN 24 4 I 24 T 5 B #5
VEZ2 I AT BOR 25 TR AN B2 BRI IR Y
HEMERL, M MDR U 2 Ji 9 £k 97 2k I i) O i 1A
FOL SEARSRBE G T KB, 23R YT IR BRAT Y R
4 L AT T 249 RS AR A S R x e

ZIYNRYT BURAE AR, IR 5 R MR R k2R
DAAEAE i Ied i 25401 ] A A5 Hp 2 30, e 440 it it 75
Dirfig s Fo 7 AR i 25 19 5 B R R 22—, DUUER Ry
5], S5 E AU 5 DNA BABE Bl XU & AR 38 X
156 2%, 90 d) Pl JRE 40 B 9 DNA 42 1, 4 1F 41 i
72000 B BEC glutathiose , GSH )& — Rl HL A7 45
PR DR Z I RAT A Y, JE T & A s/
SRR, AT KA T BR R R ST
Z BB EHTIRE, v LB G, 7 A R BE DI fE .
14 el 0 At b 2 B R KT8 v, X I A it A2 e
Sitbbfz R AR A A & B, R T AN
o KLF4 3k 7K P43 i i i 1 v, 5 =2 40 — 3K
(182 F 9~ 200 P 2 e TR SP-th, B S v i
M. AT KLF4 2638 T35, Hoxd 4
(R I B30 . HE— B RFSE & B, KLF4 38
Tk RS PR A L PN A e PO 5 T v A A
XPMAA A 2 M, 378 KLF4 7] G2 79 4 i k)7
M2 ) — N EERH R, A5, 18R EE pWPTS-
KLF4 JE&%s HepG2 4l J5 , HepG2 40 g X A [] 14 4k
ST A A7, DR A ) KLF4 A 22 AR 28 I
ST 24 ) — SR is A%

KB TIr o AW R 2R 3K — 38 2R
AU — TR B R AT B AR A T
Pt B A AR %4 R R RN A i
[l o AR B AR S (5T . BT B i ek
E A I [ o2 T U T TG K, AR B4 T )i
1], = TR O Sesh Jyr ikt
VK S GBS W e AR I 3B 4 Tkt 7D
BCOCHE P R R B RO E IR, R AR ik
PEMESCIEUR I, 7 AR TR T TR R O RS ),
ANHCIE AN R4 20, DT Ik 3 % K iR A e g H
(920" Hagiya 252" ' 7E X HepG2 B 5T o 4 BHL,
Nesh AT 5 25 5L K ABCG2 ¥ 56K - B — &
IR . AW & B, 2 KLF4 33 3R3K)5 , HepG2
YU G IR T I BB 2 P, I A SRR
XA 24 00 I Ji A, S sl TR YT AR v B —
FAEAR . ARIRFGE AL R I IR el IRy i
i 245 52 R AR AL T 3 LI 9 S -
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