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v % KA EER A AR ﬁpfk%&m' 547 KLF4 245 5 038 & %4k a(ER-0)# ESR1 #9455 Foig 7E4E A . S5 5 KLF4 fe sk otk & 25 1 50
IR RIEMBR A T EFF & AR (P<0.05); KA 10° M # sk drvk 2038 MCF7 0 Je 7T B 5374 20 Jo 3% 7y, FHA% 3t dm i 2 4 0
=, e P i Rk m? e KLF4 J& , 1% — sk dhy v e AR R T 4 A 2038 45(P<0.05), 28 M3 /1 £ 2 WS 5 ok b R AR B2 AT K 455
PR F IR A B E AT 2T SR MM & B2 &% T, GLucON™ESRI 4 H 4k 69 38 b B SR 2 2915, X —F H4 %
AL 105 M # kol e 40 A R H) ;4 #%;1&%5)?«1 KLF4 J& , % g ed 5 GLucON™-ESRI1 #f 4 £ 1k 69 5% ¢, & B 7 M 0 ) 20 A%
#—F A iR (P<0.01), £5i8 :KLF4 T 438 13 46 A3 4E A A 4494 ER-o A B M, 3t Al sk vk i 25 MR 28 8 A4 i 4244
KHATAER

BRI : SUMLR s R vl s KILF4 et & 4 s 45 il 4%

hESYHES:R-33;R737.9  CHKERIDAD:A  XEHS:1673-6273(2019)04-614-06

Expression and Functional Analysis of KLF4 in Letrozole-Resistant

Breast Cancer*
ZHAO Gé!, FAN Jing!, MENG Hui-min', CUI Feng-qiang', WU Jiang!, LI Song-peng’, WANG Mi?, WANG Ting"?

(1 Department of Thyroid Gland and Breast Vascular Surgery, Xijing Hospital, Fourth Military Medical University, Xi'an, Shaanxi,
710032, China; 2 Department of Gastroenterology Division 2, Xijing Hospital, Fourth Military Medical University, Xi'an, Shaanxi,
710032, China)

ABSTRACT Objective: To study the expression profiles of transcription factor KLF4 in letrozole-resistant breast cancer (BCa) tis-
sues and in experimentally-induced letrozole-resistant BCa cells and to characterize the potential functions and underlying mechanisms of
this key transcription factor during the pathogenesis of letrozole resistance. Methods: The expression profiles of KLF4 in letrozole-resis-
tant BCa tissues and in experimentally-induced letrozole-resistant BCa cells were evaluated using RT-qPCR, Western blotting and im-
munohistochemistry. The effects of the overexpression of exogenous KLF4 on cell viability and apoptosis were determined using MTT
assay and apoptotic ELISA. Finally, the potential transcriptional regulation of ESR1 gene (encoding estrogen receptor alpha, ER-o) by
KLF4 was assessed using luciferase reporter assay. Results: Expression of KLF4 transcriptional factor was significantly induced in letro-
zole-resistant BCa tissues and in experimentally-induced letrozole-resistant BCa cells (P<0.05). Treatment with 10° M of letrozole sig-
nificantly inhibited cell proliferation, and resulted in an increased apoptosis in BCa cells. This cytotoxicity of letrozole was noticeably re-
versed by overexpression of the exogenous KLF4 (P<0.05), with cell viability even restoring to the normal level. The luciferase reporter
assay demonstrated that stimulation with the exogenous estrogen E2 notably stimulated the relative luciferase activity of GLucON™ESR1
reporter, and this stimulatory effects were substantially compromised by challenges with 10° M of letrozole. By contrast, ectopic expres-
sion of the exogenous KLF4 further enhanced the inhibitory effects of letrozole on GLucON™-ESR1 activity (P<0.01). Conclusion: KLF4
may suppress the expression and activity of ER-« at the transcriptional level. KLF4 inhibition of ESRI1 transcription may therefore par-
ticipate in the the pathogenesis of letrozole resistance in BCa.
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ORI S RIVE T o AR SE  7E LM A0 i SR 2
Mg KLF4 23535 78 T, smofFoe W] p21 (5 53E i
TG PE T RESE S SR KLF4 4R Sy 300 5 8] s 22 R FH A9 2
Fe gz —1,

SEF p21 7EFL AR I A0 M T R R ok g s R 24 1 e 3 R
A AR TR B OCEER T VR TS FRAT T4 TN KILE4 77 Sfe i ne it 24 14
LR AR R RE R HEE EAE . R, AT R AT T
KLF4 7E4 v s 25 g A 2L i Rab el , IR AR IX
SMEE KLF4 798 T KLFA 785 s i 24495 5 % A= aof
FR P TT BEA: =AU, LAHT A TR JHRL A o s i 247 1 i 3L
MR AL ZE R R

I bR 575
L1 AT A

AR AR AR B D At DRI AR PR B e fie, S0
Tt 7 A OB RV HEE M. 45 {9 BCa i 191 39 3% 1
20152017 4EAE P SR IEARIS I , AT A3 2 B A ) 2

Fio BCa UIBRARAARAE B 25 %0 Sfe it s URR M AR A R 7E
AT S IR AR D >50% B A S th sy A F B B0 "
St it A AEURR " (n=20) " SR TR 24 " (n=25) P, RE A SRS
B APORAE , B 20 R o M AR R BRI S L H BT
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1.2 fBhasEs

A FLIE MCF7 41 NTH3T3 /)N U 12T 45 20 i e
rPBLBE 40 S BT (Shanghai, China), 40 il H #LEE 55 T2 10%#4
KA G4 MLIE (FBS) 100 pg/mL 545 R A 100 U/mL 8 % 1Y
DMEM H1(75 em? 48353530, 5595 5440 37 C 5% CO,, k%
FRIBRE N 95%., S s i 241 MCF7/LR 20 i 5 PR SRR i
S ¥R E B P N5 T A B R Y MCF-Taro 40 0 (35 A
ATCO)FFEL 6% T & A B EEVR BE(1.3 F1 5 M) 1145 iy mk 5% 772
e, B A 20 Ji . MCF7/LR Al & 4ef5 1597 T56
1 M S i e () DMEM Hr Pl pCMV6-KLF4 J2 78 [ # ik
pCMV6 vector 14 [ OriGene 23] (L5, iR ), i ik s M
KLF4 ff) MCF7/KLF4 4fiffi 2% OriGene /A R4 7
1.3 EELfkE

FA1F] FH VECTASTAIN® Elite ABC-Peroxidase Staining
Kit(Vector Labs, Burlingame, CA , USA)iF1 T B 4 214k £ Gu {a,
ST VIR E RS SOKIG B TR EME I T 95T
KB A TPLIEAE 5 30 434, PBS MRV fE EIE & 1L
M3 (Vector Labs)Z iR B 1 /I, Bl 5 FIH Sebi A KLF4
A (Cell Signaling, Shanghai, China)1:200 7 4°C & 11 1% .
J5 A1l VECTASTAIN® Elite ABC-Peroxidase Staining Kit $2{it
FIILAET R ik ABC-DAB i {6 R Gt 47 {0, FHME 4 2
FEEEAUIE. FATHH Axio Imager M1 1 {345 (Zeiss, Beijing,
China)i# 17 S 2H AL 2 G A MLEERN 31T
1.4 {F5MAR SR KL

FIHT 3-(4,5- —F L -2)-2,5- — IR FEPU MR ER Y (o
HMTTR AN F7. MTT 25 :BCa 4Hffd L 1.0x 10* 25 B Fp
T 24- LB, BALIMAEA 10% FBS i) DMEM K325 17,
BEJS A 25 nM A 4 A FIASE) i 2 1 SF s 24 39 5 77 30038
YFRSRN O KIE , A EEFRALANA 20 pL MTT, 4k M £
37 CHEE 4 /NI, Z S5 23535 13, 7 A i PTIE Y M 100 L
— H W H(DMSO)Ef# . )5 7E 570 nm AL I 5 W R SERE
Xt FEZH A RO RE 3 R 100%, 2590 AbBEZH ANt TG H1 = 254
AEERZA T S REAE / 0 IR AR % 100%.
L5 @HATHELDH

% F Roche A9 H 1 ELISA ik 5 & (Cell Death Detection
ELISA,Cat. No. 11 544 675 001) 43#73K k55 BCa 40 e &
AEPAT I B o Sk ASHT BEBE PY 2H 2 FAE DG Y DNA B (%
AMAS SERZ/IMA) B BRI A E AR PR TRES . BCa 4l -
AFFH 25 nM B9A4 A F110-5 M Sk il me R 22505 9 K,
S 25 10 S U0 PN A A 7R G B A Sl e oy 4% , B
O R 2 VA B SRR E AL 96 FLAR P , B
JE R AR by AR M F bR ic e R A AR SR A Y bR
ICHIPT DNA B g BRI E 2 IR & 2 h, B J5 7€ 405 nM 4L A
FHAT TG EET R A S TR A
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1.6 SERtEE PCR

BCa 2 Z15f BCa 4 it #] /1 Ambion® RNA extraction Kit
(Thermo Fisher Scientific, Shanghai, China) #F 47 %4 fi 2 BU &
RNA, TEHE J7 # WL J B 1 g RNA JE47 8% 5% A2 il eD-
NA, SN F2 2 20 wL, S R A PrimeScript 52 4% 551070 &
(Takara, Dalian, China)if47 . 2R J5H 1 wL cDNA #47 & & PCR
e, K {di il SYBR Green PCR kit (Thermo Scientific, IL,
USA), PCR [N ZR AT :95 Clghn stk 10 434, 25 95 °C
F—PEHFETF RN 30 JEFR, SRJG 53 C il k—4r4h, 72 C FEfif
£ 1.5 43%h, PCR [z W 7E CFX96 real-time PCR system (Bio-
Rad, USA) I i#47 , B BIEE R A X R ik 2 5N S A 18S #H
HERAS BRI TN S FB 55 AVTFERT IS
Yy¥ 225 B kRS0 G B,
1.7 EA%RENT

BCa 4fiifg JH 1l #4 1) RIPA buffer (TIANGEN, China) 47 %!
fift , 24f#% )5 13,200 rpm ARIELES Oy 1 /B SR H . S PWREE
Fi BCA S TINE , R MR A PO 5 AR RS2 e
BTRA, BEERT 20 pg A SR AIFE AT 10%SDS-
TR TR 6 5 P K, P K o 2 1 e B 2 R D SR I I, i
FH 8% NE W # % iR A 1 /MBS 5ARIR —$i (B-actin: Santa,
1:500;KLF4: CST,1:1000; ER-o:: Abcam,1:1000)4 C Z% 3¢ i

s 7R3 5 TBST 28 Wi =t 4 WUm , i A SRR % A AL P

FRICEY — 40 (Thermo Scientific, IL,USA) 37 C 4k£LHF & 30 43
B, BHPEAR 5 B i P3G 3 Ak~ & 6 (Thermo Scientific, IL, US-
A) HEATREIN, BAM: S5 S ] BioRad 2R R Giifizk . A
Quantity One(BioRad)#i {1 #4724 7347

A
FP<0.01
c . 4 —_—
2E 35. *
® 3 3 .
EN 25 5
58 ,21 . V3
o = 1.5 - s ®
S ¥ 1 - & a ! -
'ﬁu-. 0.5 - g a8 o ®
Ei -ﬂ # A .
o« &
f“ﬁ. "F
n‘ﬁp 013“'.
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1.8 Ft R EERFER

GLucON™ESR1 # % 24 ] i Gene-Copoeia (Rockville,
MD. USA), M 3iBH 45, F)H ViaFect™Transfection Reagent
(Promega, Beijing, China) # pCMV6-KLF4 } H =25 9 # 1A
pCMV6 vector 435l 5 GLucON™ESRI 7 5 #k 4 4t 5% e
NIH3T3 Zfiid, 555 48 /NG, 4006 FHAMEE e R (B2, 102
pM) FI/ Ok e (10° M) ORI 24 /i, B S A
Gene-Copoeia it Luc-PairTM Duo-Luciferase Assay Kit 2.0 345
WU A5 JE R A AE X 9 28 I 1 o
1.9 it FE 0

SLEEAR LA prifEiR IR, JF R H] GraphPad Prism 4k
PEHFT SRR A AT U AR XS T K 5), Z2 50 a 2 Ml 4e it
2 S R R R 7 220 Wb AT iTA DL P<0.05 s 22 5 H
AR L

2 R

2.1 SREMTZE {4 BCa fREZA LA iE K% KLF4

9 T 5T KLF4 558 il et 259 BCa Z I 1E R L3R
T8 SR A2 52 B PCR ARG 1 20 {3k fih e sk BCa
S BRALZUR 25 51K il it 24 BCa g 41 21 rf KLF4 mRNA
ik, S5 51 R < o i it 244 BCa 5 B 4H £1rh KLF4 mR-
NA (2635 1 3% = TR ik UM BCa FFELIZ (1.69% 0.76
vs. 0.83% 0.44), FHHE 2 2.04 £5(P<0.05)(& 1A), BiJ5 , >R FH 5
Y LL S Y £, R KLF4 25 P32 5k, 285 4 7 ol il e it 2
M BCa Ji L 21 KLF4 25 [ 32ROk il e UM BCa g
AR E T, BAYES 5 E B4R T BCa A% (&11B),

Letrozole-sensitive

- -
-

Letrozole-resistant

1 SRl Z5 1 BCa R AR shid ik KLF4, (A)SLERER PCR #il] KLF4 ZEAR[E BCa fRIEHALA I RIZKT; B)RBALRUFEKRN
KLF4 ZE7R ] BCa fS 44 BB AL, Bar=25 pm
Fig.1 Upregulation of KLF4 in Letrozole-resistant BCa tissues. (A) RT-PCR analysis of KLF4 expression in different BCa tissues. (B)

Immunohistochemical staining in different BCa tissues with an anti- KLF4 antibody. Bar=25 pm

22 KLF4 ZFEL3 45 SR MmiZh 14 BCa R PR ER/RIE
T B2 E KLF4 19335 T e -5 R il v i 245 4 B3 A1
KRER, NS MCHAGE &L okt 244 MCF7/LR 4i

fio WA 2A B 7, A TR H AU ) MCF7 42, MCF7/LR

2 2 B (107°~10) ke il s fal 8 st , 240 AT EA 05 (>80%)
HI LIRS 7 o SERY E £ PCRFIER [ e B3 43 1) S 7 ok e
it 245 MCF7/LR 40 i KLF4 mRNA([&| 2B)fil KLF4 % 14 (/&
20)¥%5 MCF7 41 fifd & 3 751 (P<0.05),,
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5 60 %3 g
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@ 0 =2
o TR T T T

Letrazole (M)

(KLF4/185, 2-84%)

c

. g P<0.08 ‘\?’

. A
23 &

'1 ACTIN
03 - -

& oF
A

2 KLF4 ZE L0615 S5k B i 25 1% BCa B R RE T RIE. (AMTT K46 T2 AEAR XS 7 77 33k 10 1 i Sie i e fid 25 {4 MCF7/LR 4RB A9 2 2
1B BREREAFENEEEA MCF-Taro iMGK B ATCOFERBE T EAMERE.3 5 WMk s E G, REFHH 20 F,
MCF7/LR M L4 FEFR T EF 1uM SR A DMEM H(*P<0.05,**P<0.01), (B)3EAZEE PCR %4 MCF7/LR iaFn MCF7 21+

KLF4 mRNA HIFREKE, (O)FH REENTEK T MCF7/LR 4AEF1 MCF7 4B H KLF4 BEERIEKE,

Fig. 2 Upregulation of KLF4 in experimentally-induced letrozole-resistant BCa cells. (A) Verification of the establishment of experimentally-induced

letrozole-resistant BCa cells using MTT assay (*P<0.05, **P<0.01). (B) RT-qPCR analysis of KLF4 expression in experimentally-induced

letrozole-resistant BCa cells. (C) Western blotting analysis of KLF4 expression in experimentally-induced letrozole-resistant BCa cells.

2.3 WFRIESMNEME KLF4 BERF BCa 4 f Sk fh BT T

R T BRIk KLF4 275 02 5 | i ke iy s i 24504 95 2
A R 6 P 3R X — Rk ) R A A, FRATDRE AR
KLF4 a5t Y« F MCF7 40, #4977 MCF7/KLF4 2, fnfEl
3A FIi7n , MCF7/KLF4 40 i KLF4 25 [ & & 8 & 5 T MCF7
HHfL(P<0.05), K 10-5M [ i b 38 MCF7 240 i AT Gk 241

il 20O 3, S AR AR R A R T T A 2R e SRR A R
KLF4 )5 , 33X — o MR RE A T oAy 200, i 1 704 2= 0K
SLFR A AL PEAPIRZS (K] 3B.3C), LA S5 R 78 KLF4 1
ke TR 24P Bk A i R A T RS RV o A,
T FRIRIMIENE KLFA A B XA g . A TR Do AR AT
Wi, &7 KLF4 J2 B AR R v A B e A A 2 o

A [wer B 3 [ ]
-— 114 - o
En?‘epg"' % 1.3 P <0.01 E 0.5 il
i 8 o4
&-,i“'"&? z o8 S o2
Z 06 z K
— iy 2 04 [ 0,2
== 0.2 b
M ACTIN @ = 0.1 r-]
um-m,.i & D) [
PCMVER]LFA; * ® *

Latogols (44 |

3 KLF4 i$ %1% 7E BCa AR5 SR s MM 2t R &£ (A)RB RBENEEREINEY KLF4 7£ MCF7 RAaHERIZE R (B)Bea 4HAIA

1.0x 10* ZEFE T 24- FLIR, BFLIANEH 10% FBS i) DMEM 53753 %, BE/E AN 25 nM B9A 4 A FOR )35 B B SR i I 25 3t AT U3, 26

FREERIF O KRG, BB HEFRFLAON 20 L MTT, 48T 7E 37 CHE 4 /M, Z Bl EHEF LFE, FENREWA 100 p L= B ETHDOMSO)E

fifo BRIGTE 570 nm 46F i MTT iR M4RAAEITE 1o (C)Bea ZRAEIN_EIAFI A 25 nM A4 A F0 10° M H sk sl MFFEERIE O K, FIR AT
ELISA {8 F &5k 5 47 fe i 555 Bea B BL EFTHHE R

Fig.3 Overexpression of KLF4 potentiates letrozole-resistance in Bca cells. (A) Verification of the KLF4 overexpression in Bca cells using Western

blotting analysis. (B) Bca cells with different transfections were seeded in 24-well plates at the density of 1.0 10* and cultured overnight. Subsequently,

cells were cultured in medium containing 25 nM of A4 A and different concentrations of letrozole for another 9 days. The supernatants were then

collected and the absorbance was measured in triplicate spectrophotometry by a MTT method at 570 nm. (C) Bca cells with different transfections were

treated as described above and cell apoptosis was then determined using an apoptotic ELISA kit.

2.4 KLF4 #i%& ER-o #RF3EE ESR1 Ay FokE

ER-o 7% BCa #1ifi v 35 F R AT, (o 48 B A AR5 i =
A ER-o AR A2 SRR T 2 2 R il s i 24 1 3 K A A% 0
HEZ M, R, RIBTE 0T 7R G 2L Mg s FLZH 21
rh ER-o ) ESR1 %[ mRNA /K35 KLF4 mRNA 7F %k 7K
-5 R AR (=-0.7642, P<0.05, [8] 4A), #E— LA

7, S FRIKSNENE KLF4 A7 52 240 ) ER-oo 75 FLARIE A1 64
RIKIKF (18 4B). O 1 $ 4t KLF4 af 7154 S oKCF B il
ESRI1 LR IR 7 TESE, AN 12 R 5 2
PRGN 7o WAL 4C F7R  7EAMNEPEMERCR E2 T, GLu-
cON™.ESRI 5 BIRH SO R BHE T E T, X TR
FAT g 10° M Ak kb A . OB, R
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SMEYE KLF4 5, R HiiEX GLucON™ESRI R EHARITOE  FesgoKF H b ESR1 AYH: K0k

SR P A 400 1 2800, Bt — 2D g (P<0.01), $7 KLF4 A 7

A E =

P <005

Fo= 0,767 3::‘
= =
se & :
my 25 ‘i'*
gL 2 . £
2.4 15 & =
s® 1 o W KLF4 5

)
g % ﬂ.: - .. ER-a &
L
=5 + T L] (]
< ""_3. 0 2 4 A acTi - o
= Relative expression Loteszole {184 &
(KLF4/18S, 2-84c7) T, -

PCMVE-KLFe: .

4 KLF4 #3857 ESRI FixKFE, (A)LAES PCR 454 Pearson Chi-Square test 447 KLF4,ESR1 %R FE 7K F 7€ 45 5l BCa IR IKIE

ALARPRIZEXRXR, B)EERRINTERNILRIEIMEY KLF4 3 ER-o RIZZE

g0, (C)FI A ViaFect™Transfection Reagent

(Promega, Beijing, China)$§ pCMV6-KLF4 J H 25 [ #iff pCMV6 vector 4335 GLucON™-ESR1 $F 4 8k 25 F NIH3T3 0B, 3 48 /NBF
=, fRaF A SNE MR EE (B2, 102 pM)F0 / 53k th s (10-5M) R 24 /BT, BEE FI A Gene-Copoeia B Luc-PairTM Duo-Luciferase Assay Kit 2.0
SR o B B AR R 3E S R ERIE 1o
Fig.4 Transactivation of ESR1 by KLF4 signaling in BCa cells. (A) The correlation between KLF4 mRNA and ESR1 mRNA in 45 cases of BCa clinical

samples was evaluated using RT-qPCR, followed by Pearson Chi-Square test. (B) Western blotting analysis of KLF4 and ER-a expression in BCa cells

with different transfections. (C) NIH3T3 cells were co-transfected with pCMV6-KLF4 or empty vector, along with GLucON™-ESR1 reporter plasmids. 48

h after transfection, cells were stimulated with 102 WM of E2 and 10° M of letrozole for another 24 h. Cells were then harvested and subjected to

luciferase reporter assay using Luc-PairTM Duo-Luciferase Assay Kit 2.0.

3 ik

KA AFFTIUE T 58 A 538 K ST A5 538 B i 385k 2
TP AR SR | R L g ke it e T 2 e B kAR Y R B A
Ll Z — SRR T/ 2 DR FS 5, BT
533 SR AT A3 R ) AN 58 T 2R, FRATTAY RIS s
KLF4 754 il e v 25 M08 Bk 2B b R vp e eah, AR TTREIE
oA SRR A BRI ) ER-o0 63K M3 P, b T 2 5 )k th
WA 247 1 o S A 2 e AR Y DG SRR T VR o

H A 1k, KLF4 78k il s 2544 BCa Jig BEA1 4 rh S 5
FEIRI o T 1A 5E 2B . Ak (Oxidative Stress, OS)
Pt NIRRT =W A (923 B R T R = A o 2 R ey v
JiL 5 IR , B I, A R SR R R PR o AR
WO B o SRR P PR A ) — R R R T R0A K B S B
ERPIR R — B E KRR, OS MR ¥ &S
3 BCa Tif 2y (B R ) BB R R 2 — TS R R R
Foke et , BCa RPN & 7= A K A i 3, (46 A B B F
(.0%) .72 H M 2 (OH) Ml Ak E (H0,) 55 , M BUA AL R 3
RS H 2R, RS, AT B KLF4 ZER 241
041 0 JUL 200 B VRN 35 43 s A 4 T 27 OS R . A,
KLF4 [ T AT Lh3E b7 5 AMPK {5 538 [ T 100 1l 45 o
Wy OS ARt 27, DL s 785735 3 KLF4 RERT /64
AL R SRR 5 B 5 SCRTAE S L IR 5 (555 Sk 52 i OS Y
R

M ANIE A B f BT 5, BCa 41 i 32 238 i A i AR e ik
Als T gyr=ag . — 5, Wi BR-oo FE3AFEE S5, {88 40
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