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The regulation of the transcription factor E2F4 to human asthma-related gene Six1
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[Abstract] Objective: To construct a luciferase reporter plasmid for human asthma-related sine oculis homeobox homolog 1(Six1)
promoter fragment , predict the potential transcription factor binding sites , and to study the effect of E2F transcription factor 4(E2F4)on
Six1. Methods: Six] promoter fragment (=351~+100 nt)was synthesized and inserted into the luciferase reporter gene vector pGL3-
basic, the activity of recombinant plasmid pSix1-451 in HEK-293 and BEAS-2B cells was measured by dual luciferase reporter gene
assay, and the potential transcriptional binding sites were predicted by bioinformatics methods. Then pSix1-451 and siE2F4 or E2F4
overexpression plasmids were co-transfected into HEK-293 and BEAS-2B cells, the luciferase activity was measured to determine the
role of E2F4 in Six1 gene transcription. The effects of knockdown and overexpression of E2F4 on Six1 gene expression were measured
by qRT-PCR and Western blotting experiments. Results: The luciferase reporter plasmid of human Six1 promoter fragment was
successfully constructed, and its activity was verified. The fragment contained transcription factor binding sites, such as E2F4. The
regulatory effect of E2F4 on Six1 was verified. Conclusion : The transcription factor E2F4 positively promotes the expression of human
asthma-related gene Six1.
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[A] Y 57 78U & FE A 1 (sine oculis homeobox homo-
log 1, Six1 ) f&— 4 75 [R5 25 44 8 1) e S R =, %
NI TE T RS AR 28 M b B - 8] 58 5 4K (epithe-
lial-mesenchymal transition, EMT) #2258 ZAE 7,
Six 1 FERTEMNR ARG R EE T8 BV 2 e
OB AIA , AT B TR a0 A= 1 FEmE i v
Six1 X A 4 K FB (transforming growth factor-B,
TGF-B) 140 31y EMT "Il AAE M I B 2 AT
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R HEISHE B X HJE AR Six1 ABFFE 324
TR Sl M S A A EAER B X T Sixl B
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E32 S 56 78 w1 3 3838 E2F 5 5 R F- 4 (E2F tran-
scription factor 4, E2F4))5 Six1 Fih = 2s, 815N
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NEE G (HEK-293) AT S2 A5 1 Bz 41 il
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il iz 45 B ) S A SIS & AR AF 5 E2F4 /N T4 RNA
SiE2F4 Bz 9 X IR siNC \ E2F4 55 3¢ 3 JFi ki pEN-
TER-E2F4 & 28 34K pENTER (B 50 %R YR A
B 2% #] ) s DMEM 5% % 3 (ThermoScientific 23 7 , 38
&) ; B4R 1 (Gibeo AR, S H) s THER R AL
W3R A RAEYFARFRR AT 5/ Bk 00 &
(Omega /ANl , 5 [E ) ; DNA Marker  BR 614 VTG MIU
I F1Xho 1 . T4 DNA % $Z i F1 305 5% 5% i (TaKaRa 23
A), HZAX) ;SYBR Green qPCR Master Mix (Bimake 2%
AL ) . BRI YL Lipofectamine3000 A {4
(Invitrogen 23 H], JEE] ) 5 XU 2 BRI 57 5 (Pro-
mega AT, S [H ) s BISHH(GENE A F], PHHES ) 5 H 3K
H B BGR) & (R s BB AE R I A PR A D)
E2F4 . Six1.GAPDH —#T (Proteintech 22 &) , K H ) ;
SDS-PAG HEKE  BRAR i3 AL W b 12 - i o — 40

(R R RAEYHEARABRAF)
12 Fi
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HEK-293 1 BEAS-2B 41 ffd 7 & A 10% )i 4= Ifi.
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A K AR
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EL %R

A Six1 F£H 751 (GenBank 45 : NC-000014.9)
IS (] [ 37 A 4 R e Bl i NCBI Chttp < //www.
nchi.nlm.nih.gov/gene/ ) $& 2L IH 205§ ATG _IiF2Y
351 bp HBFS . K A Six1 3 30 F i e s 4h 47
J(TSS)E M+1, ¥ A Six] DNA FBt-351~100 nt
1 ) 3 F 4 A pGL3-Basic 24K 1, iy 44 A pSix1 -
451, HH JASPAR # 14 (http://jaspar.genereg.net/) i
D S PR F- 25 507 1 o
123 fEikdsmie

1 HEK-293 1 BEAS-2B 4 Jifl 43 5142 50 2] 96 L
B (1x10° /4L ) o 24 h J& , {# FH Lipofectamine
3000 #F 100 ng Jii 2 F it &5 B4 pSix1-451 1 pGL3-
Basic 5 pRL-TK B (4 ng) — & H A 4L 21 41 i Hh
KRR I, {8 Lipofectamine 30007 100 ng
S B AR B pSix1-451 55 siE2F4(50 nmol/L) 5§
siNC (50 nmol/L) W i % YL B A it v, F 37 °C 5%
COIGFRARRE SR 24 b, W EIK E2F4 X pSix1-451 Ji3
SGYERIFE I 5 5540, 8 pSix1-451 5 pENTER-E2F4
(100 ng) 5 pENTER (100 ng) #F 17444 Yy | W g%t 3
K E2F4 % pSix1-451 3 S PRI
124 MEKFHRELR ZEAEN BT EFHE

FR:FEH, FH 100 wL/AL W R £h 2% AN (phos-
phate buffer saline, PBS )} 96 fLA I ¥k 2~3 i , 4L
T 30 L 243 5 2 2% 20 min, $ B
R BRI &8 BRI % pGL3-basic  pSix1-451 LA
KR AE #6358 E2F4 J5 pSix1-451 R sh 1t , -
B HBRELL R pRL-TK AOTEME . 252D HEE 31K,
1.2.5 %8 % EZ 2 PCR(qRT-PCR)

fifi 1 TR1zol 1X57 A 40 A 5 42 HUS RNA L, SRS
i Ff PrimeScript RT Master Mix Perfect Real Time Kit
W4 L 5% J 45— %% cDNA, qRT-PCR i JI] SYBR
Green $ RTE LightCycler480 I (% [G /3w, 5[ )
HEAT o UM S 79 :95 °C 10 min FilZEPE,95 °C 15 s,
60 °C 30 s,72 °C 30 s, 240 MEHR , £ J7 72 CHEAH
5 min, FTA NI DAB-actin /E AR E M ETT 3 1K
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HIZ N I 24 OnE P AR kK. B 8 BRI R B RPN Six1 BRI A Bl
w5195 T3 1. FIX 81— 2, BB Six1 R 87 X 24
#1 INFHFEFIF qRT-PCR 3|1 i\ pGL3_Zf Slc.ﬁﬁi* : ﬁig 1 fﬁm I pOL3 basic
Table 1 Sequences of siRNAs and qRT-PCR primers AURLE, Fe e pSix1-451 Jr B BORL i) HEK-293 il BE-
P A5 AS-2B A AR 5 26 R A4 ) 0, 2 A
SiE2F4 1F X% : GCGGCGGAUUUACGACAUUTT TERE X (P <0.001), Z55F%, A Sixl J5 s F2¢
J% X4% : AAUGUCGUAAAUCCGCCGCTT 6 F B A F 40 Bk % S 2 HEK-293 Fl BEAS-2B
siNC  IE 245 : UUCUCCGAACGUGUCACGUTT M E A B s iE .

J L5 : ACGUGACACGUUCGGAGAATT 22 ASixl B3 F X 4 F BT 25 A48 T
E2F4 L?:ﬁ%l%:CGGGGTACCGCAATGCCGAGACTGACAAG B 2R A pSix1-451 F B Bk F76 0 2 i e
Six i : SGAG 5 SAGGGGTG " . _ o -~
RS9 TCCTTCTTGCAGGAGGAGTT ?fﬂ?ﬁ EAIPNS| 5 zj]%{ﬁ/f_i/ﬂ\’ﬂ% % %ﬁgm
B-actin _F-3#3 ¥ : AAAGACCTGTACGCCAACAC 5k DL FH JASPAR R 2 X BRAEA 7534 , K45 P REY Fe
Fﬂﬁ%[% .GTCATACTCCTGCTTGCTGAT 2:% [ﬁ %%%'fﬁ)ﬁ o illil F§] 2 Fj?/jf\‘ 5 T’ﬁ()‘]‘]%%i&%ﬂ?ﬁ?

HFE P AT BEAFAE E2F4 S50, S R 25 B0 Ak

1.2.6 &@ RJEIPiE KL

7 R A A A 3R R R R L SRS A
5x PR w100 C&3 10 min, BLHil 10% SDS-
PAG BEI, 80 V HHLIK G 100 V4H 4B HE 1, 205

2.3 #F BT E2F4 3 Six] B3 -FK-FeiRE

R T WA E E2F4 BETS ELFERTT A Six1 (G 5%, B
1T4E HEK-293 F1 BEAS-2B £ Jifd o 43 53 i {1 A ik 3¢
IRFESER T E2F4, WK 3 7R, 5 siNC Ab B ) X R

5 I 250 mA, 120 min %5 2 PVDF i, =18 F
5% RS TR TS M EL 2 h IS 4 CE & —diad i, fifi
FH TBST YRS 25 1R 0 1 h, P BE AR fin b
SEW R 5 . 8 GAPDH /E Ry N 2, 5236 <7

1204 HEK-293 .
EEBEAS-2B
80

FHXTHOCER M M
IS
o

HE 3K,
1.3 %i5F% .
K GraphPad Prism 7 }2 SPSS 22.0 AT BE ’_T—.
AT AT . LA R DB il 2 (v £ 5) R 0
R AL FCBOR K. P < 0.05 K92 A e polae e
JESEON 5 pGL3-Basic MLk, P < 0.001(n=3).,
TR 1 FREERSEE S HEK-293 71 BEAS-2B 4 th
) = A Sixl BT

Figure 1 Human Six1 promoter activity in HEK-293 and
2.1 ASixl B 3T & A

4G U pSix1-451 Fr B BRL AT A% R 51

BEAS - 2B cells analyzed by luciferase reporter
system

TTGTGCGGAGTTGTGCGCGACTCCCCTTAGGTGATACTGGCGACGGGTCCCGCGTTGCAGGGTCCTG
Enl

ACGCGCTCACCCACTCCCTACCTCCCCACACCTCCGCAGCGCAGCTCCCTCAGACCCCAACTGGCTT

CCCACCTTTCATCTTCCTTCTCICTCCCACCACTCCCTACCCGCGCAGCCCCGGCAACACCCCCAACCCE
FIGLA E2F3

CAGCTCCGCAGCCTCGCCCTCCCCGCTCTGGGCGGTGCGGCLTCTCTGCCCAGCCGGGCGGLGLGE

TGGCTGGCCAGCCCCGGATAGGCGCCGCCGGCAGCCAATCAGCGTGCCGGGGACGCTGCGCGCTTTA

AGGCCGCTGCGGGGAGAACAGAAACCAAGTTCCCCGGICAACTAGCAGCATCCAIACGGGCGGGAGGTE
HINFP ETSI E2F1 E2F4
GGAGGCAGCAAGGCCTTAAAGGCTAGTGAGTGCGC CGGCCGTTCCATG
GATA3 ETS1

2 EF JASPAR Mt FilE R EFE SRR
Figure 2 Predication of binding sites of transcriptional factors by JASPAR
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ZHAHEE, ] siE2F4 40 B Y HEK-293 F1 BEAS-2B 41l ity
H, pSix1-451 5 BEJORL 98  2E B A I 1 T b B AR
(P<0.001,P<0.01) ;1 5 H %5 /K pENTER 4 3
B BEZHAH EE L FH pE2F4 40 B ) HEK-293 Fll BEAS-
2B AL, pSix1-451 Fr B TR 2 28 il ) 3 14 BH
THE (P <0.05,P<0.05),
2.4  #F BT E2F4 5 Six] mRNA K- 893835

Ry — A HRSE E2FA N Six 1 (IEEER , 85
qRT-PCR & T HEK-293 Fll BEAS-2B 41l ity 1 E2F4
A1 Six1 /) mRNA 7K, DL A2 E2F4 J& 75 5211 Six1
mRNA ik, 5 siNC ALY XT IRZLAH L, siE2F4
AL ) HEK-293 F1 BEAS-2B 4 it , Py TR Six1 /Y
mRNA 7K B @ FEA% (P < 0.01,P <0.001, & 4), [7]
i, 5 pENTER &b B (%) X} BEZ1 A E , pE2F4 4b 28 i
HEK-293 Fil BEAS-2B 4 ifg, Py ¥ Six1 Y mRNA
TR B IR (P < 0.05,P <0.001,[84),
2.5 HF AT E2F4 3 Six]l & G KPR

38 Ao 2 ] AR B S5 43 i A HEK-293 Fil
BEAS-2B # Jfd &I Al ik #6538 E2F4 J E2F4 il Six]
(R 7K, DA A2 E2F4 2 55200 Six 1 8 K1Y
Fik, WES PR, 5 siNC 40 B AT B8 20 A1 1,
SiE21F4 A0 B 41 A H P A Six 1 %2R FH 7K B S

202147 H
2.0 -
CIHEK-293
= BN BEAS-2B #
=
gﬁ 1.0
4
=
0
siNC  siE2F4 pENTER pE2F4
HsNCH L, P <0.01,"P < 0.001(n=3) ; 5 pENTER A It ,
P <0.05(n=3).
B3 #REFE2F4 7 /331 F7k FiF#E HEK-293 71 BEAS
-2B #lfE A Six1 B

Figure 3 The transcription factor E2F4 regulates the hu-
man Six1 gene at the promoter level in HEK -
293 and BEAS-2B cells

He, pE2F4 A0 B 20 i A TP Six] 198 H kK
SR B THE (P < 0.05)

3 it i

HZ AP AE LI S K (0 8 a0 EARZ A
PN F IR AR R H B AHLE] . 5 SoKF R %
B I PR SRR IR R — SRR IR A S, A
JA BT A T8 8 1 X5 —Se L SR N1 5 3)

& (P<0.01), [FHE, 5 pENTER ZbHAGXT BEZHAH  FAE NSRS 38 545 RNA BRE 0 11 XA 3
CIHEK-293 CIHEK-293 CIHEK-293 CIHEK-293
157 mprAs-2B 157 mBRAS-2B 8007 mpEAs-2B i 41mpEasop &
' = ey # =
= = E 600 m 3
B-1.0 TE10 B =E it
= < = <
z% z % Z X 400 z X,
29 = 25 2 =
< 0.5 Fos < ® S
IS e = 1 o1
= 2 = n
0 0 0
SiNC SiE2F4 SiNC siE2F4 pENTER  pE2F4 pENTER  pE2F4

5siNCHIE,"P <0.01,P <0.001(n=3) ; 5 pENTER # It.,"P < 0.05,"P < 0.01,"P < 0.001(n=3).,
El4 #FEF E2F47E mRNA 7K FiF$E HEK-293 #1 BEAS-2B 481 A Six1 £ E 3Rk
Figure 4 The transcription factor E2F4 regulates the human Six1 gene at the mRNA level in HEK-293 and BEAS-2B cells

HEK-293 BEAS-2B 157 4y SIsiNG
& NI . # WSiE2F4
& @3 @ @3 s @5‘ & 'f‘ E =pENTER
N B N 1.0 OpE2F4
covs [ S Sl .
.
Six] S SN GNP SR e SN 35 D E s
CAPDH (il S SN sne GID GO GND @9 30 D2 &
O-
E2F4 _ Six] E2F4 _ Six]
HEK-293 BEAS-2B

5siNCAHLL, P <0.05,”P <0.01(n=3) ;5 pENTER # Lt ,*P < 0.05,"P < 0.01(n=3),
El5 %% REFE2F47EE QK FiEE HEK-293 1 BEAS-2B 4 A Six1 EFE Rik

Figure 5 The transcription factor E2F4 regulates the human Six1 gene at the protein level in HEK-293 and BEAS-2B cells
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— 0, S5 THFZALMBENRE, WA &
WE T SE R G R A B RS2SR I 2
T ARk LR iR AR IR TR
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