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Quercetin Regulates the Expression of Oncogenes through G-quadruplex
and Affects the Proliferation and Apoptosis of Tumor Cells
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('College of Life Sciences, Northwest A & F University, Yangling 712100, China; *Department of Human Anatomy, Histology and
Embryology, School of Basic Medical Sciences of Xi’an Jiaotong University Health Science Center, Xi’an 710061, China)

Abstract The effect of quercetin on Hep-2 and MCF-7 cells growth and G4-regulated tumor-associated
genes expression were investigated by using CCK-8, flow cytometry, immunoblotting, Real-time PCR and in vitro
binding assay. The results showed that quercetin significantly inhibited the growth of Hep-2 and MCF-7 cells and
induced cell cycle arrest in S phase. Quercetin also induced Hep-2 and MCF-7 cells apoptosis and showed typical
apoptotic characteristics such as phosphatidylserine eversion, cell membrane incompletion, chromatin condensa-
tion, procaspases activation. Meanwhile, Quercetin significantly inhibited the expression of G4-regulated tumor-
associated genes such as c-Myc, KRAS, YYI. Furthermore, Quercetin promoted 27 nucleotide c-Myc promoter G4
(G-quadruplex) formation sequence Pu27 to form stable G4 structures and inhibited binding of the nuclear protein
to G4-Pu27. These results indicate that quercetin may inhibit the expression of G4-regulated tumor-associated gene

through inducing intracellular G4 structure formation and inhibiting the resolving by G4 helicases, which results
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into tumor cell growth inhibition and cell apoptosis.
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UIPyridostatin®F1360 AP E A5 H 4F 1 40 J v 1
1, AR S8 ) FH W e 41 B Hep-2 A1 L R J8 41 FRMCEF -7
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1.1 SEE#rRY

1.1.1 @/ Hep-2FIMCF-74H Al H [F 2 s256 41
M TR L R 5T & AL ), A A 10% 64
I35 (fetal bovine serum, FBS)F1100 U/mL 7 % & /4
R EFEDMEME; 755 T-5% CO,. 37 °CH; 7M1
i E B IR

1.12 %A MR (=98.5%, Q111273-20 mg)I E i
Fr T EAICEEA FRA R 8 RG] 71)(04693132001)
A1 R T 40150 75)(04906837001) 14 | Roche 2 ] Li-
pofectamine 2000(11668-019) A1 ECLZ {1 (34080)/4
H 2B R B (P E A PR 2 7] ; Annexin V-FITC
PTG £2(C1063) 41 i 4% 5 41 i i 2 [ 41
BUR 7 (P0027). RIPAZLS#AW (PO013B). CCK-8ist
% (C0038). DAPIH I (C1005). caspase-3HLiA
(ACO031). PARPHIIA(AP102). VEGFHi1A&(AV202).



75 A MR I GA R 1588 2 DR A R e R A R SR S R T 2321

5% EMSA/Gel-Shift4 & 2% i #(GS005) H #1 = R
HEWF AN 7] RNAiso Plus (9109). Prime Script™
RT Master Mix (Perfect Real Time) (RR0O36A).
SYBR® Premix Ex Taq TM II(DRR820)/ H = 44 T
FEORIE)A PR A ;5 B-actinfi & (CWO0096A) I [ b 5¢
FRAEH 20 AR A IR 75 o-Mychiti£(94028) 1)
H Cell Signaling Technology/A &; RbJii4(C-15). YY1
PUAR(H-10). KRASHT A (F234)#4 14 4 Santa Cruz Bio-

technology /A 7]
1.13 A& 31108KEAXCOHF## H Thermo

A, SW-CI-2FDA XU FL 546 TAFE & 1 3 75
1§ 1k; CFX96% S 52 B PCRX . Western blotZ [
HL K R 4t Chemi Doc XRS+7AY AL 22 K B A% A%
iMark}! /i b7 {X ¥ 4 Bio-Rad 2 7]; BX51+DP70%% )
BB F Olympus A 7]; FACS CaliburZ i =41 i
1 EBD A .

1.2 LWFHE

1.2.1 JiM#E  PlHeLadl i N 4IDNA NI,
P4 MBI MIFL: 5'-CCG GAA TTC CAC AGG
ACA AGG ATG CGG TTT G-3' FIR1: 5-CGC GGA
TCC CCT CTG CCT CTC GCT GGA ATT AC-3'(FAI
RO L FESIY, T RIGAR R U) AL s )i 35
c-Myc i B F—484~+34 /7 B, i NZEcoR TH1BamH 1
XU V) [ pGlue BasicliifiH, DARJ 5P, P2JE &)
FHINHE I 7 51 R 5 AR B e-Myce i 81 #5 o Rie-
Myc-WT-Gluc. F ] 5#JF2: 5-TGC TCT AGA CTC
TCC TCA CTC TCC CCA TAA GC-3'fIR2: 5'-TGC
TCT AGA AGG TGG G GA GGA GAC TCA GC-
3 (N XN bR i Xba THE V)AL A5, IR AR 3R R AR B 2
53905 51 F LRIRTEC X9 3 e-MycJ& 3 F v B, AL
i U] J5 35 [ 48 A\ B EcoR 1R BamH TXUEE V) (1 pGluc
BasicFi KL 1, LAKY BEPu27 ) 41 S48 (R e-Myc J2 3 1
45 5 i e-Mye-Mut-Gluc

122 @ Axm SRR B pIR 4
HHep-2 MIMCF-741 A, LA2 0001~ 41 fitd/FL f LL 451 4
FREIO6FLIE TR . S RIETRIG, AN FHK
JE M8 2 25(04 25 pmol/L. 50 pmol/L. 100 pmol/L)
AT EE, BN R EI N PATER .. 4HT72 hGE,
BN 10% CCK-8IIE FRIIAW, 37 °CiEE 1 h
J&i FH B FR A AE450 nmA1630 nm Ak 5E WO (D) R -
RRH SEIG B3I AHTS i i an A x5 41
J % JI=[Daso(4b 3 20 y-Diso( ik F2 2H ) )/ [ Daso(XoF HE 2H )

Deo(FF HRAZD)]

123 @mie R gem alEAEKOIRES R R xT
% M Hep-2 MIMCF-74H fitd 422 M Bll6AL 55 72t b . &
LRI, A [FH FE M B2 22(0 50 pmol/L.
100 pmol/L)i#AT AL , kb 3172 W5, &R A B AL,
WA MU EE RS mLES O N, H A PBSHES 2K,
IINTRAT0% L BE, WFTIRS], 4 °CF [E %30 min,
FHFAPBSYEE 2K, IIN0.5 mLAAL 5 BE (propidium
iodide, PI)%% (7 100 ug/mL RNase 150 pg/mL PI),
HE N, 37 °ClE ' G 30 min, F It 2040 M 7E
488 nmIFURK K AL 615 5, A FHFlow JO 7.6.5
B e B0 B 4 PR A B B 4 B BT o B A8 9
o SRIGHST HE A 3K

1.2.4 @2 Annexin V/PI &, DRI RKIRE R
U FR R E U Hep-2 ATMCE- 74 i 326 R 36 FL 1S F- 4
2 R FR G, 1100 pmol/Lf B2 2 &b B 48 i, LA
DMSO NI, Ab3H72 b5, WA FTA BT I REH
Jfa, FHPBSH & 5 i i v 400l e 40 i 2 5, %5 H1<10°
i /mL 22 245 47) 4k BE 20 4% HE Annexin V-FITC Apop-
tosis Assay i 7l & 1569 14T Annexin V-FITCHIPI%%
P A M CEE AT 20 A i, {5 Flow JO 7.6.5
A M S B A R ] SR ST B 3K

125 @/eDAPIEE WAEKIRES R I Hep-2
AIMCF-740 B Fpp T 0 26 THCE A Jo T 72 37 191240
B @R FR 5, FH100 pmol/LHfi} K 2 4b
FEYRM, ADMSO NI . AbFET72 hig, W55 95,
BIAO0.5 mL 0.4 %2 58 H e[ 7€ W, =25 [2] 7€ 10 min;
FAPBSYEI35, MMA0.2 mL DAPIS iR, % i Y
45 min; £ 0%, FIPBSHEIE3R, BUH B & 5 G
A RE B, IRINTET NG Pk e K F il
(ke b b, F 98 A SR 4t Az R A I 4a
126 #EPPE CRHAERKRES RIFHep-2AIMCF-7
YA BlofLES TR . SR FRIG, FANFIR
JE M R 250 50 pmol/L. 100 umol/L)i# 4T 4b B
QTR hE, YRR, PBSYEIR3 IR, F & AR I B4
i) 771 FRTRTPA 4 i 2 fif i 2 M 4 T, $R B B 1 9 F
BCAEN i 8 H IR FE, 1A [ db 3 45 1) 8 9 B2 R
3, NG RS> SDS_EREZE M, TR A1 5 i /KiB
5 minffi & AR AR S H B8 E RN, 15 358%~15%
(1)SDS-PAGE#E i 1 AT HL Uk, FI) W8 4% 2000 5 1 %
BIHRAMR R, SHEAONMHRA 4 RILE5%
(0 Jii B K = iR T b, 5 — P4 O B T,
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BRI

TBSTIE MG F5 =R E 1 h, 55 HECLA
WO B B AT 25, PhB-actinfE AL N 2.
127 ®ERELR KRR REFIMCF-740
fode 240 . 5 57 J5, ) F Lipofectamine
200073 7l ¥ c-Myc J3 ) 1 # i FLe-Myc-WT-Glue
K Pu27)F B RAZHR 2 KL c-Myc-Mut-Gluc#s 4%
MCF-741 . %% 4424 h)g, DAAS[E]HR A B 2 Ab 3
gL i, LADMSOAE My B A H B3 A H A
25WIREEEA8 b, IEE RS F7 W7, I FH Secrete-Pair™
Gaussia Luciferase Assay Kith& il ¢ )t 2 B#(Gluc)idi 14
FEAFE S S W 3IK, 45 R BCF 41

128 B ZZPCR  FAEKARE R4 (1 Hep-2 A1
MCF-7T4 i efh BlofLi 7otk b . Zd s fE, A
[FJ 3R P RO 250+ 50 umol/L. 100 umol/L)HEAT 4bFE
AbFE72 hfg, W 5597, FHPBSTEE: 11X, ZHERNAiso
Plusiii B PBHEHUSRNA . - U500 ngffl s RNA, FPrime
Script™ RT Master Mix i 7l £ ) 4% 3% ficDNA. 21§
SYBR" Premix Ex Taq TM ITut B B EC #1120 pl sz B A4
R, B EEINEE, Up-actinfi AN S, 2R
J& ¥ B AR HE R P EAT SEI € BPCRX M. 8 F Bio-
Rad CFX Manager V1.1.308.111184K FA4C T3
AT SO KOG T o B B X R 2 I mRN AR I & %
BN, RS A RE . LD E
3, BTRBIVIF I .

1.2.9 #t it #% 55 (electrophoretic mobility shift
assay, EMSA) &S iiFAMARIC B e-MycJa 8+
G4T B 7 51| Pu27 5 #% 1 FRFAM-PU27(5'-FAM-TGG
GGA GGG TGG GGA GGG TGG GGA AGG), H
ddHOF #5100 pmol/L. H{20 pL FAM-Pu27 /i
180 pL 50 mmol/L KCI[H TEZE M FE, 90 °CiE
‘K5 min, ZZ18AH =, J54 °CIRAF. I EUE
K Hep-221 A, 42 6 40 k% 5 40 B ot 2 1 $2 5L

FIEE(PO027) 15 B 1 bRl 20 AR AU B (. B2 pL
1B K IIFAM-Pu27 5 AN [A) IR FE O B2 250+ 1 pmol/L+
4 pmol/L. 8 umol/L)FiBE 210 uL PBSIAHH, 1R2)
J5 E IR A S min, JIA4 puL 5% EMSA%E & 2R
5], FEfb oy R4, — 240 pmol/LIZ & A, 5 —4
AN, FJ5 FAPBSYE R [ B AA 24055720 pL, B2
JG37 °CHF A 1 he FE A2 puL EMSA _EAF S,
FH 10%3F A8 P 5 73 s ot e JI 7E.0.5% TBE HE ki H
60 VUK HLVK3 ho FEIKSE R T, FI BB,
POREC K 45 R

1.2.10 #¥E42  FIHSigmaPlot 10:3E47 il & Al
BT T BE R s R . (5 FH o6 36 A6 01
) 22 5%, P<0.05 N ZE 3B St %5 L.

2 H#R
2.1 K EXTHep-2 FIMCF-7T40RE4E K OS2I
Wit e AL 2E 44 N3,3° 47,5, 7- L FE B (K 1A),
I AEAE T R AR AR A A R b, B £ R R
Vi, mytE. Bk, BimESE, P bumig
PE& 52 G0, (B PURALE B iT A g . i
FEIRIE, Wi B 2 — Rl R ARGARCAR, fEE 4 &t Fa
SEGAZIR 451 . GATE R #1 22 LT 2L I 1) )
Bl X, S0 i ik R s ELE HRIAE Y, L, FRATTHE
DN, 7 25 PT RSB 45 A Re e AN i R I G4, AT
0 ) o 2 R A S R A R AR K . IR TIE X — B AR,
BATE Sk T R xbman e B K sem. %
Hep-2 FIMCF-74H i £z 7 E196FL AR 7, 15 77 2 U BE
Jii, FASTRIAR 2 M2 (0 25 pmol/Ly 50 pmol/L+
100 pmol/L)#EAT AL 2, PA%EEDMSOAE Ky 1L X R,
AbFRT2 hfE, FHCCK-8YEA M40 M i 1. 45 S an i
1B 7w, Mt R RS MR A K, IR
LR FE AR o 30— 5 AG DU K7 20T 240 Pt T 1 5

®1 314955

Table 1 Primer sequence

FEA ElEs1(s'—~3" T —3")
Gene Forward primer (5'—3") Reverse primer (5'—3")
hTERT GAG CTG TAC TTT GTC AAG GTG GAT G TTT GAT GAT GCT GGC GAT GAC

KRAS ACT GGG GAG GGC TTT CTT TGT
VEGF CAC CCACCCACATACATA CA

Rb CTC TCG TCA GGC TTG AGT TTG
Yyl GGA ATA CCT GGC ATT GACCTCT
c-Myc GTC AAG AGG CGAACA CACAAC

P-actin GAC AGG ATG CAG AAG GAG ATCAC

CCTGTCTTG TCT TTG CTGATG TTT C
CTC AAG TCC ACA GCAGTC AA

GAC ATC TCATCT AGG TCAACT GC
ACATCT TTG TGC AGC CTT TAT GAG
TTG GAC GGA CAG GAT GTATGC
TGATCCACATCT GCT GGAAGGT
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W, 15 Hep-2 HIMCF-740 M £ Fh Bl6fL 85 7=tk Hh, A
[ FE P2 25(0 50 pmol/L. 100 pmol/L)AEFH72 h,
22 [ 5 AP 1 )5, FH It XA AN 20 i 240 e ) 3 %
AP L. 45 R CRlR, St IELLAE L, Hi
J 2 Ak 3 () Hep-24H Hi.S B3 A1 G/ MBA 41 Hd bb 491] 2 2%
B0, iRz 25 AL B AMCF-740 .S 4 g EL 451 9 B 55
BN, 45 R0, Wi 2% A0S i 4N i 4T e A A BE
TESHA. bR 4 A AR AR T D 200 Bt 3 43 BT 45 SRAIE
S, M Bz 2R e % e ak BEL i Jee 20 ) S5 40 ) e g 4 2R
RIEPURIER
2.2 R E X Hep-2MIMCF-74RBERYIE SET-1ER
ik — AR A Bz 2% o s 1, FRATTAR I T

(A) (B)

Wit FR 5 SR T2, 1 6 A Annexin V
(AV)-FITC/PIX 4% 34T 53 #T, AV-FITCHIPIH% €4 7y
S B A DN 4 B T3 4 R A T 22 R A
BRI e e, 25 A QA BRA BT, AT s A
Ho oy AT vE 4 i (AV /P S HAVE T4 A (AV/PT).
W 105 T2 20 AV /PT) RIBE AN LAV /PTY) . Hep-2
FIMCF-74 i 2 F 2l6FL i #, F100 pmol/LAf 7
FALHE, FIDMSOE X 8. 72 h/E i £E B A 4i il it
17 Annexin V-FITCHIPIH 5, 4R J5 F It =X 41 Mo A A6
DA T Ol 25 R E2AFT oK, %F T Hep-2
YA, Hi R 2 AL FE S B0 4R L ] HH90.36% N BE 3
53.80%, My 4 T 4 A b 5] H5.41% 1 FF $130.86%

1207 . MICF-7
[ Hep-2
100 -
?H 8 X * %
o~ . OH = 80
C 1 z .
HO 0 [ H £ 60 .
Ne 3 %
OrH OH © 40 *
Quercetin 20 - n
0L
(C) Cell number 0 25 50 100
Concentration /umol-L™!
Quercetin /pumol-L~! 0 50 100
B G : 83.34% WG :73.10% G,: 60.93%
1600 SP ] o 5,
Ns: 11.33% N s: 19.22% v S:2826%
B G /M: 5.33% WG /M: 7.65% | BG/M: 1081%
= 1200 2 2 | 2
5 ] ]
e 1 J [\l
5 o _ 5
£ 800 ] ] R
o)
@) ]
400 1 ] ]
01 3 o RS
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
1600 - WG, 79.00% | WG, 7197% | G,: 6922%
s: 16.82% S:2593% ] C s27.78%
5 1200 BG/M:4.17% | G M 2.10% BG,/M:2.99%
4 3 o~
: | p
£ 800 ] ] =
= ] ]
@) 1 ]
400 3 E
.- -

] : o 3 . S
0 20 40 60 80 100 120 0 20 40 60 80 100 120 O 20 40 60 80 100 120

A Mt R AL 224505 B: CCR-8iE AN 7 32 6 Hep-2 FTMCF-741 fitd A K A5 C: 7t U B AAS A 2 35 X5 Hep-2 ATMCF-74H it J# 3 ) 20

*P<0.05, 55X IR

A: the chemical structure of quercetin; B: cell growth analysis of quercetin treated Hep-2 and MCF-7 cells by CCK-8; C: cell cycle analysis of quercetin

treated Hep-2 and MCF-7 cells by flow cytometry. *P<0.05 compared with control group.
Bl 45 E T Hep-2FIMCF-740A0 4% K A2
Fig.1 Effect of quercetin on the growth of Hep-2 and MCF-7 cells
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(A) ©)
. DMSO Quercetin 7 Quercetin /pmol-L!
i 4.239 3.899 .349 9
: % % 15.34% 20.62% 0 50 100
10° : ol
{ Caspase-3 : o
] &, I
10| e PARP [“as S &
—
10! 90.36%{ 1.52% 10.24% B-actin | |
TR - [ — S —
. 100&?,';;". — AN
10*1 1.13% 2.45% 29.05%
103 Quercetin /pmol-L™!
o~
23 0 50 100
10% Y O
_ o SEIE pare [ ] |
1.84% 1 5935% 7.93% —— g
Sl B_actln |- - -l
10? 100 10* 10" 10" 10? 10*
Annexin V
(B)
DMSO Quercetin DMSO Quercetin

10 um

10 pm

Hep-2

MCEF-7

A: AV-FITC/PIXUidA% M 1 3% T Hep-2 AIMCE-741 MU T H; B: DAPIYL (3346 M 1 26 Hep-2 FIMCE- 741 M A% A5 C: 4 )i BNz sz

e 1 2R A5 2 R

A: apoptotic analysis of quercetin treated Hep-2 and MCF-7 cells by V-FITC/PI staining and flow cytometry; B: apoptotic analysis of quercetin treated

Hep-2 and MCEF-7 cells by DAPI staining; C: apoptosis related proteins analysis of quercetin treated Hep-2 and MCF-7 cells by Western blot.
B2 5 &% S Hep-2FIMCF-74RRUE T
Fig.2 Quercetin induced apoptosis in Hep-2 and MCF-7 cells in vitro

XFFMCF-741 i, i Bz 28 Ak BE -5 B0 40 M L 451
94.58% T B4 %159.35%, 1 ¥4 1= 41 g bt 49 114.29% L
T+51136.98%, 44 S 15t I B 2175 T 0 4 M A A R T
FIFIDAPIH: 152 e M 22100 umol/LAfi iz EALFET72 h
J&, Hep-2 IMCF-740 A% L &2 4k . 45 5 (12B)
R, R I ZH 2 w5 O R, G 5T o AT B
5, T B 3R AL BRZH A R AZ T A R4S AR, e a5
Iy A AN, I I PR L S Ak, FRIN 4 A
TR . 33— 0 i G g% B SE AR A
DUYE T2 FH G ER H caspase IR A 4 e M R 1075 S T
EH . 4H M T 3 2@ i caspase ik #i M i 28 1 4% .
IEFARES R, caspasesx H LATCTE HEATATE XAFAE, 2
YRS AT 5 RS, caspase & [ i 7] 14 5%

& I VIEE A AN FRNE R I IR S TR R —
BRIk, 351 [ caspase & [ fWicaspase-338 it Y]
2 P HoAth 25 3 QOPARP, M T B IR 200 it 455 ) - 51
AR T, X — AR R TR Rtka]
PLIE kil caspase ® 1 A L 32 EERL R A FPIRES %8
AHRRIT. . 5 F(ER20)BoR, SXTHRAFA L, 7EM
Z 40 P i Hep-241 B 1, caspase-3FTPARPH Hi il BH
SV EI &, T AR R 2R AL 3 [ caspase-3 6tk Y
ZHAMCF-7+, PARPH H BB B 1 D) #1445, DAL
SEIRIR A, Wil K 2 Re %5 T Hep-2 RIMCF-741 i &
AEYE T, RN B, MR 2R B PO T AR IR A
H MR A K, B AR e, B S
UL .
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2.3 WEENEGIBFT I c-MycBEh iR
B ER RN

I B 2 S 56 UE S 2R BE S M | Hep-2 FIMCF-7
U AR, FEE SR T, RIS B ) B R
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A: schematic diagram of c-Myc promoter reporter onstruct. The c-Myc promoter —484~+34 fragment was inserted upstream of luciferase reporter gene,

which contains P1, P2 promoter and NHE III; element. Sequences were wild type and mutant Pu27 (mutant bases coarsening display). The underline

means restriction site, the bold means mutant bases. B: reporter assays to determine the effect of quercetin on c-Myc promoter-mediated transcription.

*P<0.05 compared with control group.
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Fig.3 Effect of Quercetin on c-Myc promoter regulated Gluc in Hep-2 cells in vitro
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Expression analysis of G4-regulated tumor-associated genes in quercetin treated Hep-2 and MCF-7 cells by Real-time PCR (A) and Western blot (B).

*P<0.05 compared with control group.

El4 15 R3S Z GHFE A X B E AR FT

Fig.4 Effect of quercetin on the expression of G4-regulated tumor-associated genes in Hep-2 and MCF-7 cells in vitro
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Fig.5 Effect of quercetin on the binding of G4-Pu27 with nuclear proteins in vitro
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