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Effect of parthenolide on proliferation and migration of MCF-7
breast cancer cells by targeting the c-myc G-quadruplex
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Abstract: This research investigated the effect of parthenolide on the proliferation and migration of human
breast cancer cells and explored the molecular mechanism of that effect. Surface plasmon resonance and fluores-
cence resonance energy transfer melting were used to detect the binding and stabilizing ability of PTL and G-
quadruplex. MTT assays were used to determine the effect of PTL on the proliferation of MCF-7 breast cancer
cells. A wound healing assay was performed to detect the migration of MCF-7. The results indicate that PTL shows
good bhinding and stabilizing activities with c-myc G-quadruplex with a Ky = 13.1 umol-L™*. PTL inhibited the
proliferation of MCF-7 cells with an IC,, of 21.3 umol-L* (24 h), 14.5 umol-L* (48 h) and 9.1 umol-L* (72 h).
PTL inhibited MCF-7 breast cancer cell proliferation and migration and down-regulated the transcription and
expression level of c-myc by targeting G-quadruplex.
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/N4 S (parthenolide, PTL) 42 M 54 ./ (154
ARG A S5 245 FH R A7) v SR 023 B B 1K — Pl A 2k A I
FAL G, BAG BT TS S R T SR A XSS
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MR 57%E
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TEHIRAE; RN DNASIY, A& TAW T (&
) B A RAE MTT, T g AR A R A+
DMEM i W RE 72 3%, Wi 5 16 P 25 B R B PR A
psiCHECK2 Jfikisk B 1l R2= o o s dl,; ik
M3E, WL RAUAED R A R A F] 5 c-myce 2 H 5
7o B BL A& (rabbit) g-actin 2% [ 557 B LA (rabbit) A1
BHAR 1 S A6 4 B A i T rabbit — 1, Cell Signaling
Technology A ] »

Mtk RIS A TS MCR-7 410y H
H E R B R R s R AT T B A, R SR
10% fifs 4 IfiL 35 A1 1% T 75 % - 55 5 2 (1) DMEM 751 b 55
FrEERE IR, B IR 37 °C 1% 5% I A A Bk ) AN
TR PEANM R R o 4 M 7R R % 0L A A K A B A 3
80% J&, F R H B VA WAL B, AT ARG 5% .

REZEBFIRLIR (SPR) # PTL 5 G- $& 4
GRS HESCRUA T 2%, B AEY Z bR id 1 c-
myc G- U %%k DNA (biotin-pu22, DNA 5 51 I % 1) 45
O EbRil TREEMENSH L B S HEIRERN
0.0.63.1.25.2.5.5.10.20.40 pmol-L* PTL ] £ i ¥
WL B, FE82400 s, 75 PTL 5 DNA S & )5, i H
SPR 2% il it i ot Fr, FF4E 300 s. A RN 2 (7]
1mol-L* KCIE W HAES . [F5RER, AHIEH
WA PTL 5 DNA RIS G EE) .

RN HIRAEE T (FRET) A HRSEIE40 G-
HHRERS SRR L, KPR IE

Table 1  Oligomer sequence and primer used in the experiment

Oligomer Sequence (from 5' to 3')
Biotin-pu22  Biotin-TGAGGGTGGGGAGGGTGGGGAA
F22T FAM-TGAGGGTGGGGAGGGTGGGGAA-TAMRA
p-actin-S CTGGAACGGTGAAGGTGACA
p-actin-A AAGGGACTTCTGTAACAACGCA
c-myc-S GTGGCACCTCTTGAGGACCT
c-myc-A TGGTGCTCCATGAGGAGAGCA

DNA F22T (DNA J7 %1 .5 1) A 10 mmol-L* Tris-HCI
ZZ R REZE 1 umol-L2, 95 “Chn#A 10 min J5, fdi 4k
REEBFEE=R. K PTL5IE K5 DNAR G
J&i, PTL 23 % 43 ) 9 0 A1 pmol-L, DNA [ £ 3
FE8 0.2 pmol-L*, 4 CHFH 12 he HAF & 752 2 PCR
B F S 2O i B PCR A AT S 56, S 56 ok 2 v
BEH 37 CBH I mE C, F1minftEml C, &
BWORER N 470 nm, K6 1SR I 530 nm Ak 1¥2¢ 5%
SR, SR 4E S, F GraphPad Prism 5.0 1 B - &
DNA [ R FE T8, it 5H AT H.

MTTEE &AM PTL 3T 4RARIEE MR K XS
H A K 1 MCF-7 20 i 2 b T 96 FLAR H, 45 b 2% &2
NAEFL 4 0004, JRCE 7E 37 “C 5% ] CO, 4 i 3% 7% 44
HiRE 7% 24 hlT Al 58 A BE J, 3225 B3, NN A
N 0.2.5.5,10.20 F1 40 umol-L* () PTL 41 fig
B FR W, T 37 °C 5% ) CO, 4l i 1% 7% 4 v 43 il 85 97
24,48 M1 72 he [EEFLHFIIAMTT (2.5 mg-mL™) %7K
20 pL, gkZE N 37 CREFRAE 4 h, B 5 3725 13g, A
DMSO (% 4L 100 L), FH B b5 A 5E 570 nm 4k (1)1
FEAH, I FH GraphPad Prism 5.0 #f4 4L ¥ %45 . PTL %)
Y B FE AN A R = (1-Apr /A e 11)*100%

4% 3 PCR 236 (RT-PCR) &M X X F a4
F OB K MCF-7 40 i 2 b 6 LR T, %
il B SR 20 J3 1L, JRUELE 37 °C \5% [ CO, 4 fitd £% 97
i H R 7% 24 G i S8 A WS BE S IO VE R AR
4 0.5.10 120 pumol-L* ¥ PTL 4 JE 15 77K, T 37 C«
5% [1] CO, 4 Hu % 7= #6 FH K5 7% 6 ho WCAE 2N M 5, FH
RNA /s & 32 Bt 77 & 32 B 20 i RNA, 4% SCHR 7 700
RNA i 5% 25 cDNALY, i cDNA 147 PCR b7, 514
¥ % WL 5% 1 (B-actin-S. p-actin-A. c-myc-S. c-myc-A),
PCR F£ ¥ A4 : 94 "C 10 min; 94 "C 1 min, 58 “CiE ‘K
30's, 72 ‘CHEAH 1 min (30 ME#R); 70 °C 10 min, & 5
4 °C. PR PCR = W3EAT 3505 Bl B I vk /s 40 1,
F QuantityOne £ S 46 25 R AT 73047

E B RIEENTE R (Western blot) 48X FE A #Y
ik Kot H A K MCF-7 40 i 2 T 6 fLAR R,
FE 0% B2 R 20 J3l4L, TCEAE 37 "C 5% (1) CO, 4 My 1%
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FRAA B IR 24 h 40 i 52 A WG BE =, NNV AT 24k
J% 5 0.5.10 F1 20 umol-L™ ff] PTL 4 g £ 5= ¥, T
37 °C 5% I¥) CO, ZH 15 = A6 h 15 77 48 . Bt J5 i B2 48
FfL, IO R R, B A s B 1, - BCA R
RS D7) G R R, )& R B . 123
BRI V0 B 1 RE AT S S S S 0%, 455 % 1R Figure 1 The binding ability of parthenolide (PTL) and c-myc G-
) 4 25 E TR 265 Lj/f—actin B N B, quadruplex DNA by surface plasmon resonance

WK E B IR & & F AN PTL 3F c-myc G-IM
FERRIRZE R A K MCF-7 40 i 520 T 96
FLAR Hp, B 2 5 000 AN/AL, 7E 37 °C 5% 1) CO, 4l
Jf 8% 75 46 v 15 9% 24 h, B 5 A pGL-c-myc-WT 2 pGL-
c-myc-MU X 7¢ 6 2 i 5 41 psiCHECK 2 Jii iz 101 e

— 0.63 pmol L4
— 1.25 pmol-L!
— 2.5 pmol Lt
— 5 pmeol-L"!
— 10 pmol-L
— 20 pmed-L!
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W o iR T N A AR £ . SEIRAE R (| 2),
F22T =% 1 2H DNA [P fif S i B2 T, 164 69.2 °C, PTL %2
SE J5 I F22T i 4 T, 18 8 74.3 °C, 6 B PTL %t c-myc
G-VUEE A — & M)A E /e T, AT [N 5.1 C.

SIS . 1 PTL SR AT 3 70 7 24 g oo
S, VR I, I s 25 Ml 25 SR 7 O 9 5 on = e
AL AR XS 1, 4 H GraphPad Prism 5.0 #1142 =
(AR £ 0

SR AN BB TR 0 Hk K 1 S i

MCF-7 41l il 574§ 6 SLA £ 37 'C 5% [ COZZEHH@' Figure 2 The melting curves of G-quadruplex by fluorescence
B IR A b A 20 B R B R I B 80% J, A8 AR RSk X B resonance energy transfer melting assays

T MR B3 SRR, T L35 15 7R s e A e . FH G I

5 20 PR B R LR B 57 24 h, B S AE 6 SLBRCH DA 3 PTL X ZLBR 2 4B AEIGTE K F RIS

fift A5 2R 2 9 0 A1 10 pmol- L () PTL 6 I 5 4 i 1% 9% 5% AR L, PTL X 4440 5% 3% (1) MCF-7 41 i 1t
T, 4k S HUE T 37 °C 5% [ CO, 40 ity 55 77 46 Hh 15 9%, A5 B A M e, L E 5 i B A S 0 AN A RS TE] Y
TERG 92 0.24.48 F1 72 hj&, H R BT RIE AL dA e, JEK-, VR B R . MTT 928645 56 8, PTL/E

FUFSH BB U+ sFToR, BT ED 24,48 F1 72 h J5 X MCF-7 41 i 38 58 1 > H040 i vk
FHE 3K, {1 GraphPad Prism 5.0 i tH 8 3E47 #. J& (half maximal inhibitory concentration, 1Cg,) 73 71l 4

KI5 20 #1, AP < 0.05 N 3 A gt Lo 21.3.14.5F19.1 pmol-L*, L& 3.

4 PTLIEFEREE c-mycERAMFTIENZI
R 78 5%t MCF-7 41l g % ik 47 (1) RT-PCR SE 36 4% i %
1 PTLXJ G-MU$EADNARILEERES B, 525 [t B ALM B, c-mye 5 [A] 19) B S K 1 BiE

JH i SPR S G 5 AN R 9 B 11 PTL % G- 0 6 44 PTL 1 A ¥ B /o4 Jon i B4R, UL 11 4A; Western blot 5
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It FRET 5 fif S 56 7€ 58 e brid i A% 1 R G- 5 PTLXfc-myc G-PUs&iAxaY 200
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Figure 3 The inhibiting ability of PTL with different concentrations and time on breast cancer MCF-7 cells. n = 3, X + s. "P<0.05, “P<
0.01, "™"P<0.001 vs control group
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Figure 4 Effects of PTL on the c-myc transcription and expres-
sion in MCF-7 cells. A: The mRNA level of f-actin and c-myc in
MCF-7 treated by PTL; B: The expression level of f-actin and
c-myc in MCF-7 treated by PTL. n = 3, X 5. “P<0.05, “P<0.01 vs
control group
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Figure 5 Effects of PTL on c-myc promoter G-quadruplex via
dual luciferase reporter assays. n = 3, X + s. “P<0.01 vs control
group
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Figure 6 The migration of MCF-7 cells after treated by PTL 24,
48 or 72 h. Scale bar: 100 um. n = 3, X + 5. "P<0.01, *"P<0.001 vs
control group
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