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[ Abstract]

metastasis of non-small cell lung cancer (NSCLC) through the enhancer of zeste homolog 2/histone H3 lysine 27 trimethylation

Objective: To investigate the mechanisms by which eupatilin (Eup) inhibits proliferation, invasion, and

(EZH2/H3K27me3) signaling pathway. Methods: In vivo, a subcutaneous xenograft tumor model was established in nude mice
using H1299 cells to evaluate the anti-NSCLC effects of Eup. Immunohistochemistry (IHC-P) was used to detect the expression of
proliferation- and invasion/metastasis-related proteins, including proliferating cell nuclear antigen (PCNA) , matrix
metalloproteinase-2 (MMP-2) , matrix metalloproteinase-9 (MMP-9) , and vascular endothelial growth factor A (VEGFA).
In vitro, cell counting kit-8 (CCK-8) assays were performed to determine the viability of H1299 cells treated with different
concentrations of Eup (0-200 wmol-L") and to select appropriate concentrations. Colony formation and 5-ethynyl-2’-deoxyuridine
(EdU) assays were used to evaluate cell proliferation. Wound healing and invasion assays were conducted to assess cell migration
and invasion. Human umbilical vein endothelial cell (HUVEC) angiogenesis assays were used to evaluate the effects of Eup on
angiogenesis. Transcriptomic analysis was performed to identify the targets of Eup in H1299 cells and to explore its major functions.
Molecular docking and molecular dynamics simulations were conducted to predict the binding affinity and interaction stability
between Eup and its target proteins. Western blot was used to detect the effects of Eup on the expression levels of EZH2/H3K27me3
pathway-related proteins and proliferation- and invasion/metastasis-related proteins, including PCNA, MMP-2, MMP-9, and
VEGFA. Results: In the subcutaneous xenograft model, compared with the model group, Eup treatment dose-dependently
inhibited the growth of H1299 xenograft tumors, and the tumor inhibition rate was significantly increased (P<0.05). IHC-P results
showed that, compared with the model group, high-dose Eup significantly reduced the expression levels of PCNA, MMP-2,
MMP-9, and VEGFA in vivo (P<0.05). In vitro, compared with the control group, Eup inhibited the proliferation, invasion, and
metastasis of NSCLC cells in a concentration-dependent manner. Transcriptomic analysis further showed that, compared with the
control group, Eup significantly downregulated EZH2 expression, and its functional effects were associated with inhibition of
tumor metastasis. Molecular docking and molecular dynamics simulations indicated that Eup exhibited strong binding affinity with
EZH2 and stable interactions. Western blot results demonstrated that, compared with the model group, Eup significantly inhibited,
in a dose-dependent manner, the expression levels of EZH2, H3K27me3, and proliferation- and invasion/metastasis-related
proteins (PCNA, MMP-2, MMP-9, and VEGFA) in both in vivo and in vitro experiments (P<0.05). In vitro, compared with the
control group, overexpression of EZH2 via plasmid transfection partially reversed the inhibitory effects of Eup on the expression of
key proteins involved in proliferation and invasion/metastasis in H1299 cells. Conclusion: Eup effectively inhibits the
proliferation, migration, and invasion of H1299 cells both in vivo and in vitro. The underlying mechanism may be related to
inhibition of the EZH2/H3K27me3 signaling pathway and downregulation of proliferation- and invasion/metastasis-related proteins,
including PCNA, MMP-2, MMP-9, and VEGFA. Eup may serve as a potential therapeutic agent for suppressing proliferation and
invasion/metastasis in NSCLC.

[Keywords] non-small cell lung cancer; eupatilin; enhancer of zeste homolog 2/histone H3 lysine 27 trimethylation (EZH2/

H3K27me3) signaling pathway; proliferation; invasion and metastasis
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W B 5 R BB bR S EE S . DR R,
EZH2 38 3 fit b H3K27 = B 3 Ak, UT Bk E-45 36 &
(E-cadherin) . 2 i J 7k 77 25 (1 [A] I 9 (PTEN) 4§
S, JF bR BT 4 @ 2R 1 (MMP) -2 \MMP-9 &
Sr i B g o A B L B N R S R IR s AN
I, EZH2 i n] i 42 1 5 20 B A% Bt )5 (PCNA) |l &
WA KT A(VEGFA) 5 7 2 i g AR K 5
BEFg10 [A e, $1) EZH2/H3K27me3 {5 538 #% Al
FE Sy 00 ] i3 3 e B AR IR T RN . SR, H AT
G 4% 18 BF 9% AE 92 Eup J& 75 8 i I8 Y EZH2/
H3K27me3 {5 5 i >k 7 ] NSCLC i 44 58 Fil (= 28
e o AT B AR B R BB AL, T4 S
A A 40 Mo B4 5 5 0 MR (CCK-8) v | il IR AN
Transwell (2223255, 1 Al T Eup X} NSCLC #4 4
SREHBEE W, FE, 425 % 7t
B Oy 18l 1 R R TR R e S BT T Bup
EZH2/H3K27me3 {7 53l B IE TE G &R o BF9E B 1E
B Eup it NSCLC BYAE HIHLEI, LI K v B2 25 B 36
it 5 £ 4K B 1) B AL A0 Hh FNAIF 5% T 1 o
1 ##
1.1 ¥ 33130 H SPF ¢ BALB/c-nu # il (4 J&
W% AT 18~22 g) , AL BRI Ok A W RHA
BRZS mAR AL, AR IE S SCXK (5T)2021-006. 525
Bl W) 1 9 IR B A A SPF 4 S 16 /N UL 57 b o, TR
5 il 7€ 18~24 °C, FH X B R 50%~60% , o it 15 2
545 12 h, H IR E 5K,
1.2 3 FrA s sy ik M (ARRIVE 319
W 5¢ 75 W 48w ) HE AT #4221 A6 RO SF e AR R
2B BR 2 R Bl Wy A RS B A 2 DSt (18
FH 45 2024071601)
1.3 40 g ¥k NSCLC 41 it & (H1299, #it %5 CL-
0165) A it ik P9 4 4 il (HUVEC, 4it 5 CL-0675)
W Aa RN EERAE A ARAR . ARG E
XoFE A KR EAT SE 5, o H1299 40 i 4l AR R 4
HI7E %5 5~20 1% ,HUVEC i ISR N & 3~6 1% .
1.4 250 53K Eup (UL EER YR A R
2, #H 5 YRY036-230901, 4 i >98%, 1 g)
DMEM #5 37 56 | Jge 8 11 il W 2 1 22 vh i (PBS) (X
DR IR AR YR A RS | S 40 ok G45s11-
500ML ., G4001-100ML , G4202-500ML) ; i 2 IfiL
(FBS, Wi VL35 AR 40 M B H A BR A | L L5 ctee-002-
071) ; CCK-8 X 7 (F§ 5t B A= W BB A TR 7 L 3tt
5 E1CK-000208-10) ; 10% 5 15 %4 BE e 58 I8 B 3k
(PAGE) #E i P o il & 8 7 & . = @ il Je & A
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SO TR 2T Yt M PO B R (B s R
YLt S 4 Bk C0078S . C1026, C0371-1ml,
C0121-100m1,FFN08.,P0252) ; EZH2 . VEGFA . 7 5%
Bk M G(1gG) =90 (i 5 i A= W BB A B2
Ao, 5 4 B CY5984. CY8481, ABO101)
H3k27me3 .MMP-2 . MMP-9  H Jli i -3- 5 1i% i & i
(GAPDH) (Abclonal, #it 553 5l & A22006 . A19080
A11521.A19056) ; 20 1 (H3) .PCNA HtAk [ 1T
(L) R 5 A R A A 5 5 5 8 AB1791,
AB92552] ; Opti-MEM . Lipofectamine 3000 %% 4 i
L NGRR3R | o 2 /NS IR = o
31985062 .L3000015)

1.5 {U#% HFsafe-12CY M40 g 55 32 B 5 &5 44
ZEBE(REAEAYETREERARAA);
PowerPac™ Basic # 3 H L 3k % E & 4t ( 3£ E Bio-
Rad 24 7] ) ; IX51/IX 81 %Y %¢ 5 i 4 5% ( H 4% Olympus
/v ) ) ; EnSpire 2 £ 1) & i #7 { ( 3£ [E PerkinElmer
/3] ) ; ChemiScope 6200 8 ECL 1k 2 1% & 4t ( I
T B B2 A AT BR A | ) s DNBSEQ-T7 A P il
o AL CTRINAR IR 3 B B A7 BR 23 7)) o

2 FHik

2.1 Zh¥W R FHEEA R BALB/c-nu # f (4~6 Ji
1,30 H),id N PEESR LR S R T 0 H1299 40 il .
B0 A 301 10 H1299 41, 715 3% 37 1L A 40 il %% 3
ik F 70%~80% B, 7% 22 I 8% 75 3% | 1 PBS & Uk 40 i
20K, B J5 R TR T I Ak JF 2.0 o ] PBS 2R 4 i
JEFEAT B, R R A0 ML %% B & 4.5%10°>/mL , 2R )5 %
B S A TR A M AT S . AR Z H
e, A HOUL AR B RS B s L . HE R 2 1R
Jei o R A K E O R ALY 100 mm B KRR R
BEAIL 2 A S 41, 43 51 A RLZ 4 (CDDP) 41, Eup
flo b A, e K SALZ AT AL
B A H 4T 0.2 mL A # R K 8 i i 5 1 ¥k/d;
CDDP 41 CDDP 2 mg-kg", & & 1 4F 1¥%k/2 d; Eup
K5 & 20 & Eup 50 mg kg, JI§ B i3 49 1 ¥ /d; Bup P
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7 = 2 S Eup 100 mg kg, 8 I i 5 1 ¥k/d; Eup &
7 B 4 4 Eup 150 mg-kg', 8 I i 4 1 k/d., 4~
A RRRS 14 do FESCIR IA], B H R R AR
BRA 75 Bl IR BORE MRS L A 3 K AR AR R RO
R AR (a) B AR (b) AR A 2 V=axb?/2 115
R R R B, 2 25 14 d S, S BRUEME B0 P ik AR BE
R IBCRS AR TR 2E AT 40 R PR T R IR R R

2.2 EdU R P9 A5 i 6 00 ik 9 20 M 3 58 UM T,
] 4 7 2 CDDP 21 F1 Eup 75 57 2 25 o 78 41 BLUJRE 14
H5F EAU B, iF EQU 7644 9 8 05 BR 4 24 1) 240 i 42
B4 4 %] DNA 1, AR 2 h 5 BUR i BE  4b BE /)N
BRL, B g 4 20, 8 U0 L A EdU B ) & X
Yl R 3647 9 kRl , FH 2606 B fUBE MR ORI, i3
H Image JAR A GE 11 BH 1 40 i £

2.3 B AL Ak ik R DU RS AR 41 41 b PCNA K&
MMP-2 MMP-9 VEGFA FE H I #&ik HBEER LT
% A 90 A D ) IR 2 U AT A I ) R
WE K . SR 3% i E kA (H,0,) E W E
30 min, A BH W P9 R 1 S SR Ak P S 1 L B S A
3% 4+ ML F 8 A (BSA) B W, il B 1 he T
fil PCNA (1: 300) . MMP-2 (1: 200) . MMP-9
(1:200) \VEGFA(1:200)—41,4 CHF B L . &K
H, U R 2 PBS ¥R &G I A4 EAriC P
IgG(H+L) (1:1000) — i, EiRMWH 1 ho 13,
3-THIBCOKIE (DAB) R ARG RO, LR A R
YU M o R R RO R R W 5201 R 4R
K4 .

24 40 MERE 3R OK HI1299 4 M B O )5, A
DMEM 1 3% 3 (% A 10%FBS) 4% F , 78 37 °C .
5%CO, i W BE 30 855 T 85 5%, 41 A K 2 80%~90%
R AT AR TR A A O 0T & 3 ARG AT
S

2.5  CCK-8 7 I 40 i 770 5% 8 b F X £ &
69 H1299 40 1 43 51 L) 4x10* 4> /mL 14 %5 1 35 #h T
96 fLA L AL 100 L, 5535 24 h)m , I A 259 .
Eup 9 ¥ J% 43 %] 4 10,20.40.60,80,100,120,150,
180,200 pwmol-L", 25 F1FL AL A 55 it 19 35 5 0k |
HeMNEFL, ET 37 °C . 5%CO, 115 FE 55 R 43 4
Hi9%24.48.72 ho WeBRIG AL A& 10%CCK-8
VW o8 A Ry AR R R R AL (LS A
10%CCK-8 1Y 58 2 45 52 58 ) , B AL 100 pL, #OCIEH
60 min Ji7 , {5 JT] AR (SRS 0 78 K oA 450 nm 1) 557
AL A, T AR AT R . A AE T =

(Aupn = Apwn ) (Asun — Agmn ) x100%,

GraphPad 4% /4 11 5 2 B0 il ik 2 (1C,)1H. -
2.6 ML 2H M BORLER Gt aE i CCK-8 55 5 i i
Eup 5 % ) , i i DMSO it B Eup (19 1 W R
50 mmol- L. 7E IE [n] 5256 HoKs 20 i 4 4 o 25 [ 4
(2.4%DMSO) , Bup Ik . 11 . #55 ¥ i 28 (Eup ¥ B 43 1)
7 40.80,120 wmol-L™") ; 78 ML il # K 52 56 b, K 41
M 53 S 78 420 (EZH2 i FRIK 2 A5 #+Bup & K
41 EZH2 i # 35 +Eup = W B2 41 . ffi F] Opti-MEM
il Lipofectamine 3000 %% %4 iz 1) XJ 20 fif i 17 5% 4 .
H1299 41 i % 4 3 000 pg-L' A pcDNA3.1
(+)-EZH2 3 3K # /K fi1 3 000 wg L' # pcDNA3.1
(+)-XF B AA . 5% 9y 6 h 5 B 48k hy i 3 5 L L Ak 2
W A A, R H X 4 R AT A N 2 A Ak B i A A
51T DM SO ¥ B i = ok 2.4%o0 , YIS FE 3 3%0 o
2.7 EdU 40 134 58 92 56 R A T x5 Ho A KO
H1299 4 g 73 51 LA 1x10° 4~ /mL () % &£ 3 F T 48 1L
Mo, & 4L 300 wL, 55 3% 24 h )5, dEAT 40 4 T B, 4
H5ANHE AL, 24 h G WBRIEFRH N A PBSTH VLG ,
fin A EdU #RiC 2 h 5, ff 1] 4% 2 5 R B E
15 min . 3%o 73 8 1% 10 min J5 , #% 18 EAU & 1] 2
) &5 Uk Bk B C & 9 2647 8 o )W 30 min, Hoechst
33342 4L {4 15 min, il A PBS 7 ¥t J5 I 2¢ 6 81 & 2
T AT WL EE A HE .
2.8 “PARGERESIR R ab TR A KO R H1299
A0 B 43 3 LA 2% 10° A4 /mL 1) %5 B $E R0 6 FL A, 4
fL2mL, ¥ 9% 24 h )5 , AT 70 40 T 90048 h )5 , e BR 1
FRHE, PBS I Ut J5 157 1T 1B it 1 b e 45 4t B 5 % 2% 241
40 i HE AT 38, L 600 A4S /mL Y 25 5 R 40 i 1 5 b
PERRAE 124L0R I, Ll mL, HHIANEL,ET
37 °C.5%CO, MW PR BE T 1597, 14 d J5 k8555 .
AL A 500 wL £ % H & 52 20 min J5 £ ] PBS
THYE— i, LA S 525 4 i 500 L 44 4 15 min
J& A PBS B vk 2 vk, JF 36 B o 40 RO
5 2H 40 L v R A A
2.9 RIJESCHE R AL TR BCE KR H1299 41 i
43 L 1x10° A /mL 89 % FE 460 T 12 LA v, B AL
1 mL, & T 5 5248 o 55 9% 2 40 M il & 3 38 BE R
80%. {1 200 wL JC 1R W Sk 7 4 i 2 1 ) B 45 |
e P bR — B 2R, S i R AR 98 B — 3, JF H PBS
B2 Pk 290 D2 bR T A M. B RE AR R AN TR
# B Eup (40, 80, 120 pmol-L") K =5 [ 4
(1.2%DMSO) Jf- & S%FBS K fif 15 37 5 |, 4k 22 1%
FR o AR T 0,24 48 h Al FH 8] 26 6 i ik
B8 A AH [ RS BT 045 25 4 A B R R R
. 61 .
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JH Image J 40X IR 58 BE AT 2 & 43 Fr , U 4 990
ST 45 HsF i) o5 R IR X 3R %) AR X A A R T AN T
2.10 Transwell (R 22500 B Ab T X 55028 K A Y
H1299 40 il 73 51 Lk 2x 10°4~/mL 9 % FE £ 50 T 6 FL AR
o AFfL2 mL, B R 24 h, AT 0 4 T 48 he , W
Wk 1 77 5 PBS T Uk Ji5 1 FH e i I b ic B 4 i, fif
TG ML 35 15 35 TR S5 6 45 2 40 M R AT B, 9 A g
W . B 24 FLAF = Poin A S8 2 R 373k 600 wL, I
AT FE I 100 L 3 HE [ 5, #4245 4L 3.5
10> 41 i %) 25 BE 32 i & Transwell I 5 (4 fLIEH
200 wL), T 37 °C .5%CO, 1l 1 BE B 55 F 15 95 24 h
Je M /NE BT 4% 2 BB EE P E E 15 min J5 785 B
BRGSO i R R T € AR - S (B S ]
it Image TR 15845 2112 28 20 M 55 ik
211 ALK B H1299 4 il 7E 6 FL AR 8%
Fd R E , AT 4L T W 48 h, B O A B W, 3K
35 R 3 3 . o HUVECs 48 i FH A [ 4 4% 12 15
Fr B H T 100 pL KRR, I DU AL 3% 10° 4> 4t fifg
1) % B 2 PP F Matrigel 298 1 96 FL AR, 4k 22 35 5%
10 h )5 . 768 & 0 i s K4, W% HUVECs
) I 45 A B 0, 38 2 Tmage T8RRI 45 34 42 45
AN 53 SR B A A B
212 B SE4 ¥ f# F VAHTS mRNA Capture
Beads 2.0 i& 71 & M % RNA 14 48 mRNA J5 , {fi F
VAHTS Universal V10 RNA-seq Library Prep Kit i{
I G HEAT e S 21 SCPE AR 3 3 5k DNBSEQ-T7 I3
B HEAT A )Y . JE T 2 F AR R A XTEFC> 1.6
H P<0.05 09 45 #E , T & 1 22 5 33k H P (DEGs) .
AT 3 AR (GO) I #R A N 5 L A R4 A
(KEGG) K& % [H % & & 43 T (GSEA) %I DEGs # 17
) BE 1F B% , 3F 2% F Benjamini-Hochberg 45 % & B R
BYERIE PAA .
213 S FxtiE R A A B R A R AT B L
BASW ., KB/ TFRKEZ R, R
MGLTools 1.5.7 # HAE% ¥ pdbqt SCF . T #/h o+
25K S 48l MGLTools ¥4 H Ak 3 5% pdbqt 314 .
WHEX ST AR TFaEEANEA .,
Autodock Vina 1.1.2 %f/IN43F FI 5K (H H#EA 7% 4%
214 4y ¥ 3 7 %¢ BEfl (MD)  MD kI
Gromacs2022 #£ ¥ , /N> F 2k H GAFF 15, | H K
F AMBER14SB 7737 #il TIP3P /K A5 %1, & 3 1 Al
NG FRCAR B SO IR SR BRI R . fEE
T TE R DL K SR P i R A A R iR AT . 7E MD LT
. 62 .

L A W S R LINCS Bk #1720 R, )
K R 2 fs. A B4R SR (PME) J7 35 31
SLEWHE N 1.2 nm. AEHEAH BRI R
10 A, B 102 H 1 I >R A V-rescale i 8 & 7
R gas I TR BE R 298 K, 3% JH Berendsen J7 32 45 il
JE 109 1 bar, 76298 K, #E47 100 ps B9 1E M| & 25
(NVT) 5 %0 % &R 25 (NPT) F A # 0, OF % &2 &
Y& 2 9547 100 ns (9 MD B4, BE 10 ps F£ 77 1 IR
% BERLSE RS 8 VMD Fl PyMOL Xof 452 48 %, 36
PEAT 5387, H ¢ mmpbsa £2 737 % & A MM F S
1A 2 [8] k47 MMPBSA %54 H #1650 #7 o

2.15 K M % Bl % (Western blot) £ il EZH2/
H3k27me3 {5 5 38 B AH 5C 85 (1 76 8 1A 21 21 2 20 it v
12235 Ak T X0 KO H1299 41 i 43 51 LA
2x10° A~ /mL 1Y% FE AP T 6 fLARH , B 4L 2 mL, 3%
F% 24 h, S 41T 1048 he il ST S % U T
(RIPA ) 24 fif Wi £ HUEE 1 s TE s 1 SE 3 v, OB BRL i
A RZLZL, N RIPA 24 W 04T IR RLAFF B o 2R 11
TR (BCA) I 2 20 A sh ¥ #f A ih B (VR . B
AR PURE AL, E 10% T T bE B B R B9 -PAGE
(SDS-PAGE ) # Jig H #E 47 F UK 43 25, Wil J5 e 22 il 1R
Y ZIE(NCHE) . f# FH QuickBlock™ Western £
P13 1 15 min, il A —%T EZH2 \H3 \H3k27me3 .
MMP-2, MMP-9, VEGFA., PCNA (1: 1 000) ,
GAPDH(1:3 500) ,fi/5 T4 °CHFLH. K H,
TBST Y5 3 WK, A B o 48016 4 T (HRP) AR ic 19
ZPU, #1210 000 F AR B T & 5% IR U5 K 1Y
TBSTH , M HE 1 ho FRERE 3 WG, i H
ChemiScope6200 fk 22 K 1R R4 8% . R H
Image J #AF % 8 1450 IR EE M A7 2 & 0 Ao DU
GAPDHE AN Z , His B RX K FiE L5
GAPDH 19 Lb {8 247 hr A b 2

2.16 Gtk i GraphPad #4F 11 1C, (4,
K HISPSS 27.0 A Ge it o M it B R x + s %
N, 2 U B BRI R E
(ANOVA) , W4 21 [a] Lb %5 R Y ¢ 45 30, P<0.05 1A Oy 22
SHG IR E

3 #£R

3.1 Bup X H1299 4i it 75 # 5L K ™ 57 i B8 Al 08 A=
Krysgm  S5ER 40 4L, Eup 45 % & 41 ) CDDP
2 4 i e A K R Y B 3 R IR (P<0.01) o WL
FE B O 45 6 98 PR R0 o0 p R W, AL 4 LA,
Eup 1 T 2H i 988 AR (A B 24 W I 45 /)N (P<0.05, P<0.01) ,
Eup v 5 20 4R BT I AR R S 4 /N ok 3
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SRR B ST (P<0.01). MAP IR SR U, F 20 190 B Y R S

H, Bup & P L R A/ BRAR R AR AP AR, R AL

# 1 Eup /R BhE KR

Table 1 Effect of Eup on tumor volume of mice (x+s,n=6)

GEME (X+s,n=6)

&, BA B 2. WR1-R3 K 1.

b AR A /mm’®
41 51 F it /mg- kg
0d 3d 6d 9d 12d 14d
H A 2 86.86+8.16  163.75+17.78 312.18+13.43 493.00+63.33 703.78+100.64 1 777.60+186.28
CDDP 4 2 87.57+4.16  117.02+7.20% 205.07+9.86% 275.63+23.30°  362.27+12.22% 639.41+105.48%
Eup fil i it 41 50 85.84+£0.62  154.22+7.52 282.03+9.48" 402.53+47.90”  600.03+93.14" 1 588.38+54.55"
Eup 5 i 41 100 93.22+0.70  141.92+13.21 217.85+9.63% 315.88+48.67%  480.77+61.09”  1319.25+111.74”
Eup /& 7l & 41 150 84.87+4.63  110.73:13.66>  168.97+40.46”  275.37+41.01  354.08+81.69”  1102.53+198.48%

T SR LA U P<0.05,2P<0.01(F2 2-3 13 [f])

R2 EupW/hREREMZE (X+s5,1=6)

Table 2 Effect of Eup on tumor weight of mice in each group (x+s,n=6)

N R T /g
2 5] 4t /mg kg
0d 3d 6d 9d 12d 14d
RS 20 19.30+0.32 19.38045 19.62+0.34 20.13+0.14 20.28+0.15 20.43+0.16
CDDP 2 19.22+0.55 19.45+0.55 19.60+0.30 19.88+0.38 20.18+0.13 20.35+0.08
Eup fIG5] i 41 50 19.12+0.31 19.35+0.38 19.68+0.34 19.90+0.35 20.13+0.16 20.40+0.09
Eup #1541 100 19.28+0.38 19.58+0.35 19.65+0.32 19.93+0.31 20.13+0.24 20.37+0.08
Eup /77 4 41 150 19.27£0.50 19.53+0.42 19.62+0.31 20.03+0.47 20.17£0.15 20.37+0.12

3 Eup /R BB R E R H0EE
Table 3

B (¥+s,n=6)
Effect of Eup on tumor weights and tumor inhibition

rates of mice (x+s,n=6)

20 5 F/mg - kg i 988 Jo 5t /g T /%
LRI ZH 0.97+0.13 -
CDDP 4 2 0.26+0.14 72.59+13.95%
Eup fIE5] 1 41 50 0.77+0.10" 20.52+10.10%
Eup i i 41 100 0.590.15% 38.97+15.40”
Eup = 7 41 150 0.43+0.11% 55.34+11.23%

3.2 Bup % # B H T R 1A I e 4 B 1S A Y 52

LR A4 %, CDDP 4 Ml Eup & 7 & 41 EAU [H
P 20 it K5 24 2 e/ (P<0.01) , 32 W Eup 76 £ B
A P T A o A A A WL 4 R 2,

3.3 Eup XJ 4 M 3% 58 Fl = 28 A G 87 11 R 3K 19 5
Po - W A S G WA S NG R
PCNA .MMP-2 MMP-9 #l VEGFA i H £ ik & i,
FH P AR 5 5 o (0, 32 B0 o0 T 40 LA L 40 B ot S
20 B, SRR 4] A, Bup & A & 417 PCNA,
MMP-2 ,MMP-9 fil VEGFA % 1% ik . 3 T i (P<
0.01) , BH 4t ffa Lt 451 1 35 ek 2> (P<0.01) , G A, 5 JiF
3 AR (P<0.01) , 48 7% Eup ] B 38 i< 91 i 3% 5 A1
12 78 # % 4 PCNA ,MMP-2 , MMP-9 , VEGFA f#

IKTER N R EBUMIEER . LK 3 3R 5,

&

H||\IHI\IHI’!|H|lIII|1|Il|HH|H|||HH|1II||HII|HII|!H

2.3.4 5.6 7.8 931011 1213 148

@
ﬂ
&
2

A B C D E
FE A B B.CDDP 4 5 C.Eup {51 5 41 ; D.Eup 1 5 5 41
E.Eup =7 E 4
El1 Eupxt&HERMEEREZME
Fig.1 Effect of Eup on tumor volumes in different treatment

groups of nude mice

3.4 Eup X H1299 4 Ji 38 5 (0 2 me 54 HHAL b

3, Bup T 141 B % Eup W& BE 1Y 3% ¥ Tt 5 S T F B

) A AE 4, 4 0 M 2 B BOR [ 5 (P<0.05,
. 63 .
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*4 EupERBME R IHEMAMIEENRMIE (X£5,1=3)
Table 4 Effect of Eup on lung cancer cell proliferation in nude

mice (x+s5,n=3)

20 51 # 4 /mg- kg HIBH /%
[P RiTEE] 46.13£1.01
CDDP 4 2 20.21+0.82%
Eup & 71 i 41 150 30.22+0.89%

EdU

Hoechst

Merge

A BTG, B.CDDP 4 ; C.Eup = 71 4k 41
B 2 Eup 7 £ B 4 /9 33 i 52 40 B 35 5 00 % W (8] 5% O B i
Bi,%100)
Fig.2 Effect of Eup on lung cancer cell proliferation in nude mice

(inverted luorescence microscope, x100)

P<0.01) . % Eup T # H1299 41 ity 48 h J5 1) IC,,
4 123.6 wmol- L', iR 5 F A 45 R, & & 0.40.80.
120 pmol- L' hy J5 2 52 50 45 25 ¥k B, 1 fo0 B[] Oy

L e e

MMP-2(%x200) MMP-2(%X400) MMP-9(X200) MMP-9(%X400)
T A BRI ZH B Eup i vk B 20

B3 EupX4MEEMEREEXZAREHZIN (L1EHb)
Fig. 3 Eup suppressed expression of proliferation-and invasion

related proteins in xenograft tumor tissues (IHC)

48 ho 7E-F-H v BE S g0 f, 5 2 [ 8K, 40,80,
120 wmol- L' Eup 41 Y £E 7% ¥ WL RE 71 32 2] . & 1 ifil

S BA G X (P<0.01) ;76 Edu 5256 v, JE /N
4N FfL R g H1299 41 i /Y 3% 4 BB 1 7E 40, 80,
120 pwmol-L" Eup MJ/EH T ¥ 32 2 i il , 22 7 H
Gt E X (P<0.01), FiRg5 R KM, Eup 7E 1K
Hh AT 5L R AR R B0 R H 1299 41 g 0 B A . DL
K4 &5 % 6-%8,

%5 EupXf#iii PCNA.MMP-2.MMP-9#1 VEGFA E B HMEMEAI M (¥+s,n=3)

Table 5 Effect of Eup on PCNA, MMP-2, MMP-9, VEGFA expression of positive cells (x+s,n=3) %
205 F it /mg - kg PCNA MMP-2 MMP-9 VEGFA
FETRIZH 20.32+1.30 23.02+1.61 13.68+1.50 27.15+1.30
Eup i 5 & 41 150 11.36+2.36% 9.57+0.66 8.57+0.90% 13.73+1.46”

WAL I B Eup M E 4L ; C.Eup " ¥k JE 41 ; D.Eup i e &
(&5 B 10 )
El4 EupXt H1299 4 HE 5 FE RS AU EI I (45 5 5%, x100)
Fig. 4 Effect of Eup on clonogenic ability of H1299 cells (crystal
violet, x100)

3.5 Eup X H1299 40 1T #8 | 1= 28 ALl 48 T2 1 i) 5%

] FE45 T BupAb# 24 hf148 hm , 525 4l LA,

Eup 5 ¥ B TR [E] A0 4P 1 6 H 1299 20 g 14 12 B8 R

(P<0.01) ;7 Transwell {2 22 5250 b, 525 40 UK

Wt % Bup & B (1938 0, 12 28 2 /N3 T Y H1299 4

i B B b, =P L 120 wmol- Lk B AR A i
. 64 .

B 5 EupXf H1299 4088 5H M5 00 (5] & 250 W55, x100)
Fig. 5 Effect of Eup on proliferation ability of H1299 cells

(inverted luorescence microscope, x100)

o g 2 (P<0.01) s fE M T g, 525 4l
&, Bup 5 ¥R BE AR M 35 30 ) HUVEC 40 i il 4 14
PSRRI A 43 SO8E Mom A Y R K B (P<0.05,
P<0.01)., FiRZ5HF W, Bup 58 e B AR M1 30 1
NSCLC 41 ig i % . 1= 7% Fl HUVEC 4il }g 1fiL & & i .
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%6 EupXf H1299 AKFE MR M (x+s,n=6)
Table 6 Effect of Eup on viability of H1299 cells (x+s5,n=6)

%10 Eup Xf H1299 A2 Z B # N (x+s5,n=3)
Table 10 Effect of Eup on invasion of H1299 cells (x+s,n=3)

LA/ %
215 e /pmol- L
24 h 48 h 72 h
S H4 100.00+£0.00  100.00+0.00 100.00+0.00
Eup T 14l 10 100.2243.29  92.29+4.57" 74.93+2.91>
20 96.87+3.58  87.07£6.52> 66.14+7.07%
30 94.24+3.27" 82.58+7.63% 53.06:4.46"
40 87.57+4.40% 74.60+4.76> 45.07+6.87%
50 84.61+£3.53% 69.35+4.25> 38.84+2.29”
60 80.73+3.70%) 67.56+4.22> 34.18+2.84%
70 78.10+3.02% 64.34+4.59% 32.28+1.88%
80 76.71£3.31% 62.76+4.94% 32.15+2.94%
90 73.44+3.71% 59.65+7.13% 29.72+3.28%
100 70.19+4.26 54.81+4.01% 28.49+3.54%
120 66.89+4.17 48.70+8.78%) 27.44+3.83%
150 62.00+5.71% 43.85+6.31% 26.59+3.76%
180 57.20+4.69% 36.72+4.60% 23.77+3.59%
200 54.57+3.30% 36.52+4.51% 21.06+4.99%

%7 Eup 3t H1299 £ i 5 F£ 7 A 19 %2

(X+s,n=3)

Table 7 Effect of Eup on clonogenic ability of H1299 cells (X+s,
n=3)

215 He ¥ /umol - L' R B4~
skl 463.67+7.51
Eup fIlK¥& JE£ 41 40 360.33+5.86%
Eup ik 41 80 126.67+6.35%
Eup i ¢ B2 41 120 63.67+4.93%

%8 Eupxt H1299 KIS HB I (x+s,n=5)
Table 8 Effect of Eup on proliferation ability of H1299 cells (x+s,
n=5)

21 5 e /pmol - L 1 5H 2R
2 64.48+11.20
Eup 1% B 41 40 32.19+8.54%
Eup ik £ 41 80 30.22+5.95%
Eup = ¥R JE 41 120 13.69+5.70%

WL 9-F 11 & 6-1 8.

%9 EupXt HI299 HBEB MM (x+s,n=3)
Table 9 Effect of Eup on migration of H1299 cells (x+s,n=3)

THE%
21 51 e /umol- L'
24h 48 h
skl 30.62+2.15 65.07+3.50
Eup ¥ Ji 41 40 24.95+2.25 49.04+1.43
Eup P & 41 80 11.91+1.38% 25.9242.20%
Eup i e J& 41 120 4.64+1.51” 13.16£1.08%

215 e B /umol - L R
254l 1420.33+128.90
Eup {2 20 40 1 020.67+60.96%
Eup 1 20 80 704.67+52.37%
Eup /7 20 120 139.33+4.93%
F 11 Eup 3 Huvec A8 M B F AL MBI (X+s,n=3)
Tablell Effect of Eup on blood vessel formation in HUVEC cells
(x+s,n=3)
15 WOE MRS M A MR
/wmol- L™ 1~ 1~ /px
K 287.00£625  81.33+643 19 025+519.50

Eup L i J& 41 40 19633+21.55” 58.67+5.69" 16 134+520.66”
Eup e B 41 80

Eup w4l 120

53.67+6.48> 9 052.67+525.60%
10.65+1.53% 4358.67+387.95”

76.32+5.67"
4.00+1.00”

Oh

24h

48h

A (Eﬂﬁﬁfﬁ%‘
Effect of Eup on migration of H1299 cells (inverted

&6 Eupx¢H1299émHﬁﬁsz’9 ,><100)
Fig. 6

microscope, x100)

E7 EupXi H1299 412 2§ &
Fig. 7
violet,x100)

I (2545, < 100)
Effect of Eup on the invasion of H1299 cells (crystal

X 40

X100

A B C D
E 8 Eup Xt Huvec 40 Bl 0 2 F B A9 S I ({55 1 8%, < 100)
Fig. 8 Effect of Eup on tube formation by HUVEC cells (inverted

microscope, x100)

3.6 Ul XA T ) F B

H1299 40 i 28 120 wmol-L" Eup 4t B 48 h J5 ¥ 15

EZH2 & 2 T 9 (8 8 22 R A5 808 1.75 /%, P=1.37x

10°),GO & 43 M s, Eup 1T 67 i) 8 £ H1299 4
. 65 .
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MR 1R o> F X445 R R, Eup 5 EZH2 45 &
fiE /&£ -6.97 keal-mol™; 73 F 3 J7 2# B L 45 R R,
RMSD F1 SASA 45 % i 75 Eup 5 EZH2 45 & 4 T 12
E LI E— B MMPBSA 454 A i AE N -(79.64+
4321), LFiRS5HEHE/R , Eup Al G H A il H1299
4= 28 e B 0 A 1, L HL TR AT B8 5 40 i EZH2 $8
SRR 5, [RIBE 2 F X R 4y F 8l ) S A R
PERZ5Y) 5y F Bup 5 H EZH2 H A BRI 45 5 AE
FI IR E R SE AR . Eup T H1299 J5 mRNA il
J¥ & Eup 5 EZH2 ) 43 F X5 F1 43 F 8l J1 2% 43 Br W,
S o 3 RSBEE InAE L o

F12 EupHRHBEEEATLRESEAREOPM (vis,n=3)

3.7 Bup fER A X EZH2/H3K27me3 {5 538 #% & 14
B SRR R R LR IR R RS S,
R A, Eup T 4] T B 4 Eup ¥ B TH 5 (40,
80.120 wmol-L™") A EZH2 \H3k27me3 [ 3A 7K
PRI TR, 22 5 A Gt B L (P<0.05,P<0.01),
H A H PCNA . MMP-2 . MMP-9 } VEGFA f] %
5 K B R R (P<0.05, P<0.01) , % W Eup 7£
1K 79 BE A 2L ) EZH2/H3k27me3 15 5 i % 1 34
W, O AE 08 A7 0 % Ik EZH2/H3k27me3 {5 5 38
% T U 3 B 1R 28 % B8 M G B 1 PCNA . MMP-2,
MMP-9 . VEGFA By £ ik . L% 12 &9,

Table 12 Effect of Eup on expression of key signaling proteins in tumor (x+s,7=3)

415 W /umol-L”!  EZH2/GAPDH H3k27me3/H3  PCNA/GAPDH MMP-2/GAPDH MMP-9/GAPDH VEGFA/GAPDH
R 2] 1.2240.02 1.30£0.10 0.95+0.03 0.980.02 0.95+0.03 0.91+0.08
Eup i 2 20 40 0.83+0.24 0.99+0.08 0.790.07 0.84+0.14 0.76+0.06 0.70+0.09
Eup i 20 80 0.75+0.18" 0.64+019% 0.65+0.12" 0.66+0.14" 0.58+0.10” 0.56+0.12%
Eup i 41 120 0.48+0.07% 0.38+0.04% 0.45+0.11% 0.4240.02% 035+0.09% 0.28+0.03%

e (N . o0 1Da N T #E— 2 K E Eup 78 H 1299 40 i v i1 71 F HL
il 7 3 3K Y EZH2 JFURE 1B I Ut 2 H1299 44 g
H3K27me3 4NN 4 18 kDa iR, 5 ALK EZH2 i Rk AP EZH2 HH

H3 o S a—

18 kDa

MMP-9 - — 70 kDa
VEGFA S S . 26 kDa
PN g g s 90
GAPDH g W S S 35 D:

A B [ D
B9 FZEERIMNG EZH2/H3k2Tme3 B HE T BE S ZH# B
XEHRIEEK

Fig. 9 In vivo, electrophoresis of EZH2/H3K27me3 signaling

pathway, thereby reducing expression of critical proteins

associated with tumor cell proliferation and metastasis

3.8 Eup X} H1299 4ii i EZH2/H3k27me3 M W45 12

BERBMCEARBINEW 52 A E, Eup

T 41 b % Eup ¥ (40.80.120 wmol- L") Ay 3E fin ,

H1299 4 g h EZH2 Fl H3k27me3 {2 15 7K - 5 9

FEAR R R B (P<0.01) , [A] IR 44 i PCNA .MMP-2

MMP-9 & VEGFA ik W] i T 94 (P<0.05,P<0.01).
. 66 .

FARKF W B [ AL 7 ) H3K27me3 &
T K SF 5 25 T R (P<0.01) , R B BEZH2 5% Y j R |1
. AN, 525 (4]t # , EZH2 i £ i 41 PCNA |
MMP-2 MMP-9 & VEGFA & [ % 35 7K F B & 7+
15 (P<0.05,P<0.01); 53 4b, 5 %5 4 +Eup = 7 it 41 b
3 ,EZH2 it # iK +Eup 41 ' PCNA \MMP-2 ,MMP-9
K VEGFA 1)1k I, B8 BEZH2 ¥ 5r ¥ %% T Bup
Xof 3 6 B A5 4 100 ) 7 (P<0.05, P<0.01) . L ik4E
BRI P — 2 £ W, Bup AT fiE @ i 0 EZH2/
H3k27me3 {5 53 [ & # H1T NSCLC ¥4 51 (22 %
PR, L 13 & 14,810 11,
4 itig

i 38 2t % J2 2 ek e a0 R S R v ) DG R IR T
29 90% I 988 i A OCFE T-#F S B B UIAH O, X — &
Fee ok TR B A TR IR 0 SR 4 A N R A % R A
LUt B IF 10 B 280 b 48 BT URT A9 kDT i
R AR R 3 A AR A7 R 21 NSCLC 2 il o vp B 3= 22
) AR A RHE IR e ) e R &
JEE A2 28 A R ) 2 R A ) 2 5 UM O v AR TR
F B P AR v BE 2 AR IR VR T i
A A 32 W 52 3 DG 1, I H R v Y B A R PR HC
iy 1) A 2 5 48 0 A X B — 1% 24 B0 ), Bk e ik 98
WA ST IS Bup MR O 30 Y S T
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#13 EupXfHI29 X EESEBAREMFMN (x+s,n=3)

Tablel3 Effect of curcumol on expression of key signaling proteins in H1299 cells (x+s,7=3)

415 W ¥ /umol-L" EZH2/GAPDH  H3k27me3/H3 PCNA/GAPDH MMP-2/GAPDH MMP-9/GAPDH VEGFA/GAPDH
2 H4 0.98+0.09 0.96+0.58 0.90+0.05 0.97+0.04 0.93+0.05 0.89+0.07
Eup {IE V& & 41 40 0.54+0.10% 0.86+0.17> 0.60+0.17 0.85+0.02" 0.79+0.02" 0.69+0.01"
Eup R J¥ 40 80 0.37+0.01% 0.76+0.31” 0.44+0.17" 0.79+0.09% 0.67+0.10” 0.31+0.08%
Eup (& & £ 41 120 0.29+0.18% 0.63+0.12 0.22+0.16> 0.64+0.07> 0.62+0.08 0.30+0.17”

* 14 EZH23FR3E/E,Eup ¥ H1299 ZB f PCNA.MMP-2 MMP-9 & VEGFA B &M (X+s,n=3)
Table 14 EZH2 overexpression partially reversed the inhibitory effect of Eup on PCNA, MMP-2, MMP-9, and VEGFA in H1299 cells

(x£s,n=3)
. EZH2 H3k27me3 PCNA MMP-2 MMP-9 VEGFA
4151 e
/GAPDH /H3 /GAPDH /GAPDH /GAPDH /GAPDH
2 H4U 0.88£0.11  0.52+0.10  0.67£0.02  1.1620.11  0.64£0.86  0.94+0.43
EZH2 it %k 4 3000 pg-L"! 1.40+0.07°  0.81£0.05%  0.77£0.3%  1.57+0.03” 0.90+0.53"  1.27+0.12"
25 B +Eup ik AL 0+120 wmol-L" 0.58+0.78  0.28+0.07  0.22+0.01 0.60+0.31 0.29+0.02  0.43+0.05
EZH2 id %35 +Eup @€ B4 3 000 wg-L'+120 pmol-L™"  0.80£0.67°  0.42+0.04>  0.40£0.09°  0.74+0.10Y  0.39£0.01  0.56+0.05%
T 525 4L Y P<0.05,2P<0.01; 5 23 2 +Bup &5 ¥ B 41 14 > P<0.05,%P<0.01
EZH2 WD S S s 90 kDa EZH2 WSS S s s 90 kDa
D . —
H3k27me3 M 18 kDa H3k27me3 18 kDa
e C— a—
H3  p— |5 kD " 18kDa
.,
MMP-2 S S s R 70 kDa
MMP-2 s S — —— 70 kDa
MMP-9 s W 70 kDa
MMP-9 e o s s 70 kDa
VEGFA (em s © W 26kDa
VEGFA - — — S5
PCNA 29 kDa
PCNA il s swm W 29kDa
GAPDL NS SIS AN S 55 kDa
GAPDH “HEEEED SN 4SS SN 35 (D: A B C D
A ZS 3 B.EZH2 33 36  C. 48 2 +Eup i W J# 41 ; D.EZH2
A B c D

B 10 &SNS EZH2/H3K2Tme3 BEHFHA TAIB BEXE
EBRIERIK

Fig. 10 Electrophoresis of EZH2/H3K27me3 pathway in vitro,
leading to downregulation of key proteins involved in metastasis

and invasion

BT 3 AT R LT ik g 0 A b 2 a2 B OC L R
A il g w4 28R B HIL AT N B, AR BIF 5 X
Eup 76 NSCLC H i 1 JH B WL 4T T IR AR ST -
H1299 4 it & —Fh B A om0 5l M A= 22 56 7% fg
J1H NSCLC 4l Jfl & , J& 55 NSCLC ¥4 78 5 17 28 §%
B 1) 5 T 40 M A A AR BF 9 S e H1299 40 i i
R MY B I & B Eup HAT HT NSCLC 4 fifd
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Fig. 11
of Eup on PCNA,MMP-2, MMP-9, and VEGFA in H1299 cells
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EZH2 overexpression partially reversed inhibitory effects
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