FREATPELR ¢LUP TP E S 2H2

Zo A2 HAXPIRREMEEENLEIEZ BT
2 L2 R g

ZEEE EENCT TS

T R B !

3 & % %L NSC 100-2320-B-040-006-

#oF & F 1002087 01l px101#072 31F
foF e LFFAFRT (4

PE A RE

FESE AR RLAFUEL A -JEME AR L
iAripEmy 4 -fizer@ AR ok
gﬁ_lfr;pﬁmﬂl_a{,:pé;mkﬁ 4 i3

m\ A-}N
A o

S BT R AV EHEEJIA A TEMAR 2 EST OB AN

o= A R O 101# 107 08P



LR 3

BTk
Fe o

%9 4% (morusin) # & #1424 Morus alba L. sh& 34 p
ﬁ#ﬁi—’ﬁﬁéﬁvﬁﬁﬁééﬂﬁﬁﬁﬁ%%‘%*
AP A s n | FARF]F AL CNF-kBEt 2
G4 E T Ee R B ek SRR o P R
Ro L FERBREAL W o B FURBETRT G
Foo Tt AL EF R A ZHELTR
hepatocellular carcinoma (HCC) » & 4% iv# 2. B2 582 »
FF o gAY e A P FRII R0 L F TG bl
SK-Hep 1 &30 kmee cnd £ > & F 3§ wie TPl e ank
Sor&d A Z (5 uM~10 gM~15 pM) 3 Fmre 4 &
B PEZRBE O ZApM A RESE T T LG R &g
Flpcsk o ¥ b Jplmre A A BH DR FF P o AT - 24
EFF el 1AL R B AL GRELE AL H
Bl o BFE RN FATA R R {5
EDH s BE o FP R %“gr} F-actin . & ¥ £ 4 & ~ wmre-K
oG~ EFHRBREE TR ILE 0 L Z 6Py 224 P
Flie* o Lig- B * > 824 0 f2& e L F P4 R
fmte o 2 ARRE A ] g AFIRA G A F € 4] FAK
PAK ~ integrins ¥ vimentin » @ ®i& E-cadherin % 3 »
A @B pe sz fod & B2 3 E MMP-2 &2 MMP-9 i
thg Frdloedk o JEFFRIIE G A F ¢ il Statd &2 NF-«B
LR SPEE - o 3 R I R A
2 R o

v gL 3E2 R mE iz B

Currently, Cortex Mori has been used in traditional
Chinese medicine. Morusin, a prenylated flavonoid in
Cortex Mori, which exhibited inhibitory effection in
inflammation, superoxide anion formantion, platelet-
derived growth factor aggregation and NF-xB
activation, etc. Morusin has been demonstrated to
induce apoptotic effect in some cancers such as liver
cancer, but other anticancer action is not well
known. Hepatocellular carcinoma (HCC) is one of the
most common malignant tumors worldwide, despite
advances in diagnostic and therapeutic techniques,
the prognosis of HCC patients remains poor because of
the high incidence of hematogenous intrahepatic
metastasis after initial treatment. Therefore, in the
present study, we found morusin exhibited
cytotoxicity and antimigration effects in SK-Hep 1



cells. Further, 5, 10 and 15 uM of morusin reduced
cell mobility, migration and invasion by analysis
wound healing assay and boyden chamber assay in SK-
Hep 1 cells. In addition, it demonstrated morusin
significantly inhibited lamellipodia and filopodia
formation and cell-matrix adhesion. Furthermore,
morusin could inhibit growth factors and FAK
phosphorylation, and integrins and VEGF expression.
By zymography assay and western blot assay, morusin
inhibited MMP-2 and MMP-9 activity. We also found
morusin inhibited activation of NF-xB and Stat3.
Finally, lung colonization assay showed morusin
possessed anti-metastasis potential. All result
demonstrated morusin inhibits invasive growth of
malignant liver through signaling inhibition. Morusin
possesses antitumor progression potential.

# < M4 0 morusin, hepatoma, invasion, metastasis
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Currently, Cortex Mori has been used in traditional Chinese medicine. Morusin, a prenylated
flavonoid in Cortex Mori, which exhibited inhibitory effection in inflammation, superoxide anion
formantion, platelet-derived growth factor aggregation and NF-xB activation, etc. Morusin has been
demonstrated to induce apoptotic effect in some cancers such as liver cancer, but other anticancer
action is not well known. Hepatocellular carcinoma (HCC) is one of the most common malignant
tumors worldwide, despite advances in diagnostic and therapeutic techniques, the prognosis of HCC
patients remains poor because of the high incidence of hematogenous intrahepatic metastasis after
initial treatment. Therefore, in the present study, we found morusin exhibited cytotoxicity and
antimigration effects in SK-Hep 1 cells. Further, 5, 10 and 15 uM of morusin reduced cell mobility,
migration and invasion by analysis wound healing assay and boyden chamber assay in SK-Hep 1
cells. In addition, it demonstrated morusin significantly inhibited lamellipodia and filopodia
formation and cell-matrix adhesion. Furthermore, morusin could inhibit growth factors and FAK
phosphorylation, and integrins and VEGF expression. By zymography assay and western blot assay,
morusin inhibited MMP-2 and MMP-9 activity. We also found morusin inhibited activation of
NF-xB and Stat3. Finally, lung colonization assay showed morusin possessed anti-metastasis
potential. ~ All result demonstrated morusin inhibits invasive growth of malignant liver through
signaling inhibition. Morusin possesses antitumor progression potential.
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1. &+d 4 4% (morusin) & & 424~ Morus alba L.cr& 34 p 2= &2 - > 3952 )EJ:ZR"H')
TRk L F LG L B %ra% PRl A= s n 2 KBS A2 - NFkB

R XIS GRS Bt SRR NP R R R RE AF R

S Rpmie g A mie k= > X 52 ;EJ:% 5+ f morusin ¥ HT-29 > 11 2 MCF-7 cells o2
6 % f IC50 » % & 61 + 03 ™ % 127 +£ 2.1pM, Morusin 7 ¢ Fr |
12-O- tetradecanoylphorbol -13-acetate (TPA) 14 % teleocidin %76 7 et £ > H is Fufpis
f15 283 F e m 24+ SK-Hepl hepatma & 44544 3 morusin ** zd2 24 h = # [Cso
% 50 uM, T 2 am A & B 4o R]3F morusinanti- invasion and anti-metastasis potentlal.

2. 25 e F % rrn epithelial-mesenchymal transition (EMT) & - f& 4 A& » Tk
PR RN R AR TR AR e T T o Pt g A L e g
it s w2 e B AR oG e R W A 2 @ H a4 o F] 0 EMT
Bt s A RRDA F R R ER e A i SR e & i EMT 248
g gl o Fpt B EMT 4p B 3-0 & SR ende 45 5 FE 17 metastasis potential.
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[1] w232 % (cell culture)
Liver tumor cell line SK-Hep 1 (from ATCC) 3% & | 7 7 10 % fetal bovine serum (FBS) ~ 1

% L-Glutamine 12 2 1 % Penicillin-Streptomycin Solution (PS) =7 Dulbecco s Modified eagle
medium (DMEM) R & % 3t 5% CO, ~ 37 “Cous % 45 o % % & @4 & 2x10°-1x10° > & %
{Hraxf 2~3 -

[2] Jo%e & [4ip)3#---MTT assay

[3] sz ix 3 & 45 (Cell cycle distribution analysis)

[4]Wound Healing Assay

[5] cell-matrix adhesion4* #5

[6] #m®e & » (invasion)# ¥ £ & (migration) 4 7

[7] & 3 B % * (Western blotting)

[8] MMP-2,9 #1445 ( Gelatin zymography )

[9] Animal study: #k 84 9% /2 &3k 75 5%

[10] s34 45 (Statistical analysis)

F %k 2y £ B2~3= 1+ > mean * standard deviation ©  #7F By R otk
f8Sigmaplotl0 (Jandel Scientific Software » USA) - $% * one-way analysis of variance

(one-way ANOVA) st3* 4 45 » #P<0.05, «P<0.01l> 47 7 Bg% £ & -
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1. 4= ¥ 35 7 #-morusin iz 15 ~ 25 ~ 50 £2 70 uM 4 %] &2 SK-Hep 1 & |45 m¥e 3> 24 h
{815 48 MTT assay i im?e & |4 4 47> d % % & 75 morusin %50 uM rr*u ¢ i 3| ICsp c5z & (Fig.
1A) - = morusin & 0-15uM ¢ #2585 %e 3 8 e GO/GL & @ #r+4] SK-Hep 1 & |+ 7 ‘w2
14 £ (Fig. 1B) -

2. Fploe M I Ao R &G T BB fEdody mie F 2 TR T e B
Femre B2 5% 4 ika it wie g, d Fig 24-Fig. 37 # ML d 4§, afrilE
L MR e 4 (7 2 ) AL .

Q. plmre RYP F)Z L FFEA»UEZEH 2004 TN ERAFFIE B R RE o TR
e ik o~ Gy A YR e g §_ - & € & 2+ o 12 Boyden chemotaxis chamber § %z
FROAZF IR DR RNt (Figd) ¥ as FREd L ZF #rd)
Ml fw e e vt 1T (Fig5) .

4. Epithelial-mesenchymal transition (EMT) «77)= € ¢ + 4 ‘Pz £ 34 jg {2 7 2 2 @F cgkrigfs
4o E-cadherin yt Zbfit 4 + felg i b e § Rpwie 2 2 EH 4 0 HWE EMT 975 X
PIFGR] € < R 0 R e JE A 4 o g A% 15 uM morusin k2 SK-Hep 1 & {25+
BplmPe 2 {27 E 2 BB S ST UF R E KT E-cadherin ihd-v AT E 4 € F K
vimentin ;% it (Fig.6).

5. Integrins % ﬁ‘f\?«%‘,’%%?ﬁm’?é B4 moeh 0-22 B-transmembrane 3 heterodimeric proteins > H ¢ £2
integrins-binding proteins 4= paxillin f- talin % & & #3477 FAK % it 4 Fig.7 and Fig.8
FIMHE G L F 3 PR e o FAK 2 PAK E i T e Integrin eh2 IR

6. matrix metalloproteinases (MMPs) & § & fi# Ak & 5es & 4 .E’_%F‘« e 4 0 MMPs ¢ %22
1 fmre B e & HE A5 g AR, T4 AP 2 zymogrphy and western blotting assay @ELip| & v £ #
HMMP 2z 28 %% #FREe 4 %25 #rd]" ik SK-Hepl ‘wmre p 3 128 4% c17 MMPs
F-v i 1 (Fig.9).

7.0 g A2 LT+ VEGF ¢ iR ehn F 3 2 4 §FEAT0 § 6073 0 hmeF Y
* B 4 /w\;q;jw%? L hk A RS Tt Tl E VEGE 7 #7endF s i g
BRI DR F AR BN RIBEDL LR R AR Erend B o FIINF
31 morusin £.F ¢ B FEE PR e ¥ VEGF hiait » B0 S R 82 # IR 15 uM
morusin 4 ¢ § »cdrd| VEGF s it 4 30 2 VEGF #3# %5 HIF-1o 5% i (Fig. 10) -
2T Ty gRFEL ML FATL FIF LR -

8. 7 < )];Jc% o Stat3 signaling pathway ¢ #4478 R &4 2 A 8 B2 mre e 4~ 4 55
AR BE)e sy 4T Stat3 #E MR P T UL IE L G sk targete B-E MR o v ed® 5
10 & 15 puM morusin {55 :Ed > 5 82 0% % & 57 5T morusin k& 3 4e 4 € 3] Stat3
tyr705 gipk it % 3 (Fig. 11) > = NF-xB 3 4 @R is A dpanig s it ivh 2 ¢ 7 % 3] 5
F AP B ndon A IR, F) M E-E MR e g2 5~ 10 #2 15 uM morusin {8 i F
& Bhi2 chiE & 4 7 S morusin Jk & 3 4 3 ] p65 ¥ IkB o EpL i 4 I (Fig. 12)
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9. B » AP P dFfN - H AT morusin FHIFR i AR ELP A W INE 4 gl

o B 5 R T SR e ek BUIR € ) S A IRV A5 4 % > @ T morusin e &
A A

e E R ) 2 ARG 0 I % (Fig. 13) > SRR BT R0 A F LG Frd TR e
AL 2 TR o
10. ¥ oeb 2y 444t cancer stem cell marker ALDH :& 7 B3R 5% % 2 I SK-Hepl " ‘o 72

iz B cancer stem cell marker 7= | 1% %,%& o & % 44 cancer stem cell 2 #2555 #Fie- #4F

—1 " 7
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Figure 1. Effects of morusin on cell proliferation and cell cycle distribution of SK-
Hep 1 cells. Cells were treated with indicated concentration of moruisn for 24 hr. (A)
The viable cells were determined using MTT analvsis. Data presented were means
SD of the four independent experiments, and (B) DNA content was determined in
propidium rodide-stamned cells by FACS analysis.
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" - - -
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Wound Closure (WC%) Figl.lre 2. Morusin j{lhibit.f SKfHepl cells
m vitro wound healing migration. (A) At

0 and 24 h, phase-contrast pictures of the
wounds at eight different locations were
S 300 : taken and then migrated cells m the
wound were counted. (B) The cell

200 migration capacity at 24 h was estumated

; by measuring the percentage wound

. closure (WC%). Data presented were
5 means * SD of the three independent

0 5 10 15 o .
Morusin concentration (uM) e_\pelunent\.

Morusin (M)

5 10

Figure 3. The effects of morusin on formation of lamellipodia and filopodia m
SK-Hepl cells by cell scattering assay. The F-actin was stamed with TRITC-
phalloidin and was evaluated using a fluorescence microscope for the presence
of lamellipodia.

Control




(4) B)

Control Morusin 5 pM

0 5 10 15
Morusin concentration (uM)

Figure 4. The effects of morusin on SK-Hepl cells mvasion by boyden
chamber assay. (A) Photographs of SK-Hep-1 cells after invasion and (B) cells
that had mvested to the lower surface of the membranes were counted in
tuplicate wells and m three identical experiments under a light microscope.
Data presented were means t SD of the three independent experiments
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Figure 5. The effect of morusin on SK-Hepl cells
cell-matrix adhesion.
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E-Cadherin | " = e
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Vimenin [
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Figure 6. Expressions of Epithelial-mesenchymal transition-
related protems after morusin treatment in SK-Hep 1 cells by
wstern blotting assay.

a2-Integrin .

0.26 0.21 0.2

a6-Integrin
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p1-Integrin

0.31 031 0.29

I 0.82 048 0.49
I 092 0.57 0.57

B-actin | «E—— ——

p4-Integrin

Figure 7. Expressions of integrins after morusin treatment in SK-Hep 1
cells by western blotting assay.
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1.00 0.89 0.48 0.38
pax

B-actin |

FAK

Figure 8. Expressions of FAKIl, Cdc42 and PAKI after
morusin treatment in SK-Hep 1 cells by western blotting assay.
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. 1
Morusin (uM)
~l00 =
0 5 10 15 3
)
MMP-9 s6
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,540
B '
g
=
=0 s 015 0 5 BB
1\ [ 1\ IP-2 Morusin concentration (M)

Figure 9. The effects of morusin on MMPs activities of SK-Hepl. (A) MMPs
activities were determmed by gelatin zymography and (B) the relative enzyme
activities of MMPs are expressed as a mean 1 of the two independent experiments.

Morusin

Control 5 10 15 M

VEGF | . - e

I 049 026 0.11

Fig.10 Expressions of VEGF after morusin treatment m SK-Hep 1 cells by
wstern blotting assay. Cells were treated with 5, 10, 15 pM of morusim
for 24 h, and the cells were collected for protem extraction.
Approximately 30—50 ng of protein extract from each sample was
subjected to SDS-PAGE, and immunoblotting was performed usmg anti-
VEGF antibody, and (-actin as internal control.
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Morusin

0 5 10 15 pM
phospho Stat 3

|
|
I

1094 093 057
1 1 06 06

Y —

I 051 053 041
1046 027 022
e

[actin | GG ——

Fig.11 The effects of morusin treatment on the regulation of NF-kB related proteins and stat3
signaling portein m SK-Hep 1 cells by western blotting assay. Cells were treated with
5,10, 15 nM of morusin for 6 h, and the cells were collected for protein extraction.
Approximately 30-50 pg of protein extract from each sample was subjected to SDS-
PAGE, and immunoblotting was performed using anti-phospho-IKK o/, anti-
phospho-IkB ¢, anti-IKK o/f, anti-IkB o, anti-phospho-Stat3 (tyr705), anti-Stat3
antibodies and (-actin as mnternal control.
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&

0 1 3 6 9 12(hr)
| 1 1 046 029 0.29

A 1 A 1 A

1 043024 0.18 0 0O
CMet| ™ — w— ———
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Figure 12. Expressions of growth factor receptors after morusin
treatmentin SK-Hep 1 cells by wstern blotting assay.




Animal study

(A) Normal Solvent Positive Morusin Morusin Morusin Silibinin
otma control control 1 mg/kg 5 mg/kg 10 mg/kg 10 mg/kg
1 | | | | | | |
| | | I |
\ il
2 | 3 5 3 ) 0 11 1 14| 15
(B)

% ( Lung weight / Body weight )

Naive Solvent Positive 1 5 10 Sili.

control control Morusin (mg /kg)

Fig.13 Effect of morusin on lung colonization of MDA-MB-
231 cellsin nude mice. (A) The representative of grow view
were photographed. (B) The weight of the lung were
measured . *P<0.0 5(n=8).**P<0.01.
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