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Herein we provided molecular evidence associated with
the antimetastatic effect of Rubus idaeus L. extracts
(RIE) by showing a nearly complete inhibition on the
invasion (p < 0.001) of highly metastatic Ab49 cells
via a reduced activities of matrix metalloproteinase-
2 (MMP-2; p < 0.001) and urokinasetype plasminogen
activator (u-PA; p < 0.001). We performed Western
blot to find that RIE could induce up-regulation of
epithelial marker such as E-cadherin and alpha-
catenin and inhibit the mesenchymal markers such as
N-cadherin, fibronectin, snail-1, and vimentin.
Selective snail-1 inhibition by snail-1-specific-
siRNA also showed increased E-cadherin expression in
A549 cells suggesting a possible involvement of
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snail-1 inhibition in RIE-caused increase in E-
cadherin level. RIE also inhibited p-FAK, p-paxillin
and AP-1 by Western blot analysis, indicating the
anti-EMT effect of RIE in human lung carcinoma.
Importantly, an in vivo BALB/c nude mice xenograft
model showed that RIE treatment reduced tumor growth
by oral gavage, and RIE represent promising
candidates for future phytochemical-based mechanistic
pathway-targeted cancer prevention strategies. The
anti-oxidative activity of Psoralea guajava L. (PGE)
and Gynostemma pentaphyllum (GPE) was defined by the
relative electrophoretic mobility of oxLDL,
fragmentation of Apo B, and Diene conjugation assay
of the CuZ2t+-mediated oxidation of LDL. Psoralea
guajava L. (PGE) also inhibited the generation of
ROS, and the subsequent mitochondrial membrane
potential collapse, chromosome condensation,
cytochrome c release, and caspase-3 activation
induced by oxLDL in HUVECs.

oxLDL ; atherogenesis; metastasis; apoptosis; EMT
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Abstract

Epithelial to mesenchymal transition (EMT) has been considered essential for cancer metastasis, a multistep
complicated process including local invasion, intravasation, extravasation, and proliferation at distant sites.
Herein we provided molecular evidence associated with the antimetastatic effect of Rubus idaeus L. extracts
(RIE) by showing a nearly complete inhibition on the invasion (p < 0.001) of highly metastatic A549 cells via a
reduced activities of matrix metalloproteinase-2 (MMP-2; p < 0.001) and urokinasetype plasminogen activator
(u-PA; p < 0.001). We performed Western blot to find that RIE could induce up-regulation of epithelial marker
such as E-cadherin and o-catenin and inhibit the mesenchymal markers such as N-cadherin, fibronectin, snail-1,
and vimentin. Selective snail-1 inhibition by snail-1-specific-siRNA also showed increased E-cadherin
expression in Ab49 cells suggesting a possible involvement of snail-1 inhibition in RIE-caused increase in
E-cadherin level. RIE also inhibited p-FAK, p-paxillin and AP-1 by Western blot analysis, indicating the
anti-EMT effect of RIE in human lung carcinoma. Importantly, an in vivo BALB/c nude mice xenograft model
showed that RIE treatment reduced tumor growth by oral gavage, and RIE represent promising candidates for
future phytochemical-based mechanistic pathway-targeted cancer prevention strategies. In this paper, we test
the hypothesis that R. idaeus L. ethyl acetate (RIAE) possesses an antimetastatic effect and reverses the EMT
potential of human lung A549 cells. We extract the raspberry R. idaeus L. with methanol (RIME), chloroform
(RICE), ethyl acetate (RIAE), n-butanol (RIBE), and water (RIWE). The RIAE treatment obviously inhibits the
invasive (p <0.001), motility (p <0.001), spreading, and migratory potential (p <0.001) of highly metastatic
human lung cancer A549 cells. The zymography and promoter luciferase analysis reveals that RIAE decreases
the proteinase and transcription activities of MMP-2 and u-PA. The molecular analyses show that RIAE
increases the E-cadherin level that is mainly localized at the cellular membrane. This result was also verified
through confocal analyses. RIAE also induces the up-regulation of an epithelial marker, such as a -catenin, and
decreases mesenchymal markers, such as snail-1 and N-cadherin, that promote cell invasion and metastasis.
RIAE inhibits MMP-2 and u-PA by attenuating the NF-| B and p-Akt expression. The inhibition of RIAE on the
growth of A549 cells in vivo was also verified using a cancer cell xenograft nude mice mode. Our results show
the anti-invasive/anti-tumor effects of RIAE and associated mechanisms, which suggest that RIAE should be
further tested in clinically relevant models to exploit its potential benefits against metastatic lung cancer cells.
In this study, we evaluated the anti-oxidative activity of the extracts of Psoralea guajava L. (PGE) and
Gynostemma pentaphyllum (GPE) rescues human umbilical vein endothelial cells (HUVECs) from oxidized
LDL (oxLDL)-mediated dysfunction. The anti-oxidative activity of Psoralea guajava L. (PGE) and
Gynostemma pentaphyllum (GPE) was defined by the relative electrophoretic mobility of oxLDL,
fragmentation of Apo B, and Diene conjugation assay of the Cu?*-mediated oxidation of LDL. Psoralea
guajava L. (PGE) also inhibited the generation of ROS, and the subsequent mitochondrial membrane potential
collapse, chromosome condensation, cytochrome c release, and caspase-3 activation induced by oxLDL in
HUVECs. Our results suggest that PGE may protect LDL oxidation and prevent oxLDL-induced cellular
dysfunction. In conclusion, we have demonstrated the prevention and its mechanism of Psoralea guajava L.
(PGE) and Gynostemma pentaphyllum (GPE) on LDL oxidation and oxLDL-induced endothelial cell
dysfunction. In the early stages of atherogenesis, Monocytes differentiate into macrophages that take up
oxidized low-density lipoproteinare converted to foam cells, PGE effective foam cells formation. In the
atherogenesis and restenosis, vascular smooth muscle cells (VSMCs) migration plays an important role. Then,
the PLE inhibited PDGF-induced VSMCs migration. Our results suggest that ELE is protection for a role in the

different phases of atherosclerotic process.
Keywords: oxLDL; atherogenesis; metastasis; apoptosis; EMT
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2_ 4, 4 » 50 ml eareaction buffer, »*37°C1E8 4 F B 12 B /] pFod-F }{% % & ehgel, 12 staining buffer
¢ 30min, 2 {48 11394 R i 4&——5 2%, 1 2 densitometer (Alphalmage 2000, Alphalmage comp) £
T

6. ~ 3 A g g p 4w (HUVECS)

FI* PBS (M 7 1% penicillin 2 streptomycin) 7-#&3%% {5 » - 196 trypsin &5 %3 p B> 114
FRIAFFFREC 8% 60480 hw itk ?‘r% NEE Tz 7 109% FBS e M199 £ %
e B b trypsin H’J‘J‘é Moo 2 (s L M199 &% (F 7 FBS) iEsEm A P20 0 A IRA R LS8
1200 rpm 5 248 0 2 b 0 1 g 109% FBS e M199 35 & iR dt4cimie - Rwme 3 % 5 37C 0 5%
CO; overnight » $% %‘ﬁﬁm M199 B %% (7 159 FBS ~ 150 pug/ml endothelial cell growth supplement ~ 5
units/ml heparin sodium ~ 100 units/ml penicillin-streptomycin - % 50 ug/ml gentamycin) # §# % -

7. Western blotting ~ +7

H A @A 125% SDS-PAGE T A% %, B30T AP, ©4c » Tk R, B 16ul sample (v %2
20ug), #r > 4ul loading buffer, #-sample denature (95°C » 10 min)2_ {& £ loading | & & & @, 2 140V i&
TR dtex {3 P2, #YITT I8 F v 7, M E ~ k42 transfer buffer, #3p LB R
ANC paper # 2% 48+ o {8 %~ transfer holder, »>+ 4C ™, 12 100V & 7#& % 1 -] pr2 {5 > B~ NC paper
4 ~ blocking buffer, % B T & — B PF o 2R84 » — B>t TBS buffer, # 4°C ™ ¥ J& overnight,
2_t$ 12 washing buffer (TBS+0.05% Tween 0)jiHa=zF, - =10 A4 - FHFL 4o = Bl TBS
buffer, > % & 1¥%* = & -] p¥ {5 12 washing buffer &= =, # - &£ 104 ﬁg’lfﬁf»fé 4¢ ~ 25ml substrate buffer
#EESF (N LECL 4k xSk &), # NCpaper F 5 P &g cnband B3R, o R4k F BT prgs, T
r2 - densitometer (Alphalmage 2000, Alphalmage comp) & it & % -

8. total RNA 2 mRNA 4 #t

¥ %8 total cellular RNA &_2 & %4 4M guanidine thiocyanate-acid phenol method 2 2 RNA %2~ % &
RNAzol i {7 # &; poly(A)RNA B -Z_* oligo(dT)-latex i&- # it o

9. RT-PCR % #7

P~ 15ug mRNA 41 * oligo-d(T)I5 5 primer (¢ "random primer ; 2 MMLV-RTase (200units) % 20ul * &
%% ¢ (50mM Tris-HCI, pH 8.3), 75mM KCI, 3mM MgCl,, IOmM DTT, 20units RNasin)i& i= cDNA & =; B~
S5ul cDNA I PCR ¥ &% % ® (3% & 50ul)r+ ™ £ 2 primers 3 «03g w8 &, F1* Taq polymerase i& {7
30 cyclesPCR » &, # & # £ 12 1.8 % agarose ¥} & i« 4 %, 7 ethidium bromide % ¢ + g% -

10. LDL electrophoretic motility assay [2]

41* lipoprotein % it re—’&' FTFEd PR L LR BF 12 oxLDL 90 pl 4 > 0.1%
sudden black 2 #] 10 ul > % 30°C/® & i®* 20 &~ 45fs > &2 10 ul 50%2 4 # ;’& f=1s > loading ¥| 1% agarose
TAH S o7 100 k4F > 30min {4 0 ik T A% % 2 band # 5 (e (electrophoretic mobility s EM)
Xz LDL § it42 & > 2 A% it2 LDL2 EM 5 1> AR IF L T & °
11. ApoB 3F-v gt (fragmentation) =ip|3&[2]

a LDL % i » B & 2 {6 » $& & JE 2 denaturing bugger (3% SDS, 10% glycerol % 5%
2-mercaptoethanol) % 95 C 4 # 5 4 48 - 4% ¥ fie ®l 3-15% gradient SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) » B~4 & 40 pl ;3 » %enitip ¢ > R 48V 774 150 ~ 48 - &7



A gk 2 6 1 Coomassie Brilliant blue R250 %4 ¢ 2 /| pFis £ i& (7 32 %
12. Diene conjugation assay
’?‘3?;@5 L2 R P EF LA 'ﬁ’%"fﬁ(diene)' AAE s R CREIHE A A o fIT £
5 B 7t 230~235nm vk T Ak i R 2 » #-sample r2 4 3+ >+ 37°C 34 % LDL § i+ 360 min( )
6P ) F B4R 10 2 4500 § - /kVA’IDIE‘ P EFEFA AR (R EE) FHAE §FERF
B R AR TR -
13. w45
AT By T R S 3t gt B8 SigmaStat (Jandel Scientific Software, USA) i& {7 one-wayanalysis of
variance(one-way ANOVA) 4 47 o
Z ~RBEREHES
i€ * 50% DMSO e @il & 2 + Fpif 5 2~ 4 (Rubus idaeus L. extracts; RIE; 10ul 25 pg/mL) » 3 B~j% 12 § »Tas
i% 4p & 47 tk (Waters 600 pump)xel 7 & 7 3 & &5& B pick o retention time Fe pF 27 4R 2200 4+ (Figure 1B
&I1C) o 2 &3 7.4 5 % % 4o Fig. 1A&1B - 17 7 kR RZFFWER$ RIEQ10+25+50 75~ 100
ug/mL) o RS2 % AB49 fmre 2 1 % MRC-5 B a® wmie 24 | pFis > B-E P F K,ﬁz » 1% MTT assay &
Bl e chis i o B % 3 I AB49 (Fig. 2A)# MRC-5(Fig. 2B)im*®s & 2 + iP5 P~ RIE chfg22 =
T &R e g E S o 1% wound healing assay ¥ F #- Ab49 ‘m¥e i L 48 o) P is v P g e en
#dae 4 (Fig. 2C) T R-H B 4 TTEREF RIE ERH S me FH i 4 3 ﬂ“ B D Frdl g &
7 & & »c i (Fig. 2D) - 41 * modified Boyden chamber coating type IV collagen 4 47 o ‘& % &7 > H & »
WA EEF R FEY RIERAH en o R 42 R 23 P 554 RIE T 114 frd] AS49 iwmre
hiz » i 4 (Fig. BA&3C) - ¥ ¢k » » JI* 7 Boyden chamber motility assay 2 %2 ¥ & 2 + Pyl 5 24 4
3t ABA9 C e F5 deae 4 R B R FRA-E i 4 DR EF 4P 0 % (Fig. 3B& 3D) - 14 cell-matrix
adhesion assay, # ¥ RIE + »’r’—;;tj..m "z &2 type collagen mEJ» iR 4 (Flg. 3E),Ir BF RIE ¥t P2 en
sprending i # » £ F P Agdr) i (Fig. 3F) o #-3 x 10%/mL #h A549 iz subculture & 24-well ih3 %
d oo BF foserum-starved R T (GRS FY Fd B2 F3E) 0 AULT RIER R 2 EHE R
24 -] pF > 4z & # medium » 12 gelatin zymography = ;2 > 4452 MMP-2 s 38 > ¥ 2 MTT assay k
Blofe iz B ECT L AR - SR B0 JLE R 2 TP F PP e 23 MMP-2 chE g 3 ' M
ﬁL % (Fig. 4A) - 2 casein zymography % 4~ 47 u-PA m%\ oo %% AB49 h 2 ik RO RIE24 /) pFis »
e A i R P U-PA B8 g MEF RIE chik A& 4o @ tF i (Fig. 4B) g > ;%/z»' #F TIMP-2 &2 PAI-1 &~
v IR G OH A me%*‘(Flg AC)- Ir =4 * MMP-2 promoter Luciferase assay 77 F T 3x ¥ M1 74| MMP-2
2 U-PA promoter 45 7% {2 (Fig. 4D&A4E) o i a & & 8L » B & mre + 4 @ g it (Epithelial-
mesenchymal transition ; EMT ) 4p B Jm®z F 28 F-v %t i > 3 3L RIE ¢ & > p-focal adhesion kinase (p-FAK
Try 925), p-paxillin (Tyr 118), fibronectin, N-cadherin, vimentin 3% 3.1 ® 3 4 E-cadherin and o-catenin
e R(Fig. 5) ,F B w2 5P wamsnail-l ehdv 2 REELF RIEER + 2 @ 8> (Fig. 5) - fc &
H cell lysates > 2 anti-phosho-p38 ~ anti-p38 ~ anti-phosho-ERK1/2 ~ anti-ERK1/2 ~ anti-phosho-Akt % anti-Akt
ekl 2 8 7 Western blot 4 47 o F % % % # M ERKL/2 3¢ i it ¢ TF RIEERBE B 7 " 0 @
p38 2 Akt 3-v ehgifis v B % X 3|8 2(Fig. 6A)° #-A549 AJ2 % F k A& 9 RIE(0~10~25-50~75~100 pg/mL)
4] pEis > X B-H A ded > 1L EMSA 2 2 2 17 NF-xB v AP-1 &2 DNA % & chiv 4 - H 2 % &7 > AP-1
2 DNA % & ehit 4 SE ¥ d RIE Jk & 3 4o @ 3282 3|34 (Fig. 6B)° i Western blot 4 17 NF-«xB (p65)
2 AP-1 ch=t B =~ :c-Jun & c-Fos> 3 R c-Jun 2 c-Fos eh3-v & ¥ SE ¥ RIE 554 ik R 3 4 @ ™ "% (Fig.
6D) - d 5% - ER %S ENPIER, R 2 F P F 24 (Rubus |daeus L. extracts; RIE)¥ 5 »xdr] 5 i fm P2
ER2pH N Y- S APE- #H* MEKU0126 :}»r’ﬁtjfm HFR R /ﬁﬁt_,.ﬁ’»#ﬂ dur %
i p-ERK B = 4r 4| 30 pF eiE t(Figure 7B&TC):E @ Fr| mre eniz$E i 4 (Figure 7TA), §1* FAK Fr4] 4
PF573228 3 % & 2 + iFpi 5 B4 crpw 3% 18 p-FAK B jS e ] 152 E- cadherin e 3 (Figure 1D) e §_7 §_
%6 FAK 2 1:¢ ERK1/2 st i (Figure 7E) o #2395+ %% RIE 7 #r4] TUMOR ¢4 £ 2 *i % ]



(Frg 8) o Figure 9 % RIE #r4] AS4A &4 2 R i AB - R F Y {Ho2 k3 B34 K X0
;- (Figure 10A), 7 3. f& e fig & (raspberry Rubus idaeus I_ ethyl acetate extracts ; RIAE) ¥ &g % "% i< 4
WV R lm e AB49 enix #E (Figure 10B&10D) 2 % i 4 (Figure 10C&10E) - 41 % HPLC-MASS 4 1 & 47
RIAE e 2 p 7 % R RIAE 7 7 gallic acid, protocatechuic acid, epigallocatechin, methyl gallate,
epicathchin, epigallocatechin gallate, rutin, epicatechin-3-gallate, and naringin % % p=#g(Figure 11) o - 1 *
modified Boyden chamber coating Matrigel <4 47 o 2% &1 > B r it ? §EF R F R E PP
RIAE B AR H 4em "8 i< » & f 23 Fpi 524 RIAE ¥ 123 #rd] AB49 wre ek » it 4 (Figure. 12A
&12C) - ¥ *t > » 41 * 7 Boyden chamber motility assay 2 BLZ £ & 2 + ¢ fh e fig 5 B4 $3° A549 Cwm
LEE A SN TR x) T 4:;"5 FEFRfoZE w2 DR EG 4P kg % (Figure. 128&12D) F P RIAE ¥4 ‘w2
sosprending iy 4 » £ 3 P Agded] 2% (Figure. 12E) F]# wound healrng assay & F #- Ab49 . mwﬁ ,48
| PERS T P R e ”e cf5 B i 4 (Figure. 13 A) & #-B # & 5 4 17 T8 BE ¥ RIAE )k & 3 4o fwie £ #
43 PR DIt R % B 3 kR s (Figure. 13B)- %3 X 104/mL e11 A549 m#z subculture % 24-well
gt A& r ¢ FHF A oserum- starved FRT (MR FY R B2 ) B REROR2 T
Botr 24 0] pF > qz & 2 medium > 12 gelatin zymography - * v &7 H MMP-2 endk > 0 F 02 MTT assay
KT RBwme Gl Ti AR c S5 FM > PR 2 F e g X PP w23 MMP-2 chE /e §
7 "% eIk % (Figure. 14 A) - 12 casein zymography & A 45 U-PA eh& 3R> 5% AS49 & ad® ? Ik kA o1
RIAE 24 /] pFié » e &0 0 ke u-PA “’fS € SL ¥ RIAE ek & 3 4o @ *% i< (Fig. 14B) - & FFf]* MMP-2
promoter Luciferase assay ¥ u-PA promoter Luciferase assay 7 9F |~ 3k ¥ 12 $r4] MMP-2 2 u-PA promoter
i 45 % 1 (Figure. 14C&14D) o v & = L8Rz > LB Pz v 4 A enfg it (Epithelial- mesenchymal
transition; EMT )4p B fm¥e # 28 3o ch%g i >4 I RIAE ¢ & > N-cadherin 4 381 ¥ 3 4. E-cadherin and
a-catenin =% I (Figure. 15C) E B i PR PR o FRosnail-l chd-d AT EEF RIAEER + 2 A B
‘% (Figure. 15E) - < & # cell lysates > 12 anti-phosho-GSK-3p,anti-GSK-3p, anti-phosho-Akt % anti-Akt =4
83 i€ {7 Western blot » 47 - % 2% % % 3 3L phosho-Akt F-v i it € s ¥ RIAE sk R %3 7 55 >
@ pGSK-3B3-v chmips it Bl € s ¥ RIAE )k & 3 4 @ 3 +v (Figure. 15B) o % AB49 g2 % F Jk A& i
RIAE(0~10~30~50 ug/mL) 24 -] p=ts > 1 & F K 4 ¢ #F RIAE € 3 4 m¥e b E-cadherin e g o
w5 s #F RIE ¥ Fri) TUMOR g4 £ & f?;a_‘v_)%;« /|- (Fig. 16) - ¢ * 50% DMSO fie @ & 2 + ¢ fa ¢ fig
524 (RIAE) » 3P~ 04 3 »i i 40 K 47 &k (Waters 600 pump):& 7 4 47 & % 4= & pick =7 retention time
e pF ez L 8 2 ot 31H(FIGURE 17 &Table 1) - Figure 18 = RIAE #r+] AS49 #& # 2 =8 i3 B - A3t
$ - Een %P APEEh b2 LDL (100 pg/ml)s e » 10uM CuSO4 it 2 & it > pFAIZ 7 kB (B R A
0, 25, 50, 75, 100 pg/mL 2 &_i k& & :5, 10, 15, 20 ug/mL) e 4 7 #5 2 50%ifﬁ§ % P~ % (Psoralea guajava L.
extracts; PGE) 2 -~ # #% %" P~ }» (Gynostemma pentaphyllum; GPE) » & 37C* % F ¥ & 4 -] ¥ (ApoB
fragmentation assay) ~ Diene conjugation assay - 16 -] % LDL electrophoretic motility » & £ 4~ 47 4 15 & 2
500% F it ¥ B~4~ (PGE) %3 LDL § it ek o & % &5 » 10 po/mL 0§ 7 5 ¥ ¥ 24 (PGE) ¥+ ApoB
%77 - ~LDL /A # 5 (Fig. 8)% % p= {5 (diene)2- 2 = € ~ A fgé‘h;%r,lrt % (DPPH radical scavenging assay)
w3 RFa gk 0 m 25 ug/mL ihd B R E P4 (PGE)H R sk { AARE 80% o EF H AR E S
B4 (PGE)E § 3 LDL # £ § i % o427 kA pie— #1217 kA (0, 25, 50, 75, 100 pg/ml): 4 %
o g (PGE)/%@E’}’ e F L e (HUVEC M%) 0 e e 4e 2 200 pg/ml chg it A M3 & 75 39
(OXLDL)EJ® » & fe 32 % 24 /| P& » g% %2 3t 24 -] P& < morphology (Fig. 19) - ﬂ} | % MTT assay 1 ip]im
LR EIER ’? A %Vﬁiﬁx#ﬂ(PGE)“‘ " pEr’ OXLDL #7:¢ & ehp 4 fmbe 5+ = (Frg 20A) - £ 1
Trypan blue exclusion assay »> 3+ #ic HUVEC e 5 km e B L e mgtg » #F PGE dwr+# 11 %3 oxLDL
BB TN R e ey s dmre R TR MY 2 e i (Flgure 20B) o @ A m”e m"'] m;li Hlmre ihx I §
PEN LA rdlr @ H i 0 i 113:14 fo ek A BT R R AT T ) S o F]pl o AP e pFL
PR L R AR LR w2 A > #F PGE 7 W5 »xdk 3 oxLDL g2 p ;L m”? 36 0 E F S dmbe en
mPe A AL 22 control EApt T R PR Feit- H DAPI % ¢ % Flow cytometry %~ 47 oxLDL a2 §_F
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i¢ = HUVEC Mm% chim®e &= o %7 oXLDL 2 ¢ i = chromosome condensation > @ PGE # 4 f' &
5 i BI % (Figure. 21) - 4% oXLDL 2 & HUVEC w*2 chim?2 k= 2 PGE i »c % » 534 H ¢ ¢
344 o § 4 > 12 DCFH-DA % ¢ £ 12 Flow cytometry i& {7 4 37 ‘m?2 f ROS ¢4 4 - 3 7L oxLDL ¢
i# & HUVEC W% p e ROS 3 4c > @ PGE R ¢ #r4] ROS e 4« (Figure. 22) - ¥ ¢t > 12 JC-1 % ¢ £ 1
F kA s B % HUVEC e crofe SRR 0 3 IR oXLDL ¢ i# = HUVEC ‘w¥s cufe SR8 AT 1'% 1 »
@ PGE Bl § il MR e i (Figure. 23) = i&— # 2 Western Blot 4 47 » ;£ oxLDL ¢ i&_i#
caspase 3 =% it 12 2 PARP e )5 e BF o » 3 3R cytochrome C & > @ PGE 4>t oxLDL #7:i% = =hapoptosis
1AB B-d hR iRy ok (Figure. 24) o SFE 1 B % o § RIGE 524 (PGE)? &7 11 g suikik
LDL # % % i* > >t oxLDL #i = eéhph & fm ¥ crrapoptosis » 7 40§ @ ehififrcd > @ H ¢ 4] > 7
it 23538 % M OXLDL #7i¢ & w2 p ROS e v > i& /@ R M7 X 5 2 0 B 2k e dhapoptosis © &
= L *& 3B~ 4 (Gynostemma pentaphyllum; GPE) e it it 4 %4 » & % kg1 » = ¥ "2 5 B4 (Gynostemma
pentaphyllum; GPE)#+*+ ApoB %74 it ~ LDL A # 5 & § (dFeniiilsck R A FIRES B H £ 5 ik
LDL 7 = § ik o R A0 0 d 55508 FAF LI (f B s o AP 4% Raw-264.7 /2
oXLDL , # 4c » PGE,# 3 PGE ¥ 1/ #ri] Raw-264.7 # # Nitrite 35 4 (Figure. 25A), it & T 7 ¢ Fr ]
RAW-264.7 kw2 5 % 5 (Figure. 25B) - & ¥ PGE # 12 #r4] Raw-264.7 & 4 lipid it # (Figure. 26) - {1
* g > RERmd PGE v 2 Fr4) LPS #r34 # Raw cells 2 # INOS 2 Cox-2 =it # (Figure.27) - 2 ATRS
L el i P2 PGE - 3 3R 7 25-100 pg/mL PGE 2k & € ¢4 ATRD Jn¥e c73 % 5 (Figure.28) e &_# 0-20
ng/mLPGE JE & & 2 € B2 58 ATRS ‘¥z 73 7% 5 (Figure. 28B) o F gt 2 £ 24 i * 0-20 ug/mL PGE )k & -
#-ATRS Mm?e 1 PDGF 3% $# wre 45 #0504 > Jd® 0-20 pg/mL 9 PGE, #§ PGE # 113 »adr4|d PDGF
S 8 m e ohfs Be iy 4 (Figure. 29), I % 2 zymography assay » 3% PGE ¥ 12} »c¥r4]d PDGF #73% % 'm
!¢ MMP-9 /% 42 (Figure. 30) ©
EaPESEZ P

P ZRF P PR CRFALATREF IR AN E RRES SRR
T SRR R EARRAY P2 R RSP T R T FH R R e R &S
SRR R R RIDIREAETEF A B iR p R By I RiE(TE IR o B
B rieEE s R LDL thf 2 RPN L w2 3 % OXLDL § T % & f84] > © & A8 - A
PG AR PR PR EF S K LDL § gtk > 2 F N A mie iRk o B A
s B R ROEY g “'”r?‘»i,% cARFELAEESF FHITHRATPREET L CIRBES RS LG AP
s B A g R AR 1
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Figure 1. The chemical profile of RIE was analyzed by HPLC-mass spectrometry. (A) Chromatographic
patterns from HPLC analysis of RIE extracts showed peaks corresponding to the retention times (min).
Absorbance was monitored at 280 nm. (B) HPLC chromatogram of 13 kinds of standard compound. Peaks: 1,
5 ug of gallic acid; 2, 10 ug of GC; 3, 5 ug of protocatechuic acid; 4, 5 ug of EGC; 5, 5 ug of catechin; 6, 5 ug
of methyl gallate; 7, 5 ug of EC; 8, 5 ug of EGCG; 9, 1 ug of GCG; 10, 5 pg of rutin; 11, 5 ug of ECG; 12, 10
ug of naringin; 13, 5 ug of quercetin. (C) Standard compound. Peaks: 14, 25 ug of 3,4-dihydroxybenzoic acid;

15, 25 g of p-coumaric acid; 16, 8 pug of myricetin.
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Figure 2
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Figure 2. The effects of RIE on cell viability and migration of A549 cells. (A) A549 and (B) MRC-5 cells were
treated with RIE for 24 h by MTT assay. (C) A549 cells were subjected to analyze for cell migration by wound
healing assay. (D) Determined migration ability of A549 was subsequently quantified with that of control being
100% (without RIE for 48 h). Results were statistically evaluated by using one-way ANOVA with post hoc

Dunnett's test (***, P<0.001). Results from 3 repeated and separated experiments were similar.
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Figure 3
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Figure 3. The effects of RIE on cell invasion, motility, adhesion, and spreading. A549 cells were subjected to
analyze for cell (A & C) invasion, (B & D) motility, (E) cell-matrix adhesion, and (F) cell spreading as
described in Materials and Methods. Results were statistically evaluated by using one-way ANOVA with post

hoc Dunnett's test (**, p <0.01; ***, p <0.001). Results from 3 repeated and separated experiments were similar.
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Figure 4
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Figure 4. The effects of RIE on the protein and transcription activities of MMP-2 and u-PA. Cells were treated
with RIE for 24 h, and then subjected to gelatin zymography and casein zymography to analyze the activities of
(A) MMP-2 and (B) u-PA respectively. (C) TIMP-2 and PAI-1 protein expression. (D) pGL3-MMP-2 and (E)
pGL3-u-PA. Data represented mean + SD with that of control being 1009, and the statistical significance of
results was analyzed by using one-way ANOVA with post hoc Dunnett’s test (*, p <0.05; **, p <0.01; *** p

<0.001).
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Figure 5
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Figure 5. The effects of RIE on the cytoskeleton related protein. (A&B) Western blot analysis of cytoskeleton

related protein with B-actin being an internal control in A549 cells. (C) Nuclear extracts were subjected to

Western blotting with anti-snail-1 antibodies. Immunofluorescence analysis of (D) p-FAK and (E) E-cadherin.

Similar results were obtained from three repeated and independent experiments.



Figure 6
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Figure 6. The inhibitory effect of RIE on the phosphorylation of ERK1/2 pathways and the activation of AP-1.
A549 cells was treated with RIE for 24 h, and then cell lysates were subjected to SDS-PAGE followed by
Western blotting with (A) anti-Akt, anti-phosho-Akt anti-p38, anti-phosho-p38, anti-ERK1/2, and
anti-phosho-ERK1/2 antibodies. Nuclear extracts were analysed for DNA binding activity of (B) AP-1 and (C)
NF-kB using biotin labeled NF-xB and AP-1 specific oligonucleotide in EMSA. The last lane represented
nuclear extracts incubated with unlabeled oligonucleotide (Comp) to confirm the specificity of binding. (D)
Nuclear extracts were subjected to SDS-PAGE followed by western blotting with anti-NF-xB, c-Fos, c-Jun, or
C23 antibodies. Signals of proteins were visualized with an ECL detection system. The experiments were

repeated three times with similar results.
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Figure 7
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Figure 7. Effects of PD98059, PF573228 and snail-1 siRNA in A549 cells. Cells were treated with PD98059
and then incubated in the presence or absence of RIE for 24 hours. Condition media were subjected to gelatin
zymography and casein zymography to analyze the activities of (A) MMP-2 and (B) u-PA. (C) For invasion
assay, cells were subjected to in vitro invasion assay to analyze invasion ability. Cells were treated with
PF573228 and/or RIE (25 ug/mL), and then cell lysates were analyzed for (D) p-FAK, E-cadherin, (E)
p-ERK1/2 and total-ERK1/2 expression. (F) Cells were treated snail-1 siRNA and/or RIE, and then cell lysates
were subjected to Western blotting with anti-snail-1 and anti-E-cadherin antibodies. Results were statistically

evaluated by using one-way ANOVA with post hoc Dunnett's test (**, p <0.01; ***, p <0.001).
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Figure 7. Effects of PD98059, PF573228 and snail-1 siRNA in A549 cells. Cells were treated with PD98059
and then incubated in the presence or absence of RIE for 24 hours. Condition media were subjected to gelatin
zymography and casein zymography to analyze the activities of (A) MMP-2 and (B) u-PA. (C) For invasion
assay, cells were subjected to in vitro invasion assay to analyze invasion ability. Cells were treated with
PF573228 and/or RIE (25 ug/mL), and then cell lysates were analyzed for (D) p-FAK, E-cadherin, (E)
p-ERK1/2 and total-ERK1/2 expression. (F) Cells were treated snail-1 siRNA and/or RIE, and then cell lysates
were subjected to Western blotting with anti-snail-1 and anti-E-cadherin antibodies. Results were statistically

evaluated by using one-way ANOVA with post hoc Dunnett's test (**, p <0.01; ***, p <0.001).
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Figure 9
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Figure 9. Proposed molecular targets in anti-migratory and EMT efficacy of RIE. RIE targets FAK and snail-1
mediated E-cadherin expression as well as translocation activities of MMP-2 and u-PA; thereby prevents loss of

cell-cell contact and inhibits invasive and EMT potential of A549 cells
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Figure 10. The chemical profile of Rubus idaeus extract was analyzed by HPLC-mass spectrometry. (A)
Procedure for fractionation of the extracts from Rubus idaeus. A549 cells were treated with these fractions by
Transwell invasion assay (B&D) and motility assay (C&E). The statistical significance of results was analyzed
by using one-way ANOVA with post hoc Dunnett’s test (*, p <0.05; **, p <0.01; ***, p <0.001).
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Figure 11. The chemical profile of RIAE was analyzed by HPLC-mass spectrometry. (A) Chromatographic
patterns from HPLC analysis of RIAE extracts showed peaks corresponding to the retention times (min). (B)
HPLC chromatogram of 13 kinds of standard compound. Peaks: 1, 5 ug of gallic acid; 2, 10 ug of GC; 3, 5 ug
of protocatechuic acid; 4, 5 ug of EGC; 5, 5 ug of catechin; 6, 5 ug of methyl gallate; 7, 5 ug of EC; 8, 5 ug of
EGCG; 9, 1 ug of GCG; 10, 5 pg of rutin; 11, 5 ug of ECG; 12, 10 ug of naringin; 13, 5 pg of
quercetin.Absorbance was monitored at 280 nm.

Table 1. Characterization of Phenolic Compounds of RIAE

peak no. retention time assigned identity*
(min)
1 9.980 gallic acid
3 12.868 PCA
4 14.361 EGC
6 15.591 methyl gallate
7 16.488 EC
8 16.830 EGCG
10 18.073 rutin
11 18.993 ECG
12 19.673 naringin

*PCA, protocatechuic acid; EGC, Epigallocatechin; EC, Epica-
techin; EGCG, Epigallocatechin gallate; ECG, Epicatechin gal-

late
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Figure 12. The effects of RIAE on cell invasion, motility, and spreading. A549 cells were subjected to analyze for cell (A

& C) invasion, (B & D) motility, (E) cell spreading as described in Materials and Methods. Results were statistically
evaluated by using one-way ANOVA with post hoc Dunnett's test (**, p <0.01; ***, p <0.001). Results from 3 repeated

and separated experiments were similar.
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Figure 13. The effects of RIAE on cell migration of A549 cells. (A) A549 cells were subjected to analyze for cell

migration by wound healing assay. (B) Determined migration ability of A549 was subsequently quantified with that of
control being 100% (without RIAE for 48 h). Results were statistically evaluated by using one-way ANOVA with post

hoc Dunnett's test (***, P<0.001). Results from 3 repeated and separated experiments were similar.
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Figure 14. The effects of RIAE on the protein and transcription activities of MMP-2 and u-PA. Cells were

treated with RIAE for 24 h, and then subjected to gelatin zymography and casein zymography to analyze the

activities of (A) MMP-2 and (B) u-PA respectively as described in Materials and Methods. Luciferase activity

was measured in transiently transfected A549 cells using (C) pGL3-MMP-2 and (D) pGL3-u-PA. Data

represented mean + SD with that of control being 1009, and the statistical significance of results was analyzed

by using one-way ANOVA with post hoc Dunnett’s test (*, p <0.05; **, p <0.01; ***, p <0.001).
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Figure 15. The effects of RIAE on the cytoskeleton related protein. Western blot analysis of (A) p-FAK (Tyr 925),
p-FAK (Tyr 397), p-Src (Tyr 416), t-FAK, t-Src, (B) p-Akt (Ser473), and p-GSK-3p (Ser9) in A549 cells after
24 hours of treatment with RIAE. (C) Western blot analysis of E-cadherin, N-cadherin, a-catenin, and vimentin
with B-actin being an internal control. (D) Immunofluorescence analysis of E-cadherin in A549 cells with or
without RIAE adding. (E) Nuclear extracts were subjected to SDS-PAGE followed by Western blotting with
anti-NF-xB and anti-snail-1 antibodies with anti-C23 being an internal control. Similar results were obtained
from three repeated and independent experiments.
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Figure 16. In vivo anti-tumor effects of RIAE. After the subcutaneous implantation of the A549 cells, the BALB/c
nude mice were treated with saline or RIAE and were analyzed for tumor growth. (A) Control group (water),
50 mg/kg/day RIAE, and 100 mg/kg/day RIAE, (B) average tumor volume, (C) tumor weight, and (D) body
weight. (E) Immunohistochemistry (IHC) for Ki-67 (cell proliferation marker) in A549 tumors (200x). The
results were statistically evaluated using one-way ANOVA with post hoc Dunnett's test (**p < 0.01).
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Figure 17. Chemical profile of RIAE analyzed via HPLC-mass spectrometry. (A) HPLC chromatogram of 13
kinds of standard compound. Peaks: 1,5 ug of gallic acid; 2, 10 ug of GC; 3, 5 ug of protocatechuic acid;
4,5 ng of EGC,; 5, 5 ug of catechin; 6, 5 ug of methyl gallate; 7, 5 ug of EC; 8, 5 ug of EGCG; 9, 1 nug of GCG;
10, 5 pg of rutin; 11, 5 pug of ECG; 12, 10 ug of naringin; 13, 5 ug of quercetin. (B) Standard compound. Peaks:
14, 25 ug of 3,4-dihydroxybenzoic acid (3,4-DBA); 15, 25 ug of p-coumaric acid; 16, 8 ug of myricetin. (C)

The chromatographic patterns from the HPLC analysis of the RIAE extracts showed peaks that correspond to
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Figure 18. Proposed molecular targets in the anti-migratory and anti-invasive efficacy of RIAE in A549 cells.
RIAE targets the snail-1 mediated E-cadherin expression and the translocation activities of MMP-2 and u-PA,

which prevents the loss of cell-cell contact and inhibits the invasive and EMT potential of A549 cells.
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Fig 19. Effect of PGE on oxLDL-induced endothelial cell death. HUVECs were incubated with oxLDL
(200 pg/mL) in the absence and presence of PGE ( 25, 50, 75, and 100 pg/mL) for 16 h. (A) Photomicrographs
of the treated HUVEC cells were observed by using phase-contrast microscopy.
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Fig.20. Effect of PGE on oxLDL-induced endothelial cell death. HUVECs were incubated with oxLDL (200
pg/mL) in the absence and presence of PGE ( 25, 50, 75, and 100 pg/mL) for 16 h. (A) The viability of treated
HUVEC cells was detected using the MTT assay as described in the Materials and Methods. (B) Viable cells
and dead cells were counted using the Trypan blue exclusion assay. The quantitative data were presented as
means ( SD of three independent experiments. #, P < 0.001 compared with control. *, P < 0.05; **, P < 0.01;
and ***, P < 0.001 compared with the oxLDL-treated group.

Control - S0 ngmlPGE
oxLDL - 7Sng/mlPGE
25 ng/ml PGE - 100 ng/ml PGE

Fig.21. Protective effect of PGE on oxLDL-induced endothelial cell apoptosis. HUVECs were incubated with
oxLDL in the presence and absence of PGE for 16 h. The nuclear morphology of the treated cells was observed
by fluorescence microscopy using DAPI stain (at a magnification of 100x). Arrows showed areas of intense

fluorescence staining with condensed nuclei.
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Fig.22. Effects of PGE on oxLDL-induced ROS production in HUVECs. The ROS levels of (A) the HUVEC
cells without treatment, control (without oxLDL)(gray trace); (B) the HUVEC cells with treatment of
oxLDL(200 pg/mL), control (with oxLDL)(dark trace); (C) the HUVEC cells with treatment of oxLDL and
PGE(25 pg/mL), PGE 25 pg/mL (dark trace); (D) the HUVEC cells with treatment of oxLDL and ELE(50
pug/mL), PGE 50 ug/mL (dark trace); (E) the HUVEC cells with treatment of oxLDL and ELE(75 pg/mL), PGE
75 pg/mL (dark trace); and (F) the HUVEC cells with treatment of oxLDL and PGE(100 pg/mL), PGE 100
ug/mL (dark trace), were measured by flow cytometry using DCFH staining.

Control PGE 50 ng/ml

ox-LDL PGE 75 ng/ml

PGE 25 ng/ml PGE 100 ng/ lnl

Fig.23. Effects of PGE on oxLDL-induced changes in the mitochondrial membrane potential in endothelial cells.
HUVECs were incubated with oxLDL (200 pg/mL) in the absence and presence of PGE (25, 50, 75, and 100
pug/mL) for 16 h. The changes of the mitochondrial membrane potential (A¥m) were assessed by using
fluorescent lipophilic cationic JC-1 dye. JC-1 is selectively accumulated within intact mitochondria to form
multimer J-aggregates emitting fluorescence light at 590 nm (red) at a higher membrane potential, left, and
monomeric JC-1 emits light at 527 nm (green) at a low membrane potential, right.
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Fig. 24. Effects of PGE on oxLDL-induced caspase-3 and PARP activation. In the Western blot assay, cell lysates
were subjected to SDS-PAGE, with p-Actin used as an internal control. Signals of proteins were visualized with
an ECL  detection system.The results were representative of three independent experiments.
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Figure 25. Effect of PGE on LPS-induceed (a) nitrite production and (b) cell viability in Raw 264.7
cells.Reported values are the means + SD (n=3).# p <0.05 indicates significant differences from the untreated
group.* p<0.05 indicates significant differences from the LPS treated group.
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LDL

Figure 26. Effect of PGE on lipid accumulation in RAW 264.7 cells. Cells were incubated with
copper-mediated LDL (100 ug/mL) or native LDL (LDL) in the absence or presence of PGE (100 ug/mL) for
24 h. After incubation, cells were washed with PBS and stained with Oil Red O (ORO). Panel A, macrophages
(400x magnification); Panel B, macrophages incubated with nLDL; Panel C, macrophages incubated with
ox-LDL; Panel D, macrophages incubated with ox-LDL and treated with PGE.

PGE(ugml) 0 0 25 50 75 100

LPS (1 pg/ml) -— + + + + +

i-NOS G G — — —

Cox-2 — ——
Practin — - - - —

Figure 27. Effect of PGE on protein expression of iNOS and COX-2. Western blot analysis of iNOS and
COX-2 in Raw cells after 24 h of treatment with PGE. PGE inhibited the iNOS and COX-2 protein expression
in a dose-dependent manner. Actin was used as a loading control.
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Fig.28. Effect of PGE on the viability of A7r5 cells. A7r5 cells were 1% serum starved for 24 h and then treated
with 25, 50, 75 and 10 0 ug/ml of PGE fora 24 h. Cell viability was measured by MTT assay. The data is
presented as means + SD from at least three independent experiences. *p < 0.05;**p < 0.01 compared to
non-treated control.
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PGE (pg/ml) 0 0 5 10 15 20

PDGF(10 ng/ml) - +

Fig.29. Effect of PGE on the migration of A7r5 cells by the wound healing assay. Photographs show wound
closure of A7R5 treat the PGE (0, 5, 10, 15,20 ug/ml) at 0, 12, 24 hr. Cell wound healing assay were then
performed as described in Materials and Methods. Representative fields were photographed at 0 ~ 12 and 24 hr.

(40X) . Data represent mean £SD from 3 independents experiments.

PGE (pg/ml) - - 5 10 15 20

PDGF (10 ng/ml) - + + + + +

MMP-9 —

MMP-2 ——

Fig. 30. Effects of PGE on the activities of MMP-2 and MMP-9. (A) A7R5 cells was treated with 0, 5, 10, 15 or
20 pg/ml of PGE for 24 hours and then subjected to gelatin zymography to analyze the activities of MMP-2 and

MMP-9 on the A7R5 cells. Data represent mean +SD from 3 independents experiments.
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