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ABSTRACT

Objectives: Erigeron bonariensis is a type of Erigeron found throughout the tropical and
subtropical areas as one of the perennial plants or pioneer plants. It is known to show detoxifying,
antipyretic, and anticancer effects for various cancers. However, there are no reports on the
anticancer effect of E. bonariensis on oral cancer cells. In the present study, we investigated the
effects of the methanol extract of Erigeron bonariensis (MEEB) on the inhibition of cell growth and
induction of apoptosis in mucoepidermoid carcinoma (MEC) cell lines, including the MC3 and YD15
oral cancer cells. Methods: MC3 Cells were treated by dimethyl sulfoxide (DMSO) or methanol
extracts of 20 various natural products 20 pg/mL for 48 hours and cell viability were analyzed
as Trypan blue exclusion assay. The effects of MEEB treatment on the cell viability of MC3 and
YD15 cells, for 48 h, were analyzed by Trypan blue exclusion assay. The anticancer efficacy and
apoptosis of oral cancer cell lines were analyzed by western blot analysis. The statistical significance
of differences between groups was analyzed by Student’s two-tailed t-test. A value of P<0.05
compared to the vehicle control was considered statistically significant. Results: Among 20 different
naturally derived products, MEEB significantly inhibited cell viability and increased cleaved poly
[ADP-ribose] polymerase 1 (PARP) protein in the MC3 and YD15 cells in a concentration-dependent
manner. Conclusions: These results suggest that MEEB can be used as a natural anticancer drug

for the treatment of human oral cancer.
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T MITF=Z AAPIM T Eo] 6:IM| = 2 S3t oo 2 ThE oFEol Hsl M =rk il 2
7IAgEo] vl ot 51 AEEC] M- W2 ofo = A QITH1-3]. ete] SREE i At
F°] 90% O]”QE 7P skl I Hioll 7442 ZAolM EAshs B, Elu
(sarcoma), E2A] A5k FZZ(lymphoma), 4% (melanoma) 5°] Utk 2 A
(mucoepidermoid carcinoma, MEC) E}lAl Qo)A 71 5351 obA] Abm Qlolth, F7359ko] oF 150,
Bt oM S92 °F 30%E AFAISIAL QIeH4A-6]. T/ du ot FollA 2leh ofES o 85t 2 Atas
AFE0] AR Mg Al AT olM = B2 A7} o] FoiA A| rH2, 7. |2 Atole et
o X2 5 35HA] oFEx| 5o FAE- g0l
ATH4,7-91.

QIR HAFEE-2 Ao 2| B =ZA] 9] -Gi=of thgh Thalo] HokA| A 2eF] okE-Sof Hisl =
/do] Ao of2] 2| A=A AREE]o] YTHI0-12]. B3] HMAFEE2 45 A ABA=ZA St g2
Ch Ats]o] QIEH13-15]. AAFEE Soll sl A= (erigeron bonariensis)= =3t 2Hcompositae) &
Z4(conyza, erigeron linne)oll £5h= A ER YAtAl = FolH2]7te] SR 2| 2jo]m, 9-2juzlollA]
© 715 glol] ofsl| 2= 5ol w2 FRAIRYT Al o] & #3Esh= 2o deA Sleile]. obAlof
o] solslo= 3, sl =2kE, FASEE 52 B2 ol8dl vt deha 2| Bl ffsl HEAl &
8|11 A7), A 0] 22 Vo] A4 X Sl 2 ARSE| L, A2 AR = ARG Bie=
AAtel o] 2] & ofA| = ARSEITEL Earkfof QITH18]. g TRl bA|aEollA et asol Tkl A
o] ATH19,20]. FZoll= HMAFZES 085 o A& A7 &sHA| 13 Folot. kARt ol2idt B2 A
T& oM = Argzo] it Ale] FHdetolie] &5dT= tel vz glct

olo]] & A= MAFEZE Foll shil Az wekE 22 (MEEB)S ARgoto] Alke] thaket 139t
S0l MEC Al22329] 3721 MC39} YD150IA AlREAYE oAl &5 9 AIZAME 852 &9l MEEBS] 3%t

r

[¢)

3

2o d

l-N'

=0

Alo
=0
oA
A

ra
ol
0%
IE

A=z

1) Azl 2 A

2 Ao = Bl o Foll AZE T UFSMEC) ]l thet L etolld &5-2 FIstarat MEC cell lines

F Y AL o] Qls AR 3Rt AESEQI MC3 M2E9} YDI5 A AR5 MC3 Al2E+= Fourth
Military Medical University(Xi'an University, China) - 25€], YD15 A|Z-= AA|chsla 2|zfohst 774+
2J8}Al (Yonsei University, Seoul, Korea) 23E] £t MC3 A= Dulbecco’s Modified Eagle’s
Medium(DMEM) BiZ]E, YD15 A|2E+= Roswell Park Memorial Institute(RPMI) B2 S AF8-511 31, 10%
Fetal bovine serum(FBS)2}+ 100 w/mL2] penicillin?} streptomycing 23 9t 8| 2]i= 25 37°C, 5% CO,
81%F71(CO, Incubator, VISION Scientific, Korea)ollA] Alth BieFsto] ARSSFATE. AlEBi YRS 2ol AR
DMEM, RPMI HiZ|2t FBSE Azlo2HE] 115t Welgene, Daegu, Korea). T anhbody =
Cleaved PARP*= Cell Signaling Technology(Danwvers, MA, USA).C 2 HE] Al 39k Actin Pl Santa
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Cruz Biotechnology(Santa Cruz, CA, USA)Z2E] J5lo] ARE3}9iLt SHEAlE2E28 0 2 HE] A3
HE2-207]2] HAFZE-2 DMSO 100 mg/mLell -8-al=] A1, -BrjA]| = A8 DMS02] #5555+ 0.1%
S Z3FolA] ettt DMSOel| 84le HAFZESS HUAM|ZET0) 20 pg/mLe] FE= A2letlct
<Table 1>.

Table 1. List of natural extracts provided by Korea plant extraction bank

No. Scientific name Family

1 Iris ensata var. spontanea Iridaceae

2 Clinopodium gracile var. multicaule Labiatae

3 Impatiens noli-tangere Balsaminaceae
4 Cymbidium goeringii Orchidaceae

5 Erigeron bonariensis Compositae

6 Majanthemum dilatatum Liliaceae

7 Rhododendron tschonoskii Ericaceae

8 Campsis grandiflora Bignoniaceae

9 Potentilla chinensis Rosaceae

10 Goodyera macrantha Orchidaceae

11 Dianthus sinensis Caryophyllaceae
12 Conyza sumatrensis Compositae

13 Viola woosanensis Violaceae

14 Dicentra spectabilis Fumariaceae
15 Helianthus annuus Compositae

16 Nelumbo nucifera Nymphaeaceae
17 Lilium lancifolium Liliaceae

18 Chaenomeles lagenaria Rosaceae

19 Lychnis wilfordii Caryophyllaceae
20 Nymphoides indica Gentianaceae
2, iy

1) Nl &5 (viability) 274

MC3 M|2Z+= 6-well platecl] 2.2 X 10°, YD15 M| 2= 60 mm dishol] 8 X 10°2] 2710 2 NS B3t ulA]
of| Cello] 50~60% #3752 w 0.1% Dissolved in dimethyl sulfoxide(DMSO)Z thz2oll #|2J5+3a 5
ug/mL, 10 ug/mL, 20 pg/mL, 40 pg/mL2] - 2, YDI1SHIEOIl= 5 pg/ml, 10 ug/ml, 20 pg/mlL, 40 pg/ml,
80 pg/mLe] 5= = Z}7F 48Xt F9k X 2] & AYES Ajaze] AYEE-S ERISIITE MEEBE 5% FBS7} 32
3l DMEM}+ RPMI HiR]ol| A 4841 7F 2] 2] & Neubauer’s chmber(hemocytometer) S 531 Al2Z2] 5
AlZ3}Th HlZ= Phosphate buffered saline(PBS)2 A|2}5HaL Trypsin-&-2H(Welgene, Daegu, Korea) %]
2] %800 rpm, 33 A 25t S ST FolRl= Aol PBSE 1 mLE L wjslo & 4ojE &
Hemocytometerg AR&-sliA] A A39] -5 Alo] BEES F75Ih & A2 Triplicate= AlHA]
Addsiict
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2) Western blot 241

MC32+ YD15 MJ2E= 60 mm?2} 10 cm dishol] 255131 DMSO2F MEEBS- & =8 2 | 2f5}ict. Tl
g2 ol MIAE= Lysis bufferet DC T2 24 (Bio-RAD Laboratories. Hercules, CA, USA)& A-8-5}
et Tl sampleS-2 SDS-polyacrylamide gel 2 717 %95-8 53l 2] & PVDF membrane(Bio-RAD)
= 0|&3sto] o|FAIZiT. A|ZAPHC] dojub of2] 71A] ZFFe 2Jste] Mitochondria”t &/g3t =1L
Mitochondria®llA ®FEEh= of2] Tt E-E2] /do] oJsiA] AlsEAE o] Pofhtiar oA Qlot. Al =ARE
5= Tl Z- Poly(ADP-ribose) Polymerase-1(PARP-1)-& Al ZAPHS] T3 211 BAF7 | 0 2 e ok
[21]. o] = ER15}7] 3l MembraneS- 5% skim milkel] -2 9027 F YA AIZ1 & 12+ 4191 Cleaved PARP,
Actin-4°Col|A] overnight © 2 BiF5} At Tris buffered saline containing Tween-20(TBST)2 A2} }al
A horseradish peroxidase(HRP)S 23t 23+ FAIS 9027 A2 sisioint. Thils lshr| sl
Fletrochemiluminescence(ECL)-&-2H(Santa Cruz Biotechnology. USA)S AF&-5H3]TH

3. 84124

QL

BE AAAIRE= 39] o ik SHoI AL Wt EEHAE AIER F, ti2d i 2| Bt 7k Aol o] F
L2785 27517 fI8ll SAREA 2 ttest £4HS &5l ZAISIAT:. & AA7-2] Aol ARERE SAIZ =R

-2 GraphPad prism version 45 0-85}131, BAZ] 5-2]4F-2 0.052 SH3iL-
HA7Zx

1. MC3 M Z0ilM o2 MAFEE S| MEMZE A =22t

TR AR MC3 Aol HAZZE 20719] MEAJE <Al BkE I flsl Al Aleil=
Slo] AEs}lticHg, 1>, SHAl 25228 C 2 HE] Alg B2 20710 HAFZEE52 20 ugmLe] 5%
TR AR MC3 AlEo]] 48417 &2t % 2fato] Alae] Ad7E2 ER1sIitFig. 1>. Trypan blue
52 AREstod AlEA|lg= A MC3 AllaEelAt= 12719] 2 AF=E20il A sttt vl wsto] AEs) U=
MGC3 HIZE2] 7}+-5-o)Ad A TASIHATHES, #5, 46, #7, #8, #9, #11, #12, #16, #17, #19, #20)(p<0.05).

ol&F MC3 Ao 384 0 2 7P -2 M| 327852 2AIeH A 52=5-2 #5 Erigeron bonariensis
2 A9z vehe FZEMEEB)°|Th

?EHUOHH

T7ote] 25 F HAFT|UE(MEC) AHZEFQ1 MC3 A2} YDI5 A|ZoflA MEEB2] A7 o34l &
T 2RISE] ol Ml Al=iS Foto] Al YEES APSIUTKEg. 2>. MEEBE MC3 AlEZo]| 5 g/
mL, 10 ug/mL, 20 ug/mL, 40 pg/mLe] 5= 2, YD15 M| Zoil= 5 pug/mL, 10 pg/mL, 20 pg/mlL, 40 pg/mlL,
80 pg/mLe| 5t 2 ZFZH48AI7E E Rk 22| T AYESH MIZES] 5 AlSSIATE M2 Al 2} MC3 All2zo]]
A= 5 pg/mL, 10 pg/mL, 20 pg/ml, 40 pg/mLe] &%= %2 uf thzxtatt vl wsto] AJE3l = MC3
Ao 713218 (p<0.05) QA 74311, YDI5 AlEEof|A= 20 ug/ml, 40 ug/ml, 80 ug/mLe] 5= #]

[
7 AMH > MEEB= 49 A1 MC32H YD159] HJE5-41S AN 7= aabQl 22 U= 8l
o}
=
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Fig. 1. The effect of sundry natural products on cell viability in MC3 cells
The graph represent of three independent experiments of MC3 cells. Cells were treated by dimethyl
sulfoxide (DMSO; vehicle control, White bar) or methanol extracts of 20 various natural products 20 g/
mL for 48 hours (#1-20, Black bar), and cell viability were analyzed as trypan blue exclusion assay (0.4%).
The graph is mean=®SD. *p<0.05, Significance compared with the vehicle control-treated group

120 - MC3 120 YD15
100+ __ 100
28 ] 2 9 i
- gt ¥
= 3 60 - s 8 60
32 w0 32 w0
20 201
0 0

0 5 10 20 40 0 5 10 20 40 80
MEEB(ug/ml) MEEB(ug/ml)

Fig. 2. The effect of erigeron bonariensis (MEEB) on cell viability in human oral cancer cell lines
The effects of MC3 cells YD15 cells were treated MEEB for 48 hours on cell viability were analyzed by
trypan blue exclusion assay. Cells were treated by DMSO (White bar) or treated by each concentration
for 48 hours (#1-20, Black bar) in MC3 cells (left) and YD15 cells (right). The graph was typical of three
independent experiments of MC3 cells (left) and YD15 cells (right). The bar is mean=SD. *p<0.05 as

compared DMSO-treated group
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3. 72 MIEOIM HYx HELS FEE(MEEB)2| MEAIE 1}

MC3 A2} YD15 A Zoi|A] MEEBO] 2J5t M| EAPES G E5h=%] Yo}k 7] 2Jal Western blot 41
S E3510] cleaved PARP Tl 210] 84S S10I519ITicFig, 3>, MC3M| o]l 5 pg/ml, 10 pug/mL, 20 pg/mL,
40 pg/mLe] 5E 2, YD15 M| Zol= 5 ug/mL, 10 pg/mL, 20 pg/mL, 40 pg/ml, 80 pg/mL.o] 5= = ZH2}H48
A5t X 2fsigint. 1 A} o ztol] Hlsto] 7749t AlaEStol] MEEBE #2532 ) cleaved PARP
Hizlo] &/do] F71=| iti<Fig. 3>. o|+= MEEB *{2]o]| 23t -+ A3 e] A7 AAll= AZAFES Yo7

<t S HRdo] 252 & 4 Uit

MC3 YD15
MEEB(ug/ml) 0 5 10 2040 0 5 10 20 40 80
Cleaved-PARP - |- w e o oy o

0 058 067 072 084 003 047 049 050 052 055

Actin | esesres | (e or e g9 o o

Fig. 3. The apoptotic effect of Erigeron bonariensis (MEEB) in MC3 cells YD15 cells
The apoptotic effects of MC3 cells YD15 cells were treated using dimethyl sulfoxide or various
concentrations of MEEB for 48 hours. The apoptotic effect of MEEB was decided through Western blot
analysis using the antibodies against cleaved poly ADPribose polymerase (PARP) in MC3 cells (left) and
YD15 cells (right). Actin was used as interal control

ot

TS BIRE TR O A 25P) 93 S-S Al e, ol 2, o X2, WAMIALE, Tl
4, 9f}7] 44 18] 0 S5}l o] 9lrk IFONE A o] FRARSHIL U7 B, 9]
) 442 HIES T2 TR X B S A A BAGT}42 5 ] Aln|HRl Bxto) et 7]
oS 2oHE 4 G B S0] 0HATL. Wl B A7AS0AN HARZBES o 83 X =]
QA70) o eix|a glom, Tl HARE B 5o AR A|Eo the MES A Et 8l el

TS 7RI QoL BreA] Jl= /deiolth22,23]. o it whE R of2 Rt MlEEFollM HAFEE

& 7% HIE HES olIsto] Geisol Uk Ll ITHP L. FA| Aol S| g slof
HEAE B 275k ABS YA E5- AZh A L I A7l S 24 Fo 3}
Uolck. ufebr] £ ol mA 7749k A 2 Fo] shel MC3 AlZoIA S91% 2 8- 3olA 4

SRR 20712] HAFZEE0N Qg Al2/d oA ExhE SRlsh ottt 1 A7 MC3 AlEolli 332 &
20712] A3 EE-5 Sl #5 Erigeron bonariensis Q1 Az Mgk 2ZE(MEEB)l| 2J3H |2 A= &
50| thz=tol vlal 71 o] ke #R1E 4 UTFig. 1>.
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AfzE got|2|7h fite] =aat #eHAlE 2 obrloe] x| gofgloi= L% 2 AYE0] X ZoHA|= A
8531 QIEH17). SR MEEBE o= oA @faso] dss o] et QI st AlZaQl A9 B
H1299 A|azoil A A=/ aatks U5sto] Al et Qo= EJJ} ATHI19]. o]t Anks
S B0 2 7JQA| 2ol A = MEEBO] 23t taabr} Qlex] ERls iz 81ct. <Fig. 1>2] A2
RS HRO 2 et Al 2391 MC3 AllEE2} YDI5 AlAEE AElslod MEEB2] @9l &-5oll= ofwiet 3k
0] 2] =A] At QLT MC3 Al 222} YDI5 A|2Zof A MEEBe of5h A BEE-S 215t 2fsl Al2Al4
NS &9l 2Rlsl 2k 21 A, Fig, 2004 & 4> Q0] MEEBS 2|62 ) tz= 2} v wslo] A&
T MC3 A2} YDIS M2 471 -fold Q7| s olE 4] 0 = sk A2 R Jﬁ}aﬂ;:](p@ 05). o]
T-E0l oJst o] M2 AT = EARH 713 02 Al =AFE o] ITtal e A ot
[15,17-19]. A|ZAFE 2] 3t e}l Apoptosisi= @tAell 22k A2 S/doilx] F-e3t A/dolt). =15 =
MIFEAPE-E et o] Thillal 9l {2} 2 ATk A2 A e g 7 =of| ofof ni7le)= AJeFal4] vt Al vf
= Al UjellA] o] Foi Rtk Al Uioj|A] AlsAFE ] Lofub ofg] 71| 250l ofsto] MitochondriaZt
272} =31 Mitochondriacll A ®E= of 2] Tl 5:0] Zdol| ofsiA A|azApo] dofdtthal 2] 9l
t}. 21912 Mitochondria apoptotic 2= A 20 9lo] 552491 &J&ke-sict n| EZ =2 ojof] 2Jgh A
TAPE F= Tl 3 poly (ADP-ribose) polymerase-1 (PARP-1)2 AlZAPHS] thi 2| Q] Bapr|d o2 oF
A e} [24,25]. wWebA] 2 Aol A= MEEB2] Al2/d7 A7 AlAPE R Bl Ql=A] Lolt7| s
M|ZAPE ] th3 Q] BAl7 1 02 A% cleaved PARP T o] BHH-S Western blot #4132 5510
SRl 2 Ak 7 A =0l MO /go] At At FU5HA| cleaved PARP THlIE o] Wddo]
7 FoF3itt. o= MEEB®]| 2Jaf Al3ZAFE O] -f-ie o] LML /87go] Alle] k= WAt edo] 1

24> Qlot. whebad, ol2feh Axks Ftel & ul, MEEB:= 74<) ol a-sol tizt daid oz 2 7k

o
Kelye]

o

Ho] gl HAFE 20| B O BQIck 1) £ Q7o) AR HAEE RS 0l §310] 74
HEFoIN MIAEE oA 3 AZAIE 50 BRIt wh2o) Altel 77 ol ok 22 s 1
Wb lolle AP} Sl mlebd] S RSk ] Sl 52 A 9 Qo Spste] 77
o2 915k oFE RS S5t 54 1771 BT 710 2 ARk olelet $4ATES E3) MEER} 7

B ol elet EARF A = B 4 = A7 =4 vl

T A|ESoA 254 O 2 MEEBE A 2]at3iS wf thzwtol| u]a] &3l Qs 73 dAlaEe] 47152
3 927%] ke AnkE ERI5HITHp<0.05).

2. MC3 HlZ0f| 5 pg/mL, 10 pg/mL, 20 ug/mlL, 40 pg/mL2] 5= 2, YD15 HlZoll= 5 ug/ml, 10 pg/ml,
20 ug/mL, 40 ug/mL 80 ug/mLo] 5 2 48417+ 2] 2]st Axk MEEBS 7739} Ml 30| H|ZAJH-2 52
3 QA A=A, MEEAPES] thEAR] B2 Tl 5 5RR] poly (ADP-ribose) polymerase-l
(PARP-1) &3-S tf =7} v wslo] MEEBE X2J519)S uf Z7}s13ich

kb, A4 Q1 Auts F5el & uf, AUE viehE FZE(MEEB)2 3% ol as-2 7 249l
HEA 7hs/do] e MAFEEC] E Ao AlgHh
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