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Effects of Delphinidin in Anthocyanin on MDA-MB-231 Breast Cancer Cells
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ABSTRACT This research showed that delphinidin, an anthocyanin present in blueberry, induced apoptosis in
MDA-MB-231 breast cancer cells as well as mediated anti-cancer effects in vivo. As a result, growth of cancer cells
as assessed by MTT assay decreased in a concentration-dependent manner. Chromatin condensation by DAPI staining
significantly increased in a concentration-dependent manner, indicating apoptosis. The level of p53-protein increased
while those of anti-apoptotic molecules (Bcl-2, p-GSK3p) decreased in the western blot. Tumor size decreased in cells
treated with 10 mg/kg of delphinidin compared with the control group in vivo. Cell apoptosis assessed by TUNEL assay
significantly increased, and tumor inhibitory effect was confirmed. Therefore, delphinidin can be developed for cancer
preventive medicine due to its growth inhibitory effects and induction of apoptosis in human breast cancer cells.
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o2 BuHEI Yr}, 2o upt FAAE B
&o] sta ) e FA-go] HomA A WA= 1
5 ALl o A 2 A8 QRS Sk AN
59 #Alo] F7HHATH HEe AAezZRY A €&
T UL FAEE AowA Shs g8 OR ARE F 9
=, A8 fEe A EFAE 2L B34S FA HAY
gaxdoz S ggadrt demAE S8 5
LAl A=

SFugo 8% <tEAlold(anthocyanin)e 2 &7
of de] $xHo 3+ = FE T R J, =71,
Q, e T AEA 4§ FEA FEH Ue A,
AL g o] miE ARl e w84 Ahoth(h).
7150 SH A FEAetd2 ksl E44(6,7), A7 A

A3R), AF=5409), FdF10) 5ol ax7t o 9+
A A AN(7,11), Frbolel s 28(12,13), A A AL 24
(14,15), A8 (16) ® P& 715 48307 5 424
AT7F Haso] 9l

E3] i 2 G FolA ekEAolA F cyanidin®] 50%
A2 7P %o delphinidin, pelargonidin, peonidin®]

Z}7} 12% A=, petunidin® malvidine 7%= FX3}+=4),
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% B AT 22l delphinidin(Fig. 1)& ©x}41, 2z}
9 S vepda g4kl 28-S v Zd 2~ E A3
A=)

&}al 9+ cyanidinol] ¥t A= EshA FyEH
ol delphinidin® A§2]4 7154 & %7} petunidin®}
malvidinell ®lste] o §-F38 Ao 2 dHPA A% £
3 @A olel tidk At mngk A Aol

agske] & Aol A= EFW YA gL adE e
W Ao 72 7]thE = delphinidin®] €17+ 219 MDA-MB-
231 A Ee] SAE& A=A &8sl in vivo A
FolA = Fggaart vepheEx] dolr At 83l

Mz A A

AMEEE

Delphinidin chloride+ Sigma-Aldrich(St. Louis, MO,
USA)NA 431 in vitro 23 ol A= DMSO9| 34 st
AHE-BFLAL, in vivo DB A= D-WEFFol 34 8ke] AL

#3sich.

MDA-MB—231 SHttM|ZHH

A gl ALg¥ MDA-MB-231 59941 ¥+ American
Type Culture Collection(Rockville, MD, USA) A F+¢
st

MDA-MB-231 #1493 vl 2 918 RPMI-1640%)
A, 5% fetal bovine serum(FBS; Life Technologies Inc.,
Gaithersburg, MD, USA)¥} g #](1% penicillin-strep-
tomycin 0.525 mL)E #7}sle] 37°C, 5% COx7F A5 &=
Bl %71 (Thermo Electron Corp., Marietta, OH, USA)
oA MEZS wjFatdet. AlE7F 80~90% A% flaskS &
© ™ phosphate buffered saline solution(PBS) 2.2 2%
AU AL trypsin-EDTAE A ste] MEE Al wiYsta
Hi A= 2~39mtrh w33t

=

R R A RES e P E S B

MTT assay

MDA-MB-231 ¥4 HEZE 96 well plate®] 7+ welld
A Z57}F 2.5%10" cells/mL7} 5 =2 Wil platese] £<
T QL= RPMI 1640 7|0l A of 24413t 59k w3l
ok 22 Al yA o A= A1 ASEAL delphiniding 0,
12.5, 25, 50 pM %= Aoz Asgith. 37°C, 5% CO»
7F FrAE = ] WA oF 244]3F F<t skl 1
S ZF welld 40 ple] PBSO| 2 mg/mLe] MTTE =91 £
S 93 TdE I F 37°C u 7)ol 2A1%E 9 WA S
Sk o2 MTT &9 AASIL welld 100 plg
DMSOZ #71ste] &4 9 formazand <tk A3 &
% formazan®] &FEZ ELISA-reader(Bio-Rad Lab-
oratories Inc., Hercules, CA, USA)Z 595 nmell A 743}
AT

DAPI stain

Aol mFEd MDA-MB-231 frdhAlEe] &5 g
Ael Al AlaEe] & WstE A7kststr] 9fske] DNAY 7] A
dof] o)A o g3 DAPI & GAS =a)ste] &9
Wals #4590tk 96 well platesell MDA-MB-231 #%
A Z(2X10° cells/mL)E F2 5 37°C wjF7] oA wli¢f
shalth A Alzto]l EubH wiFT|ol A vl E el
2 AW F PBSE ZAAYA AHZ Fo| 4% paraf-
ormaldehyde solution®. & 1587+ 1133l o, PBSE
Al AlA $- PBS® 10W) 5413k DAPI stain 85 500
nL/well AA8kodek. A A F oA FFAn A (Zeiss
fluorescence microscope, Thornwood, NY, USA)S. &

e,

Western blot

175T flaskel MDA-MB-231 A ZE 24417 w)
%3t ¥ delphiniding 0, 25 M FE=Z 2441t St A3}
ATt 1 % trypsin-EDTAE A #3te] A2 E FFdH=
o] A4E-2(1,000 rpm, 5 min, 4°C)aFA T} 27k
PBSE A¥XE A& st G4 3sF] cell pelletol] cell
lysis buffer(Invitrogen, Carlsbad, CA, USA)E #H7}8lo]
4°Coll A 3087 WS A1 H T} Lysate™ 13,000 rpmoll Al 5
T Ek AR S A3 cell lysate® AFE-3F
At FE3 A ] 5% Bradford protein assays
o] &3l =43t M ES 12% sodium dodecyl sul-
fate polyacrylamide gel electrophoresis(SDS-PAGE)=
A7IEE &3 F nitrocellulose membranes(Bio-Rad
Laboratories Inc.)ol| ©]& A t}. Membrane< 5% skim
milk= 1At &<k blocking¥t ¥ anti-Bel-2, anti—pb3,
anti-p—GSK3B, anti-B-actin® 1x} A= Z+zF H 7}skod
4°Coll A overnight 39t} 71 3 anti-rabbit IgGZ H7}
3Fod 1A 7 whS-AlFH ). Z} protein bandE ECL detection
reagents(Pierce, Rockford, IL, USA)E o]&3slo] A3 2

o



Delphinidin®] &<}

#E ngr.

Xenograft

37°C, 5% COz27} FA =& v g7]elA 5% FBSE 7}
3k RPMI-1640 Hl#]ol MDA-MB-231 f33HAI 2 S )<
skolth. 75T flaskel 80~90%<] |27} HH?}EJO*& o
trypsin-EDTAE 7}l HNEZE FHAIA AR
(1,200 rpm, 5 min, 4°C)3}3it}. 7L ¥ PBSZ AM -?F tHA
3k QA EE)(1,200 rpm, 3 min, 4°C)3}e] cell pellet
Aol 1X107 cells/mL7}F =5 3Fo] RPMI-1640 vl A ]
EFe ()28 E(Seoul, Korea)oll Al 5538 2] nude
mice &% 107 & FYste] 1749 w£37S vy
nude mice 59 200 pL(2x10" cells/mL)2 MDA-MB-

231 FYSPAEE Fetol FHS FBARS. FEEA

o] o]= A% A} nude miceE VHHANA FEE &3

# 1 mm’ 2712 d\ate] thAl nude micedl F3kATh.
71 URe Eok Ao =yt R AAG A UYoEE I RES

3t & A% 3ulg] = delphiniding A3 A= (22)01 A
AAAGANA Bt e Ao RaHE (A FEE A
skl D-WZF5 200 uLell 84 A1#A w5 3% 10 mg/kg

2 ge A7kl 473 ATRC AL, dEPE D-WEF
g 200 uLE "5 3 22 Azl 45737 AR &Qlnh
Fol717k B} vh9m0] AubHQl AEE 43 FAlo]
=& F 28] Sgaginh

TUNEL assay

Dead End™ Colorimetric TUNEL System(Promega,
Madison, WI, USA)E ©o]|&3 TUNEL assayS %3
apoptosis A EZ 315l WA xylened o|-&3) €3
gastsE A & ethanol-‘l 100, 95, 85 70, 50% A=
o] g3lo] g=AlATE 1 3 PBSE A% % Proteinase K&
7} Egfolre WolEd AoA] 15837F HbEA]7| AL
equilibration buffer®} Biotinylated Nucl. Mix, rTDTZ
o] 7+ &folo HEste] 37°Coll A 1A1XF WHg- A Z T
71 % 0.3% hydrogen peroxideE PBS$} 4]o] 5827 vk$-
¥ Streptavidin HRPE 7} &efo]l =0l Agsialar, 2t &
o]=9] 3,3'-diaminobenzidine tetrahydrochloride(DAB)
solutione 10+ WA F . kX222 methyl greeno
2 QA 3 Fedn P or A& vh<200).

= ﬁéﬁi]g} FE= A4S ALgsto] hehy
e-way ANOVA©°]| o]& f-test®EA]S

a1 7F #3F A o
AR BT ﬂli%ﬂr Hlated P gho] 0.05 vwked uj=
EA8td 02 §oAo] dvtm BASAL.
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Fig. 2. The effects of delphinidin on the cell viability in MDA-
MB-231 cells. MDA-MB-231 cells were treated with delphini-
din for 24 hr, and the cell viability was determined by MTT
assay as described in Materials and Methods. Datas are mean+
standard deviation (SD) for three samples. The significance was
determined by Student's f-test (P<0.05 compared with untreated
control).

Znt 4l pEt
Delphinidin0O] MDA-MB—231 SRt M=o O|X|=
g

Delphinidin®] MDA-MB-231 f3¢tAl 3 A& 1] X
= S Rl 913k delphiniding &
50 pM)EE A g8t MTT assays £3
Delphinidin% z}z} 0, 12.5, 25, 50 uM&E 24417 28]}

S u 47 ved AR *g €2 100, 100, 80, 20% &
EH&ELOH H|3)) 25 pMe] TR AFE & oEH o2 A
F A& sle] fo0l as BATGFig. 2). wekA
delphinidin®] MDA-MB-231 13-4 ol 25 pM¥-H 5
T oEHor AEAES FESIE How ATEHAY
Yun 5(23)2] e+l ¢3}d HCT116 cellel delphinidin
< 30, 60, 120 pMZ HE31gle o B % & oz ki
3ot JeElgto ) Kim S5(6)o A= Jurkat T cellol A
100 pg/mL, MCF-7 cellel A 125 png/mL ZFAstsE Ao w2
e Pal 5(24)9] Aol A% A549, NHBE, NCI-
H441, SK-MES-1 cell®l delphinidinS s=3¥ % X%E]ﬂ
A3} NHBE cell& A ¢)ata =] cello] A 20 tMe] %
MEE FL oEH o s BT o3 A=
B Ao A delphinidin®] MBA-MD-231 %¢A] 30
L oEzH OB AFTAESS AT AT e Anw
e} delphinidin®] A ¥ A &3S Hol= Ao R
Al "

i

Delphinidin0l| 2|8t MDA-MB—231 S4I2tM|ZL 9| apoptosis
k=anl3

MTT assays 538 @28 AEAFE ] apoptosisell 2
a3l vrebd A 3Q1 ] &<lstr] f18l DAPI staing A A8k
o}. MDA-MB-231 A3 delphiniding &%(0,
12.5, 25, 50 uM)®E = 2443+ ] ¥ DAPI 94& ] &3}
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Fig. 3. Effect of delphinidin on the chromatin condensation in MDA-MB-231 cells. MDA-MB-231 cells were treated with delphinidin

for 24 hr and stained with DAPI.

o] gFdnF o m #AFellthFig. 3). T A3 delphinidin
= 25 uM AX| g FoATFH apoptosis HEHAE 9]
Z717F BEE o™, MTT assay 23 & oEH 0
2 Axe] gio] HAad 213 S U8l DAPL Al A =
)23 B S w) delphiniding &3k wtoll A Al3E

Tt Zol S Al 915, fAALe] &, apoptotic
body$} 22 apoptosis@ El7} #Z= At} Hafeez 5(25)

o] AFto| A= PC3 cellel i3t delphinidin® apoptosisE
HulFd o g B2 A3 60 umol/Lol A apoptosise] &
S #ES A 120, 180 ymol/LZE FX7) SV 45 oy
o] T7tek Ao Z Hisqltt. ol et A Z 5 delphi-
nidin®] MDA-MB-231 % gAxe digt Al EAE ]

apoptosis X 93] o]FfX &= ZoR oA,

St

rir

DelphinidinO| apoptosis?| HAZ 5ol Ofx|
g

o1zl gl -] MDA-MB-231 -84l el delphini-
ding 25 uM A X8k Fof 7o F-E] apoptosis B A E Q]
GolHel =77 BAFYomZ Western blots E3)
apoptosis® Z4s= p53, Bel-2, p-GSK3B wh = o] #
AR Bd A =S #3235l delphinidin®] apoptosis &
FrAApe] Aol ojm & JEFE v A=A AT p53
2 TYAA Torxdx}«] a2 A ‘ﬂ* SAE A FA
7AW AALE F=3aL, apop-

tosisE fF&sl= ?%koqzﬂ JX}E 2k A TH26). West-
ern blotg A ]3}01 delphinidin #g]¢] @& p53 gz o]

Fet A3, pb3 @l d e izl v del-
phinidin®] A 2]&5% 25 uMollA S718F AL, anti-apop—
totic A2 A] apoptosis -2 &A= Bel-2, p-GSK3
B wruA o] B &L 25 pMol A 97 o7 7489 oHFig.
4). Yun $(23)¢] Ao A= HCT116 celldl delphinidin
e RS w30 uMoAAFEH = o]E4 0= p5h3 T
o] F7}eF3 AL Bel-2 U A L h4g Ao w L
, Hafeez 5(25)9] Aol A= PCS cell®ll delphinidin
O 120, 180 ymol/LE A &#3l9S w p21, p27S &%
o=z Z7tsld pNF—}cB/pESOi} pNF-xB/p657} &
_Zigi ZHaskinh A3A 02 delphinidine] MDA~

o o 1% mio

FNm_ELnPi

1o

iy
Az

0 25 (HM)
- a8 p-GSK3B
W s | p53
— Bcl-2

B W | (-actin

Fig. 4. Effect of delphinidin on apoptosis protein. Cells were
treated with dephinidin (0, 25 pM and 24 hr). Cell lysates were
prepared as described in the Materials and Methods and ana-
lyzed by 12% SDS-PAGE followed by western blotting. The
membranes were incubated with anti-p-GSK3p, anti-Bcl-2 and
anti-p53 antibodies. The blots were also probed with anti-B-actin
antibodies to confirm equal sample loading.

MB-231 %
o]

=
o o 2~
S 3t IS & F AUk

DelphinidinO| xenograftE 0|&3
gt
XenograftE A A3k ul9-229] MDA-MB-231 -394
ZAld) delphinidin®] o3l &3S v x| &=X] Jr%}é}oﬂ
th FUdAlol 2= F 23] £33 1, delphinidin(10 m
kg) D-WS 200 uLel ﬂﬁ*]ﬁ T 33 &2 Al ﬂoﬂ
AFEASAL, x> D-WSFHS 200 pLe 5 3
22 Azl 45 ARtk 1 A3 AT 119
AFE dZ2a ) Rlasls ), FEe] Alo]=7t A=
f{}% BATH 2594 diZzatol vl& delphiniding &
Tl A 43% HAEe] A ES EOﬂD}(FIg 5A). AE ¥
9] 71 &S it 3,953 mm®, delphinidin %
© 1,566 mm’olglom, Fdo] FAE xT 1.575 g,
delphinidin %] "E% 1.008 g2 & delphinidin FoJv-¢] &
ol st A B AHFig. 5B). Hafeez 5(25)9]
Ao A= PC3 cellZ xenografts A A g vf$-20] del-
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Fig. 5. Inhibition of MDA-MB-231 breast tumor growth and increase of apoptosis in MDA-MB-231 breast tumors by delphinidin
Xenograft experiment was performed as described in the Material and Methods. (A) To identify the effect of delphinidin in MDA-
MB-231 breast tumor growth, nude mice were treated with delphinidin (0, 10 mg/kg) for 25 days (n=5, P<0 05). (B) The graph
expresses final tumor weight. The data are presented as the mean+standard deviation (SD) of five mice, "P<0.05. (C) Nude mice
were treated delphinidin (0, 10 mg/kg) of 25 days. Tumor tissues were observed using microscope and photographed (<200). Paraffin-
embedded tumors were sectioned into 5 um. Scale bar size: 10 pm.

phiniding 5 33], 2 mg< Fol 85 Bk #AS
Ay HE 29k 7= 1 > 00 mm®, delphinidin
Fol#e 361 mm’E HL Cﬂjxﬂg‘?-% e A AL, delphini-
din Foli9) F/17} 1257} HS W) i) 1,200

mm’sh v Sa Ak olel @ dahiz B aATolA ek At
9} 2 x3}o] delphinidin®] MDA-MB-231 f¢hAl Z9
& AAEAE Hels Ao BE T

1\3 ol

Delphinidin0| O|x|= Z=Xl£Z=0|A 2| apoptosis &=t

Xenograft #7AE& 3 AHI FFxzo sl
apoptosis f=o «]b’P Ft &5 S 913ta1A} Tunel as—
sayS AAIEA T 1 A3 dE2FH Y 10 me/kg delphi-
niding o3k ol A apoptosis7F ol AL o] f9 4

0[1

Z71= #3238 5= A vk(Fig. 5C). Anthocyanin A¥E¢]
o]—oﬂ ek A7 F 7P Bx7F @S cyanidinel] ojgF dF

2, Chu 5(27)9] A+-olA &= cyanidin®] MDA-MB-231
Fr QA e o] 5 HAFAdol MAE dF§FS ZANE
tl cyanidin®] 7} sX=7F Al Sl dFE T4 B
0, 5, 10, 20 uMellA] o]F4d L F&Ado] FolH o= FHAaE
%3l, Zhang 5(28)9] Aol = AGS cell, HCT-116
cell, MCF-7 cell, NCI-H460 cell, SF-268 cell°l cyani—
ding 100 pM o]’d o= A& v fEehA2E] MCF-7

oA ME F2e] FoAor FAFJTL B3l
Cyanidin, malvidin®ll #38F Choi(29)9] oA cyani-
din®} malvidino] AFa}& 2~E g 2o 218 WI-38 cell?]
;(];q y,l.z\}ﬂ. A AL _[01_9]14 o7 71-/\/\];5\0131 o
cyanidin, malvidin®] AF3}3 2Eg2 WAS 53 3453}
a37F Holds FR1Ed 4 Ak 181 Kim 5(6)9] &
:11 A}ol w2 anthocyanin % 5 53] cyanidin &%

< E} Al ETh 2v] o] =okar, ohAlAEe]] ik S E R
JurKat T A|E29} MCF-7 Al¥¢] cyanidin, delphinidin,
petuniding ¥E=H 2 A3 27} petunidine cyanidin®ll
vl gl =g ol XAk cyanidinol] FA#] 9%
E AE S4a7E e ALE e ol g A3
1 ¢19+e Al delphinidin®] MDA-MB-231 -1-3hA| 3o
T JEH R MEINYEES TAAT AY T A7
el delphinidin®] &AM Xl A GHE Hol= Aoz
ALEE T

Z1%-¢F delphinidin, petunidin®] H]&} cyanidin®] &3}
7F F2E AL gl AEo] ¥3Fal 9L+ anthocyanin
°] cyanidin®l 7}&el 152t A7+ A3+ cyanidin $4
o& o]Foz Ao w AZtHET) upetA cyaniding E 83
anthocyanin®] 7I¥ el Wi o] 42 A7 2%
Aoz HAdErt B A= anthocyaning] AR 5 <

delphinidin<

rlr r
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236 a9l - 2914 Aellel - a A by

7Fe/dol A& Ao R oA x]h delphinidin®] MDA-MB-
of o}l H 9k, delphinidin

31 -‘r’r%‘?}/‘ﬂ%ﬂ] 3 apoptosisE LA

7 GAE TS JA s A S 815t delphinidin®]
ok ]

T S Aer AlsEH

e of
°4rrL°ﬂ 1 EFd|glel EZ3+H anthocyanin & delphi-
n1d1n°] 7F 2ol MDA-MB-231 frHret A £ o A4S
A A 7] apoptosisE F-4eh=A] AHE I jn vivo 2 Y
AAME ggdadrt depbe=A skt 1 A3 cell

viability—a‘ H7] 9138 MTT assaydlAE 5% 4**4 o7
dAEe S JANZ oM, apoptosise] 2H1E 9%
DAPI staindl|A] &% 9]&£4 92 chromatin condensation
o FejHor Frbek= Ae Fleltt. B3 western
blotol A & <}l fd4kQ1 p53 T d o] F718k3laL, an-
ti—apoptotic A% Bel-2 T A3} p-GSK3B o4&
23R} In vivo Ao ME ti23 v sl 10 mg/kg
delphiniding FoI gk ol A S| A7]7F FHaskal o,
TUNEL assayE &3l apoptosis A3 HEg TATA o=
oAl ST B LE]‘H TG A aaE Flsin

ojAtel A¥E= & u, MDA-MB-231 FH9tA XA
delphinidin2 A ¥ 2] %é,a AR A 7] 3L, apoptosis=
FEA7|= a5 HolBnZ o ofUAY X sAZ Add
T UES FoR AR HT

ZAtel 2

AT FEATH] A7H Ao S AT A
o] v (Project NO. PJ007884), o]¢l| FZHA=¢uit},

lo rim
w r
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