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B3 E o7 Ho Al¥EQl A549 A FEAA AT} FHFd3I Quercetin
3—B-D glucoside(Q3G)ell ©& AxE A oA 7|HS AT AxE
A A4 719 A #EQ Nuclear factor—kappa B(NF«kB)% Phospho—I
kBa(p—IkBa) 9l @3S Lotz 93 A} &= 0, 5, 10, 20, 50
mg/mLe}t Abhe] gix A A¥<A Q3G 0, 5, 10, 50, 100 uM F%=
AmE Aestal NFkBo 3 W #F9& frest7] 918 10 ng/mL9
TNF—aE Agste] AxE FAo mX= 93, NFeBe g W3k, NFx

Bel & Wl F9 F% &2 proteasomed] & Al AEE FA ST

12

1. AE SA(Cytotoxicity) R AlE F2(Cell Proliferation)®] % 3}=
Methylene blue®3} MTTHO= #4530 om Az 542 10%v7 R
S548&E Ul $EE AlEe SFAEAS vAA Feva B AR
glek Aol 49 40 mg/ml ofske]l FIolA 10%vIREe] =
Aee eI 60-200 mg/mLe] FEANE 11.7-47.7%% 54 &0l
S7bek3lth. Q3GE AP Az A5 10%vIRte] 54&S YEld
= 130 uM °laglem 10, 160, 200 uM FE=SAE 14.4, 10.9,
16.2%° 54= Wetd o= YT
Mol FA& A F5AS A MxEe 49 10, 20 mg/mLe F
EollA Srbsks BE&E Eelthrh 40 mg/ml o] wEFEHE wXR7F
<7t g5 FaEa, Q3GE AYF Az A dAHow S49 3
27F e o] S Fskol Al H5 B Q3G7E A549 Q1A ) ob Al

24g oAse anst des F9 ¥ 5 Ak

OPF



2. A549 HILAME 3 Y NFkBe W3l western blot'Ho =z #4135}S]
th AR} FFNS 5 mg/mLE A sE W T4 vAh FUtHEE A
S Yygdgd ey Has%rt 10, 20, 50 mg/mLE =7} ¥HA band7}
EbubA] eFokar, AR Ay NFkBel & gto] control? 2& 100%= o
Byttt o] SA e A FolH R (p<0.0001) st AR F
=7 S7F @5 NFeB7F #H4se= 4%= dehdila o2 &34 NF
kBel ZFA7t A549 HGAEE FAAAS} BEAo] S FAT F 3
AT

Wb Q3GE A glek A549 H A Eo| A western blot® A3 Q3G 5,
10, 100 pM s xolA4 NFxB7F 0 pMel B8] A% Z7le9al 50 uM
o] FEoA HAFPAT 2 Aot (e Aem Yy B ATolA =
Q3G7F NFkBe] 3 W] #<1& JAlshA] Xt Aoz YR,

o

ol
-

3. A549 FHAAME AEXA U IkBael W3l western blot o= 4
Sa WMol SHAAE p-IkBas

7b S7bgel met FAcEte AS & F AT ol & At FA sk
S7hte ¥4 HEolth’b 10 mg/mL

oo srFHE 1 vt TV &FF p-IkBawrl HAdE 3ow B

of AR FFeE IkBaZk 1AM H= S oAlske] NFeBe o ol
3

A A Aell A 0.050]8F o

i



4. AEFE Holl A= IkBa #3831 H NFkBe 3 of #% %= 49
proteasomee BF/AE ol&st] SASAUY. At FF A FEIF SUF
% proteasome®] Aol fad= AFS UEUNL 53], Al 5
Hs 50 mg/mL sEZ HGAEA AYF AR 11.3%= 7H o2

=
proteasome?] A4S HIT FolHoz 7HATA T (p<0.0001).
HE Q3GE AEEt d2 MEAY proteasome AL 0 uMI} H]
&to] FZ7b 5, 10, 50, 100 uME Z7F &5% 50 WA= 249 &

El

o

o] Yetwoew 1 F 50 pMelA 48%= vl Z 7HF 2S proteasomed)
g AAE BT A A AFoMe K44 AU p=0.0914
2 UEs

ol St A FFNo] proteasomed] FAHE GATSE IkBa #

&l 2 NFkBe & U 59 52 AT wE A549 <A HA LY
Z29A2 Jed Aow Mgt

ool ARE TS B ALY FFN M= FHAAEAA AE
ZA9 7+AE UYL, proteasomed] &4 749} NFkB @Hd 714 E &
1o =4  proteasome® &4 FAE Fd NFkBe 3 ]l FU4 A4
= A2%E B 5 A dAEe] FAAE Q3GE A e A
FANAE Uy FE7F F71etelE 20%0]18e FA 5480 e
= Ao R Hol Atdte A AAE EAQ Q3G7F AHE
A RAom AlgET Y kel A A

kel
ol\
>,
2
N

ToaEeE AS 55 849 proteasome®] &4 7
2 2 Aew e NFeBAAIE £3 @ Aol A}
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H SAA 20099 SAlo wEW AA & HAASFE 69,7807,
Hhe 14919002 7Hd @e SAASE e B3 AR

Wgo] g gel FHE AlQle ool o ARES AT 10%
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Ab AR 19999 114.201d Aol 20099 1405 o8 A x
P e Ao yewd. 2 5 7|3 2 #H9e AAGES 22.09
oA 30.0Mo2 Z7FstATH(EAA, 2010). 2009d 7 10w W
497392 F AHEE FoAlA FoF QF Aol 28.3%F A oM,
a2 F HAge F AEEY 6.0%, & AFTESY 21.4%= YERSTH(Table
1). 20108 v]=r2] E A (American Cancer Society, 2010)e] w=w o} vt
A A4 1,530,0007 5 223,0007 0] dgolRew o o AMYE
27.6%% AA st A o= Yt (Table 2, 3).
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Table 1. Rates of deaths from cancer in Korea

(deaths, per 100,000 population)

Year
Case
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Total 245,364 246,163 241,521 245317 244,506 244,217 243,883 242,266 244,874 246,113 246,942
New
male 136,397 136,486 134,058 134,742 134,887 135,218 134,382 133,725 134,922 136,932 137,736
cases
Total Female | 108,967 107,677 107,463 110,575 109,619 108,999 109,501 108,541 109,952 109,181 109,206
death Total 520.2  517.9 5045  509.7  506.1 503.7  501.0  495.6  498.4 4982  497.3
death male 576.0  571.9  557.8  557.9  556.6  556.1 550.5  545.7  547.9  553.1 553.7
Female 464.0 4633 4507  461.2 4554  451.0  451.1 445.2  448.7  443.0 4407
Total 53,845 57,725 58,857 62,598 65,117 65,519 67,561 68,912 69,780
New L ~
male 34,497 36,958 37,562 39,971 40,103 41,022 41,131 41,841 42778 43,785 43,846
cases
Total Female | 19,348 20,767 21,295 22,627 23,249 23,293 23,986 23,678 24,783 25,127 25,934
Cancer Total 114.2 1214 1229 1301 131.1 1326 1338 134.0 1375 1395 1405
death male 145.7 1549 156.3 165.5 165.5 168.7 1685 170.7 173.7 176.9 176.3
Female 82.4 87.7 89.3 94.4 96.6 96.4 98.8 97.1 101.1 101.9 104.7
Total 11,118 12,306 12,670 13,239 13,335 13,860 14,362 14,549 14,768 15,200 15,343
New
male 8,368 9,231 9,514 9,824 9,890 10,365 10,665 10,915 10,986 11,263 11,274
Lung, cases
trachea Female 2,750 3,075 3,156 3,415 3445 3,495 3,697 3,634 3,782 3,937 4,069
and
bronchus Total 22.0 24.3 24.9 26.1 26.2 27.3 28.2 28.7 29.1 29.9 30.0
ncer
Cance death male 32.7 36.0 36.9 38.2 38.4 40.4 41.4 42.6 42.8 44.0 43.8
Female 11.2 12.5 12.8 13.9 14.0 14.2 15.0 14.7 15.2 15.8 16.3
#2010, AbERIEA FAH



Table 2. Rates of estimated new cases and deaths from cancer in USA

(case, deaths)

New cases Deaths
Case
Total Male Female Total
Total
1,530,000 790,000 740,000 569,500
Cancer
Lung
223,000 117,000 106,000 157,300
Cancer

* Remade table from American Cancer Society. 2010.

Table 3. Rates of estimated new cases from cancer in USA

(case, deaths)

Year
Case Estimated 5—year relative urvival rates (percent)
new cases White Black
1990 1993 1996 1999 @ 1990 1993 1996 1999~
2010 - - - - - - -
2006
1992 1995 1998 2006 | 1992 1995 1998
Total New
Total 1,530,000 62.4 63.5 65.6 69.5 48.3 53.0 55.6 59.8
Cancer cases
Lung New _
Total 223,000 14.5 15.1 15.4 17.0 10.8 13.1 12.7 13.3
Cancer cases
* Remade table from American Cancer Society. 2010.
= = = H = = = =
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shA Fetar glew, AE7V|E A= dHE 2 27t sl 59,
AR F2ES Aasior s AEsAY FAe] ZAA witel dAl 4

T v+ Aot (Ekhar EZ, et al.,, 1998, Maurice ES, et al.,, 1994,
Colditz, GA, et al., 1985, Willett WC, 1994, Tavani A, et al., 1995,
Dale AC, et al., 1999, Johanna WL, 1999, William AP, et al., 2000,
Block G, et al., 1992). o]&= A1 L B Aol FFHd= LA
] & 2 82 4 (bioactive phytochemicals) W&l el 2] &EoA] Fajg =
1 ALY AERrdae&sde s s
(apoptosis) @ AEZF7] G=|(cell cycle arrest)E frXEsto] SAEZe] A%
S gAY dEA dk(Dias AS, et al, 2005, Aggarwal S, et al.,
2006, Joe AK, et al., 2002).

AEFafre&=ds Frdte oA 7hA A R ALV EASHA R, B
ATNAME 2 FAAE Fevetd A ol A3 Ha de FAF sty
Q1 AFH(2AY, et al, 2001)% 1 AES o] &3] S vz
st okAl Au L wpel o] AHFH ow FIUMFAC de HUYLE QAT AL
WAE HE7] e BHu a8 49 A2oR® HUY ANEERUE s Al
oF&kt}(Yoon HG, et al., 2010).

™

g _1

b AEA7AE

A
ol

AL (Malus pumila var. dulcissima)© w784 Anjate &8= thd Al

HHAZZAN AL 35 Exo] £ sty on o Ao|AG LFH

UYESE, ZF 9 &4k HERNIC o] FH31H, procyanidin, epicatechin,

_4_



catechin, p—coumaroyl qunic acid, chlorogenic acid, rutin, phloridzin,
quercetin, phloridzin, phloretin derivative 5S¢ t}%3t polyphenolS -
stal = & FIHEo] FHE Aol e I AR EuE ol F
2, A 5 YR HEer o Hal lew, AR polyphenol F
procyanidin®] 7} @ol rro lom SR °F 207 ug/gd=olth
(Yun HIJ, et al.,, 2007, Khanizadeh S, et al., 2008).

Akazome(Akazome Y, 2008)2 A} polyphenole] HE}W E¢}F 7] Ef

3Aks @47 AvEE AS 2a in vivo oA E e E3E e E
Aog HAERa, AA At FEFE g fFLA L} Az A
Fo] & o)FA o7 A5 (Eberhardt MV, et al., 2000) # =29 &

Wt M e 1 o] g or o e AT (Liu RH, et al., 2005).

sk FAAE 5, AP dE SRES 0P FHsw Qor I

K, et al., 2003).
o]t AL A AR F sl FAAE (Quercetin) AHA <

Al Holo] A Q452 MMP(matrix metalloproteinase) —2 ¢}

—

MMP—-92] o 3s}g x4 9&S vt BHaud v 9lar(Vijayababu
MR, et al., 2006) 53], F4eF, s, AAdS HIETT HAEZAA AESF
7] AAE FEetal, #HoMEe A= 5A4S EATH(Nguyen TTT, et
al., 2004, Kuo P, et al., 2004).

71E9 AT A= A7 S (Yoon HG, et al., 2007), W7t
FolA ool Atk ®Bavh da, #Hge A Fdd A= Yoon F
(Yoon HG, et al, 2010)°A HiHAE ¥ ALS o] &3 #HAt 450
1] WA ekt

ofe] ¥ A= A wFN AT AE Quercetin 3—B-D
glucoside(Q3G)E ol &3t A549 H A LA AEA7AE B A EF

_5_



7191 A #edQlxel NFkB, p—IkBa, proteasome %59
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1) M ¥E2}7]AE (Apoptosis)

=X
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o
rot

q8e s

=
B4AA LA Agolrh. FYHAOR e FES ob] AJE AT F,
&4 DNAY wae AXF/ 8 Axe Axe A7 Adolth A
AANAEE At bel-2 fAAS WAoR ALAZAEe] U A%

85wt gAY gsol uAd FHHY 93

()
o
rot
v
rir
)
oL,
o,
o
i)
o W

e (Reed JC, 1994) &AIR oM AMEAZINE g AR
.]

2 AT A2 AEATIAbE -l = B2 fdAEe]l wolst
o

o Wholl QoA HIAGA R MY AEZe MEAVIAE FHS B AR
Ale] Aol ¥ Ark(Barisic K, et al., 2003).

AEAZIAPE L AMEF7] e oE4 9 vl EF ow dojd 5 glon
(Fulda, S. et al., 2004), AlXA7|AbES] @42 Alxd 2 4
Axer 3231 A4, DNA @313} Fo] Rty = ofgfgh A4S AlZ i
o] Audr Az Ao o8& FHE}(Schulze—Osthoff K, et al, 1998,
Wylie AH, et al., 1980).

53], Abtell ¥ Quercetinel]l &8 A HEA ] AKT7F 214kst ¥ =
A wopFol AEAT|AME A= A S A Q1 FH7F 8 Qto 2 0|77 Hof
HEHoz2 AxA7IAEe] dojdrt= Rl 9tk (Spencer, et al,
2003).

N
N

o] ol Axe ASFIH MEAVIAER olnne AL Figure

1 (focus.hms.harvard.edu/1999/Apr2_1999/neuro.html) o] “}EFH AT



-———

Survival Factor
with drawn

Death Gene m—

(Modified from original image by Steven Moskowitz, Advanced Medical Graphics

from harvard neuro, 1999

focus.hms.harvard.edu/1999/Apr2_1999/neuro.html)

Figure 1. Cell life and cell death pathway

The survival factor IGF—1 may prolong the life of a cell by ordering
the capture of death agents. Once stimulated by IGF—1 (left), the
PI3—Akt pathway makes a double arrest. Akt adds phosphate groups to
two death proteins, BAD and FKHRL1 (FH), creating binding sites for
the bulky protein 14—3—3. Binding by 14—3—3 may prevent BAD and
FH from moving around the cell and, consequently, from carrying out
their death orders. These death orders may be executed when the
survival factor is withdrawn (right).

2) Nuclear factor—kappaB(NF«xB)



Nuclear factor—kappaB (NFkB) A& HdgA = <+
3} A EA7IAME, dEure W A X Y ASZAGAES £33 s AE

gtA whgo TAAY JEdE sk dArzEAA Y. NFkB= C—Rel, NFk

lo

WAy, AT FA,

O

B1(p50/p105), NFkB2(p52/p100), RelA(p65), RelBS] 577} &4 9
L, o] 52 NZwo] <F 3007) o}wnw=4Fel RHD(Rel homology domain) 2 &
54 A9AH, olZFA(dimer)E Bkl NFkBe| A=<l kBeh A9
g AElE AEd ol S48kl Atk (Baeuerle P, et al., 1988). o] %ol A
7HE x4l =4 o] p50/p652] o] Alet IkBaolth. NFkBe] &4 Hlol
#12=, TNF, phobol ester, IL—1, LPS, UV, hypoxia 5ol ¢Jste] f2sw,
NFkBel olste] 2du = FAxs A7l ds2dAs daAxE 73
A VCAM—-13 E-selectin, ICAM1, MAd-CAM-1, TAP1, LMPZ2,
MHCIO change 7%}, iINOS %o] ©wW, anti—apoptotic FHAZE=
manganases superoxide dismutase®} zink finger protein A20, cIAP1,
cIAP2 Fo] ¢&x Utk (Baldwin AS, 1996, Lee KY, et al., 1999). W<
APATFEoNA NFeB &9 Aoz whekgdo] ok 9o wAS oA s}
Ay A S S gAleta AEZAVIAE S RSk Aew dEA sk
o, NFkB AdjAl= Al S 5T & e A= FHoz ARE
oA Qa1 Jvk(Sarkar FH, et al., 2008).

E3H NFkBe #=d @43t dAEY AEA7IAES S35 AbEd o
 AFAHS Folsta, 238 AxFHS FXATI= Aoz deA dv
(Beg AA, et al.,, 1996, Wang CY, et al., 1998). A ¥ NFkBE ¥

4 A1 A% vA ERAEG SAS mEFow

rlr
o
o
=8
[ |
-
i
2

TNFi= G500l slofA Aste tfAAlEe THE ogto] F= 4
A= cytokineo] ™ (Tartaglia LA, et al., 1993), XAFIAQI NFkBek

_9_



INK/AP—-1<& &4]3}3}9] pro—inflammatory®} WY 24 FAAES F23)
1l anti—apoptotic FFAAE FESFE Ao® Ay A Yrh(Beg AA, et al.,
1995, Liu Z, et al., 1996).

NFkB HdARJIAT o] 7FA]  sub—unit® FA%¥ homo— X+
heterodimeric °]THAE=ZA o] Fo| Xtk (Miyamoto S, et al., 1995,
Verma IM, et al.,, 1995, Gilmore TD, et al.,, 1993). o] ol Z£3l= XA}
AAE52 E5F v—rel viral oncoprotein Z} I cellular homologue ¢! c—rel
of FxHow A¥EHW TI DNAde] Agty} o]F A Al HI
domains 7Htt= FFH S ZE=v}(Ballard DW, et al.,, 1990, Bose HR,
1992, Walker WH, et al., 1992, Wilhelmsen KC, et al., 1984).

27d3tel NFkB= p50+ p6b2 =] F 7HA shelr2edid= 44
of TFAI 7 vz AoE dHA Uvk B 1 S AlEelA Y
12 #A] (subcellular localization)o] ¢ste] A HT} o] EALS AXE 1
o 1 A QAR kB wwl Ay} Agkst v FH dormant complex®
EA) gtk (Baeuerle PA, et al., 1988, Baeuerle PA, et al., 1989).

o] 7HA vhge Az A=l oste] kB7F wElEW ¥ NFkBE
234l dHE MEIRE o]Fste] NFkBel ZHist= Ho] DNA
sequence(kB motif)ol] Agtgo2n E I FdA(target gene)d] HAEA
= XAsHA Ao o] & NFkBe| @48t wE HA AEdd= 43S
T Aol EFFQI NOSHCOX -2 59 d5A a4 AE F2EAE IL-2

2 T o] =84 Fo] X3 Ft}(Barnes PJ, et al.,, 1997).

“

l

3) Proteasome

Proteasome2 A|¥X3& Zo] = @4 = NFeB7F AM3EZ p50/p65 o] &

o] %A (heterodimer) =A =23l [kBad Aoz AA|Eo] A= AEj=

_10_



=3+ d inducero] 9lste] A=o] =W protein kinaseo] <3}te] IkBa

o] <lAakE}7) o] F o] XAl Il ubiquitin®} conjugation F S0l TR F

b

23+ (protease  complex)?l  proteasomeo] 93] [kBad «F3f
(degradation) 7} o] Fo]#|aL o] &A1 e] p50/p657F H o2 o]F3ste] DNAQ
54 Ffo| ZAzste HAE FE5HA ¥+ dl(Figure 2. Yoon HG, et
al., 2007) peptidyl aldehyde®l MG-132(NOacetyl-L— leucinyl—L—
leucinal—=L—leusinal) &= 7} 4 <l proteasome A AZA NFkBel A&
JAetH, o]= NFkBell ot frss A5 &4 ¢dS oA
™, TNF—a, %A, daunoubicin 5ol 2§ apoptosisE Z3FA|ZItH(Wang
CY, et al., 1996).

W A A FEAE o] 88kl QIR HYAEA A proteasome?] W3}

g AH Rz g

_11_



Cytoplasm
4
>

P

Apple extracts,

Curcumin

Figure 2. Proposed mechanism of apple extracts to inhibit TNF-—a
—induced NF«B activation in MCF—7 human breast cancer cell

(Modified from original image from Yoon HG, et al., 2007)

Apple extracts inhibit proteasome that degrades ubquitinated IxBa to
release NFkB. TNF—a, tumor necrosis factor—a; TNFR1, TNF receptor
1; PI3K, phosphatidylinositol 3'¢—kinase; MEKKS3, mitogen—activated
protein kinase/extracellular signalregulated kinase kinase 3; NEMO, NFk
B essential modulator; IkBa, inhibitor of NFxB; IKK, IkBa kinase; P,

phosphate; ub, ubiquitin.
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1. 97 A=

B oATE A7 HAAER A549 cellE AMEEAUTE AlEuf ol AL8-H
w219l F—12K ®jA| ¢} 49 &3 (fetal bovine serum, FBS)< GIBCOA}
AFES skl AREsEIT il A7kE @AAQD Penicillint
Streptomycin®}  Trypsin—EDTA, Trypan blue, dimethyl sulfoxide,
DMSO)< SigmaAl (Sigma—Aldrich, St. Louis, MO, USA)ZH-¥ +43}
Atk AbH(FAD = =W g rkECd A 9] Skl Quercetin 3—B-D
glucoside(Q3G), paclitaxel, cisplatin, TNF—a$} Western blot &Aje]l g
gk 12% SDS—PAGE gel®] AloF 2 1 o] Ao AL&5 ool Aok
& Sigma’l (Sigma— Adrich, St. Louis, MO, USA)°lA T3l A&
k.

NFkB p65 3¥A(Antibody) (mouse monoclonal), B—actine Santa Cruz

=

],

i

ol

Biothechnology(Santa Cruz, CA)AEE AFE3t3 oW, IkBa A (mouse
monoclonal), phospho IkBa(Ser32/36), Anti—mouse IgG — Cell
Signaling(Danvers, MA)o|l A F+43te] AF&3F3th. NFkB9 marker®= A&
H nucleolin® milliporel A F+43te] AF-&3F T T3 detectiono] Z &
3t ECL solution & PicoEPLE AF83F91 a1, Hyperfilm, Developer®} Fixer

+ Amersham—Pharmaciaol Al +%43ke] AR5 T},
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2. AT

1) A549 AX¢] mi %

i

A HSAMES A549 cell> AT AT (Korean Research
Institute of Bioscience and Botechnology, KRIBB, Korea)ollA] %o}
Argstleon, O BgEALS 10% fetal bovine serum(FBS)ZF 1%
Penicillin+Streptomycins  #H7}8F F—12KWiX|E  A¥E S  Flask(T
25cm’, T 75em®)ol F-#3ked 37°C, 5% CO., #l%7](Thermo, Model No.
371)ell A wikate] o] &3hlrh. wiA= 3—4del FF WA Wi, 5-6

A7t w3t F Trypsin-EDTAZ Azste] 1:30= A #j<k spalch. 4
ol AHERE AlE= 208 ool AuldS kA kTt
Ao T2 ko] B4 Flaske] wWiAl& A & PBSE F W 4133}

i, Trypsin—EDTAZ AEE wo]Fi AGae] 5x10°—1x10° cell/mL
o] ¥==Z 3t 5% DMSOE #H7}ste] Cyro tubeo] 1mL® EF3te] o=
—20CelA 100+, —80TCelA 24A17F &<k B#ASATEE —180C o] 52
MA Ax WAl wol F7] BEST.
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2) A} 5 Ax

AR} FENS AYATE FFaste] A #EltH(Wolfe, K et al, 2003,
Dewanto, V. et al.,, 2002). 1 A=A -2 Figure 39 YEFA ST

AFH(FAL) 100 g5 vE] WAAAE 200 mLe 80% acetone(v/v)d}F &
7 53t blender® ZAAYHA ZolsE U homogenizer (W)Y A 0] 2~
Tops)= 3 i 1+ ZAo}FAth. Aspirator(GAST Manufacturing, Model No.
DOA-P704—AC)E ©]&3}e] No. 2 whatman oJHx| 2 o#stgict. o7}
NS A S FF7](EYELA, Rotary Vacuum Evaporator Model No.
N—=N Series, CCCA-1111)E ©°]&3to] 45ColX °F 90% HEs T¢A
713 7)ol oAE FHRFE ¥ol 2 g/ml =] A} 5
o HF ol 2 g/ml 5% 1 mL <ol AA A} 100 g 2 g9
Aol FrEo Ades HEde Aotk ol#A d2 A} FFAE AR
at7] A7kA =70TCo| A Bystlv

mlo
e
it
32
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Red apple 100 g

§ + 80% acetone(v/v)

Blending 5min

4

Homogenizing 3min

4

Filtering
(Using Aspiratior)

4

Evaporating
(Using rotary Evaporator)

4

Apple Extract
(2 g/mL)

Figure 3. Process of red apple extract
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3) AIX 54& 54 (Cytotoxicity)

A Ede] MEEAS 93 Methylene blue2 APATE Fasle]
23 & tH(Oliver MH, et al., 1989).

96—well plated] AEXE5AHES HIA =  AFol+= Ab549cellS
6x10"cell/well®, AMEZ=AS Huzxp &= A9olE A549cell
4x10"cell/well2 200 uL/well®d& ¥F3 F 37C, 5% CO, WYY
(Thermo, Model No. 371) <ol A 244
o 9 Q3GE ¥ HiAZ AE5AL 100 ul/well®, AIEZF4L 200 u
L/welld n3tste] 37C, 5% CO, wl%¥7](Thermo, Model No. 371) <kl

A ZFzb 24 A17F, 96A17FS wikslE ¥ PBS 100 pL/well® @1 AojFa

)
=
o
:oé
MN
A
dlo
off
=
g
>
=
off

Methylene blue staining solution [Hanks Balanced Salt Solution(HBSS)
98%, glutaraldehyde 1.25%, Methylene blue 0.6% ]2 @i 37 ColA 14
ol skt FR4E Aol AA e 9% wWAX AL plae

A5 & elution buffer [PBS 49%, ethanol 50%, acetic acid 1%]E 4

ne.

Abe-o| A 1A17ZF F<¢F waving shaker((Lab companion, Model No.

Rl

CWS—250)eA ¥k A|AFE e plate reader”] (BIOLOG, Precision

microplate reader E10205, USA)olA 590nm= Ho] SFE=E 2l 34
o S FHE od S U9 Ao dgste] Alx=sAdel sk Wl E &

controlabsorbance — sample absorbance
control absorbance

Cytotoxicity (%)= *100
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4) Al F24& &4 (Cell Proliferation)

AY=de] AEFA WHItE #lsts MTTHS AddA+ES Farsto] 4
PstAcH(Liu M, et al., 2002).
MTTHE @44 &44gel et w@ae] 84 7149 MTT
tetrazoliume FAHMS == #8449 MTT formazan (3—(4,5—
dimethylthiazol—2—yl)—2,5—diphenyl—tetrazolium bromide) 2.2 2+ A]7]
= nEEEcde F9g o gt A4 Tl

96—well plateell AME=AHSE HuA = AeollE Ab49cell
6>x10%cell/200 pL/well®Z, AMEZFAS wWix sk F$olE A549cellS
4x10%cell/133 pL/well2 ¥F3% F 37C, 5% CO, #%7](Thermo, Model
No. 371) QtellAl 24A1zF miall& th, 553 A% 559 2 Q3GE ¥

w

2 A2 MESAHLS 100 pl/well®, AEF2AL 200 pl/well® 1u3}35}1o]
37C, 5% CO. ¥l %7](Thermo, Model No. 371) ¢tollA Z+z} 24417+ 96
AZrS sl = MTT solution[0.5 mg/mL FE2 MTTE ¢l wjA|]
S Y1 37CoA 427+ & t}S Acid—isopropanol [0.04 N sE== HCIS
Y& jsoprophanol]S ¥ il 20A|%F &<t waving shaker((Lab companion,
Model No. CWS—250)oA xHF XA]|AHZF t}& plate reader”] (BIOLOG,
Precision microplate reader E10205, USA)olA 590nm= Hol SI3E=E

B stk Z4E FFE od @S 9 Aol WYkl AEXFHe o

sample abserbance

*
controlabserbance 100

Cell Proliferation (%)=
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5 AEFHAFEEZA3 TNF-ad A7

A549 MEZE 6—well plated] 3+ welld 5x10°cell®2 EF3sle] 37T, 5%
CO; Hl¥7](Thermo, Model No. 371)o A 24A7H&ot v kst Al E
o E2& AH#sty] el Wid PBSE AoFi, FBS7E H7tHA 2
F—12Kuj =] oll A3} 59 T Quercetin 3—B—D glucoside(Q3G)E &
TR Hrbste] Agstar 2A17F <k 37C, 5% CO: ¥l 7] (Thermo,
Model No. 371)°l FAt}. Western Blot& cell 2well¥y #2 #LE= A
?)8Fo] =11, proteasome activity & Cellol A 2A17F H A 2l3 5= viXA
= A At sk PBSE Ao+ 10 ng/mL 552 TNF—aE Yol59
30% Bk 37C, 5% CO, w7](Thermo, Model No. 371)°] FAtt. ¢
o] A& }AHL Figure 4] YeERH AT}
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Human Lung Cancer Cell
(A549)
5x10° cell/well in 6—well plate

24h, 37C, 5% CO; incubating

4 4

Treatment Treatment
Quercetin 3—B—D glucoside

Apple Extracts (Q3G)

4

2h, 37C, 5% CO incubating

4

Treatment
TNF—a 10 ng/mL

4

30min, 37C, 5% CO: incubating

Figure 4. Process of Apple Extracts and Quercetin 3—3—D
glucoside(Q3G) Treatment
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(o))

) 3 FZE (Nuclear Extract)¥} A E¥Z FZE(Cytosolic Fraction)?

=
=

J i

a8l FEEY Mxd FEES AYdTE Fasted FEHlEssit
(Pozo—Guisado E, et al., 2005, Janssen YMW, et al., 1999, Nakajima H,
et al., 2004)

MEE 271 PBS=E 2 HojFa ALS-9o A scrapers o] 83to] AlXE
g gojil & 4C AA%E7]1(Gyrozen, Model No. 1580MGR)el 4 130xg
2 5&Zt E¢FAT. cell down AlA @& pelleta A7FE hypotonic
buffer[10 mM Hepes—KOH (pH 7.8), 10 mM KCIl, 2 mM MgCl,, 0.1
mM EDTA, 0.2 mM NaF, 0.2 mM Na3VO,, 0.4 mM PMSF, 1 mM
dithiothreitol, 1 wg/mL aprotinin, 1 pg/mL leupeptin, 1 pg/mL pepstatin]
st 4lo]l Agels 5ol Fi dFolA 1568 = F 10% IGEPAL
(Sigma—Aldrich Co.)S ¥9] vortexer(Theromolyne, Model No.
M37610—26)1A 15%3F =3 FA.

oA WE ME YIS 4
A 12000xg® 33 &9 FaL, Ao Axd FE2E2 w2 Bol AL
at7] A7kA =807TCeo]| Hakal

AR AAs HE&  A; pelleto] A7F2 high—salt extraction
buffer[50 mM Hepes—KOH (pH 7.8), 50 mM KCI, 300 mM NaCl, 0.1
mM EDTA, 10%(v/v) glycerol, 0.2 mM NaF, 0.2 mM NazVO,, 0.4 mM
PMSF, 1 mM dithiothreitol, 1 pwg/mL aprotinin, 1 pg/mL leupeptin, 1 w
g/mL pepstatin]E& 9ol 4ColA 3087t waving shaker(Lab companion,
Model No. CWS=250)04 mykr]AF=o] sjub3 7j5=Qit,

4C dAE 2 7] (Gyrozen, Model No. mini)oll %7 12000xgo] A 30&7H
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¢

A BFEske] ALges] A4 —80CH s

[e]
zé*_

S Figure 59} Figure 6°] YEFUH AT
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Treatmented
Human Lung Cancer Cell
(A549)
5x10° cell/well in 6—well plate

¥

Rince twice with PBS

4

Scrape with PBS

4

130xg, 5min, 4C centrifuging

¥

Cell lysis
with Hypotonic buffer 15min
on ice

¥

Add 10% IGEPAL

4

vortaxing 1b5sec

4

12000%g, 3min, 4 C centrifuging

¥

Cytoplasmic Fraction

Figure 5. Process of Cytoplasmic Fraction preparation
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Human Lung Cancer Cell
(A549)
Nuclei pellet

¥

Nuclear lysis
with Hihg—salt extraction
buffer

4

30min, 4C rotating

4

12000<g, 30min, 4C centrifuging

¥

Nuclear Extract

Figure 6. Process of Nuclear Extract preparation
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7) Western Blotting

AgEde] 54 o
alo] A dPsrdoh(Liv RH, et al., 1997, Sun J, et al., 2008).

Alg el gl AHee DC Protein Kit [ (BIO-RAD)S AFE3I3 o
7t AgEe #2e 9wl megrE %S AlAtste] 2X 0 sample

buffer(Sigma—Aldrich, USA)E Al&¢ 1112 Aol dAgsdnh. 72 A=

1=

A& 3¢l Western BlotHe AgAF+ES za

gk

E 10% (w/v) SDS—polyacrylamide geloll #7]% %3t ths Immobilon—P
transfer membrane (Millipore, Billerica, MA)o] @@ AL SAF 3%
nonfat dry milk—PBS (w/v)&2 4CoA 1A]3F &<t waving shaker(Lab
companion, Model No. CWS—250)°l4] x¥Fel™  blocking Al AF ST
membrane< 12 A NFkB (1:1000), Anti—nucleolin (1:1000)3} &7
4Coll A 24A17F waving shaker(Lab companion, Model No. CWS—250)9]|
A wdkels= Fo 3% nonfat dry milk—PBSo] 22} @A Anti—mouse IgG
(1:1000), Anti—biotin (1:1000)3 &7 A4  2A]7F  waving
shaker(Lab companion, Model No. CWS—250)cA] nHF A]AFSAT}
membrane®] ECL 7] 2 (PicoEPD substrate solution)2 1#3+ Agsta &

Aol A Amersham Hyperfilm (GE Healthcare)oll &4a}itt.
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8) Proteasome &4 =3

I

MEZA W proteasome A

t}(Place RF, et al., 2005).

A e AgATE Farste] Agekl

nlg] FH]SE cytosolic fractionol] A& =2 AAFSE reaction buffer [25
mM HEPES, 500 uM EDTA, pH 7.6]15 ¥ o]53l, proteasome < A|#|<!
MG-132 (Z-Leu—Leu—Leu—al, Sigma—Aldrich Co.)& 1 uM¥E=E Yo
FaL 37CeA 53 &<t & ths 2 A5 proteasome substrate IIE 50
uME =2 go]Fal 37CoA 608 59k FATh olul XF %S reaction
buffer® =43t 1 mLE wFoFAvk. 344 (Quantech, Model No.
FM 109510-33)9]A4 excitation 355(360)nm, emission 460(512)nm=

proteasome?] &S &1t}
9) SAAE

oAt Ades Aol 3W RbEste] Jd(2xFAHAHE 78 feR

AR b FEe mE A 242 SAS 9.1

System, Version 9.1, SAS Institute INC., USA) T 215 o]&3slo] H
AHEA (ANOVA) S AAlste] AgEde] srwste] we Folds HES

Rk EZE Foldel e Ag AeldSE fldl p<0.05 FFell A Duncan

o] =Y A A (Duncan's multiple range test)S ©]&3to] ALZA =S &

St

(Statistical Analysis
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. A7+23 ¢ u%

1. AIEEA & (Cytotoxicity) Z M EZ218(Cell Proliferation)? W3}

Al 54 & (Cytotoxicity) = A2 =42 A} sF93% Q3G AAY &
TR Ao 2447 AElste] aF Ftel A E7F AE FAEAAE U
BUl= A obdA & #Rlsts Ao Alxs4do] 10% MRS = e
U 555 A9 59 2 Quercetin 3—B-D glucoside(Q3G) 7} A Eof

TS MAA Fevhal BHekew 10% ke AlExEd sR=E HU

u

Al EZ 218 (Cell Proliferation) 96A17F &9 A|RE A Xo| A2 s}o]
Alsoll ofgh Aol S WstE FRlste AFWHOE MEFAEY A
7 Yedes 1Y s AdEste] ddets AExEAgo]l 10% WTeR
HEld 5% HE 7IFo® 3t AESAAE 2 AESAEY] A394
7= Figure 7% Figure 8o 18] = ehfict.

a2 A3 A wH0E A AlE A9 50 mg/mL ©]ste] FolA

10%M 9Fe] =S YEFW A 60—200 mg/mLe HEo|XE= 11.7-47.7%
2 FAEo] F7elY A Q3GE AP Axel A 10%7 Y] mA4E&S
el %+ 130 uM olstslerm 10% o9 w485 2l 10, 160,

200 UM FEAAHE 14.4, 10.9, 16.2%2] SA4S Yeld Zloz ol ALz}
& B HuAow SAES Yra & & o

agPA Ab FEES 50 mg/mLoldl, Q3GE 100 puMolste] FX=7F A%
=40l 10% wskolHA MESA A7t A= Aow yUetskrldd 274 &
18] $EE5 Aste] 43S Psgen] vE= Table 4o veERd 2

ch

i

%
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°] A% 10, 20 mg/mLe &%

A ek Al E

ol O
=1

A} 5%

] O

A
>

No

o)
23]

60 mg/mL o]4

2=

E

iy

o
2(p<0.0001) YEFSTE Q3G

g Aelg Axel

Ao A %214 (p<0.0001)0]

il

%

| Lol A

o= AT} FEH o
ol glo} o e Bzt

™
=

compound=

-
T

Aeow A7t =™, Q3G

ol
N

Nt Q3GA

=
=

ol A Akt 5

hAvA
-

9] A2 A549 o A
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Table 4. Sample Concentration of Red Apple Extract and Quercetin 3—f3

—D glucoside

Sample Concentration
Red Apple Extract (mg/mL) 0 5 10 20 50
Quercetin 3—B—D glucoside (uM) 0 5 10 50 100

_29_



120 130
e Cytotoxicity
110 - 120
. == Cell proliferation -
Jeg . i
100 AT -~
. -LK L 100
80 AW =30
L B0
70 i
= &0 N, [ 70
= B— - } L 60
= ., =
-] 50 =
[ _ /J_ - 50 '§
40 B
% - - 40 s
30
i L 30 5
-]
Z 20 L 5
a8 T - 10
0 k\ - 0
-10 v I - -10
-20 -20
-30 -30
0 10 20 40 60 80 100 130 160 200
Red Apple extracts (mg/ml)
Figure 7. Effect of red apple extracts on cytotoxicity and

proliferation in A549 cells.
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120 120
== Cell proliferation
110 110
g = Cytotoxicity
100 B 100
\* A
ad = ad
YW ;
ga "]_“ 'a.g_" &0
70 ™ 70
N

60 A 60
— "ag‘_ %= p—
€ 5 N 5o &
g T . £
] g .U
: 40 < I 40 -

'Ia' =

% a0 \}"J 'l‘ 30 E
[ ™
£ 5 T T+ 20 &
8 A

10 / TN T i +_r'T i = |

ﬂ I 1 '? J_ lJ L] I I ﬂ

-10 -10

-20 -20

-a0 -30

0 10 20 40 &0 80 100 130 160 200

Quercetin3-p-Dglucoside (uM)

Figure 8. Effect of Quercetin 3—B—D glucoside on cytotoxicity and cell

proliferation in A549 cells.
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2. NFxB9 @& w3l

A549 H LM FE] A} FE9 g T TNF-aE £33 NFkBE 343}
A7l W3k western blot A@He oA &Ikl on 1 A= Figure
9¢} Figure 100 YERH AT

oF el Fefst= AARRIARR] NFkBE 2

Az 3 dd AlA NFeBe ) W e wisdla 54 duEs

il
BN
)
rot
e
o
ol
ol
~N
o
:?L_';
—3
Z,
=
|
o
(o]

band FEZ £ F 9l western blot APHE o]
Image J&2 43l 3 Y =4 7]59] ¥+ nucleolin®® band A %t
4] NFkB®| band B% #to= At 43} stof vlawgk ZAifolnt

A FH S AP’ A549 FH S AlEe] A5, NFkBo| 3 W 315 9
Algt= Aoz etk Al 55 5 mg/mLollA e va S7kske 43
S Yehggley Hg-sxrF 10, 20, 50 mg/mLZ 57} A band’} 4
Efubx] ekkem, 1 A7 A3 NFeBe od Ftol 0= Yvextorn FA
el A3 F4H o2 (p<0.0001) #AsA T

Az Q3G AP F TNF-aE Tl NFkBE 243 A2 ads
western blot A& ol osjA FeldF o 1 A3 Figure 113} Fi
12 YErH ATt

Q3GE A A549 HAPA xS A5, A&l o8 5, 10, 100 uM¥ %=
oA NFkB7F 0 uMell Hla} &% F7lst= 43S Yetlida 50 uMe] &
ol HAE YEHAAR & zol7F fle Ao UEY 2 AToA =
Q3G7F NFkBe] 3 Wl 12 JAetA] Soh= Aoz yeeth
o]+ Yoon & (Yoon HG, et al., 2007)9] A3} %= Quercetin dihydrate
ol M= NFkB HA7F BAAINE Q3GAA = F3 g 237 ®Hol# eFe A

igure
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ERERERE o4 oe | o
4 NFxB p65

Apple Ex .
PPIE EE - control 0 5 10 20 50
(mg/mL)
TNF-a - + + + + +

Figure 9. Effect of red apple extracts on TNF—a—induced

activation in A549 cells.
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180

A

e b6 138.3+ 1567
&
2 l
o 140
o
=
< 120
£
c 1008 1008 1008 1008
.9 100
(7]
(7]
Q
S
2 20
Q
oo
X 60
LL
Z
.g 40
]
5
& 20

0

control 0 5 10 20 50

Red Apple Extracts (mg/mL)

Figure 10. Effect of red apple extracts on TNF—a—induced NFkB

activation in A549 cells.

* FEach letters indicate significant difference (p<0.0001, mean * SD, n=3)
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. . “ " “ “ <4 Nucleolin

e S A W v agmme 4 NFiB p65

Q3G(uM) control 0 5 10 50 100
TNF-a - + + + + +

Figure 11. Effect of Quercetin 3—B—D glucoside(Q3G) on TNF—-a
—induced NF«xB activation in A549 cells.
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350

< 293
= 1
3 300
2
|9
2 222 254.5 248
250 T

£
- 190.5
o
-2 200 I
(75 ]
]
|-
o
3 150
I
|.¥|. 100
= 100
)
2
E 50
o

0

Control 0 5 10 50 100

Quercetin 3-B-D glucoside (uM)

Figure 12. Effect of Quercetin 3—B—D glucoside(Q3G) on TNF—a
—induced NF«B activation in A549 cells.

* mean £ SD, n=2
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3. P—1kBa9 ¥g w3}

A549 HFA S AT FFN XHE] F TNF-aE &3] p—IkBaEs 2743}
X171 W3E= western blot AW oA st o 1 A= Figure
1337} Figure 149 YEeERH AT

kB NFxBet Ad® He= Axzd oA NFeB7F #2433

g'q

(dormant complex)® Z=A|3}A sF= Jol A= =g 3k}
o] IkB7} olg] 74 vhekek AE 9l Aol oste] [kB7F e EHW, f
¥ NFkBE= H53A =2 Axs] W= o]F3ste] NFkBel Ajsts &

©] DNA sequence(xB motif)oll Aoz 5377 A (target gene)l
AALEA S =43 A (Baeuerle PA et al, 1988, Baeuerle PA et al.,
1989) I +=d|, NFcBe}t Agsle] Jquprt A4kst7 ¥W p—IkBaZ} ¥z
NFkB7} &2l 3 =2 FAddA A H=d o] p—IkBa A&

il

o] p—IkBaE HWg FAst7] fls TNF-ao A2 3 2d AA p-I
Tola 54 9w AS band FEHIEZ B & A+ western
blot AWM ol&sto] AMEHe EAe= p-IkBaE 543 g Image J
2 43t Mxd 4 54 7I$o] H+ B-actin®® band = 7k di]
p—IkBa®| band A Fo= AAksto] 23} sto] wlulg Aot}
Q3Ge A= NFxBe A& <lstdls ol 53 NFeBE
AsA Fshe o2 e NFkBe] A w7191 [kB7F Q14bsE = 3
Al SAstA Febe Ao ATy ol AL FHR e p-IkBao] W3t vk
A 1 9kt

Abh EEAS FEEE e @ A549 AGAZAA p-IkBat FEI F

Bl A9E A¥EW p-kBaZl #AEH 7t RS 9 & S Qla, o
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4 [(-actin
4 phospho IkB-a

Apple Bx kol 0 5 10 20 50
(mg/mL)
TNF-a - + o+ o+ o+ +

Figure 13. Effect of red apple extracts on TNF—a—induced phospho IxB

a activation in A549 cells.
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690
4907
454,348 ]

590

490

ABC
390 279.7

290 ‘

190

1008¢
90 51.7¢

-10 e

Control 0 5 10 20 50

Relative phospho IkBa expression in nucleus (%)

Red Apple Extracts (mg/mL)

Figure 14. Effect of red apple extracts on TNF—a—induced phospho IxB

a activation in A549 cells.

* FEach letters indicate significant difference (p<0.05, mean = SD, n=3)
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4. Proteasome A
At FEHENS FEEHE AEste] AEFE U proteasome? XS A

EENE A st d2 MELS] proteasome B> FFAE AL

%= 7 92 proteasome?d] FAS H A

ok BA HEd Ao K H(p<0.0001)o2 HAadE Aoz e
1)
AR

A EHAS AP QA FHSAIEMCF-7)9 4 $-(Yoon. Hyun
Geun, Rui Hai Liu. 2007), At sF9qe Ad =7t 71 %
proteasome®| &A o] Fo]How FHAsvkal &l

Q3GE =¥z Agste] Axd
+= Figure 163} 7},

Q3GE Adgste] & AEAS proteasome FA4E 0 uMI H sk
Q3G9 ®%7} 5, 10, 50, 100 uMZ =7} 5= 50%H o] &A4do] e
womw 1 F 50 uMolA 48% = wluA 7bY e proteasomed] A 7+

7 At Ao = FoHel A3rF p=0.0914% LEFY:

=

proteasome?] A4S A Ay

>

2 2y

£k
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Figure 15. Effect of red apple extracts on proteasome activity in A549
cells.

* FEach letters indicate significant difference (p<0.0001, mean * SD, n=3)
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of Human Lung Cancer A549 Cells

CHO, Woo—Ree
Department of Food & Nutrition,
The Graduate School,

Sungshin Woman’s University

Lung Cancer is the one of the major causes of mortality and 30
deaths/100,000  populations of all  deaths(497.3  deaths/100,000
populations) were caused by cancer—related diseases in the Korea in
2009.

Effects of apple extracts and quercetin 3—B—D—glucoside(Q3G) on
A549 human lung cancer cell proliferation and the mechanism of these
phytochemicals in regulating apoptosis and cell cycle arrest were
investigated. A549 cells were treated with apple extracts(0—200
mg/mL) and Q3G(0—200 uM) at 37C for 24 hr or 96 hr and cell
viability was measured with Methylene blue solution (Methylene blue)
assay and measured with 3—(4,5—dimethylthiazol—
2—yl)—2,5—diphenyltetrazolium bromide (MTT) assay.

Apple extracts and Q3G inhibited A549 lung cancer cell proliferation
in a dose—dependent manner.

Nuclear factor ¥B (NFxB) is a transcription factor, which plays an

important role in inflammation, cell proliferation, apoptosis, and



immunity in eukaryotes. In cancer cells, NFxB induces resistance to
anticancer chemotherapeutic agents by increasing cell proliferation and
inhibiting apoptosis. Therefore, inhibition of NFkB activation in cancer
cells is advantageous in cancer therapy by lowing the resistance to
chemotherapy.

Apple extracts(0, 5, 10, 20, 50 mg/mL) significantly inhibited the
TNF—a—induced NFxB activation at a dose of 10-50 mg/mL
(p<0.0001) and Q3G(0, 5, 10, 50, 100 uM) a slight increased the
TNF—a—induced NFkB activation. These results suggest that Apple
extracts inhibit A549 lung cancer cell proliferation and regulate the
expression of the proteins involved in apoptosis and cell cycle.

Phytochemicals from fruits, apple extracts and Q3G have been
reported to inhibit NFkB activation, but the mechanisms of how the
phytochemicals work have not been fully understood.

Apple extracts significantly inhibited the TNF—a—induced phospho Ix
Ba(p—IkBa) activation at a dose of 10—50 mg/mL (p<0.05). These
results suggest that apple extracts inhibit Ab549 lung cancer cell
proliferation and regulate the expression of the proteins involved in
apoptosis and cell cycle.

Apple extracts significantly inhibited proteasome activation dose
dependent at a dose of 50 mg/mL to 11.3% (p<0.0001) and Q3G a
slight inhibited proteasome activation at a dose of 5—100 uM to 53.3,
50.9, 48 and 50.4%. These results suggest that Apple extracts inhibit
A549 lung cancer cell proliferation and regulate the expression of the

proteins involved in apoptosis and cell cycle.
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