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Induction of apoptosis by phloroglucinol through the regulation of

IGF-IR signaling pathways in human colon cancer HT-29 cells

Mi Hye Kang

Department of Food and Life Science, The Graduate school,

Pukyong National University

Abstract

Phloroglucinol, a polyphenol compound, derived from Ecklonia cava (known
as brown algae) that has beneficial biological activities. In particular,
phloroglucinol including .~ anti—oxidant, anti—-inflammatory, and. anti-cancer
activities. In the present study, we investigated the signaling “pathways
related to the anticancer effects.of phloroglucinel in human colon' cancer
HT-29 cells.

MTS assays revealed that phloroglucinol significantly induced cell death in
a dose—dependent. manner. Phloroglucinol treatment on HT-29 cell displayed
apoptotic features,'such as GO/Gl phase of the cell cycle arrest. Consistent
with GO/G1 phase " arrest, “western blotting showed that decreased the
expression of cdk4, cdk6, cyelinD1 - and the 'increase of 27 expression was
observed.

We analyzed that phloroglucinol induced-apoptosis leads to the formation of
death—induced signaling complex of Fas, FADD, procaspase-8 and AIF. In
addition to, these were accompanied by the mitochondrial membrane potential
with activation of the bcl-2 family proteins. Also, This study is analyzed its

effect on the insulin-like growth factor (IGF-IR) signaling pathways.
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Phloroglucinol inhibited the expression level of IGF-IR and IRS-I, PI3K,
Akt. These results in the study also decreased the expression level of
mammalian target of rapamycin (mTOR) in critical regulator of cellular
growth and proliferation which was localized to downregulated p70S6K,
RPS6, elF4B. Moreover, revealed the inhibition of IGF-IR associated protein
expression level of Ras, Raf, MEK, mitogen—activated protein Kkinases
(MAPKSs) such as ERK phosphorylation.

These results have important implications for understanding the roles of
cell growth pathway in colon cancer cell tumorigenesis. Although further
studies are required to the multiple mechanism, these findings suggest that
phloroglucinol has effect to inhibit the proliferation of HT-29 human colon
cancer cells. These were evaluated by measuring cell death via induction of
apoptosis. Therefore, phloroglucinel- has therapeutic potential in the

pathogenesis of colon cancer in humans.
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o As ¢ 39y
1. A%
DAY 2 As

B ooAGo] A3 phloroglucinol& Sigma Aldrich (St. Louis, MO,
USA)el A TYste]  Am= AREstdo. Aol A& Axs
American Type Culture Collection (ATCC)ZFH Y43 st AxE
2 HT-29 (Human colon cancer cel)E& AF&3FaL, A Al EZ o)A <]
=4 fFFE A7 f8 AY Askd AxEF3 IEC-6 (Intestinal
epithelia, Human)Z AF&3FAt}l. A wjoke] AF-&3L Fetal bovine
serum (FBS)2 Gibco BRL (Life Technlogies, Gibco BRL, Gaitherberg,
MD, USA) AES ARS8 o RPMI-1640, Dulbecco’s modified
eagle’s medium, Penicilin/Streptomyocin (P/S)= Hyclon (Logan, UT,
USA)o A 5ttt Phosphate-buffered saline (PBS)& Gibco/BRL
(Invitrogen Co., USA)E A}835}3, Trypsin, Protease inhibitor,
Bovine serum albumin. (BSA)< Sigma Chemical Co. (Logan, UT,
USA), 4'6-Diamidino-2-phenylindole dihydrochloride (DAPI), detergent
+ Sigma Aldrich (St Louis, MO, USA)olA Fdstch A Ee] njet
7 AEES =AHsr] 98l MTS/PMS  solution (Cell Titer 96
AQueous Non-Radioactive Cell Proliferation Assay Kit)< Promega®l
A Tdete] ARgstlew Alx dawd sxE FAstr] 98 BCA
Protein Assay Kit (Pierce, USA)Z A}-&-3}%] T}

Western blot2 protein standard marker= dual color marker
(BIO-RAD, USA)E A}&3l¥ 2™, immunoprecipitation®]  AF-& Sk
antibody+ Santa Cruz (CA, USA), Cell Signaling (Beverly, MA,



USA), BETHYL Laboratories (Mont-gomery, TX)olA Fw3als] o,
detection regent® Super Signal West Pico Luminol/Enhancer Solution¥}
Super Signal West Pico Stable Peroxide Solution (Pierce, USA)E ©o|&
3] Kodak film (Rochester, NY, USA)el| #F33}sitl. Caspase activity
assay°ll AF8%¥ Caspase-3 Substrate I, Colorimetric (Ac-DEVD-pNA),
Caspase-8 Substrate I (Ac-IETD-pNA), Insolution™ Caspase—3 Inhibitor
I (Z-D(OMe)E(Ome)VD(OMe)-FMK)2} Caspase-8 Inhibitor II+=
(Z-IETD-FMK) Calbiochem (San Diego, CA, USA)S A}&3}3it)
Annexin V& dead cell assay, Cell cycle analysis® Muse™ cell
analyzer (Millipore Billerica, MA)E A}-&3}31t}

2. 439X

1) AIE Hj &

A FH gE MEFQA HT-29% 37 C, CO;z incubator (5% CO.,
95% air) o4 RPMI-1640u#] ol 10% FEBS, Penicillin/Streptomycin<
H7rsto] wjF st e, A4 AETQ IEC-6:= Dulbecco’s modified
eagle’s medium #iX] ol HT-299} A3t 7oA njgalslor M F
R A= 2~3Y vtk wgtel F Ak

2) AXE S48 53

Phloroglucinol®] HT-29 Ao F2]oA4 a3=5 7IXHA FAlo A
FAEQD IEC-6 A X 54 F5F& F2ls7] fste] MTS assays Al



At Z+7te] AEE 96-well plated] 2x10Y/well2 FHUstA EF3
o AMxE FERS 95k 24/\] b sl al, Serum free medium
(SFM) o & 6A]7F v 3 & phloroglucinolS 0, 12.5, 25, 50 nug/ml &
S 24X A3t MTS/PMS solution (Promega Co, USA)E
H7ysle] 37 ColA 308 whe A7l & ELISA plate reader (BIO-RAD,
USA)Z 490 nm FH¥=ANA A8t

3) FEHsty w3}

HT-29 A3z el phloroglucinols *2]3tR < o A2 FJejshs HslE
#&357] 918 HT-29 MAEE 6-well platedl 10% FBS7F &% RPMI
164081 A 2 ] A8l FAS &S BT ths AEZE 80% 4Fst S
o phloroglucinols FEEZ 24X A2l skt o] & AXE PBS=Z
23] AHE o 93 ArA S Fate] 2008 HiE R AE PEE
Zet it

4) DAPI @24

HT-29 A3 phloroglucinols # 2lstF & ol o] Fe|std W&
wst7] 918l DAPT 9% < Al &8sl HT-29 AlZ
o 10% FBS7} ¥-f¥ RPMI 1640 " A2 sj4jete] Fdg o=z &
F3ak o8 AEZ7F 80% A Fst S w phloroglucinol S 244 7F A 2] 8¢
forstaict. el Hejstd ##-2 fixing solution (formaldehyde : PBS
=1: 9% kst A2olA 208017 143 b PBSE A1 g
2 pg/ml DAPL &85 37bste] Ble Aadeh Aol 303 WAl
t}, o] % PBSE thA] A& 3 thg confocal microscopyE E3te] <]
FE et Wsts AEEATh

il

6-well plate

jus)

<
T
Z
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5) Caspase activity assay

Caspase activity =7d° A% Caspase-3 Substrate I Colorimetric
(Ac-DEVD-pNA), Caspase-8 Substrate I (Ac-IETD-pNA), Insolution™
Caspase-3 Inhibitor II (Z-D(OMe)E(Ome)VD(OMe)-FMK), Insolution™
Caspase-8 Inhibitor II (Z-IETD-FMK)+ Calbiochem (San Diego, CA,
USA)E AF&3 T HT-29 AZ7F 60% o] Z218H caspase inhibitor
= A7 A Ag 3 F phloroglucinolS X E 24417+ A &3kt
Lysis buffer (250 mM HEPES, 5 mM EDTA, 2 mM DTT, 0.1%
CHAPS)Z AMEZ 3|53to] 100 pg proteine 96 welldl 53kt Z+
Zyo] substrate® F7Fste] 37 C, 8AIZF 27 o2 WHSA]Zl & ELISA

plate reader® &33% 405 nmolA] =43t Tl

6) Western blot analysis

@D Total cell lysate F=

Phloroglucinols # &3 HT-29 A= PBSE 23] A # 3} protease
inhibitor (1 mg/m¢ aprotinin, 1 mg/mé leupeptin, 1 mg/m¢ pepstatin’ A, 200
mM NazVO,; 500 mM NaE; 100 mM PMSF)E  ¥7}g RIPA lysis
buffer (1% NP-40, 0.25%.- sodium deoxycholate, -1 mM EGTA, 150
mM NaCl, 50 mM Tris-HCl, pH 752 9o} 4& oA cell lysateZ
g4t 30w3F WAAIZ T 343 cell lysateE 9AEE] (12,000

rpm, 4 C, 10 min)sto] T &5 & AHEstAth



@ AEA 9 MEZE) (¥ FZ

Axd g nEZ=gole] i FE2 Emanuele et al. (2004)9] ¥
S AFg-EF T Phloroglucinols sE=EE 24A417F 283k thS PBS-EDTA
1 mZ 34 g FAEY 5000 rpm, 5 min, 4 C) % cell lysate
buffer (20 mM HEPES, pH 7.4, 10 mM KCL, 1.5 mM MgCl, 1 mM
EDTA, 1 mM EGTA, 1 mM DTT, 250 mM Sucrose)E #7Fste] 4 Coll
A 203 RESAIFH T dAdEE (5000 rpm, 5 min, 4 T)ste] A5
(Supernatant-1)< 3]5738kal Y A] pelletell bufferE % 7Fste] ©hA] 5000
rpm, 5 min, 4 TollA YA ZElste] F5 Y (Supernatant-2)S 25
t}. Supernatant-1¥} Supernatant-25 A ¥A1E2] (14,000 rpm, 15 min,
4 T3 g2 A9 Axd 38 ol pelletd] buffers %7} 3+ A&
MEZEgol FEo] drk

i=]
4]

® sz

22
¢ (
pe)

HT-29 A 3ol phloroglucinols X2 = &34 lysis buffer (50 mM
Tris-HCL, pH 74, 150 mM N,CI, 1 mM EDTA, 1 mM NaF, 1% NP-40,
1 mM NazVO, 1 pug/mé aprotining 1 pg/mé leupeptin, 1 pg/mé pepstatin,
0.25% Na-deoxycholate, 1:mM PMSF)ZE #7}3to] 4 G A6 4 30
WAk & ocell lysates YA 280 O d59S Hste did %

AR g d =5 50 pg/mlo =T U A o
SDS-PAGE®] #7|9% 3 % PVDF membrane (Millipore, USA)S 2
transfer st Th #7195 3 membrane 224 1% BSA-TBSTZ 1
A ZF blocking A1Z1 & 3Heldt iz} dt= zHzbe] 12} antibodyZS 1:1,000 H]
&2 348 10 T 16417k vH-&AIZ & TBS-T2 1523t 23] AlH3 v+
22} antibodyZ 1:10,000 B & & 3]X3le] 1A|7F 2087+ HF&- A AT



HF-3-A17]1 membranes UHA] TBS-TZ 1587F 23] A% 3te] Super

Signal West Pico Stable Peroxide Solution¥} Super Signal West Pico

Luminol/Enhancer solution (Rockford, IL, USA)S A}&3Fe] KODAK

X-ray filmol| 7Z33A171 o3 &% $ scaning 3} Science Lab 2005
b

(Fujifilm, Japan)& o] &3}o] HA1&}9t}.
@ Fas§ % AEAE 29 IGF-IR A2 74

HT-29 AlZol phloroglucinols »=HW & 2447+ A8 stgon, H=
FE9 50 pg/ml FXEolA caspase inhibitor (Z-VAD(Ome)-FMK)Z
20 ym FE=E 1A A2lesith. PBS-EDTAR 23] A% 3 5 lysis
buffer (50 mM Tris-HCl, pH-74, 150 mM NaCl, 1 mM NaF, 1%
NP-40, 1 mM Na3VOy-1 pg/ml aprotinin, 1 pg/ml pepstatin, 1 pg/ml
leupeptin, 0.25% Na“deoxycholate, 1 mM PMSF)E 3 7}sle] 4 Tol A
307 WX st Cellg 3% oh5 12,000, rpmol A 10211 @A
gl sl A=HS cell lysate® AFESATE 50 pg/ml ©ElE B

SDS-PAGEZ #7323 ¢ membraneo] %74 S8 2y 321519

ol

® HRG f&= 9id S5

HT-294| 39l phloroglucinol S &&= 2 x| 2lske] 24417 5ot vj<F 3k
< PBS-EDTA= 23] A &3t ths lysis buffer (20 mM HEPES, pH
75, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 100 mM NaF, 1%
Triton X-100, 10 mM sodium pyrophosphate, 1 mM NazVO,, 20 pg/ml
aprotinin, 10 xg/ml antipain, 10 xg/mé leupeptin, 80 xg/ml benzamidine-HCI, 0.2
mM PMSF)E #7bste] 4 TolA 303t WA etk Celle 3]475}0]
12,000 rpmoll A 10:27F YAEE] § A4S HES cell lysate= AF-&-3HS T,



7) RT-PCR analysis
O RNAF= ¥ cDNA 34

HT-29 Al3E°| phloroglucinols FX=HE 24A17F A E]st & PBSZ A%
3kl 1 mle] Trizol reagent (Invitrogen Life technologies, Carlsbad,
CAY B3 MEE 358 ths, A=A 531 Bxg $ 12,000 rpm
oA 1023 LA ek S Hell 200 nl chloroforme 7hako] 5%
B REEAL vl dA EYedth dS s 28 dto] isoprophanol
11 HER Aole F 1083 94w @ ts RNAS JAAR +
70% ethanols AF&3led RNAE Al#sta Axsk3t). o]F, RNA free
water?] 0.1% DEPCell 2 ¥ RNAE F3% 280/260 nmol A sE&

N

A3l 3 Revoscript RT premixE ©]£3}9] reverse transcriptions

z‘sg Z;fj]— e} E)yq cDNAZ= 6L/H o} 1:]_

oo

@ mRNA 2d 9 2A

Reverse transcriptione &3] A2 cDNAE templete= A}&3slo]

Z YA F# A (Table 1)Z polymerase chain reaction i o8 =

i

SFA T oldl  housekeeping. -+ &1 | glycer-aldehyde-3-phosphate
dehydrogenase (GAPDH)=interal. control® AR&st$ith -7} polymerase

chain reaction AtEE5<S 1% agarose gelS o] 83to] 7| Esla
ethidium bromide (EtBr, Sigma %@ Red safe™ Intron bitechnology)

= o] &3te] PAE T ultra violet (UV)3}ol A &Hela}Sdtt.

_10_



Table 1. Oligonucleotide sequences of the primer used in PCR

analyses

Gene name Primer Sequence

PI3K forward | 5'-AGG AGC GGT ACA GCA AAG AA-3

reverse | 5'-GCC GAA CAC CTT TTT GAG TC-3'

AKT forward | 5'-CAA CTT CTC TGT GGC GCA GTG-3'

reverse | 9'-GAC AGG TGG AAG AAC AGC TCG-3'

PTEN forward | 5'-TGG AAA GGG ACG AAC TGG TG-3'

reverse | 5'-CAT-AGC GCC TCT GAC TGG GA-3'

PDK1 forward | 5'-AAG GGT ACG GGC CTC TCA AA-3'

reverse~| 5'-CCC ACG TGA TGG ACT CAA AGA-3'

mTOR forward | 5'-CGC TGT CAT CCC TTTATC G-3!

revgrse=s 5= ATG GFC AN I8.C~eIC CA¢ @8

S6K forward |'5'-TAC TTC GGG TAC TTG GTA A-3'

reverse || 9'-GAT GAA GGG ATG CIT TAC T-=38'

RPS6 forward | 5'-AAG GAG AGA AGG ATA TTC CTG GAC-3'

reverse || 5'-AGA GAG ATT GAA AAG TTT GCG GAT-3'

Ras forward | 5'-CCC GTC CTC ATG TAC TGG TC-3'
reverse |"0'-ATERITG GATRACGGCA GGT CA-3'
Raf forward | 5'=GAT GAT GGC AAA CTC ACG GAT/TC-3'

reverse | QFAAG GCA GTC GTG CAAGEI CA-3'

MEK forward |.5'=CGATGGATCCCCCAAGAAGAAGCCGAC G-3'

reverse | 5™=CGATGICGAGIIAGACGCCAGCAGCAT G-3'

GAPDH forward | 5'-CAG CCG-AGC CAC-ATC G-3'

reverse | 5'-TGA GGC TGT TGT CAT ACT TCT C-3'
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8) Annexin V & dead cell assay

HT-29 A3¢] AFEo] phloroglucinolel] ¢]3F apoptosis®
3] Muse™ Annexin V & dead cell kit protocolS ©]&3le] 23 a1
th HT-29 Al:2E 10% FBS7F 3H-f¥ RPMI 1640 Wi+ = 2143 6-well
of &kt AE7F 60% B Aebd SFMO® wjA& aghate] 4471
Hjokalal o] % 1% FBSO| phloroglucinols 3]A13&1e] 24A17F 2] 3Far
PBSel AMxEE FRAHATH dAEE 2500 rpm, 10 min, 4 T)3F *
pellets 7+7+e] tubeo] Muse™ Annexin V & dead cell reagent (EMD
Millipore Co., Hayward CA, USA)®} 4390 5x3F vortex 3 & 207 =<t
OF Ao A A 235ttt v 5 Muse™ cell analyzer (EMD Millipore
Co., Hayward, CA, USA) H]E o]&3) A5}

ftlo
At
[40
off
ok
)
)

9) Cell cycle analysis

Phloroglucinololl &8+t M F7]e] BExXx% HsStE H7] 9siA HT-29
AEE 6-wellel 10% FBSE 3$h3F RPMI 1640 Bl A& 3] A&l &3}

Ak AXETF 60% S52)5HH SEMS 4417 A @lskal o] 3 phloroglucinol
= FEHEE UM AT F uFeAT PBSE AEES FRAA
AE7 (2500 rpm, 10. min, 24 C. 3lo] pellets 3|58l 2EzEo] tubeol
cell cycle test reagent (EMD "Millipore Co., Hayward, CA, USA)<}
Hol 5x%F vortex ¥ F 30%xF FAelAM AL whEsidth. wEE F
Muse™ cell analyzer (EMD Millipore Co., Hayward, CA, USA) #H]
£ o] &3 SAstAt

H
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10) Statistical analysis of experiment result

o

B AFoe] uldt 27E mean + SD.E YelUgoen, Ada 7F
o] & SPSS ver. 180 T RS A}43te] ANOVAZ 7 =3

%
p<0.05 594 Duncan’s multiple range test® 24 v 13t}

o
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m. 2% 9 3

1. Phloroglucinold] ¢ 3 HT-29 thZ << Alx =2 oA &3

1) Phloroglucinol®] HT-29 W<t MEAE Y v X& G

[40
24
do
&
=
ol
o
=
=
P
[40
0
s
[\l
Ne)
=
Kl
>
e
1.
2
(o]
=5
g
O
LR
c
Q
j)
<5
S
=
.
rlr

FFE FAet st AL IEC-6 Aﬂ_,_OH/HA =4 e &
3l7] 913l MTS assaye 3t th HT-29 Al3EZel|A] 0, 12,5, 25, 50 pg/ml

=4 AAEA} glsler IEC-6 A dAx
2o e #lEit. HFT T=
phloroglucinol 50 pg/ml F=olA% °F 60%° AX AYEE&S Hom
Z HT-29 Alxe] 9o 22 sz J3& AFsiet (Fig- D).

o

oM ol dFE vAA

o
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120

i 2 .
100 5
80 -
60 -
40
20

04 i S S i

0 125 25

50

cell viability(%)
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(B)

120

; a g

100 - =
80 -
l
60/
4o A
|
20 -
|

0 4 - . ,
0 125 25

Phloroglucinol (pg/mil)

cell viaility(%)

30

Fig. 1. Effect of phloreglucinol on HT-29 cell proliferation. (A)
Effect of phloroglucinol “treatment on the growth of HT-29 colon
cancer cells. Cells were treated with—varying concentrations of
phloroglucinol (0, 125, 25, 50 pg/ml) for 24h. (B) Phloroglucinol
toxicity to IEC-6 intestinal epithelial cells. The values were the means
= SD; P < 0.05 by ANOVA. Values with different letters are significantly

different from one another according to Duncan’s multiple range test.
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2) AXS FEjsty W3}

ok MTS assay® ZA¥E wpgro 2 HT-29 Al ¥ phloroglucinol<
A stF S wf Axzel o FejstA ] wetE dnd AolA BE3SA
HT-29 A3 phloroglucinols A2 dt9S w A|ZAAEE

1
Azt BAA FE EHA AE gas FAdYt E=d

A Zerdar A w52 50 pg/mldlAE AlE7F 587 A Fe ot
oje} o] M Hestd wals @A & 4 orz o|F DAPI o
s Fal o] FejetA Wsts Ao Eskt (Fig. 2).
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Phlereglucinol (ug/ml)

Fig. 2. Morphological changes in HT-29 cells after phloroglucinol
treatment. After 24h of treated with phloroglucinol (0, 12.5, 25, 50 pg/ml)

were measured by an optical microscope. Magnification, *x200.
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3) de] FejsH W

oM AEe] Festd WaolA ME Ut Hgaste AS B T S
A AT Phloroglucinol 2 Al Al¥AFE (apoptosis)d] FHEejstd =4
<9 stuel e WstE #Esty] flste] 3 ] DNAC] Soldow A
ot FF AMAR DAPIE Ab&sto] S dMstal &3 dndo=w
w2 shdoh. 1 23 phloroglucinol S A 2 8hA] &2 ollAE B YUY
o] g 3 B I

S #F 8 4 9= Wb, phloroglucinolS # @] 8k A
o g2 vl a1 Befo] AdASA] = o= Hol HT-29 Alx
T2 AFEl phloroglucinole] &S v X += F& g & 5 AUt

(Fig. 3).
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0 125 25 50

Phloroglucinol (ug /ml)

Fig. 3. Morphological changes of nucleus in HT-29 cells after

phloroglucinol treatment. HT-29 cells were treated with varying
concentrations of phloroglucinol (0, 12.5, 25, 50 pg/ml) at 24h. After,
cell were fixed and then stained with 2 pg/ml of DAPI and 20 min

maintained incubation at room temperature. Magnification,x40.
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4) Annexin V & dead cell analysis

A Aol A HT-29 A *Eol phloroglucinol 2] Al A% Aldo] f=
Hol 2 F7F FHAFFASCE Annexin V. & dead cell apoptosis
detection kitE AF&£3] phloroglucinolell 28] =% apoptosis®lA], &2

necrosis?1 A Muse™ cell analyzerE® & #2435ttt Apoptosisth

ke

necrosis®} #2 A AFH L Annexin V9 7-aminoactinomycin D
(AAD) staining @ A== 1 H]&S &9l st 4 A3, gzl
= early apoptosis®} late apoptosis area®] total apoptotic H]£9]
9.03% (Fig. 4A)¥ o1} phloroglucinols 23k F3toll A& 10.31%,
17.77%, 2411% 2 5% °F£% 92 apoptosis celle] H]&o] F7}8F= A

= 2 & = dAT (Fig. 4B-D).

A Ee] AFE S apoptosis®t necrosis®Z 7 S = At nhecrosisE 2
HA o2 S4o] Y =814 B8l 5 549 Wste] o5 2y
= T4 BHoE FAr ] Bt At S Al E2o] Bt AAgS A
AA #a Algre]l AU A ERre] 33 HTAA AZ7F ZEEHIL o5
AFS s A ©rl (Robaye et al, 1991). o]o] Hkall apoptosist
Aoz BEH B FHAA ) o] FolAlH, =do] 753k 554

A Stk o) AL FulH o= AF A AEE] 33,
AAMA e $F T &Y AFTUF EAEol A A (apoptotic
body)eh= 2S FAtal F4E AEAIEZ 2 A= A& o3 A
Ago=H dAFE FLstA LTtk (Clarke and Clarke, 1995). o] 2] gt
apoptosist= A7} Welsta gQlo] st Aldst= ety Ao
2 (Hengartner, 2000) 9482 W3} AE7HEe] WS Yelf = necrosis
o} zfo]x o] At} (Kerr et al., 1972). Apoptosisi= bcl-2 family proteins
9} caspase®} S signaling pathway %3 A#w o] 9l

flo
N
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() gsmmmmmm  (B) 4
Dead Late Apop./Dead Dead Late Apop./Dead
370 % 465% 315% 7.16 %
34 34
> B 2] )
14,

i . 438% 3.15%
o[BS Early Apop. Early Apop.
o 1 2 3 4 2 3 4
Live ANMNEXINV  Apoptotic Live ANNEXINV  Apoptotic
0 12.5
4
(C) 4 Dead Late Apop./Dead (D ) Dead Late ADQD.J‘D&BU
514 % 877 % 7.47 % 15.09 %
34 3 j
24 24
1 E 5
_ 5.00% _ 9:02 %
0 e , . EarrlyApop, Early Apop:
0 1 2 3 4 2‘ 3" 4
e LAY Ao e ANNEXINV “Agoptot
25 50 PG{pg/ml)

Fig. 4. Induction of apoptosis in HT-29 cells after phloroglucinol
treatment, as| determined Annexin V & dead cell analysis.
Phloroglucinol induces apoptosis of HT-29 human colon ‘cancer cells.
Cells were cultured in 6-=well plates with varying concentrations of
phloroglucinol (0, 125, 25,80 ug/ml) for 24h and-then collected in
medium containing 1% “EBS. “The percentages of apoptotic and
necrotic cells were determined using a Muse ™ Annexin V & dead
cell kit as described in the materials and methods. Detection of

apoptosis were stained V-positive and 7-aminoactinomycin (ADD).
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2. Phloroglucinold] €3 A XAIE A3 AG 4

1) Extrinsic and Intrinsic pathway

Phloroglucinol S &= 2 24A17F A E]gk HT-29 Al *E9] Fas® %
oAzl AEAPE WA= FEFS dolE Sk Western blots A& 2
I oFE EH O Fasd el ®o] SUbste S &9 & 5 AN
olof uwe} 39 TA wwF Iy
o} M¥EAFE-2 death receptor T

L, 183 caspase S99 FHAE

)

A5, bel-2 2 IAP family 1A}

ols] =Amw, AA extrinsic
(death receptor-mediated) 2 intrinsic (mitochondrial-mediated) pathway
27HA A5 Fsto] doldtk (Chen et al, 2010).

Extrinsic pathway+ mitochondria H] 2]F%4 <l apoptosis IHH o=

2
= [42 ﬂJlO o

tumor necrosis factor (TNF) family2] death receptors2] &Xdel 2|3
oF7] % o] death receptor pathwayztil%® 3hth (Kim et al, 2009). tho
3 9B =& w4 5 mitochondria®l B A $1e] Wiy iy

o] 7oA A mitochondria Well <78k eytochrome ¢ 2

2] apoptosis % QlxtEe] A= wrEHY WE% cytochrome c&

re R

¢

apoptotic protease"activating factor (Apaf-1)3} caspase-9¢} Sh7A| A&
Aol A apoptosome &3 A= @A s=d], o] apoptosome<s H| A “JE|
2 FEA3 U+ caspase-3S ZASIA 7| A EHE (Colussi and Kumar,
1999).

SHAIE "W Mo HJ-oe= FASE ® caspase-8°] AHFPAHOo R
caspase-3< A3} Al7]= Aeo] oY}t bel-2 homology 3 (BH3)-only
proteing! bide] ©@#H3IE F 3 truncated bid (thid)e] FA S FoAIZ
© 24 intrinsic pathwayS %3 apoptosisE F23t7]%= v} (Li et

al., 1998).
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=

w3l apoptosis FAQl intrinsic pathway+ o8 £7F9 S84 2 3}
stx ol zp=oll 93 bel-2 family @A S vy wW3slel 1o wE
mitochondrial dysfuction®] ¢]ste] ftw= o=z A 9o (Li et
al., 1997). ©]# % mitochondrial dysfuction caspase-95 &43} A7
11 A3t ¥ caspase-9+= caspase-32 &4 3MAA poly (ADP-ribose)
poly-merase (PARP) %3 #2 7|2 a5 REs doHA
apoptosisE € o 7]A4 ®t} (Han et al.,, 2008).

H Ao Al phloroglucinolS HT-29 A3Eef| 24413 A gl she] 3435+
& western blote Faf @ 2y <

S 53 A EAE LS Fas signalings =%+ apoptosisd= & = A
olof we} o] signaling®l #o]d}= FADD, cleaved PARP 59 2&
E F A (Fig. 5-6).

rulo

gkl A3} phloroglucinol

Rl

o
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Phloroglucinol (ug/mil)

kDa 0 12.5 25 50

FADD
AIF

PARP
cleaved PARP

GAPDH

Fig. 5. Phloroglucinol affects the_expzession of the apoptosis

related proteins in HT.—e29f-c_e-IIS. Phlo;(;gﬁ_é]h@ induces DISC
formation in HT-29 Ifs-./Cells were treated with varying concentrations
of phloroglucinol (o,é;, e 50 ng/ml) for 24h. Expression of " proteins
Fas, FADD, AIF I:I,-"'IrPARP -b;f phloroglucinol. ' \
1 ‘
!

\

N
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Phloroglucinol (pug/ml)
kDa 0 125 25 50

35 - procaspase-3

procaspase-8

47 - procaspase-9

17 - cleaved caspase-3

10 - cleaved caspase-8

cleaved caspase-9

] GAPDH

Fig. 6. Proteolytic activation oi caspase by phloroglucinol

17 -

37 -

. _\_\_\_\-'-
treatment in HT-29 cells. ’F@ta shown caspase=3 and caspase-8,

caspase-9 proteins in HT-29 cells:
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2) Bcl-2 family proteins® Az AdgE 4]

Bcl-2 family proteins< W|EFZEgolo] v Fid& -3t AAE
A nlEZ=g oo 23 instrinsic apoptosis pathwayol %83+ o9
Az vkt /77 EA%T Bel-2 familyoll &3t 9 7HA] AAES
apoptosis % 4o 7Fg tEAe FHAAZ deA ded, 1 F
bcl-2¢F bel-xL& anti—apoptotic A2 apoptosis®] FES oA 5F=
7155 7FAH, baxt} bad 5& ¥ A<l pro-apoptotic FAZ 159
e Z7}E= apoptosisd] by @A 7F Atk (Antonsson and Martinou,
2000).

Pro-apoptosis &l 4] bax sub—family+= bax”’} #AHAlo = monomer=
EABEAA bel-200 ¢ ste] 1#Fgo] A Ak, Apoptosis signal
o] 5012 bad’l bcl-2%F ARSHA =L bel-22F-FH "eolA 2 bid
= baxe} Z2E3sle] 159 conformational change’} 4ot} dimerE 3
AetA Ha vELEg el oupd A FHE so] R =2S
= Al71A ©uh. &%k BH3 sub-family+= bel-2, bel-x1o] A3 & o] 1
28-S At baxe] 28-S &5t Axlt; (Elizabeth et al., 1995).
Anti-apoptotic A2} pro-apoptotic +AF= A= dimer?] FEl= =A)
st #E S FAStAL QAR of#gt o] A A A =¥ mitochondria

3
)
Z}

ZHE cytochrome e¢& fFE]A#A cysteine-related protease®) caspase,
DNA¢9 w@#H3}lo} A #¥ endonuclease 52 &A= 531 apoptosis
7F = Aoz deA At (Donovan and Cotter, 2004).

2 AFol A phloroglucinol A 2lell ]38k apoptosis &3 24 ol
Wk TS Bofst=A Felsty] #8 bel-2 familye] e ®WIE
Ay B A3} apoptosis signaling pathwayell @} bad, bax® 719}
bcl-2, bel-x1, bide] A4 FE&S E 5 AAJT (Fig. 7).

2
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Phloroglucinol (pg/ml)

kDa 0 12.5 25 50

29 - T — — — Bcl-2

30 - '-— —— — Bel-xL
23 - - m— :—..'d Bad

7- | S A | c-roH

Fig. 7. Effect of phloroglucinol on the expression levels of Bcl-2
family proteins in HT-29 cells. The data shown Bcl-2, Bcl-xL,
Bax, Bid, Bad proteins in-HT-29 cells.
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3) Cytochrome col €3 A XANAL AZAYE

kA western blot 2dS T3 HdAS & 4 AUY bel-2& apoptosis
7F BAE A s A MEZ=ol ojus FAAAA cytochrome ¢
HH S wold|F1 bad, bax®t 7S @A cytochrome c® wH|E
= Aog d#A
Western blot 23 HT-29 Al ¥ phloroglucinols *&#stgS wj A&
Abgo] #Bo]d FF 0 F bel-2 family proteins7t ZE3tE AS EYE
MAEAANA cytochrome co & ©AE &8 Hdth 53|, anti
apoptotic bcl-2 @A L wEFZ =g oo A cytochrome c9 F&& 9
i MMPE x43te] Mz AEAE A (Groww et al, 1999).
Bel-2° & A5+ cytochrome ¢ W EZ=Zole] Azt AEA
of FAAECE AE W Zae 4% Sk Y3 AlE AEANY %
7o #oj3t} (Liu-et al, 1996). /‘ﬂli_éi cytochrome c7} #H] 5 A
L Zo| A caspase~9, Apaf-13} A&S dlo] apoptosomes FASHA T
= oA gAl AE AEAL ARSIl caspase-95 FA T Al

843}l ¥ caspase-9% caspase-7¥ caspase-32 A3 AlAA DNA

Sh

=7

ol

l-H

=4 2 M AEALE doZlet (Nijhawan et al., 1997).

B Ao A®ANA e cytochrome ¢ BHS B3 A3 nEZ=
glololl A WE¥ cytochrome c7F Al Ao A phlorogliginols & A
cytochrome c®t Apaf-12} Wdol mr oE4q0o g Z7lst= AL 39l

stAth (Fig. 8).
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Phloroglucinol (pg/ml)
kDa 0 125 25 50

11 - Cytosolic Cytochrome C
Cytosolic Apaf-1

37 - GAPDH

Fig. 8. Effect of treatment with phloroglucinol on cytosolic
cytochrome ¢ and Apaf-1 expression in HT-29 cells. The data

shown increased cytochrome ¢ and Apaf-1 proteins.
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4) Caspase-3, -8 activity

Apoptosis A& AG 7S F3 caspase AN E= 5ol A=
A E JEZHEE apoptosis A& 7F AXE WHo Udi= caspase® HAEYH
o] caspase’} &4l 3}¥ ). Cysteine aspartic acid proteases®! caspaset™
AZAPE S 24dsts Fa3 24 A= Axdelr 524 F=H pro
enzyme® 2 Z=A] 3tt}7F (Jin et al, 2005), A& A Aol oA W
large subunit¥® small subunit® @ A& ™ o]= tetramers & A 5lo]
g3t Ft} (Cotter et al., 1992).
Caspase+ 1initiator caspase®} effector caspase® %™, initiator
caspasei= death inducing signal®ll ¢]&] &4 3}% o] effector caspase=
lamin A, DNA fragmentation factor, a-fodrin® PARP %o w4 o]
2HE FE3q AEZAEE fEFY (Jin and  El-Deiry, 2005).
Effector caspase$l caspase-32] 42 initiator caspasel] caspase-8,
caspase-9°] ol&} &A3} FH= Aog # ez 9, caspase-8 Al
FEuto] &4 38l Fas receptor®] ligand’} Agtsls &4 3ls = 9 A
22 E&) &A3 H&= Wb caspase-9 B EEZ = o} w FE3lA =7}
of 9o&] =% cytochrome col o3k Y& ZA=o] s A3 Hct
(Budihardjo et al.;. 1999).
ok Ao A phloroglucinols HT-29 Al ¥ T=dW®R A7 P& A
AE F24 oA a5 B2 19al) western blot®] 232 FasE &3
apoptosisd 25 Felslgom =z H 23] o] A= caspase-3, caspase-82
JHATE =A3 Pt
A

%4 RE AN J1F] 8 AR AL 2 BE

=
o o w =A% A} caspase-3, caspase-82 7 -$-+= phloroglucinol
S AP FFE W & EHORE Dol T e AL AN,
inhibitorZ A 2|3k FolHe= Hxd £ A8 A4S 9 s

(Fig. 9).

>.\I

ol
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(A)

d
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a
“ ' '
o + . . . .
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0 12.5 25 S0+inhibitor

caspase 3 activity

Phloroglucinol(pg/mi)

d
C
15
b
14 a
a
"l .
0+ e - ¥ 3 :
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caspase 8 activity
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Fig. 9. Dose |dependent activation of caspase-3, caspase-8 by
phloroglucinol treatment in HT-29 cells. In the experiments on
dose dependence,, phloroglucinol. added at the varying concentrations
(0, 12.5, 25, 50 pg/ml). Also, phloroglucinol was concentration of 50 pg/ml
added caspase-3 inhibitor “(Z-DEVD-FMK) - and~ caspase-8 inhibitor
(Z-IETD-FMK). The values were the -means *=-SD; P < 0.05 by
ANOVA. Values with different letters are significantly different

from one another according to Duncan’s multiple range test.
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Y
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Fig. 10. Proposed model mechanism of the activation Fas

mediated apoptosis by phloroglucinol.
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3. AIX F7]9 "= FF

AEZF7I= B JAAAES Aol Aoz AA= F7124 A
S, G2, M 712 AA™EA £<E, A48kl (Hunter, 1993),

BEARAS AAE A7 A48 AAA GuEer APHA= =
=2 b
=

1 9dtd (Marx, 1994).
71l A= DNA EA4 7} dojur] M7]oAls a9l Axe BEdo

wn

of T2jo] o] FolXH Fdol s I HA=AE FelstH, G27]
A= DNAS] EA7F ¢bds) T4 A=A &l 3 S AEF771 vp
g HoXth AMEF7|E AL a8 WhEste #H A o]A| Rk DNA =
A= sister chromatid7} <fFd3s] E2j€ | Fogt st HigiE
chrosome®] &% DNAS HA7} 4% Fo dojdry,
AE7L o213k A S FrAlEH7] f1eta] AlES 7)ol A check pointE
7FA 1 Jg=d "HA Gl17]8F S7] Akolef| restriction point (R point) 7} 2L
oA i o] AFstA.groW STIRIPEA-GAL GlolA HFE
= A, 52 G074 wAGEE TAL S0z A Y BAAA Y
restriction point (R point)E A YA =H-S7el A DNAEA & G27]=
J%= 3}}e] check point7} ¢ S7]eA &y E DNA
Aol A o] o] o AMEFT|ZF FAE A "k ool & A

AEFI 7L A om Adsel MoldA AL

12
o
©
2
e
o

=AE 9387 98 cell cycle analystE F&) 243ttt 224 Az}
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AAAA AEF7IE @8 GO/GL719 F3F Hl&o] R 26.2%9
Hlgto]  Z+ZF phloroglucinole A# S W % oFHo= 295%,
325%, 442% = F7ts AS 90 & & AT (Fig. 11). webA
phloroglucinols HT-29 Aol A7 RS wl, S7] G2, M7|7} 743}
I GO/GL717F E7Fetd &2 cell cycle arrest’} EHFE S-S F= 4

k.
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Go/IG1 s G2/M | Debris
% Gated | 26.2 438 17.9 0.0
Mean
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Scale
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B804
70] % Gated | 29.5 465 17.0 0.0
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Fig. 11.

Effect of phloroglucinol

on cell cycle progression in

HT-29 cells. In the experiments on dose dependence, phloroglucinol

added at the varying concentrations (0, 12.5, 25, 50 pg/ml).
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Fig. 12. Effect of phloroglucinol on cell cycle phase ratio in
HT-29 cells. In the experiments on dose dependence, phloroglucinol
added at the varying concentra.tkeng (O 15—, 50 png/ml). Increase
of GO/G1 cell populatlogfb'if phloroglucmol treatment m‘HC{‘ 29 cells.
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2) AE F7] 23 wud 24

AASo]| o A=, 7|22 o2 AMFEF7] checkpoint ZF A7)l
STEE g FAxte cyclinsdl 9dto] cdks$e] complex HAS
T AEKAA S Bl AR (Sherr, 1993).

AEF7] 249 BHAAN GAEE AEF7| vAdsdd 7]dE 2
How Aod F dow, 54 A7 AEFV] A= AEFV] £A-
A ] Id A3 B 4 2 Ao ¥ Ide o3 Ao g

o] A ¢l cyclin-dependent kinases (cdks)9] 7]

=
AxzT7] Aol B el g slon, ofZlo] cyclinsel ofs &

Aetdts A= dEAA Hol cyelin-edk HAZE AEFT7] ML A

To 2AAZ #83th(Elledge and Harper, 1994).

I FTAAME cyclin' B2 cde2 E&A+= FAHEE @Al M7 E F23)
A=

o)
i cyclin A9t cdk2 DNA AR S7)ek G271 & <tell =
gAstel S7] Fdo] Fejdvta HuEH i 9low cyclin DE cdk2,
cdk4, cdk6¥} E&AS A Sk cyclin BE cdk28 BTAE & A 5o
DNA A9 AzhgA el Glz] 240 #Eostes Aoz LA U
(Pagano et al., 1992; Xiong et al;.1991).
MEF71AA Gl Z7]9E edkd, cdkb o] EAsteel 285 3
a1 G171 *719F S7] 7]l cdk27F #-8&& Y cdk &A= cyclin
o] Aol HFAHo|al cdkd, cdk62 cyclin D& AgS a4 A E o)
H cdk2i cyclin E9F 23S $tt} (Bruna et al., 2000).
Tk FAHXEAAME HAEF7] 2H @490 cyclin/cdk7F HAGH o=
3 A3 FHojx 9lon o]E cyclin/edk EEA FAHS AdfsE ¢
WAl pl6, p2l, p27 T Wk YEhyE Zo® HuEI gt
(Marx, 1994).
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kA, MEF7] 24 54 B dAHE T2 A 71 &g
A AHew AXEaL 9lof cyclin/edk, p2l, p27 S AEF7]
ZAAAE] AL Y A ol dFASE £HE F AS Ao
o} ok AFo)A o3k A EF7|AA check pointell Aol AE F2
Z-o] o]FofxA ¢Fil HA7F FO=E apoptosisel &F GO/G17]<]
arrestE &1 5 AATE FFAA MEFT]7E ok apoptosisell ¢
g AlE T2 dAE 2 AR 7 derE cdk R cyclin/edk
2ol &4 Ae] wewlael p27, p21 5 western bloto & Ay H gk}
(Fig. 13).

p27 @A M ¥EF7]d A S7|E FE3F= cyclin/cdk complexol] 2
Stall cdk?2, cdk4, cdk6 kinase®] AIS Asfd o zH pRbe <=
AAAA AEF71E Fol7FA S8k A st GL7H-A oA FA A 7] A
shth, o]l 2) 3k Wl A S phloroglucinol ol ¢]&te] pRb: 7FAsHH,
p27e Skt AR E el F & A} olgd AdE T =
23k HT-29 A%+ Fas signhaling= %3l
w3t AE2F7] T GO/Gl7]9 arrestz Q13+

Aol A=A Al ZApEe] AR H= A & T 5 SUUH.

ey 0

ol

u}  phloroglucinols ]

apoptosis A Z LS
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Phloroglucinol (ug/ml)
kDa 0 12.5 25 50

CDK4
38 - CDK6
38 - Cyclin D
110 - pRb

21 - P21

P27

37 - GAPDH

Fig. 13. Effect of phloroglucinol on the expression levels of cell
cycle related proteins in HT-29 cells. Cells were treated with

phloroglucinol at 24h, then followed by western blot analysis.
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4, AEX A AR v A= 94
1) FasfE M EAE ZA=29 IGF-IR A= 49434

M AFRES F3E] X kS w phloroglucinolS A2 3F HT-29 A%
AAE & Fas H2E E3te) FADDE &A43F A7l t}e caspase-8,
caspase-9°l 2|3l caspase-39] A3t AXE AlHo] FPH = AS I
o1&ttt 9 A¥ES EUYE B Ado A= phloroglucinol A8 & ¢l
g MEAE S Fas 4&2E Esto] ol Fox=d o] AxEAE A=
IGF-IRE &3 Alx 44 Zd=2ee] AwdE gddstas shalvh IGF-1
of 9oajx FAst ®  PIBK-Akt A EZAZE  caspase-99 #E&
pro-apoptotic protein® &S A 3]st apoptosisE. JA|st= AL
2+# %] 2t} (Carnero, 2010; Osaki et al., 2004). Apoptosis®] 4 caspase
Qo A Argek mpel o] apoptosis ol Al 7 A Al o
3l caspases MAE AME #d =S 713 el zke] A %)
Este] FA ol dojdrhimEts & Aol Al E AFEe] F A
J 2121 caspase B S A A 7]17] €13l @ caspase inhibitorE A}-& 3}
caspase &4E A3 A1 g AE AT s AL F=2Q IGF/IR
gk PI3BK-Akt pathway<}] A#3< ekttt 1 23 HT-2941% 1
phloroglucinolS #] 2]é} 2 -m PISK®} Akt W3lo] % o&FXo7 7+
olgr = JAuATEHT TS 50 ug/mlel phloroglucinol
#2] ol caspase inhibitorg A3 E = PI3KS} AktY %9
Halol F7F sk Ae & F F ATk ol F AHAE FH sk
o, phloroglucinol® =% g ME F2 A= Fas signaling
&35t apoptosis AT @G| o]o] IGF-IR signaling= &% AMX A
A= FAlo dojup caspase’t FABIE 8] AEAY culA
Aktét PBK #4& Asf Atk Ae & 5 A (Fig. 14).
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Phloroglucinol (png/ml)

kDa 0 125 25 50 50+inhibitor

85 - PI3K
60 - Akt
37 - GAPDH

Fig. 14. Effect of phloroglucinol on the caspase inhibitor induced
recruitment of PI3K and Akt in HT-29 cells. Phloroglucinol added
at the varying concentrations (0, 125, 25 50 pg/ml). HT-29 cells were
treated for 1h with or without caspase inhibitor. Also, phloroglucinol

was concentration of 50 pg/ml added caspase inhibitor _(Z—VAD(Ome)—FMK).
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Phloroglucinol IGF-I
040

' ... 2 Il — IGF-IR
v y
¥
¥

Z-VAD(Ome)-FMK —I Caspase l > '

Apoptosis

‘.

Fig. 15. Proposed model mechanism of Fas induced apoptosis the
IGF-IR associated proteins Akt and PI3K. Z-VAD(Ome)-FMK
inhibits caspase activity, which is activated ~through Fas and

increases Akt and PISK expression.
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2) IGF-IR #¥ ©@¥d 9 mRNA £4

Insulin like growth factors (IGFs) A A= AXF52], &3} AxE ZEAL

)
(s
o
(s
(sual
o}
2.
2
I
AC)
}_4
2
o
=
o)
=)
2z
o
=
=
jab]
=,
o
2
fl
o
BN
i
ol
ol
rr
-2
o
o
ol
ol
e
X

2o Wl vt (Kelly et
al., 1996). PR IGFY AM®E W #FE&S type I IGF receptor
(IGF-IR)°l  &ste] wmiziH oA, 2E2 IGF 2% d9d  (IGF
binding proteins)E°l 2¢]slo] A H Tt} (LeRoith et al,, 1995).

IGF= 3 719 AFER o] Fo1% polypeptide® proinsulin®]  o}w] =4k
TE9 frAbetH, AY e o FA A F AlE AME QA EE

mitogenic. & 283t} W3k endocrine mechanism 2 oku g} AW Z+

ZA A AR o] 1 FZA Yol A autocrine/paracrine mechanism . =

T Axe FAY 235 =dsh (Jones and Clemmons, 1995), IGF
A3 @3 (IGF binding proteins)E2 IGEd| ZA3gtslo] Al o)A AA

d
H IGFE & 4oy MEZ WA IGF7F F8A¢ Adst=
7 mE Ao EZN IGFS #8S SAs Y A Fta
A4 2t} (Rosenfeld et al., 1990).
IGF-IRE @82 ¢ heterotetramer® ©] F o] 2 glycoprotein & =
a-subunitZ} B-subunite]-disulfide bonds=; A2 %] ST} a-subunit<
extracellular domain© 2 IGF7}olo| ZA¥tslar, A X9 S 533+
B-subunit< cytoplasmic tyrosin-specific protein kinase domaing X3t
st 9l+=dl (Czech, 1989), ©] receptorel = 71 &Aool ¥ IGF-IR
IGF-T°] AgtatA il IGF-IR®] 242 IGF-Io|y IGF-T1 9] + 7HA
ligand < 3ty7F IGF-IRel ZAgsto=x AXE e cytoplasmic
domain®] tyrosin 717} 14bs} o 2R A]ZLE U
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IGF-Io] IGF-IR®] a-subunitdll Z&3stA =¥, B-subunitel] =7} <14k
37 dojubA H a1, o] A4S receptord tyrosine kinase &AlS X133}
A, AlEY o] 71"AE9 AEE FXste Adow dHA 9
(LeRoith et al., 1995).

ME W= A3t " IGF-IRo Zgste] 2355 dE3sl= adaptor
protein familys°] &4 3st+=d I T thHx %<l
¢14kst @ IRSOl Adste] 14kst H= d@id T 7P dHEAD Ao
PIBK 9] p&5 regulatory subunit® 2 <& A At} PIBKE A4 IGF-IR
of Agtyo] &3 AY = RSO 93ste] &4 ¥ ohg AktE &
st AA AZEAPES AT AEAFS FX8e Aow A
At (Alessi et al., 1998; Vanhaesebroeck et al., 1997).

ok A=) A phloroglucinolel 1Al 2 gt A EF2 HT-299
APE 7)Ao B =S B¢ slon, o] A3S Hlgo R "ﬂli_
A AsdGel e g vH=A HESH] Sl HEADN A2 A
signal?! IGF-IR Al&xdg duwldo] vy.s Ja ki) £33 IGF-IRS
Ras-MAPK ¢} PI3K-Akt pathwayse + 7FA] HAZA|A S S 283t
A At (Valentinis et al., 1998). IGFe AE W AsAdg 2229
IGF 2% w4 (IGF binding proteins)E % PI3K: A A IGF-IRY
Agtyo] &g AL RSO 98] A8t Ho] serine threonine
kinase®] <l AktE PDK-1° ©fs <9143t == Thr308¥ PDK-2
of o3 <4t H&= Serd73 F-Slel A QASEZE Dol &5t A
1B 2 A¥EALES A Al7]H, - Ao A phloroglucinol S =¥ &2
A etAE o PIBK, Akt =3 2do] Fasks AS &l & F 32

t} (Fig. 16-17).
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Phloroglucinol (ug/ml)

kDa 0 12.5 25 50
175 - IGF IR

— IRS-1

85 - e s s | g

51 - PTEN

67 - PDK1

Akt

a7~ GAPDH

Fig. 16. Phloroglucinol affects the protein expression of the
T a

IGF-IR signaling pathways in HT-29 cells.ﬁ Ce were treated
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PI3K

PTEN

PDK1

AKT

GAPDH

0 12.5 25 50

Phloroglucinol (pg/ml)

Fig. 17. Phloroglucinol affects the mRNA expression of the
IGF-IR signaling pathways—in HT-29 cells.~Cells were treated
with varying concentrations of phloroglucinol (0, 12.5, 25, 50 pg/ml) for
24h. The data shown PISK, PTEN, PDK1, Akt mRNA expression.
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3) mTOR #¥ ¥z % mRNA £4

mTOR (Mammalian target of rapamycin)+ serin-threonine Kkinase
) Sw wid W Ax A S T4 BAUA 2ddA T8
= slez dEA ok (Howe et al., 2001). mTORS Al E9
A mTORC1#} mTORC2¢ F 7HA BFAR £A shed, 1 F
mTORC1-2 Aol A 3 & ww, %‘ﬂé‘ HATAel defst= A
IFe ZQee 3 B A (Lee et al,
2009). mTORS A3 A¥x2] 7jA|21#Fel 4E-binding protein 1 (4EBP1)¥}
S6 kinase 1 (S6K1)S QA4ks} Azl & H eukaryotic initiation factor 4E
(elF4E) ] Z&5 A& sto] A% T4, 44, daldS Sx8k= A
o7 HuErt (Meric-Bernstam and Gonzalez—Angulo, 2009).

w5 mTORS thakal ohA oA PISK/Akt/mTOR A5 AEE E3] <
AxZel A 4L A= Aoz deld vl (Stylianou et al.,
2011). PIBK-Akt Al d el oj@ mTORS &do] MAX oA \vdd

23

]
AANEE E3els A A s AR TR

o\

r
18 1o
ek
o
Ol

o & 4

e AR o A

¢ 7= TdE T4

mTOR®] &4 3k= thA] p70S6K &2 4EBPIS Af3ls SHE F 714
pathway® 3 = 4= gltl. & mTORS TS 2 Akt/mTOR/p70S6K =
ojoj A= NEHE AR A ELE, Ao], AEAEALY] A9 e 3
S =73}9, phosphatase .and tensin homolog (PTEN)-27PIP3, AktS g
ol A3} Eho] o] WAL A =dl sk, 1 23 phloroglucinol &
HT-29 Aol A2 sds o = ofEAo2 PTENS 283 9
mTOR, p70S6Ke] T o] st e &<l &%len, PDKI, RPS63}
elFAB= %= oA o= Wilo] fAasts s &2 & F USdHh wet
A, A e wlg- tge AeddA A A2 A4 W FEAEAA
ol 4 HT-29 A|¥e°] phloroglucinols ¢ 3}53 Qlsted  mTOR

(]

signaling pathwayol = 9 F+= A



Phloroglucinol (pg/ml)

kDa 0 12.5 25 50

289 - p-mTOR
289 - mTOR
70 - P70S6K
90 - elF4B
28 - RPS6
37 - GAPDH

Fig. 18. Effect of phloroglucinol on the expression levels of

mTOR, p70S6K, RPS6, elF4ﬂ_I§_,,_FGeﬂS—W6r€ lysed and the cell lysates
* R,

were analysed by western blot with mTOR, p70S6K;. RPS6, elF4B

antibody.
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mTOR

P70S6K

RPS6

GAPDH

0 125 25 50

Phloroglucinol (pg/ml)

Fig. 19. Effect of phloroglucinol on the mRNA expression levels
of mTOR, p70S6K, RPS6, elF4B. Cells were treated with varying
concentrations of phloroglucinol (0, 12.5, 25, 50-ug/ml) for 24h. The
data shown mTOR, p70S6K, RPS6 mRNA expression.
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4) RAS #d ©9d @ mRNA &4

AL Al 8 Al Afete] AW AEE Ao A4 o
deo] Azs AA SOS1 dHds 31, o]+ guanosine triphosphate
(GTP)°l A guanine nucleotide #3]& Z%35}o] Ras @&y} AgS =
Aete]  Ras w@¥ldS A3t Axiv 243t ¥ Ras-GTP=
GRPase-activating protein®] Zwjzt-8© 2 Ras-GDPE W35 o] &40
AAET. @438t ¥ Ras-GTPE © @z Z3bste] st Alsddo]
o]Fo]x =1 Raf-MEK (mitogen-activated and extracelluar-signal
regulated kinase)-ERK (extracellular signal-regulated kinase) d%Z = Al 9]
A, A 2 B 5 AY ey & dAE Holy of dANE A3t
Aoz 4 9l (Schubbert et al., 2007). it AAAxte] F
FRE Z9 AR} (epidermal growth factor, EGF), &3y A3 <l

Z} (vascular endothelial growth factor, VEGF), 21&¥ A &<12} (insulin

1=

s

growth factor, IGF) %] 1t} Tyrosine kinase receptor® A¥#E A%
2 W EHollAl Ras @l de] o8] Al ASAA A=rF DA st
oA Awd Hiel %ol Ras @A e Ras/Raf/MEK/ERK A1 9] <14
£S5 FA43 AZig o] MAPK 74& (mitogen—activated protein
kinase pathway)gtal s}, o] ARE FAAY] #dARIAE A3 AA
oA S e {FA2 AAE S7HA7IAL HM (Welling, 2007), MAPKSs
+ cell cycle progression, A -3} 24 apoptosis®l] & 2%+ protein o =
RET <&A7F €43 =W downstream cascade?! Ras-MAPK (ERK)
AR7F A3t B Ao A phloroglucinols A &3 HT-29 M¥*:Z
3]s3sto] Rase] @ 3t ak9l9All Raf, MEK, phospho-ERK®| @
S el & 5 AATh weEA HT-29 Al
o] phloroglucinols =g 322 <l& Ras-MAPK (ERK) signaling
2 FZ59} (Fig. 20-21).

r]I.

o) FE o|EHOR Pad

Y

o
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Phloroglucinol (png/ml)
kDa 0 125 25 50

21-

45.

42, 44 -

42, 44 -

37-

Fig. 20. Effect of phloroglucinol on the expression levels of Ras,
Raf, MEK, ERK. Cells were lysed and the cell lysates were
analysed by western blot with Ras, T MEK,'-ERI_{___antibody.
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Raf

MEK

GAPDH

0 125 25 50

Phloroglucinol (ug/ml)

Fig. 21. Effect of phloroglucinol on the mRNA expression levels
of Ras, Raf, MEK. Cells were treated with varying concentrations
of phloroglucinol (0, 12.5, 25,-50 pg/ml) for 24h. The data shown
Ras, Raf, MEK mRNA -expression.
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5) ErbB #¥d wujd 24

ErbB receptor family A& AY HAS Fa Axe F24 2 73} AL,
7 Aol Bolst o] 5L lateral signalingS 8|4 & family 2ol
A A AES 7|2 skt whebA], ErbB receptor family 249 W AHAY
el ZHdo] oF Ao Fo3d Yelow HuE I gt} (Engelman and
Cantley, 2006). Receptor tyrosine kinase®! ErbB receptor familyi= %3
A7l a} =84 (Epidermal growth factor receptor)?l ErbBl (HER1)S
3233k ErbB2 (HER2/neuw), ErbB3 (HER3), ErbB4 (HER4)9] T4 Yo =
g lom, TEA JEr EAsts o F dleltt (Lemmon and
Schlessinger, 1994). ErbB receptor?] 75 o}7]d] Ags}+= ligandE 18
Z57F =49 EGF¢} trans forming growth factor-a= EGFRel| ZA %3}
i1, heregulin (HRG)-> ERbB3¢} ERbB4el A3gtstt) E3t HRGE ErbB2
9} coexpress H ™ ErbB2:= ERbB3¢ heterodimerizations, %3}
autocrine activation Bt (Venkateswarlu et al, 2002). Ligand”’} ErbB
receptor®] extracellular domain®] Z%3t¥H receptor®] dimerization©] <
o]y instrinsic «tyrosin kinase’} 24 3}% 6] receptor®] cytoplasmic
domain®] tyrosine 719 <14ksl7F Ao} QI4AFSl ¥ tyrosine H7]+=
intracellular signaling protein®] A3rAlg] 2] JS A T (Toker et
al., 1997).

H Ao A= phloroglucinol s A 2jgt HT 29 Al & 8]4-35}o] western
blotS %3l ErbB receptor$} She, Grb28] alokS shelsigivy. 1 Ax
phloroglucinol& HT-29 Al ¥ 8] 39S w ErbB2, ErbBBﬂ SH9 o
ARl She, Grb2e] WEl¢fe] & ojEHow Hadts e I & F
At} wEkA HT-29 Al ¥ phloroglucinolS # €] O}EE ¢13to] ErbB
o7 ok

r l
rulo

P
o
A

receptorE E3 signaling pathwayoll= 9SS T

(Fig. 23).
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Phloroglucinol (ug/mil)

kDa 0 125 25 50
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Fig.23. Phloroglucingl,f{ffects the expression of E}:QB receptor
binding proteins in HT-29 cells. Cells were treated with varying

(0, 125,25, 50 ng/ml). for 24h. The
, Grb2 prote \

concentrations of phlorogluci

]
data shown ErblB2, ErbB3,
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et ME (HT-29) 342

=

o}
@ AEFH AAL AEAEA A
= A

S oild Ry 58 33| gl
sttt Al EALE H 25 Fast TRAIL 4% Sste] 225 H, Fas v
M AEALE ARAA Y EA o caspasedtE B47F #olE E=d|,

o] atv MEY WA T Eagh diA S Tt TAEA A
EAE o] At 288k (Chuns et al, 1998), -caspase-8< cell
death ligand”} receptorell-ZA el ¥ g4 o] dojL} effector caspase
¢l caspase-3% A3} AlZIt} (Liet-al, 1998). ¥ ol = caspase
activity?] 2dS A3 A3} phloroglucinolel] 23] caspase-3,
caspase-89] @Ao] Fx oFH o7 Z7leArt (Fig. 9). Apoptosis -
Zol A phloroglucinolg 0, 125, 25, 50 ng/ml =" 2 2447+ 223
ul, Fas, FADD, cleaved PARP, cleaved caspase %& o] S7}sk+= A
gelstslvt (Fig. 5-6).

KR
=

KR
=
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Bel-2 family @A 5 vEZE=gole] v Fid & Zdste G
2 nEZ=golE E3 apoptosise] FAERE xAs)
gl F5o wel apoptosisE =3t HHH, anti apoptosisE 24

| ¥t 1 T baxt apoptosis7t @A E A fol = nEZ=go}
of cytochrome c¢ AXd W&EE Woldl] v+ TS siH, AZH=
=5 o] cytochrome c Apaf-13 233t apoptosomes &A%
% caspase-39] A& st AXEARH o]ZA s}t (Lavrik et
al.,, 2005). wetA & Ao A= bcl-2 family proteins®] W o= <l%
apoptosisE &<l 3} S, cytochrome c”7} vEZ=g| ool A A EZZ
Z o

o] W=9| phloroglucinold =22 A d9S v, 5% J&EH0

ol
-/
N

H

=

i

fa
rlr
e
2
ﬁ
M

7l AL skt (Fig. 7-8). Al EZF7] E|
T BHoz dA £A Yal-olFAX=H o wAE 2]
Fal AW MEFTVI FAZE A GAA Ao} EfFHER AXFI=

sl @ol BIY/LFS A Ags LAEL I

=2,
AL
ot
il
i
off
ki
(]
i
2
o
o
o
=
e
o
X,
3
o,
2
29
i,
3@
(0]
H
o,
rlr

A EZF71 A GO/GL7] arrest el Sgh. Ao= &<l & 4 ATt
(Fig. 11-12). &3k phloroglucinolell ¢]8F HT-29 A ¥4 GO/Gl
arrest’} dojd W MEZF7|E RHS} =

I, B AEFVL ®EE Z9 & Udvk (Fig. 13).
Phloroglucinol= €14 2 S AlZF -HT-29 Ao =7 s}
Insulin like growth factorl IGF=I receptor pathway<e} PISK/Akt/mTOR
signaling pathway, Ras/MAPK (ERK) signaling pathway$} #d¥ o
Wz 2 mRNA @8 3¢S %53 phloroglucinolel] €3 HT-29 A9
A AslE Fstdtt (Fig. 16-21). AXAAELS g 71A] A&
oe] 2d¥ = IGF-I2 d&eda A 722 7 A 3 3
AEARE A &3S YERH, AEZ 39 IGF-IR9F ZA7tste] Al



tefet Asdgdzs @43t v IGF-IR7F 243%™ Insulin
receptor  substrate  (IRS)  family @ AEo] Aiks F o
phosphatidylinositol 3-kinase (PI3K)-Akt pathway$} Mitrogen—activated
protein kinase (MAPK) pathway$} 22 M¥E W AsdGHZE A3}
ANA MESA B AES =6 fﬂ\jr (Vanhaesebroeck et al., 1997).
Phloroglucinol A #] & 213t M| ZEAIE S FasE E310] o] Fojx=t] AH*
A 29 IGF-IRE &3t AIXAY H=Zete] A3 S caspase inhibitor
A= Festdrt (Fig 14). IGF-IRE 53t A ZAGA =9 ##H sl

mTORE AEZA, 44, ZAUA 5 ol 74 Fa8 Ga2 s,

i)
Ol

KeX
=

3 =3
&5t A ¥Eo A PIBK/Akt/mTOR A HZE T dAxe A&y =
25 &@6}{— Aoz dHA gl o] H}AA Ras/MAPK (ERK) A%
Az27F #A4dstEo] mTOR A= A= 93ds Fu whon

phloroglucinololl &8 HT-29 A|E¢ A Agdyd A= ¢l o
T AU ol AAES FHstel & wl, phloroglucinol A€ol 7
HT-29 Al3ol|A Fas® HZE %3l caspaseZk. &4 315 apoptosisE
st A gt AlES S e HAste As Rlsislon,
MEel F23 e #Tolst= IGF-1 receptor signaling pathway 2t
PISK/Akt/mTOR signaling = pathway, Ras/MAPK (ERK) signaling
pathway 9] A sl =\ EAlol dojibe Aoz gQlegltt (Fig. 16-21).
o]8)3 ZAI}EL phloroglucinoldl] ok 1A e wget A EFQ
HT-29 Al3o|A Fas®] “Hd=ZE &3l caspasezk &4 5o apoptosisE
Fridsto] ehMEel F2o]l AAHH, M EAGT S Hofste=
IGF-1 receptor signaling pathways$ ErbB receptor family?] &}$]<lx}2]
A= FAlol doju= AE F2lstth wpEkA, phloroglucinol S ©]-&

stel o oY E: FUAAES AL FAnA TE 1A AF o]

ol

=l

H
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