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Abstract

Epidemiological data suggest that lycopene has anticancer activities in humans. Insulin-like growth factor-1I
receptor (IGF-IR) is a transmembrane tyrosine kinase that mediates the biological actions of IGFs and may play
an active role in cancer progression. Because our previous in vitro studies have indicated lycopene inhibits HT -
29 cell growth, the aim of this study was to determine whether lycopene induces apoptotic cell death and the
inhibitory effect of lycopene on HT-29 cell growth is related to changes in IGF-IR levels and the receptor’s
intracellular signalling pathways. HT -29 cells were incubated for 4 days in serum-free medium in the presence
of 0, 25, 50, or 100 UM lycopene, and the DNA fragmentation assay was performed. Cells treated with lycopene
produced a distinct oligonucleosomal ladder with different sizes of DNA fragments, a typical characteristic
of cells undergoing apoptosis. HT-29 cells were cultured for 4 days in serum-free medium in the presence of
0~100 uM lycopene and IGF-1 (10 nM) was added for 0~60 minutes immediately prior to lysate preparations.
Western blot analysis of total lysates revealed that lycopene decreased the levels of IRS-1, Akt, phosphatidylinositol
3-kinase (PI3K), and IGF-IR B-subunit, and increased the levels of the IGF-IR precursor dose dependently.
Lycopene also decreased IGF-I-induced phosphorylation of IGF-IRB, IRS-1 and Akt, which were, at least
in part, due to decreased expression of these proteins. These results suggest that lycopene induces apoptosis
of HT-29 cells by inhibiting IGF-IR signaling thereby interfering with an IGF-II-driven autocrine growth

loop, which is known to exist in this cell line.
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HZ EnlE s 2e]Eo| =2l glo] Z# (lycopene)?] =4
off digh FAlo] F713ta qlrt. A &hazmate] &]3w 2ho]
S FeHG), ARAR6), HHT) 5 AR A=) FF- &
BAE 749 BA e Aoz rawgle} Giovannucci
8)= Evle xd_;;s]ak E=8 3 a].o]i‘ Zo] o} ulxg_g
7} o) ARAAL od-S-& Bagcl o]eldt gz}l A
B Az 5L UAL R & invivost in vitro AE A
T IS ATHO-12). ¥ AFA A= HT-29 Al £& 4
28 g- p-sN2H, glo]lZ o] gekal-4-& v] ek At vt
olZ o] SHAEZFAIAAAEo] 7H F& W WoH13).
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Helo]l= 24 AAF s ofA Z3] oA mitogenic
b (antiapoptosis) AAFZ #H-&-ghe}, IGFs o
A &A= o] o] & 2 A ol 4 autocrine/paracrine HF
} 2P A2 e fR-2e IGFY Alxd
J 3= type 1 IGF receptor(IGF-IR)l 23} w7l =)o,
Z9] 28 [GF-A g A (IGFBP) Sl o8] -l
IGF-IR& 4023 2] heterotetramer & ©}%2] 3l glycopro-
tein® 2 @ -subunit@} B-subunit®] =} 7+z}k 130,000
7} 95000 A =¥t} IGF7} extracellular domaing! @ —sub~
unitel] A&stH B-subunit®] tyrosine kinase domainel]
autophoshorylation®) 2oj1 A A Z U9 o7 7}#) oA
& 914k3}A] 7] tyrosine kinase® B4 35 c}(14). A8t
= IGF- Rel) Agtste Alzqhe] child & 4 okelxl 7o)
insulin-receptor substrate(IRS) familyo] 12, e143}5 IRS<)
ZAztele A S A 7EAF e Z 4 ¢l A o] phosphatidyli-
nositol 3-kinase(PI3K)2} p85 regulatory subunit®]t}. PISK
= A4 IGF-IRe) A gt= o] &4 3157} IRS| o)) &4
3t=lo] AktE A3 A7 apoptosisE WA cell sur-
vivald Z318cH(15,16).

IGFs+= A Al—f{:;ﬂg‘ A-}]Ei_Z;)d = zL] E} l’iin o},p‘a}. Zg_og:
BAA} dAl FE2A AR FRE IS st AR
A o] grow], Fafol = IGF-13 IGF-IRo] FapiAlel 9l
o] 72 A& o] AltE gl HF IGF-1o] APALAT)
I frekerA8) A $13E Alololl 77 <fol AdAA L
gol BaEldoen diel A EE v £33 o] A Eo
A IGF-To] A zAE-& whafjet B
A 3o] glgol ¥ A gict = °'7P4 “H’l%"’i =AY
A 799 A= zAF v)aesle] IGF-IRY 7 S718
ol WA H Y i(19). B Ao A AL HT-20 A EE o)
o] iAol Fad AlxFEA IGF-1I¢ IGFBP-2, -
-6 AA
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A AL 31, IGF -1+ autocrine mechanism 2. 2. o] Al
& FAste Aoz d#A drh20).

B Aol e Ak Al ZeA glolzule] elatgo]
F-IR signaling pathway <] ¥3}-& §3}o] dojdrt= 7}
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B od o]} 2123 HT-29 Al £+ American Type Culture
Collection(Manassas, VA, USA) A F8lslg el Al £ )
oFol] AH8-3F Dulbecco’s modified Eagle’s medium/Nutrient
Mixture Ham’'s F12(DMEM/F12)2} fetal bovine serum
(FBS), trypsin—-EDTA, penicillin-streptomycin, transferrin,
selenium-2 Gibco-BRL(Gaitherburg, MD, USA)el| A )
stde). 3-(4,5-dimethylthiazol-2y1)-2,5-diphenyltetrazolium
bromide(MTT), bovine serum albumin(BSA) % 71e} A&
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o] x}-8-8F A2k Sigma Chemical Co.(St. Louis, MO, 1JSA)
oA Fdslgdch AE wfofel] AH8at HaS 1318 E9p
g 2 7] Corning(Corning, NY, USA)<llA )3t AL
stoich FolzAE Erte2HE A2,

M|z HHek

A 3= 37°C, 738 COz incubator(5% COy/ 95% air)ell
] DMEM/F12% AH4-3e] wloFslgdvh Aol A48 A2
2 5A35k7) 918 DMEM/F12 i =) o) 10% FBSE A 7}sta
m P 29) @ ojol} FAlg oI A3lr] $8] A Al (penicillin
100 units/ml., streptomycin 100 pg/mL) S & 718k vl ] & A}
a3t A E7} ok 80% A X% dishE 929 phosphate-buff-
ered saline solution{PBS)2. monolayers 4z 0.25%
trypsin-2.65 mM EDTAE A ) sto Alt) njF3}w wil x| =
2dwtel w3kstgich

DNA laddering &8

glo) z o] obA 2 Z4] o A A7} Al AL (apoptosis)
of] 93 AQAZ ool 7] Y& HT-29 Al 5 7] 2 vl ok oY
o2 3438ke] 1x10° cells/dish®] FEZ 100 mm dishel
BZ3todch 24417 & serum-free medium(SFM)2_E. s %]
& F3ste] 244 71 5<F serum starvation 3t . SFM2
FBS7} )& DMEM/F12¢] transferrin(5 dg/mL), selenium
(5 ng/mL), penicillin(100 units/mL), streptomycin(100 ng/
mL)& #H7iste] et o o kel &le] 0, 25, 50, 100
M7} 3-8 SEM.S.Z 722 7k mj o jF - 2}712- PBSE 9]
A ZE F32 2000 rpmeoll A 582 A4 Rl std Al zg 3
shadth. o7] ¢l extraction buffer(50 mM Tris-HC}, pH 7.5,
20 mM EDTA, 1% Nonidet P-40) 2 mL& § 3 4°Cel| 4} 24]
ZF %<k %319tk 2 ¥ sodium dodecyl sulfate(SDS)E
1%7¢ 5|25 Y1 4°Col A 2417, 0.55 mg/mL2] RNase®
W3 37°Ce} A 24]7F 0.55 mg/ml2] proteinase K& ¥
42°Coll A} 24 7F incubationdlsd v}, 524 phenol~chloroform-
isoamylalcohol(25: 24 : 1)& W 2 ZF 412 & QA B s1e
DNA7} 2859 3= A5 90E 22tk DNAS 288 42
Zol ol 0.1¥1 ¢} 3 M sodium acetate$} 2.591 2] 100% ethanol
< o] DNA pellet-2 A A[71 3 709% ethanol 2 A& 8} 3L
AzxA Ak AR 3 4o & Tris-EDTA(TE) buffer
(20 mM Tris, 1 mM EDTA)e] %03 260 nmell 4] 452
FAsko] A=k ), 2% agarose gelol A 31713 5-3F1H22).

2to|2H D} IGF-lof AME S0 nix|= AT &5H

o]l Al 3} A IGF-1& H7bel FU& o A2 54
off vl A= d & dot ] 98 HT-29 Al 25 10% FBS7}
Z39 wiA) 2 314 3o 50,000 cells/well®] H =7} 5] A 24
well plated]] 53l ot. 2441 7do] 2t Fof SFMO & #j
A& &3}k 2447} §<F serum starvation A FH o L F
Al Ao Zhol AL 0w 100 1M FER Frbska
o37]ol] IGF-12 10 nM9] 2 2 H7lsted 4847 Fat ujoF
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¥ FMIT 2423 o s A4S 2As g MTT
Yyl nEfceole]d S4ii vl MTTE 2947
FEA E3dd formazang T ECHE 9YE V2 g H o

4], o] formazan® isopropanold Ab-&3she] Ls)Alzl &
570 nme| A A FHEE S AEFE SA st
wojct,

2to|ZH T}t |GF-lof| o8t Mz uf cheiElol wst X

gtolz A o] St E FA] oA A7} IGF-IRE v 7] 5t
dojup==], IRS-10) G &g v &=x), =g A FEapde) P
dd el Akt, PISKe} $HAl glex] dolrr] ¢t
HT-29 Al 22 1 x10° cells/dish®] E %7} 5| =2 regular me-
dium2 2 & 43te] 100 mm dishol] #5=8gdc} 244170 &
SFML. 2 vl 2] 8 383} 32 244 7} %) serum starvation 3}
ek 2+ 2o SFMel| ghe] @& 0, 25, 50, 100 UM <] B =2
H7beke 7247k vk ste] M £ E 318} o 7] ol 150 mM
Na(l, 20 mM Hepes, pH 7.5, 1 mM EDTA, 1 mM EGTA,
100 mM NaF, 196 Triton X-100, 1 mM sodium orthovan-
adate$} 0.2 mM PMSF, 20 ng/mL aprotinin, 10 ug/mL anti-
pain, 10 Bg/mL leupeptin, 80 kg/mL benzamidine HCIg- 3
3 lysis bufferd 3718} 4°Coll A} 4087} incubation 3+
ek o] F4°C, 12,000 rpmell A 108-2F A4l el spm A3
Huk-g- Tolx BCA Tl 84 7] E(Pierce, Rockford, IL,
USA)E o]-8-8to] ezl Aekslodct w3k glolzule &
hhg-o] IGF-IRE w7} sle] dofv}ex] B slstod A2
wi 2 o) IGF-1& A7fel 50 A sidet & o)zl 25
0 == 100 UM E slo] Al ZE k3 5 lysis A" o] IGF-1
%20, 1,5 =& 60% 5 G F ALE lysisstz
oA e} o] kAl g Aeksigict

Sodium dodecy! sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)| M &bl l-&- #2]& F Immobilon'-P mem-
brane(Millipore, Bedford, MA, USA)®) transferstdch. Mem-
brane- 4°Col| Al 5% milk-TBST(20 mM Tris-HCI, pH 7.4,
137 mM NaCl, 0.1% Tween—20)2 1842} %-¢} incubation
& ¥, anti-IGF-IRBUGF-IR $-subunit, 1 :500), anti-IRS-1
(1:720), anti-Akt(1 : 1,000), anti-p5(PI3K2} p&5 regulatory
subunitS detectsti= antibody, 1:2,000), anti-B-actin(l :
2.000)5 A 713ted Ab-oll A 1417k s 4°Coll A 8412} 014k
incubationdtdch AH-2-eljx] TBSTEZ Mol t}-&, thA] anti-
mouse X+ anti-rabbit Ig horseradish peroxidase/TBST
ol 4] 1417} E<} incubation 3+%] Supersignal® West Dura
Extended Duration Substrate(Pierce, IL, USA)E o] &-3}o]
zh ehild o] of & whalsiglt). o] u) o] whuiAl E-2] bande)
7+ %+ densitometer(Molecular Dynamics, Sunnyvale, CA,
USA)E o] &3} 4312, 432 molecular weight
marker standard(Amersham Pharmacia Biotech Buking-
hamshire, England)®} ®] 3L, BA13sle] A4 st}

Immunoprecipitation 24

Aok & lysisal A o2 AF2 (1 mg protein/mL)ell
1 ug9] normal rabbit IgG} 50 pL2] Protein A-Sepharose
beads(Amersham)& 2 32 4°Cell4] 1412} &<} incubation
8}o] preclean & % 2500 rpmell 4] 5% et YAl 284
o} A 1 ug? anti-IGF-IR antibody& 4 3L 4°Cell A
117k %<} incubation¥t ©}3- ©}A] Protein A-Sepharose
beadsE 50 pL 78l 4°Coll 41 1417 F-¢F incubationd} <
t}. Beadi= lysis buffer® 4 Aot o] M A A E((mm-
unoprecipitate)< anti-IGF-IRB(1 : 500), anti~IRS~1(1 : 720),
anti~p85(1 : 2,000), anti-phosphotyrosine(PY?20, 1 :5,000)
antibody & ©]&-3}%] Western blot analysisZ 33}t

SAXa|

2 dFe] nE AR Av= A AT FFH B8
2AZ A4t 2, ANOVAR 4 F §-21% gl 2o]7} gl
£ 35 g)six 2=0.05 5|4 Duncan’s multiple range
testell &) zF AFTE2] HA3] Aolo gt §-94
£ AZEsledch

2

2to|ZHolf 2/t DNA fragmentation

glo] o] N ZAFE S FE3lER] Yol 7] ¢35 DNA
fragmentation& A3+ A H(Fig. 1), 2ho] 23 ¥ =7} 27}
&% DNA laddering®| @A sHA vhebd Z21& #23hsdrt.

2lo|ZHlo| IGF-1R signalingdll o|x|= ¥

ol A Z APE A7t IGF-IRS AT A ol W3}
£ 23l dojve AAAE A Rr] Y 2ol = o]
IGF-IR®] L& ol vl 2] & o3& 2Absbgdoh =8 IGF-IR
o] Az AL H2F9 shtal IRS-17 =2 o= Az4dd ¢
Aol W= bl Q) PI3KS} Akte) W of 2lo] 2wl o]
v 3] d kg ZAbsg e o AR o] 2l Rt 1S
= IGF-IRB, IRS-1, Akt skl d o] wrlo] foH o= 7}4
sl a, PIBKE <oF7F Zastodch wbd IGF-IR9| A-7A
(precursor) & =713} (Fig. 2).

2ho] Zalof] &7k ohA| EFA] o A o] IGF-10] vl x| = 3 &
< B7] #H3ke] 100 uM# 2fe] &3l 2} 10 nM®] IGF-1& 37}
glod 29 F-ok vl oFslsich Abolsl= Al Z 4= 2ho] 23 100
M H7HA] dEzTel vla) freAH o2 ghastela, o] =2
g A7 A R IGF-TDE A5 A ¢ Geldes
Z7vatodnt el Al IGF-1L A A7l s A Sl = 2
o] ZA Rt Hrbel|FE Tt wlas] f2lA <l Aoz} gl &
IGF-12 A 234 & S7HIA R ehol 232 A 254
< A skl o] £ A HrlsiaH elo] @slof o3t
Al ZZA A B3ZHIGE-T9) o 314 3] 8517 o gteh(Fig. 3).

2 AE Efol 24l sholvlo} Z(tyrosine kinase)& ®|Zb=
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Fig. 1. Effect of lycopene on apoptosis of HT 29 cells.
HT-29 cells were seeded at a density of 1X 10° cells/dish with
DMEM/F12 supplemented with 109 FBS. Twenty-four hours
after plating, the monolayers were serum-starved for 24 hours. Cells
were then treated with 0, 25, 50, or 100 uM lycopene for 3 days.
Genomic DNA was isolated, electrophoresed on 2% agarose gels
(50 pg/lane), and visualized by ethidium bromide staining.

ProlGF-IR — b oemeiin . st Sonny 200

IGFIRp —» 9
IRS-1 185
Akt 60
p8s 85
B-actin L 46
0 25 50 100
Lycopene (UM)

Fig. 2. Expression of IGF-IRB, IRS-1, Akt, and the p85 reg-
ulatory subunit of PI3K proteins in HT-29 cells.

HT-29 cells were plated, serum-starved, and treated with lycopene
as described in Fig. 1. Cells were lysed in lysis buffer. Total cell
lysates (50 pg protein) were analyzed by Western blotting with
the indicated antibodies.

of o &A3}=lo] elo] 24l A7)} Ak}t 2le] =al
o] IGF-IR E]'°]E/‘] o]x};@;},oﬂ o3k u];‘(].‘;z] c::_}-o].y_j_
IGF-TR9} ZAgste] ZAIBhsE A% ) sl o] vlx) & 2
olzmH e g A o) AL S 0mEE 100 M o]
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16 + 0100 pM Lycopene
_- £3 100 M Lycopene + 10 nM IGF-1
E1at
o
512
=
o T
2
c 08
£
206
<
04
02
0 L )
0 2
Days of treatment

Fig. 3. Effect of lycopene and IGF-I on viable HT-29 cell
numbers.

Cells were seeded in 24-well plates at a density of 50,000 cells per
well and serum starved as described in Fig. 1. Cells were then
treated with or without 100 UM lycopene and/or 10 nM IGF-1
for 2 days, and viable cell numbers were estimated by the MTT
assay. Fach bar represents the mean+ SEM. Comparisons between
different groups that yielded significant differences (p<0.05) are
indicated by different letters above each bar.

ZHo} g wlA| oA 44 7F HH%‘:E'T]—_TL 0, 1, 5, 60+ &3t
IGF-1& #7}3l9d incubation & ¥ lysate® HE<] anti-
IGF-IR antibody& #7}8}ed immunoprecipitation 3%t}
Anti-phosphotyrosine(PY?20) antibody & immunoblot %4
3t A3 IGF-1& A =ls £ F IRS-13 IGF-IR B-subunit
8l 7o 7 7= )R] = 185 kDa® 95kDa2] EAHEE- 714l
Dl o) tyrosine 3H719) QlAbE}7E Z7Hg0T) o] & Q1AEH
Z7be IGF-1 48] ¥ 1% o o 7b dA o 587 =
signale] 73slthrt 608 ol = o] Hohe el AS &
algiet el ezl 2 & o] larshdl Ao 5
o] zta=glr} IGF-I M| % 1% IGF-IRpel ZA3tste=
IRS-19] o2 dAA F7FIAR 5%, 60%oll= Aol 2t
28k 3ct 2ol 22 IGF-IRBel 23t IRS-19 & 7
2 A7k PI3KS p85 regulatory subunit® IGF-IRBS}F %+
o] coimmunoprecipitation =13 IGF-1ell &} 3] =2 A 3tol
Z7}5l9d=d|, IGF-1 @7} & 1% %9} incubation -5 o
o F7 a7 PR 2a 3 el 2 At Fadte A
ololet, IGF-IRB & Aol ¢4l coimmunoprecipitate® p85&=
glolzwlell o8] 7HA= o) (Fig. 4).

PI3K7} &A1 3159 o] 712 AktS] B4 & Fxdch £ o
FollA %= anti-phosphoserine473-Akt(p-Akt) antibody & A}
L3to] QA (S &431) Akee] F7 anti-Akt an-
tibodyZ A}-&-38ted Akt +E& FA A Al fold
changeZ densitometer® &4 8t th. IGF-1 A 2] A Zbel ot
E Akt®] 9l4bs}E Fig. 50l viehligie}l. p-Akt/Akt Bl+= 10
nM9] IGF-12 2 5% = 60+ incubationd] & uf 29~3.2
o} Z71ste] IGF-To 98l Ake®] U4ksrt 2195 &
olgdch. eto] Z AL Akte} pAkte] - A3l =, pAkt
o] & Ztae Akt @A 4 dEd A ek

4
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Fig. 4. Effect of lycopene on IGF-I-induced tyrosine phos-
phorylation of IGF-IRB in HT-29 cells.

Cells were plated and cultured as described in Fig. 1 and treated
for 3 day with or without 100 M lycopene. IGF-I (10 nM) was
added for 0~60 min immediately prior to lysate preparations. Cell
‘ysates (1 mg of total protein) were incubated with anti-IGF-IRB
antibody and Protein A-Sepharose to immunopreciptate proteins
associated with IGF~IR. The resulting proteins were analyzed by
Western blotting analysis with their relevant antibodies.

0 1 5 60
IGF-I (min)
— — = —
Lycopene(100uM) . + - + - + - +
o § - p-Akt
A - . . o Akt

T ———

P-Akt/Aktratio (Fold change)

Fig. 5. Lycopene inhibits Akt expression thereby reducing
phosphorylated Akt.

Cells were cultured and treated, and lysed as described in Fig.
4. Total lysates were assayed for Western immunoblot analysis
utilizing the indicated antibodies. A, Photograph of chemilumines-
cent detection of the representative blots. B, Quantitative analysis
of the Western blots is shown. Each bar represents the mean*
SEM (n=3).

LI~

= A A e Ho Apdoleh fAiAf, vhel, e,

Mol aal, JAAA7} gke] Fa S H A2 283k, 53]
eke] 509 o]Ato] Alo]ot Wadgl Ao v =T glh(24).

A3 ol 2EH A7) ok AE A A g o) 2 B
o] glom, Aeo] 2]l Fol FatstazE Al A A

2ol g} ol A & A FApel E
A 5h= 60001 74 2] AR E ol F9] ShtE o)zl ot

£, 5k AE 5o Hed el F2 EAGE o) AL

s 32 A o]F 5770 =
o] Z#A ) g+ Apol o] &9 AbRAA 7} gLl 3572 =E-E
EAH oz FoAe] sk wile
whol] A37} Qlrhe 3kl A=
Bpsty, AA 2 &) dalAe deisl vprt Hoh25).
Entey Bule AFe] AF e A4, DA, DNA A&
Abshd kel g A7F AN I(26-28) FH ol = 2ol 2
o] cell cycle progressiong BFsl o 24 Fubek, Ao Al
ZobA| o] 2418 A oE Byt 3l enh(29,30) oFF
go] salo] o]@ 7] A el o &) FAAE 7HA]=A] A &3}
A g2 A ekt

Fig. 14 XAz uhe} 2o] a} 1= 3l
HT-29 ‘ﬂ:ﬁ°ﬂ/‘1 Aﬂd-.*} ’:%st}ain}. o] 72 o]zl

v z] o} IGF-1-& A 5
thFig. 3). v} IGF-1& E}O]:TL‘JTJr 7 H7}shd IGF-1
o) Az 4 AHE AL AAste A
o] - gto] ZHMo) IGF-19] A}4-& AAFE FHHF= A
ojr}.

B o] o4 3= gho] m3 o] HT-29 A Zoll 4] IGF-IR sig-
naling pathway & Wallsls A& #aiWct 2ol Fx
7} 27842 IGF-IRp} IRS-1 b A o] o] ZFAa 2
(Fig. 2) Al _—‘f_% IGF-1& ¥ 31 1% ~60% %<} incubation 4]
A A2 = efolZH-S HT-29 Al 29 gl4batsl 5 sl
o] 452 74 A ZthFig. 4). & elol Z 3 o &%k IGF-IRB
o} IRS-1 whi A o] e o] & WAl o] QlAls} e o
A gic} [RS-12 185 kDa®] w4l 2 <l IGF-T stim-
ulationA] E}o]2Al #7]7} 14k2bE = intracellular tyrosine
kinase 2¢] sh}elct B odfellx& IGF-IRBel A &= IRS-
1 =& PI3KS] o] ghe]zald] o3} Faste As &
sl g th(Fig. 4). 1A G 4] le] z sl of 2|3 IGF-1IRB, IRS-1,
PI3K wll o] 7k wj ol Ho 2 welr) wapa efo] 2

o] IGF-IR pathway®l <3l w82 59] kg A8 7 A
AlF)= Zo] A F7TIGF] vh-& < sl& Z FFAaA]7]

= 99 sl e 2 2ok o] W<l exogenous IGF-I
& Azbste] A ES ot o 2lol @] N FA A
A4S 74 = = A Zoh(Fig. 3). HT-29 Al £+

IGF-11E A3} 2 o} endogenous IGF-1I7} autocrine mech-
anism$ £33 Al E F4& 2313tz &= 9vh30). w
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