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ECM Extracellular matrix

FBS Fetal bovine serum

IKK IkB kinase

IRS Insulin receptor substrate

JAK2 Janus Kinase 2

NF-xB Nuclear factor-kappaB

NMR Nuclear Magnetic Resonance

NPY Neuropeptide Y

ODN Oligodeoxyribonucleotide

PBS Phosphate-buffered saline

PCOS Polycystic ovary syndrome

PDTC Pyrrolidine dithiocarbamate

PI3K Phosphatidylinositol 3-kinase

PIN Prostatic intraepithelial neoplasia
PSA Prostatic specific antigen

RGD Arginine-Glycine-Aspartic acid peptides
SERMs Selective estrogen receptor modulator
siRNA Small-interference RNA

TPCK N-tosylphenylalanylchloromethyl- ketone
VEGF Vascular endothelial growth factor

v



PR

(Abstract in Chinese)



i &

ok % (Leptin) &_d 37 3L JL F]9r & 4 e 5 3o 0 g2 e iy BE
FHFATRESR R T S F L R TR A G SRR R
KA EME o 0t oh o s WP G ENF S w3 b

&m%yﬂ%mﬂaﬁm%@gaigﬁﬁﬁ%Loﬁﬂﬁ&{?ﬁ

AR R ERE LR ¥ BRAF AN LR D o

=K

Integrins v 5 4§ bm¥e ¢ 1 B cnfLE F]F > X P o ik G L A
B dp b o AT o NP RBWE ¢ H e L R
< (PC3 ~ DU145 % LNCaP )i 45 ic s k2 (PC3)F av 2 B3
integrin e #& I o F AP LA w7 Hﬁ'\fﬁ; fw % Phosphatidylinositol
3-kinase(PI3K)#r ] #](Ly294002) ~ Akt #r+#]#] ~ Nuclear factor-kappaB
(NF-xB)#r#]#|(PDTC)% IxB protease #r#|#&|(TPCK)fs » j& wm?z #} {7

%% (Migration assay)% ji 3% fm#¢ $j#4 7 (Flow cytometric analysis) & €
Fd R E T OB (T % 2 integrin » F 3 & (up-regulation)
% I o @ #-insulin receptor substrate (IRS)-1 small-interference RNA g
IKKa, IKKB, p85 % Akt 7 dominant-negative mutant & 7& » # || Hﬁ'{fféi,»ém
e HR(PC3)¥ + il ' IR A 2 1% o @ i de TR e
(PC3)fs » & & > & B2 & 47(Western blot analysis) g & » ¥ v Jofl 2
¢ 13 IRS-1 ~ PI3K ~ Akt ~ IxB kinase o/f (IKK a/B) ~ IxBa ~ p65 Ser**

VI



BEfL v 2 xB-luciferase & 1 o gt ¢b 5 AL 4

(DU145 % LNCaP)® % L7 4p 12 &3 5L i L g T

, ,
LIRS R o ek

—JF% v AN e S B TR % —«E"—jﬂﬁé IRS-1 ~ PI3K ~ Akt 2 NF-kB 33t 50

I

LA > 3 % avP3 integrins £ TR 4e £ g S P UKy e e il

VIl



Ee R

(Abstract in English)

VI



Abstract

Leptin, the product of the obese gene that is closely associated with
obesity and it plays an important role in the regulation of body weight by
coordinating metabolism, feeding behavior, energy balance, and
neuroendocrine responses. In addition, leptin has been found in many
tumor cell lines and has been shown to have mitogenic and angiogenic
activity in a number of cell types. Prostate cancer is the most common
cancer excluding skin cancer in men and the second leading cause of
cancer-related death worldwide. Integrins are the major adhesive molecules
in mammalian cells, and has been associated with cancer cells metastasis.
In this study, we found that leptin increased the migration and the
expression of avB3 integrin in human prostate cancer cells (PC3).
Leptin-mediated migration and integrin up-regulation was attenuated by
PI3K inhibitor (Ly294002), Akt inhibitor, NF-kB inhibitor (PDTC), and
IkB protease inhibitor (TPCK). Transfection of cells with insulin receptor
substrate (IRS)-1, small-interference RNA or dominant-negative mutant of
IKKa, IKKB, p85 and Akt also inhibited the potentiating action of leptin.
Stimulation of PC3 cells with leptin induced IRS-1 phosphorylation, PI3K
phosphorylation, IkB kinase o/f (IKK o/f) phosphorylation, IkB
phosphorylation, p65 Ser’*® phosphorylation, and kB-luciferase activity. In
addition, we also found that the similar signaling pathways involved in the
other prostate cancer cells (DU145 and LNCaP). Taken together, our results
suggest that leptin enhances the migration of prostate carcinoma cells by
increasing avB3 integrin expression through the IRS-1/PI3K/Akt and
NF-«kB signal transduction pathways.
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This shows the inside of the prostate, urethra,
rectum, and bladder.

Fig.1. Prostate and bladder, sagittal section.

( US government agency National Cancer Institute)



CEE I EIL SR

B R T TR R S 9 o AR K ER o i
/n\ﬁp & 1Y Q%‘ *}'Ef;’; )y T é—l%qﬁ/é'%"’;kfﬁ'ﬁ f2 & E’ﬁ%ij* o

%Js;f]z\:}%ﬁw}&,s BE L LTREA YR }‘;qlﬂ’/\ﬁpﬂi FEA

ek A B P B F R ki 1997 AICC % &~ TNM (=r
Tumor/Nodes/Metastases mﬁﬁ B) i kLo T g DB o]~ iR
kT dendep 102 B R At bl & TNM k5 2 B enizdpb &
foend W G0 ik RO e BT AU 5']’”:}‘\5'7’7?\:&:2"‘ M Fe A TRk £
T1 # 2 T2 Hpimre v B 5 ARG 5118;?;'7’1‘&:5% s & T T3 #p 2 T4
B mie T € AT L B e o 4 BERIBT Y RFB K
ERACTE R 0 P e 3 I SR AR KRR 2 i FE

Fofi %R H Y A 1R g P L RE RS B & (MRDT 1

He

‘,

g B'ﬁ & % (prostatic capsule)% &£#F & (seminal vesicle) ek jw o

<)
o

UEE LR SR R S LR S R

X2 & A

WU i T ) R WS B e h o B R &
TERGR o E QT%“ v IR e }?5;;-_15‘3 Tf RRH LS B

hovif 4o LR DE B 0 F il - B ERE R A )

%



B et B A & &k ¥i(Gleason grading system) o 2 2 4 &k SLF -
B B OCBACAET 0 RIET P AR RA KA 15 Ko AT
B BN 18 AT E A SRS 5 e b gk RS I
e oA BRI DA RIS > F1 3 7 Gleason score i 3¢ o

VAAD NEREORRER P o AT RF LG fih PR s

2

RN AR s SRS SRR RS SECPRE R

iz I Jm 4 0 Gleason score > Gleason score % 7 14 chups A 7 15 PP Ag v

Gleason score 7 6 14 7F 5 A %k e i (Fig. 2) »

NS

P B2 B X ATFR RS o blhe Ak ) 3 popEE
FIERE R ER FIoR A RMEUAR o B B AREE HAEg ks

FTopRES Y 22 232 AR RI AR 2 RIEK

%ﬁﬁwﬁﬁﬁ%@ﬁﬁ%&%%ﬁo



Fig.2. The gleason grading system

Grade 1: Cells resemble normal prostate tissue, and they are well
differentiated. The tiny glands of the prostate are round, have
defined edges, and are packed tightly. The tumour is not
expected to grow quickly.

Grade 2: Cells are less normal looking and less well differentiated.
The glands are still round but are loosely packed with less
distinct edges.

Grade 3: The cells are moderately differentiated. The glands are larger
with irregular shapes and spacing. Their edges are badly
defined and show infiltration.

Grade 4: The cells are poorly differentiated. Glands are of different
sizes and shapes, and they are fused together in masses or
chains.

Grade 5: The cells are very strange looking and poorly differentiated.
Glands are not really discernable, and the tissue appears
composed of solid cellular sheets, single cells, or nests of
tumour.
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Fig. 3. The main steps in the formation of a metastasis
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Fig. 3. The main steps in the formation of a metastasis

a. Cellular transformation and tumour growth. Growth of neoplastic
cells must be progressive, with nutrients for the expanding tumour
mass initially supplied by simple diffusion. b. Extensive
vascularization must occur if a tumour mass is to exceed 1-2 mm in
diameter. The synthesis and secretion of angiogenic factors establish
a capillary network from the surrounding host tissue. ¢. Local
invasion of the host stroma by some tumour cells occurs by several
parallel mechanisms. Thin-walled venules, such as lymphatic
channels, offer very little resistance to penetration by tumour cells
and provide the most common route for tumour-cell entry into the
circulation. d. Detachment and embolization of single tumour cells
or aggregates occurs next, most circulating tumour cells being
rapidly destroyed. After the tumour cells have survived the
circulation, they become trapped in the capillary beds of distant
organs by adhering either to capillary endothelial cells or to
subendothelial basement membrane that might be exposed. e.
Extravasation occurs next — probably by mechanisms similar to
those that operate during invasion. f.| Proliferation within the organ
parenchyma completes the metastatic process. To continue growing,
the micrometastasis must develop a vascular network and evade
destruction by host defences. The cells can then invade blood vessels,
enter the circulation and produce additional metastases. (Adapted
from Mundy, 2002)
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(collagens) t » & it % 1FimPe 22 imoe FendbF Ao+ o

et

BEFR P W S G 3F ST Y 0 it integrins F fRAT B E R0
- fEPed fowd-n A A (A E Bk o A 2 integrins 3 E
S~ AFFRT B PEAY e B o M fE47 R D integrins B2 iR F v d R A
PR 5 » T d e 38 0 blde I A g A 2 stk kR B
integrins 3 R P o T E I P DR AR R B R Y PEL IR
(NMR)¥ # 3| integrin ¥ 4803 4f - #7 7 45 1 - integrins ¢ 374 = & V
A5k 0 T R AT € H e R S il o { £ &
1‘57};@_%1‘## A% I integrins 22 % 5 RGD R 7] fe 88 4% & chps
o B RAAG  FBLA ST (v pF o T Lg (' ECM B P 2

I e BB R L & e T b e

Integrins £ H ¢ T fe AR 0 & o BLanB R fo A0 it
&% ¥ €9+ integrins 71 C = > T IS e R D ok P o

7

)

T R B & > 18 ECM SiRA X R A hidE o 2 F o
hE R DT A -;%—*{, 3T BT PR D kR o] BT

B A ERBHE RS i L L ARl



A& % ho izl 7 ¥ P me g i @y @ % integrins

AT U L IR L R R R PR R RS A E

7

it mlntegrlns ’ lE’JI j’r—ugﬁ"‘ s /F Q\ E'—:]‘ 5“1 Bd": integrins qu-—])( Eﬁgi% °
% = 78 Integrins #7 i}

Integrins 3 & B & 2 & hxb a0 A B H_D B-lw e T e R
B mre YR BRI S mre o (e e B13F 5 OH 4 IR s
o @ 350 E’ff'vi R S bldr il Ae et i B A mgf}l/}a’afi (adenovirus) »

* ﬁi:ﬁrﬁ # (Echo viruses) ~ /& T % (Hanta viruses)% v ¢ 5 I 4 (foot and

mouth disease viruses)£? wm*2 e & 5 ¥ by PREKEH i & wme B

[y

3 B o Integrins B4 %] chxt 5y &% fE -9 < 48 GPIIbllla 4 + ¢ 4z 3
e fw o] d G 3 - A integrin 0 BsRa GREAZT F U L )
7[5);17"—:3;\«/‘5 2k {%_é\'ﬁ—_ °’3~E7f§'§‘3§«”2”}%’ﬂ"%&«%‘H‘EJ,?%

elgs e R A Ly S T a1
1. H#-im e Wt F 3 e VR 2

Integrins € i & dm¥e ¢t i ECM % m¥e p hlmfe £ 78 (35 %] jic
5%) > @ integrins 4% & AVIBR M B H o 2 PR o B

integrins % fie i~ 48 ¢ R 3 ¥ fibronectin - vitronectin - collagen %

laminin & 4 F o w?e &2 ECM e & L=+ Sme A R E R g id
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integrins I 7 FF § Fehk d o X T w2 R R G MR BER
B oo ¥ — 4 £ ¥ 3 (40 VEGF ~EGF 2 # 8 F]|3 )i & BZ 4 25

PF > integrins € #4 17— & fw iz end JLIEH > Blde D lw i GG F BB

Sh

£
oy

P R A o A FAEF S e R F A B g

integrins % ¥ % ¢ B 3-d (4 : talin ~ vinculin ~ paxillin %

¥z € 7 integrins M FE HAAR P o AP EFERY Wwie g In &
RAK A ATAHE O FRERBE AR o § AR RS

/ 7

"z &1 1€ % (endocytosis)® | e p > 4

=+

integrins 4~ + i{ € ;ﬁ
R B aﬁ;f]zz W imEe feom oo ipfE U F UL integrins AL £ AF

g * o TR H mie ;ﬁ“*{%frﬁvwiﬁz ST LA o
2. % B BIRAEYL wi

Integrins % /m*e M ELHBIE? FER enhk & o T ¥ ECM A F e
BT A2 NE d Fou Fippes ¢ B4R T B2 1 integrin A
F ks Fd B D ECM & 4 & % integrins 035k o i F #

’

@xummﬁi '—:/‘\.v- éi‘g\' > l‘mpé ]:f-/"rl:v > l‘m”é’ln\ TL‘£ ‘H’prl%f "L F&g o
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Collagen receptors

Fig. 4. A complex family

In mammals, 8 B integrin subunits can assort with 18 a subunits to
form 24 distinct integrins. These can be grouped based on
evolutionary relationships, ligand specificity, and in the case of 2
and B7 integrins, restriction to the white blood cells. Green subunits
are restricted to the chordates while orange subunits including
receptors for Laminin and the RGD peptide sequence have
orthologs in all metazoans. An asterisk denotes integrins that are
alternatively spliced. (Hynes, 2002)
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L% K=

ek % (leptin) £~ B 16 FE F ehdve Fif 5 & 8w £ ok
Bl R MeES L > F IS Y ISR S - i

P W ie i 8 - fA (€ & 939 F (Brennan et al., 2006) -

-7 Wi aoFIR

okl % % 1994 # d Friedman 7%= 3 B f f.d Jackson Laboratory

%t 1950 & % 78 41 L X 8¢ e ob/ob X R E F AT e ob AT A S o
ob/ob X Bl&EME ¥ enE B P A Z M E > A Y - A5 ko

se itk B —db/db % AL oM E B AP BB PR E 5 E o
% =38 BRE L

Fof F A G LA R LI TARE DR T 0 ¥ P

BB S PE 0 R G 4 rgiple s g A GRS el F 0 @ TR & ik

-

BRFEAv o M E A & 8% AT AL i 245 < % > i & Neuropeptide
Y(NPY)j 5 » 3 TALE 57 iain NPY 275 > 2 il % sheria 2 )

EHite o A R ERMA R ¥ - 3§ NPY

|
\\-
e

D

a

T EEE SN IR SN N R O P I

Lo RS g iAmA s g/ﬁg', o u/ﬁgﬂ, v g E%Bﬂ@_f%iﬂ v ¥2 4 g
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’97%2.1%‘« RSB R o cX SR TR LIRSk AR o - i E S P

Ry ¢ Wi 0§ 9B % (Margetic et al., 2002) -
] okl % it iy

& 1996 # p+ > Considine 787 3 B Faf TR & 4 550 32 ¢ RoRll % Uk
ROCRE 2 RMA G BEMG R ERE NN G T

eie sy § g7 db/db & Bl A s i) o db/db % BLEF] 5 M Ak LA

W&

WERHLFFA O ZOEARS - LI PH 2L AL &
AFRIEAFIRR S ERE FATIRE - B A5 Sl
FR > B R g ERIEY a2 gldmie? o TR
FEREFRLLIENE L EBE 2 s h 4 A2 BBRESY F R

AP o BiF S BB T I E T Al i £ X E(OBR) > H ¢

—if

£ 4860 OBR (OBRI) % # R A TARLE » 7 s OBR(OBRs) % 4 R4
£ PR R F P o F B F % & & OBRI * ¢ /&1 janus kinase 2
(JAK2) » #Rigfads T PFA 5L @R 2 & T hid it o § el R F
%% - JAK2 16 > ¥ i Insulin receptor substrate (IRS) 3~ Bifik i* 1 &

= IRS-phosphatidylinositol 3-kinase (PI3K)3t 5L & vE 52 /5 erfads o 37 %

EAGFELFER O WME R B F IR R S A G AR - £
Eﬁmﬁﬁfﬁﬁfr a4 la% @18 i P ,égp\w‘jjgﬁ.\%"fﬁ.\‘g—%%%;
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1. e kg g

N R R ot L

ETTRS

=z
=L
PR e - kI R ARR € BRI e a0 Bl AR B S

g8 0 P fRA I K SL(CONS) o BrgRendl S8 ? 5 A F i F i %

IT
\3\
P
)‘1 3

“ﬁf {E% A4 TR BF UA e adE o~ 2 42 (Williams

etal., 2009) -
2. A

Kok E € 22 B 5 R e NPY # S5 2 8 £ %8 MAd i

™.
£l
Kl
a‘\
3
o
=l
\m
N

WE\EP- e A G R M W E50E BT %% & X

\\“'

CHEAGFY EF AN EAFIRFE AR, eF IS DT K-

EEEA Ak, S Akt F ek SRR T 2 Hhit

|/

F 11 ek i (Taleb et al., 2007) ot % f0ie* Ly F #rf4 g~
(NPY %2 AgRP):iE 14 » 8 4o 4d 55 < A & a-MSH 14 3 - NPY 2.3
e g- BHEFS > I IR LM L ANPY & r it
gl e LEFERBIBIRTREFDONPY A LADEERTH
B 5 RGP G o ¥ o-MSH $30 40 g 2B £ & 93 & F]F

o-MSH $3t 73R enie % )I*ﬂkr'}%w% HNA T EApk i RIL o
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Rk E 2 R RS BH AL A RY T Wm¥%aitd il § e b
PR o BGED > MR § s A e A g o E A
A F Jp e ie* (Taleb et al, 2007) « ¥ b » foff % & i 3§ 474

(angiogenesis) % x ¢ f A 2 & F]F (VEGF)» 2% 5 4p B o

B P 52 6 B I SR B ;ﬁi-’gﬂjq\.’i#,a F A fmPe @ ig = PTHrP
A TER UFER R ES w4 R E o d A A4 gl
FEFBEREY p Qe X RRE RTINS
+ R ‘m¥z (alveolar type Il pneumocytes) » I 3 %2 % = 4|+ & ‘wmre 2.

IR & g 5 MR e 4 I(Torday et al., 2006) °

5. %7

F_L

LR AEAA RS L SR A T M AL
ok & B BRCS o G S B ¢ (blde A S R e de ik g

BT ERES IR )E B ECER F R)T Moo § oA

Ik

Bt A AN B AR AR AP T E B a0 G

G > TR A el B S PR EF R R o
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PR e e K eiE 2 T o F R R chA S 2 g
Fetf— AT ey iy > R A L BB E A 2 (Zhao et al., 2004) -
R AR R § LIRZ W2 AULISH B > ip TR 2 3 g and
» % Retd % «h& I (Moynihan et al., 2006) - ¥ ¢t > 4 5 IRk oT ot
» B 4x kvt (Aka et al., 2006) ~ % & 497 & g i ¥ (PCOS) (Cervero et
al., 2006)7 B - ¥ ¢t 22007 & AT 3 S dp TR SRR R RS &

¥ 2g 2 =3 B (Iwaniec et al., 2007) -
Fu ol et e bus sk

R Z ¢ B F K g AR El o il §F ORI ILGHA g e
¢ 7 % 8 2% )k & (Considine et al., 1996) - #4548 % 3 2 fefaic
A o A F L G B EFaiEY o DRBYR F o7 SR € i3

SN LR R RR > A FRTIEO -
FIB ORWE TR B

R R e o BRI EGT M o4& - BE 3R 45 (OBRL:
Ob-Rb)% T ‘27| £ £+ (OBRs : Ob-Ra ~ Ob-Rc ~ Ob-Rd ~ Ob-Re -
Ob-Rf) - OBRI ®_r&t— it %7 ‘m?e p Jak-Stat 2 MAPK U5 8 5 5 e

BXEOLLARAET P RPY o M F 4o i E 8 IR EN(BBB) s

Pas? 8 7 AT RRESE LI =3P R (median
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eminence)¥? NPY #¢ 5L o R 1Tk Flo — S35 o k8 2 0 i x 7

WM e E > VG PR R R B AR ¥ T @R o

- PR R R AR B4R L 0 WA E I stat3 o stat3 W g BRI iR

)\’F'z‘:l 7ji,

TTF AR EATSNERAY > HAFAREL R PP

[Z]

T A& 2 X k& (endocannabinoids) sk IR o & @ € (B S

S
2
k=)
AR
A
o

AP R A E T L S AR R e P B 2

integrin eh& o ARG T o AP RAREE £ 4o 4 A 7

LKF[ gl 71

Bﬁ’\f}%‘f‘zm
fe i beae 4 2 avp3 integrin ek IR o ¢t *h 5 OBRI 4% £ ~ IRS-1 »
PI3K ~ Akt 2 nuclear factor- kB (NF-kB) =31 55 @ 3£ 1 i

FEH e R e i B B AR Y Y
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(Materials and Methods)
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£ & BoHE

Anti-mouse % anti-rabbit IgG-conjugated horseradish peroxidase °
rabbit polyclonal antibodies 4r : phosphotyrosine residues (PY20) ~ p85 ~
Akt ~ phospho-Akt (Ser*”?) ~ IRS-1 ~ IkB kinase (IKK) ~ phospho -IkBa ~
IkBa~p65~1RS-1 2 control siRNA B p Santa Cruz Biotechnology (Santa

Cruz, CA) - Rabbit polyclonal antibody specific 4 : IKKo/p phosphorylated

180/181 536

at Ser » p65 phosphorylated at Ser™ pE p Cell Signaling and
Neuroscience (Danvers, MA) - Ly294002 -~ Akt inhibitor ~ PDTC 2 TPCK
P p Calbiochem (San Diego, CA) ° A selective avp3 integrin antagonist
cyclic RGD (cyclo-RGDfV) peptide 2 the cyclic RAD (cyclo-RAD{fV)
peptide Fp Peptides International (Louisville, KY) ¢ Human leptin F p

PeproTech (Rocky Hill, NJ) - Mouse monoclonal antibody specific for av3
integrin f£ p Chemicon (Temecula, CA) - NF-xB luciferase plasmid P p

Stratagene (La Jolla, CA) - p85 % Akt dominant- negative mutants ¢ Dr.
W.M. Fu (National Taiwan University) #73& & o IKKa (KM) and IKKf
(KM) mutants ¢ Dr. H. Nakano (Juntendo University, Tokyo, Japan)#7$&

& o pSV-B-galactosidase vector > luciferase assay kit P p Promega

(Madison, WI) - 2 v i+ & & 2. i Sigma—Aldrich (St Louis, MO) °
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F-% PG

— ~ Jw# 22 F(Cell culture)

*F B TR 20 A SE w7 gf]{}%' w2 $R(PC3, DU145 %2 LnCaP)pi
B American Type Culture Collection o 7 7 ’ﬁ&f&'p wre g * 7 10% Fetal
bovine serum (FBS) ~ 1% penicillin/streptomycin 5 RPMI-1640 #2 % ;% >

%;_‘BE.‘%/\37OC N /,Z,’\ S%COZi%%%E]ﬁi%% °

» w2 77 8 & (Migration assay)

Pz #% (7 F & ¢ * Transwell (Costar, Corning Life Sciences, Acton,
MA; pore size, 8 uM) > I #-H ¥ 33t 24 3443 ¢ o AR (TR (TR
# o i g AL A chdr Al ¢ 45 Ly294002 + Akt inhibitor -
PDTC ~ TPCK g vehicle control (0.1% dimethyl sulfoxide)zt2 30 4 4& -
#-592 X 10" w22 200 pl 37 4e ik 9 RPMI-1640 35 % i § 20
transwell <+ & ; 300 pul z 1% FBS % leptin 732 & % ¥ %3t transwell
TR o243 HFEINITC7 5% COEAME 162 18] pF -
R is * 1% formaldehyde #] % 5 4 48 % * 0.05% crystal violet Z ¢ 15 »
ot fenwmre R YRR S0 PBS ik o BFLT R
Rhifenimie ¥ AMMMB R T RS > TP R B RKE c F TR LA ZE

o nEAFERITSL TR R o b E R NF R BT
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B F Y % 578 S (cell viability assay) g% 0 R d
leptin #7342 eFim e H 2 )l o (L el # (FHcE = ke H (5

¥ /dmPe 35| 4~ v )(Chuetal., 2007 ; Huang et al., 2007) -

= ok gV tm s H s #7(Flow cytometric analysis)

LR PR e P PC3 A A i AT 64 - F R AN
PBS 3 i ik » £ 11 37 Ceirtrypsin #-lmfe p 3 2 57 A3 fHF i

7z 1% paraformaldehyde 7 PBS i3 % ? Hl2t 44> Hz =2 {* PBS

w:>»

% Fe T ¥-ln 2 224 e fPimouse anti-human antibody against integrin
(1:100)— 4= B 223 4°Ca % 1 /] Pro R 1l 4 imve £ = * PBS 3% k% »
¥ #-tmve 21 4% 5 fluorescein isothiocyanate-conjugated 7 goat anti-rabbit
secondary IgG (1 : 100 ; Leinco Tec., St Louis, MO) — 4232 % 45 4 45 »

Risgig* iV lwe BB 7§ % » & 8 * FACS Calibur 2 CellQuest

software (BD Biosciences , San Jose, CA)4 +7(Tang et al., 2006) -

z ~ 7 3L B2 4 #7(Western blot analysis)

BAREE wmre ik fER 2 F-9 0 & F T sodium dodecyl
sulfate—polyacrylamide gel 7 # 4~ & ¥ # # ¥ Immobilon
polyvinyldifluoride membranes + o %% /E T * 4% BSA fL#¥r2t% - &

£ 1 P> #Ris @ * p85, p-Akt, Akt, p-IKK, IKK, p-p65 & p65 = rabbit
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antihuman antibodies against (1:1000) &= F /g = 1£% 1] pF o 536 = =i
& 0 M ¢ ¥ donkey anti-rabbit peroxidase-conjugated secondary antibody
(1:1000) > ZETHE 1 [P FHREFTFLMFLLVEF R

Kodak X-OMAT LS film (Eastman Kodak, Rochester, NY)&g 7+ 41 % o

7 > R 7% Z I EK T4 #5(Transfection and Reporter Gene Assay)

B A FE F R e FR PC3 LA s %20 123V 4% Y » 3 H B F] A
F f]‘\ﬁ,v =z v o

o

& % PF > 4% Lipofectamine 2000 (LF2000; Invitrogen):& 7 #& 4 7 %
#-7 3 1 pg kB-luciferase plasmid 2 1 pg DNA plasmid 7 serum free 3
R E S L2 2 5 2ul Lipofectamine 2000 =32 % /2R &
30 A48 REfAr » e b o HEAL 24 ) BRES > B RmPe 22 7 5 leptin e
B & - s 24 F PR % A58 5 0 AR PBS i3 it if ik o B 100
ul erreporter lysis buffer (Promega)4c » 12 34 45 e Fab p iv* » 3 3%
i KIVEE R o BRI hmie R s d 5 4 48 13,000 rpm i iE A
s Bt e i 20 pl e b i K 5 4 % £ (20-30 )
Figed o Bl 20 pl chime b FiR Bt A Bk en 06 Y Ry
e % < F (luciferase subatrate)4v » fmfz iR ¢ 0 R Fo0rEF

k& ¢ 3% i3 Luminometer 44 B 2 & o
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SL3E 4N #7(Statistics)
SR R S dcdy T O E R L (meanstS.EM.) 0 &
% %% 0.05

Student’s t test kG FH e 2 IFH|eF L2 L B - piE

AL EELE -
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*AEF BEREHB

(Results and Discussion)
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Leptin g & 77 f/’ilﬁfﬂ?’s”rf?ﬁi}

Bobm Rt 3 dp ) leptin v B AR g A SR i g B 2 R o A
F A P E R 2 PR fe e S MU % $R(PC3-DU145 2 LNCaP) % #2
1 leptin £ 3 73U ko 22 i A3 SOBE 7% o EAPLNLS e R B ER D
leptin » i¥% 16 3 18 /| iz » ¥ 14 ¢ {8 = thw 7| Blj"\r}ﬁ'g_fém’?é i A3 )
B o FER & 03 uM pF LNCaP e (7it 3 T2 I F L E

@ k& I|iE 1 pM pF PC3 2 DUI4S % ths 3 % 2 (Fig. 5) -

Leptin # 4r 7 5/ 5% @ 4w %2 _} avf3 integrins :F7%
J

3R X sEakiere P oav 2 B3 integrin 7 P & % J(Sun
etal., 2007; Zhao et al., 2007) > >+ §_# i/ 3% integrins ¥ &t % £7 & leptin

Eg %E"” ;IJE’?"%\?‘WF? mﬁﬂ%}@ﬁiﬂ ° ;%‘ In- }\‘ ‘mpfii/{ﬁr/’v ’}%{“\E"‘I‘ ’ l'{:.'?

<

fn¥e leptin T1jpcts € 3 4o w2 501 avpB3 integrins (P& IR 0 @ foa
a5+Bl 2 o5P1 integrins B2 7 & ¥ 1R F(Fig. 6A)c 7 7 1 = %% avp3
integrins §_F %27 % leptin 3% H 5 7| Efjlff%'fm "2 il A% B AR 0 AN P - v

&4 avp3 $uk8 2 RGD peptide & 7 oz #5 {7 F % (Migration assay) >

3,

% dp e leptin #734 W mre A5 P AP 0 R 83 RAD

peptide 725 %z [ 2 4}3 '?K(Flg 6B) o d ¥ v leptin £ 5 d A 1 I3 A

38



avP3 integrins % J K 4 7| H:jls}%ufém g ek A o

Leptin 27 OBRI % FE » jn¥e F; Fv fo?—/‘?.ﬁm!’e” FIHE A5

Leptin 3 & f5d &4k FOBR)2 I3 1% 4 i f 5 2 #

it °@m OBR &% B x & % longisoform (OBRI)% short isoform (OBRs) e
AR B E 2w a3 24 IR leptin W 4o gt B BES 54 OBRI
(REF)» % 7 %P OBRI #.% %+ » 3% {4 OBRI siRNA # 2 » 7 7|
Wimre R(PCI) P > & Bk 7w f 7 4 5% (Fig. TA)% i 5\ fmoe Bl
#7 (Flow cytometric analysis) (Fig. 7B) » .2 % & 77 % w2 4 2 » OBRI
siRNA {5 2 # 75 4 2 avp3 integrins 11 5 € AhFra] o Flpt » 3N
01 {8 v leptin £AEd 7+ OBRIZ X B anu sl i & 3 75Uk

v (PC3) i # o

IRS-1/PI3K ~» Akt AL BEREFL B leptin 38 12K 4o 7 7) Ry 3o

e g v

@ § A% dp d leptin i i R g d JAK2 3 4 fE it 2 STAT3 i
BaRpe e A A H W BEE S 4 D IRS-1 2 PI3K - FJpt A E A F
SRR RELRALS e leptin {8 IRS-1 eppeiv 23§ %5 PC3
fn?z $R leptin 10 4 4& {5 » IRS-1 ehgikph it 3 & ¥ % I (Fig. 8A) o 7]

gt AU i+ [RS-1siRNA k:&- 3 & IRS-1 e97% it 22 leptin 33 473§
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e U e ke A S & BRI Dl T o T 7] UK mfe PC3 AR
#& 2 ~ IRS-1 siRNA 24 -] pF {2 38 {7 ' "2 # {7 § % (Migration assay) (Fig.
8B) % i ;% sw e H g 47 (Flow cytometric analysis) » PC3 ‘m®z tk 45 (7
Wt 2 oavB3 e b e e E g e (Fig. 8C) o d gt ¥ 4 IRS-1 &
leptin 34 4323 *c 5 7SRy o e A SR L @R RT Y ARG E R
F AP leptin A_F it 5 1Y IRS-1 B4 enT™ 25 7%]3F PI3K: § %5 PC3
fn?z $R leptin 10-120 4 4815 ¢ 3 4 PI3K =t 8 = p85 cripk it (Fig.
9A) > HEf4 T it BT T 5 F S ARt gL i (Fig. 10A) < § % 75y

w?s PC3 ~ DU145 2 LNCaP 4% 4c » PI3K #r4|#|(Ly294002) Akt $r
#1324 4 p85 & Akt mutant >+ PC3 fm % 24 /] P¥ {5 ¥ BLET| % 534
T e $h PC3 chifh (74 4 2 avP3 chme b 34 & (8% % 5 B Fadrd|h
S 4 (Fig. 9&10B) o 17 - # % 5 % 43 91 » IRS-1/PI3K ~ Akt U8 @ ¢E5

A5

\\Xr

%21t d leptin 74 45238 4o 3!]’?;?{:};%'.397’?? Ay ¢ oo

NF-kB 3 55 @8R/ £ 5 0 leptin 38 F2H 4r 7 f/’ﬁﬁ»fm’e”ﬂ"’#’ﬁ“’

2 % 6§ 4 ) NF-«B 40 5]+ %2 & leptin 3 % thim % 45

Zehe 57 %M NF-kB L @R /s £ F 22 & d leptin 2 4734

~

H
de @ 7 Hﬁuﬁ?ﬁufsm 2 enggk £ P > AP A fm Pz [kBa protease $#r+4 & TPCK (1

uM)2 NF-kB $#1#] PDTC (10 uM) 5 » 5 %% 7 % 79U fm % $ PC3
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ASH

G a4 3 eI % ¢h (Fig. 11A) ) avB3 e b 3 & (6% g s

a7 ’9%‘}%:@ P2 $A PC3 e 45 B j5 ¥ o F 2V 47 7 leptin 3% % NF-xB
A 24 et EF S B 31]’9:?&"397’?? HRPCIHEM MG 7L %
3 PC3 %k leptin {4 » it & 2% ¢ IKKo/B i i # +e (Fig.
12A) 5 £ F A g 4 IKKa 2 IKKB mutant » PC3 ‘w% 24 | pF{s » i&
7 fm P #% {7 F % (Migration assay)fs > @ 7| Hﬁ&féﬁuf@m P2 3k PC3 e4% 17 iy #

AP B e 4] (Fig. 12B) o F)pt > IKKo/B 05 i §_ %22 4. d leptin 3
FrH be w7 H;ju%:@msé gAY o F A PC3 P2 iR leptin {8 >+ Ay i@
fmre P IkBo cOBEfE N FRR A B o AR a7 TR I p65s
Ser™® chgi s 1t ¢ 3 4e NF-«B chig &5/ i* (Transactivation) » § 2% i7* % 4

PC3 'm¥ h p65 chiadl 15 » T 7 B | p65 Eipk it I % (Fig. 12A) -

RO ERBLRT PR e G A Teptin 2 NF-«B B fLengg iv o A
#-7h 7| H?f)%ém 2 & 4 » «B-luciferase § ¥ NF-kB & - cdp 1 5]+ o 7
HEFHA 0§ %A BRIk PC3 24 [ B leptin £ 0 § H 4
kB-luciferase /%14 > pt ¢k > Ly294002 ~ Akt #r+|#& - PDTC 2 TPCK
“w i "% 1o leptin #7344 o0 NF-xB 7 12(Fig. 13C) ; #-PC3 ¥ th—
# % » OBRIsiRNA (Fig. 13A) - IRSI-siRNA(Fig. 13B) -

p85/Akt/IKKo/IKKP mutant (Fig. 13D)+ st #r#4] NF-xkB #i& F] 5 e
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e lFEN S5 j‘—FT » OBRI &% Beavs it ~ IRS-1 ~ PI3K 2 Akt 3

A, @ EEL T A leptin 33 T 7 H}j’\f)%f‘m "2 NF-xkB /% i 2% & cho
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G

fe AL F e B w0 SR N RS Vil i SR 1N R
P o Ko F P " BRI F s B4 fe e il e 2
oo 2w T R U A T O 4 A BTN e e chd 2
Ao R AR AN ’”]1 wie o B84l A 5 #(Gainsford et al.,
1996) (Vona-Davis et al., 2007) > # %7 3 &7 31 okl £ 3 F wie f5 (7 end
- B4 E.5d avp3integrins 3 S EL @ vE, ¥ ¥ F & d 5 v OBRI

#% ® ~ IRS-1 ~ PI3K ~ Akt % NF-kB 0 g, i ih52 3 (Fig. 14) -

Vi 1 S R % (Cytokine)— F (Campfield et al., 2000) -
P2 2 SWTE ¢S AN AR 0% § 4% OBRI 2 OBRs
A fi 4 % B (Bergstrom et al., 2001) (Ishikawa et al., 2004) » fe B>t H f
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Fig. 5.

Leptin-directed migration of human prostate cancer cells. PC3,
DU145 and LNCaP cells were incubated with various
concentrations of leptin, and in vitro migration activities measured
with the Transwell after 24 h. Results are expressed as the mean +
SEM. *p<0.05 compared with control.
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Fig. 6. Leptin-directed chemoinvasion of human prostate cancer cells
involves up-regulation of avB3 integrins. (A) PC3 cells were
incubated with leptin 1pM for indicated time intervals, and the
cell surface expression of a2, a5, B1, B3, avB3 or a5P1 integrin
were determined using flow cytometry. (B) PC3 cells were
pretreated with avB3 monoclonal antibody ( 10ng/ml ), cyclic
RGD (100nM) or cyclic RAD ( 100nM ) for 30min followed by
stimulation with leptin 1pM. The in vitro migration activity
measured after 24 h showed that avp3 monoclonal antibody and
cyclic RGD but not cyclic RAD could inhibit the activity. Results
are expressed as the mean = SEM. *p<0.05 compared with control;
#p<0.05 compared with leptin-treated group.
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Fig. 7. OBRI activation is involved in leptin-mediated migration and
integrin up-regulation in human prostate cancer cells. PC3 cells
were transfected with OBRI or control siRNA for 24 h followed
by stimulation with leptin, and in vitro migration (A) and cell
surface avB3 integrin (B) were measured with the Transwell and
flow cytometry after 24 h. Results are expressed as the mean =+
SEM. *p<0.05 compared with control; #p<0.05 compared with
leptin-treated group.
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Fig. 8. IRS-1 pathway is involved in leptin-mediated migration and integrin
up-regulation in human prostate cancer cells. (A) PC3 cells were
incubated with leptin for indicated time intervals and IRSI
phosphorylation was examined by Western blot analysis. Cells
were transfected with IRS-1 or control siRNA for 24 h followed by
stimulation with leptin, and In vitro migration (B) and cell surface
avp3 integrin (C) were measured with the Transwell and flow
cytometry after 24 h. Results are expressed as the mean + SEM.
*p<0.05 compared with control; #p<0.05 compared with
leptin-treated group.
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Fig. 9. PI3K pathway is involved in leptin-mediated migration and
integrin up-regulation in human prostate cancer cells. (A) PC3
cells were incubated with leptin for various time intervals and
pp85 phosphorylation was examined by western blog analysis.
(B) PC3, DU145 and LNCaP Cells were pretreated for 30 min
with Ly294002 (10uM) and (C) PC3 cells transfected with
dominant-negative (DN) mutant of p85 for 24 h followed by
stimulation with leptin, and in vitro migration were measured
with the Transwell after 24 h. (D&E) PC3 Cells were pretreated
for 30 min with Ly294002 and transfected with
dominant-negative (DN) mutant of p85 for 24 h followed by
stimulation with leptin, and cell surface avB3 integrin were
measured by flow cytometry. Results are expressed as the mean
+ SEM. *p<0.05 compared with control; #p<0.05 compared
with leptin-treated group.
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Fig.10. Akt pathway is involved in leptin-mediated migration and integrin
up-regulation in human prostate cancer cells. (A) PC3 cells were
incubated with leptin for wvarious time intervals, and Akt
phosphorylation was determined by immunoblotting using
phospho-Akt-specific antibody. (B) PC3, DU145 and LNCaP cells
were pretreated for 30 min with Akt inhibitor (20uM) and (C)
PC3 cells transfected with dominant-negative (DN) mutant of Akt
for 24 h followed by stimulation with leptin, and in vitro
migrations were measured with the Transwell after 24 h. (D&E)
PC3 cells were pretreated for 30 min with Akt inhibitor and
transfected with dominant-negative (DN) mutant of Akt for 24 h
followed by stimulation with leptin, and cell surface av3 integrin
were measured by flow cytometry. Results are expressed as the
mean £ SEM. *p<0.05 compared with control; #p<0.05 compared
with leptin-treated group.
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Fig. 11. Leptin induces cells migration and integrin up-regulation through
NF-kB. (A) PC3, DU145 and LNCaP cells were pretreated for
30 min with PDTC (10uM) or TPCK (1uM) followed by
stimulation with leptin, and in vitro migration was measured
with the Transwell after 24 h. (B) PC3 cells were pretreated for
30 min with PDTC (10uM) or TPCK (3uM) followed by
stimulation with leptin for 24 h, and the cell surface avp3
integrin was measured by flow cytometry. Results are expressed
as the mean = SEM. *p<0.05 compared with control; #p<0.05
compared with leptin-treated group.
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Fig. 12. Leptin induces cells migration and integrin up-regulation through
NF-«B. (A) PC3 cells were incubated with leptin for indicated
time intervals, and p-IKKo/B, p-IxBa and p-p65 expression was
determined by western blot analysis. (B) PC3 cells were
transfected with dominant-negative (DN) mutant of IKKa or
IKKp for 24 h followed by stimulation with leptin, and in vitro
migration were measured with the Transwell after 24 h. Results
are expressed as the mean = SEM. *p<0.05 compared with
control; #p<0.05 compared with leptin-treated group.
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Fig. 13. Leptin induces cells migration and integrin upregulation through
NF-kB. (A&B) PC3 cells transiently transfected with
kB-luciferase plasmid for 24 h and then co-transfection with
OBRI-siRNA, IRS-1-siRNA, and (C) pretreated with Ly294002,
Akt inhibitor, PDTC and TPCK for 30 min or (D)
co-transfection with p85, Akt, IKKa and IKK[p mutant, before
incubation with leptin for 24 h. Luciferase activity was
measured, and the results were normalized to the
B-galactosidase activity. Results are expressed as the mean +
SEM. *p<0.05 compared with control; #p<0.05 compared with
leptin-treated group. p
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Fig. 14.

Schematic presentation of the signaling pathways involved in
leptin-induced migration and integrins expression of prostate
cancer cells. Leptin activates PI3K and Akt pathway , which in
turn  induces ~ IKKo/p  phosphorylation, p65  Ser™°
phosphorylation, and NF-kB activation, which leads to avf3
integrins expression and increases the migration of human
prostate cancer cells.
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