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AFT O R IR A ST R ADAY tmve & RGEH 7R B Pt R v & it Resistin
M L E IR X Resistin € %875 i WHSCL/Twist i 2 i858 % g AD49 ‘w¥e
Eiv o B EAEe 353 Epimre L LT (epithelial-to-mesenchymal
transition; EMT) % #% = % %8 <945 (7 (migration)fr » & (invasion)ic # ° & F&
#WoResistin &fpk HE &> B Rpm LR A 1T IR APROTIEEE F o
R A s T ORISR kR ShResistin g {2 o v REEHBG R R0 2
CDIlcHt R e s jmiE 3o Mg i 3t =2 CDIlctit R w¥e ¢ & 3§ £ chResistine
FHF 4731 Resistin #5% f m e e 484 - % % % I Resistin € 3 4¢ A549
im?e & 38 histone methyltransferase WHSCI #n#& 38 > m WHSCl & Twist fx#>+
13 & F-v lysine 36 i= % i& {7 dimethylation i2 &% > I *% < H3 % 3¢ lysine 27
¥ e trimethylation i&m @8 Twist 04 3R > 8% AB49 ‘w7 it {7 EMT o3 4o

Ty dm e #5 F4e > Bo F]M sResistin ¥ (F 5 W s F 2 B F B E & e o



Abstract

The interaction between tumors and the microenvironment leads to a vicious cycle
which strengthens both immune suppression and cancer progression. The present study
demonstrates for the first time that tumor associated dendritic cells (TADCs) can be a
source of resistin, which is responsible for increasing lung cancer migration and
invasion and the epithelial-to-mesenchymal transition (EMT). In addition, large
amounts of resistin in the conditioned medium (CM) of TADCs increased cell migration
and invasion as well as osteolytic bone metastases properties in A549 cells.
Neutralization of resistin from TADC-CM prevented the advanced malignancy-inducing
features of TADC-CM. Significantly elevated levels of resistin have been observed in
tumor-infiltrating CD11c+ DCs in human lung cancer samples and patients’ sera.
Induction of lung cancer progression by TADC-derived resistin is associated with an
increased expression of Wolf-Hirschhorn syndrome candidate 1 (WHSC1), a histone
methyltransferase. Resistin-induced WHSC1 increased the dimethylation of histone 3 at
lysine 36 and decreased the trimethylation of histone 3 at lysine 27 on the promoter of
Twist, resulting in an enhancement of the expression of Twist. Knockdown of WHSC1
by siRNA transfection significantly decreased resistin-mediated cancer progression by
decreasing the upregulation of Twist, suggesting that WHSC1 plays a critical role in the
regulation of Twist by epigenetic modification. These findings suggest that
TADC-derived resistin may be a novel candidate in conferring the ability for lung

cancer to develop.
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o B g At Foehst o p 1982 £ B - AR A

L AT g o AP 10-15% FIR RS R o WP W v AR S F oy

oo XY g i E R e AR R (Tt s F 2012 E b ) o d S ae et

B X 3R LE 0 TS S e 4 AR TR KBRS & H R

BT A o BRTERFEC JAY B A Rpenia g A R B LY s

R RE o WO A 5 | dmfe 3o (small cell lung cancer)fo2t| fmfz 5
(non-small cell lung cancer)# ~ #f » {8 ¢ 1 & @ iriﬂﬁiff% s K G Rt A e
% = #a4g 4](O'Connor, 2011; Demicheli et al, 2012) o ¢ 5 & > | lw ¥z 5% g ik 0%
T G075 308 5 X9 12~15% 5 Ap e o 2] e R ik 5 #c 0 X9 85~88% o
|l gt Lk REE- @ 2 F b A I B e (Mok, 2011; Siegel et
al., 2011) o fe §_» ] fm¥e gt L B 2 S SUS R R ATR 0 T AR S
el A BN s R AR E SR RE S 0 D RE 2 R i
CRES 6 ARG DiUE o ApET ] e MR 0 2h ] e SR S ) m P AR
Ak 0 FI R A R R S Ba o R (N A2 - ) RS
e o fed Wb ) iR A F NS BB PRFF Y FEEd L T E
AL ey L2 g2 b eRgR 2 2] fn e WO B B 2 AT
ey~ 5 73 A7 (Mok, 20115 Siegel etal., 2011) - BEHE @ % > % o 4 09 18
7 & 5 #E a3 F X 10% (O'Connor, 2011) © #712 > & - i IR R
A P RR s S R BT S B G B 2§ i

‘E o
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B R e (Dendritic cell, DC) &_d # #1472 deniw®e (bone
marrow-derived cell) » 3 £ & — fuk & 3R @2 (antigen-presenting cells,
APCs) ; » #in s £+ 2 T ¥ chpriming/tolerance i & 1% 3 2 — (Apetoh et
al, 2011) - § AR Jwie < 3 oh kN GFUR O B R B RTR e
€ SiE- @ P ¢ 354 i (differentiation) ~ = % (maturation)f-i i (activation) <
AL A A LR H A doFik endf Ficapture)fr & IR (present) ~ 4% 7 I %
IR R gk T sk~ 38 B e ek i - CD4{e CD8' T ‘m ¥ (Chaput et

[, 2008):t @ 7 *F K& 2 & F FLh o 2 WafFRT o R me ¥ 2 RS
AR T hme S R F s o AP0 FATR e a3t 2M KRR o R
AR fwe ¢ Frds Frdl i d & chk i (Chaput et al., 2008) o R Jo ke ¥ 45 i

Bend AR Epy R hkd o M 7 VR E A SRR
B SR FER s 18 VERLT e Bt Egs - 0T m¥e LA
(tumor-specific T cell response) o X @ - frd 5 B uBAz? - "7 B € 4§ i@
- B # 7R eIk 8 (microenvironment) @ g R fmre &2 < B feiEs it {H 2
R ¢ %ﬁ“rj A s — M ¥ A M 3 (e prostaglandin E;  ~ IL-6 ~ 1L-10 ~ M-CSF
4 vascular endothelial growth factor % )#r#4Af% sm¥e ek 1t ~ 2 FfoiE it o gt
ProffRmied e m it T o Koo 7 i HEEHR e s 1Y L drd] |
1T fwm P2 (4= Regulatory T cell; Treg) (Kuo et al., 2011; Ma et al., 2011; Steer et al.,
2010) - £ ANFRFFCFFHRFE S P TRy FRV B0 G
24 £ F]+ ¢ 4% HB-EGF 4= amphiregulin

LR ATRIE LR mie At £

1BR * s e ~ H g dmre e T o~ iy 4 (Hsu etal., 2011; Kuo et al.,
2012) ; @ ¥ Baf By T B o PR R e AT e R DR R R F
F 0 PR O R e bk BLePEF B R B4 X B3 S S (Hsu et al.,

2011) o fe ¥ > . F F H @ FlF gz o 2 HearAdran 4 Ao JF
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Bl "opwmie Bt RmeF2 23 v

Z >~ Bt A - F i (Epithelial-mesenchymal
transition, EMT) %2 #&# (metastasis)if 2

B EAp M = F1E ¢ 0 3 E 90%A_F]E A 13k (Turk et al., 2011; Siegel et
al., 2011) o J& km*& cragE 4% (metastasis) &~ 4F fecni A2 > § Hpwe ~ £ 2 & F 3
A gRERmE Y EL FATL O NBELXEDR LS LR BF L
B % fove (Primary tumor) § B 4 e % > T ds 4F fe e 5Lig T > e H B 4
d i T H e By (Gaoetal, 2012) - o »t3% @ik p >t 1+ A ‘w¥e (epithelial
cells) » F]t fme F € 3 37 % %‘ % & & (tight junction) » @ % 4% {7 (migration)
fe i~ &(invasion) 4 R3] (phenotype) o — & #lis fmPe B 4o & (B A 0 e

¢ i {7 + 4 -F & i+ (Epithelial-mesenchymal transition, EMT) — T g ‘m #& € &



UkmRe B R 3R ahgk¥ 4 3 (E-cadherin) o fwmre Al gk d A AP R L E
7 RAE R » B A OF F i re 3] i (mesenchymal type) ; & i iz
AR YR kR e (Gaoetal., 2012) 0 A 2 W S E A o P Sut
i g e § B s A A B DA T & v -k f2 A% (Matrix
metalloproteinases, MMPSs) 4 % 12 collagen 22 laminin & 3-¢ &7k = e & %
(basement membrane) (Heinrich et al., 2012) » ¥ @& Jplmie ¥ 8- H THF 2
collagen £ fibronectin <z ¢t 2L " (Extracellular matrix, ECIM) (Orlichenko et
al., 2008) » = 41 * j% » (intravasation) = ;% & » TIRE P Tk G 5L BEMH T B

THEA I ¥ o A= FTen=k 3 1% % (Secondary tumor) (Soini, 2012) -

EMT $3t fmre e fifort i & 5 £ 88 o ¢ 4 wove B i 1§ adherens
junction ~ desmosomes -~ tight junctions = gap junction E’f BEE Yy A
'z 8y % 3 aligned apical-basal polarity 3% 44 > ¥ it ** basement membrane # o
T Re A E o &2 » &I basement membrane T & kw2 A E (Soini, 2012) o
ip e s B e b A B 4ERE 0 e D ’T Bedfde o om0 B4
F: ¥ (focal adhesion) - 7& o FFA Rl ¥ 2R BT A R LT aps
FOoOFIMRBEFT e FAS o B4 0 F UK ECM gD B n T
M T TR 5 su(Soini, 2012) « EMT 427 gz Aot 25 gL 0
¥ A G R G hAg e B AR B s R PR T S T e e chl 4R A
B g YA BRI Hwe Y g L w2 B 3
v 4o E-cadherin f- Claudin-3 %) # 38 ¢ /& > » 4p $f¥ > & F 38 (mesenchymal
markers)4= N-cadherin ~ vimentin {= Fibronectin % % 3L ¢ 5 4v 5 {5 > + A lw
gl MA Ao Behd RG] B S F B T oF » B end A1 (Soini,

2012) -



Epithelial-to-mesenchymal transition

Epithelial cells

E-cadherin j
E-cadherin ¢ ] } A :
Claudin-3 N-cadherinw C@g
Low migration
Low invasion Mesenchyma cells
N-cadherin t
Vimentin t

Fibronectin t
high migration
high invasion

Bl 2 Fhiwmre i EMT 3 4o 8 7 fo r Eebig 4

7 ~ Resistin

Resistin &>t #7077 5% 32% 3¢ (adipokine family protein) » p & © 43
FREGBARA O o Ao RO~ 8 S B R ok % (Tiaka et
al., 2011; McTernan et al., 2002) - &2 X Resistin 4% 4 #f % adipokine » i nJr‘
Pgiple g B e 45 L fd e IR e %2 (PBMC ~ macrophagy {= bone marrow)
VOB nfe s BRERZ WL EEIne W € 4 % Resistin (Tiaka et al., 2011; Filkovaet al.,
2012) - p v 5 BAT R 05 g B‘ﬁ.fs_af%k I 25 A k8 Resistin &3 & ecnk R o gp ¥
L enzb iy 55 e s (inflammation-occupied non-adipose tissues)it it 5 & it i
® Resistin & 2 & gk JRr(Filkovaet al., 2012) - H % zk (mononuclear cells)4s 3
F ¥ A+ g ehResistin > ¥ Resistin a4 g i2 - H REE § fEF L P e
32 IL-1B ~ IL-6 ~ IL-8 v IL-12 e it id & B 30ergf W F fib o &' ~ & B fe
X HEF R L G Y s B I ¢ Resistin ik & § 4 e chAg % (Sunetal,
2010; Gonullu et al., 2010) - !f pt 2 ¢k s Resistin » #%8 ILV % 1§ PIBK/AKT i#
FEH Ao W 7 UK fn*e $h PC-3 {- DU145 03 4 (Kimetal., 2011)- ¥ *F - Resistin

7R ;{gg} 125 TIMP-2/MMP-2 1T f§=m 18_i& trophoblast-like cells e~ iZ it 4



(Dietal., 2006) - &% #2c7 #F> & > Resistin » A3 L7 FHEH 4 1L-6 £ R
% i RANKL/OPN =t &) @ i8 i osteoclast e14 it @ g = F 3 &b eI %

(Filkovaetal., 2009) - ] p # % 1k > Resistin 433 g eni® * 25 0 & v o

~ % & F)(epigenetic)i2 4% 2 histone methyltransferase
WHSC1

E e n DNA B ¥ B chd 4 13 2 -9 (histone)#7) = epis % §v 4
= — FaRE o] #(nucleosome) o Pl T - A et R B E A
“T3) e ¢ F(chromatin) o % ¢ g4t m CRARR 0 LR RS ozt
i 3F=-v F]3 (non-histone proteins) > &rqﬁg&rr]—k (transcription factor) % 4 ¥~ DNA
SRR AFH S ez o HY > BB e 39 & DNA - & - F 3 4
FREAS T DNAF 12 &a R EDNA g 3 oo - jid 7
7% DNA B 7 )ie 77 B8 DNA £ et ip 4 T8 2 2 A7 4
(epigenetic regulation) (Nelson et al., 2006) - ¥ e d-o d » # 3 fE e F0 48 &
$ 0 & 32 H2ACH2B~H3 4o HA < & H3 o HA {3y e N sk st ek 23
A FREFCFELBAE FEAFIARGE > o p A7 EF {3 H3 4r
H4 2 dv 7 g7t > faenit B N3 4F > ¢ $5 ¢ it (acetylation) ~ ® i
(methylation) ~ #ip4 i (phosphorylation)fri2_ % i* (ubiquitination) % - # i i3
& chie B ¥ A H3 & H4 -9 o iepk (arginine 5 f f- R) 2 goepk (lysine s
A K); & Lysine ¥ i2 78 2 A it (monomethyl-) ~ g7 2 it (dimethyl-)f-=
" & it (trimethyl-) 2 4% ; % arginine | &g (7 8 7 L1t ~ o3 S D
dimethylation (Xu et al., 2008) - Lysine = methylation i3 4F i p& @ K it 2 & {oi%
ARETEHWAFDLIRE AL 7 bR 4o H3KA (H3 v hizt iz
¥ 4 «hlysine) ~ H3K36 f- H3K79 i& i methylation ¢ 28 38 Fleh4 3 5 4p

% H3K9 ~H3K27 f= H4K20 - methylation g2 e A& F14 35 B (Xu et
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al.,2008) - p m AT © SHF A L ¥ chepigenetic A ik v B L L AP

Mo A A AT M A F T LR Ry SRR TR e o

N7 CH3 i
H3 "onz —> Gene expression

B3 3+ H3K36 dimethylation 4= < H3k27 trimethylation (_ie & ek F] 4 7.

WHSCL (7= # % NSD2 2 MMSET)A F]i=*r 4pl6.3 4 ¢ #8 » H #7d&
2. %9 % WHSC1 #-¢ - % - #& histone lysine methyltransferase (Stec et al.,
1998) - WHSC1 £ Fleidk 4 € 3¢ = i} @5 % Wolf-Hirschhorn g i > WA ip s
i & # 4 fovd A5 75 (Sharathkumar et al., 2007) - B % WHSCL e 5 §-9 7 &
R2FY o € 5 BT EF WHSCL ie (7 H3K36 e A it i3 4
(Nimuraetal., 2009) > # ¥5% fw % 4 £ Aopbit o F9 8 ~ "o & 2 12 F W%
# % WHSCL 3-v § 2 % i) 2§ WHSCL & R g % P 4 i ié e

# £ (Yangetal, 2012; Toyokawa et al., 2011) o F]4* » WHSCL #L48iR]+ it

\\\?{r

B imie it N BB e nE il o R H B ek d B ApRE A IR

Fry oo
REGER o T

Ao, R EF LRSS PASKRE AT R A MR - §
ENAREE VAL TREE S 5 EE R SR s LI
REEK o FI > FH M- B IR hd P RRAS AT R R AR T & 2
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4. Resistin % i @ A 412 & wre @ BEEMH RO E L

5. Resistin €_% i% i epigenetic regulation = ;% ¥ f wmre >
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Monocyte only

Monocyte +A549
|

IL-4 and GM-CSF

5 days

I.ung cancer patient

A549-mdDC
|

mdDC
|

microarray

qRT-PCR

I
I |

Serum || Tumor section

Elevated resistin in A549-mdDc

—

microarray
Epigenetics regulation
qRT-PCR — o
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Mechanism | WHSCL __,v
ELISA t
Western blot validation
‘ WHSC1 siRNA ‘
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Kaighn's modification (F12K) medium
Fetal bovine serum (FBS)

10X trypsin

Antibiotics

RPMI 1640

Lipofectamine RNAIMAX

Invitrogen, Carlsbad, CA

Ficoll-Hypaque gradient

GE Healthcare Bio-Sciences, Little
Chalfont, UK

CD14" monoclonal antibody-conjugated
magnetic beads

MACS MicroBeads, Miltenyi Biotec

Cytokines (GM-CSF, M-CSF, RANKL
IL-4, Resitin)
Rresistin ELISA kit

R&D Systems, Minneapolis, MN

WST-1 reagent
E-cadherin antibody

Clontech Laboratories Inc., Mountain View,
CA, USA

QCM™ 24-well Cell Migration Assay
QCM™ 24-well Cell Invasion System
H3K27 timethylation antibody
H3K36 dimethylation antibody
N-cadherin antibody

GAPDH antibody

8 4= 3 uM transwell insert

Millipore, Bedford, UK

oligo (dT) primer
Reverse transcriptase

Takara, Shiga, Japan

2xSYBR Green PCR Master Mix

Applied Biosystems, Foster City, CA, USA

Agarose ChIP Kit
m-Per lysis buffer

Pierce, Rockford, IL

WHSC1 antibody

Abcam, Cambridge, UK

Fibronectin antibody
Control siRNA
WHSCL1 siRNA

Sigma Chemical Co, Deisenhofen,
Germany

Vimentin antibody
Claudin-3 antibody

Cell Signaling Tech, Danvers, MA
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1. A %% % ABA9 tm¥e 32 4

200X

Human lung cancer A549 cells

B 6

I % % o P2 £k AB49(CCL-185)pt g American Type Culture
Collection (ATCC) - iz 33 % »* F-12K 33 & g ¥ 7 10% "5 5 %
1% 32 % - w2 %307 5%CO 1B &40 o 23 X B4 =X

TG nre 35 & ¥ AT H K R PFIR (7 o e 1% (subculture) o

2. Ao AB49 i E iE i 33 % % (conditioned medium)#l #
#- AB49 w2 (1x10°)48>+ 10 cm dish » & Ff % phrf s & 8 ml
F-12K 35 %% » (548 /| Py £ 18501} ‘}%‘h ) A 1S e B T80

ThEF o pt - T &k 5 AB49 2 i i 12 & % (conditioned medium) -

3. BRmre s it

)j_%é?%? ?,Tr}:\:‘«frnfé_’f]ﬁnggfoﬁik —T‘fﬁﬂ;? /\,ﬁ

#usE 74 EDTA (Ethylenediaminetetraacetic acid)2. £ 7 s ¢ > 5d
BB P AP ERENE L 2h AP R RIS M2 L PBS
i LLAFR > A ik is P~ 35ml 3% % 4 » 7 3 15 ml Ficoll-paque
2 s #1800 rpm Ao 15 A 48 16 12 GE Rk o A2 P A T
*H i % H 53k (Peripheral blood mononuclear cells, PBMC) - 2~

PBMC {12 1:1 ¢ PBS 4 > 1500 rpm .« 10 ~ 45> £ @@ * 7 1%

11



EDTA 7 PBS &g 2 =t 2 “,f Ficoll-paque - 4 & 4! PBMC 13 » e » 3
B3k CD14 £88 (MACS) > 34 Citd 20 4 45 > & Fudl v H
PrakE & o4 » 8ml 7 0.05% BSA 7 PBS 75 4.« 1500 rpm 8 4 43 -
2 "ﬁ%i ‘J?";‘.’E »E 4e~ 1ml0.05% BSA snPBS T & m?2 R £353 » ¥

¥ » MACS column - CD14+:0H %3k ¢ &7 % 1 gzk ch CD14 48

Kil™

>

& @ Bt i MACS Z &k 5 #13 CD14-,f‘=m’i'éfI£§ }‘%d PBS & i
1) Column & {6 > - MACS column # *£ g2 1 3c § 247015 ml
g g @ > 4 r 5 ml 0.05% BSA 9 PBS I Column » 12 7% % #-% 4
P ol CDIA+E Piahim®e o A gl dh CD4+m s 15 % &
RPMIL640 32 % i & AB49 2 ik 232 % ¢ ¥ 5 20 ng/ml IL-4 4o

GM-CSF: g2 2 £ 7 X T 2 R mbe "R 22 R mbe o

e 200l 200Xl

monocyte mdDCs A549-mdDCs
® 7

4, WmmieEEz fHRme it XU
Bl FERT A 2 R e ot TR 2 R e e g
(5 E st 2ml HRPMIL6A0 » i 24 ] pras & (5B~ 1 Fin > S

St o ET-80CHEw o 2 - AN A G IR e iR R

BtRmiez 524 -

12



A549 cells

@ Collection of supernatant
—

A549-CM
l CD14+ monocyte
5-7 daysl Sh-ear l GM-CSF
IL-4 IL-4
A549-mdDCs mdDCs

} l
A549-mdDC-CM  mdDC-CM

B8 L ¥HRwie{rifzEmR w2 FEgtRs Uk e

5. X4 kit

A549 fo CDI4+H f3p & b3z % s sed 3 £ 4] 5 1 um 2
transwell = = o & insert #& » 1x10% 2. AB49 im® » T § f&1& 1x10°
2. CD14"8 pisp o ez %% % 3 20 ng/ml IL-4 4= GM-CSF 2
RPMI 1640 > i 35 % 5 = o

Co-culture system
1 um membrane

Monocyte only | >~

D14+ monoocyte
GM-CSF/IL-4

A549/monocyte [ >
! :__7/

D14+ monoocyte

GM-CSF/IL-4

A549 only

B9 (Z#)fI* co-culture system 3z % &1 it ¥ #FR fw 2 {oih iy iz B R o e
(¢ )7 FHITHR

13



6. 4 ¥ w2 (osteoclast) s it

A3l CD14+H fr3kehime 32 % & RPMIL1640 32 % % & A549
% % ¥ &% 7 7 50 ng/ml Receptor activator of nuclear factor kappa-B
ligand (RANKL){= 100 ng/ml Macrophage colony-stimulating factor
(MCSF)» F=x {#-=nixr BFB% 21 T2 8+F %

B R ke o

7. F\F REERLPY % % ¢ (tartrate-resistant acid phosphatase stain)

2 TRAP staining kit (Sigma) # 474 # w2 ik it 5350 - 100 pl
Fast Garent GBC solution £# 100 ul Sodium Nitrite solution ;& f= » 15
ml 3 g 38 2445 k= Diazoniumsalt solutione +4c » 4.5 ml
J7ICEpFkE 15 ml < g » ¥4~ 100 pl = Diazonium salt
solution ~ 50 ul Naphthol As-Bl phosphate solution ~ 200 pl Acetate
solution 2 100 pl Tartrate solution » #* - ;3% 5= TRAP 4 ¢ % - 3#-96
well plate p shfme 32 £ Z 3 > 12 10 %i5 5 HhH w3 38T 3
2 G»‘S% B g X4~ PBS ik 2-3 =0 4o r Ll D
Ethanol-Acetone % *t7kt 1 448 £ 12 PBS ik 2-3 =0 » s 4e »
fetllz 2 e TRAP %4 % » 2 r 37C 84 ¢ #% 13 |- 2%

¢

o

otk TRAP 44 i it~ PBS jfik > 3 100X eis] = B
Mg RAESE mre A o F e AP E MY § Pla e d g

P XNz Bamre P oo rA e N RE AL mre it G o

8. & wmre i AT

Flr a2 st wmre s E Al 73 calcium
phosphate 724 well plate ¥ 3 sm%e 2o 4 A b o F 21 X A fb (s > 1 3
5% v -k % 24 well plate o 4 ¥ w #2542 B 2 Pitassay 4 7 0 sk
i) 4k 2 34k G osteoclast shE 4 dp e o

14



= ~ BgEEL £ 7 (microarray)

FBEMEL s i FE AT A IE L B o AS49 'wmre 11 10 ng/ml i
Resistin #5 % 6 -] P¥ {5 > 12 TRIzol reagent #-im %z ;3 f2 7 i& (7 RNA % it - B~ total
RNA (1ug) » 1* Agilent Quick Amp Labeling Kit (Agilent Technologies,
USA)’ #-RNA ¥ f& 45 cDNA {s - & §1* T7 RNA poltmerase~dNTP {- Ctanine
3-CTP (CY3)# Cyanine 5-CTP (CY5)« it {7 #45i¥ # » ) RNA f£2. % cRNA ¢
¥ AR e PR ze Cy3 & Cy5 % sk 4% 2 cRNA - B Cy-labled
cRNA (0.825ug)#2 fragmentation buffer ;2 & > »> 60°C ks ™ 7% 30 4 45 > #
CRNA #7 %) 50 & 100 bp + -] ¢ 3{ ik # £ > #2% #- Cy-labled CRNA # £ %
£ % > Agilent Whole Human Genome 4x44 oligo microarray * > 65 CIk 5
i'* 17 ] p=o 4 * Agilent microarray scanner -z Cy3 % £ (535 nm)z Cy5 (625
nm) - £ s 12 Feature extraction #ic 48 10.5 s<(Agilent Technologies, USA) & 47 =

- %.i’é%%’fu?/;}:i °

=~ g F 8RR & préadl F B (Real-time RT-PCR,
gRT-PCR)

1. RNA 3 2~

fm¥2 12 1ml TRIzol reagent #-im#2 3 % » s Pfw? 3% 1 15 %
A g 3 g o £ 4o » 200 pl phenol: chloroform: isoamyl alcohol
(25:24: 1) 23R & - 11 4°C ~ 120009 & 15 ~ 45 BH A K @ T A
S AKE GG A 3 0 T2 DNAG LR RIS kiR > 59
RNA o #-F &t~ ATen 15ml ge 3 > 4o » SHH DR
(Isopropyl alcohol)#2 3 & & » ¥ 3+-20C # % 10 4 4575 12 4°C~12000

g4 10 4 4802 “ﬁ% ¢ B s L B RNAE {7 p 2R52% -RNA 2 RNase

15



free water ;3 f#1s £ 124 %k & 3R £ 260 nm/280 nm 2wk g o

BIERNAEREHR o

2. F f#4x(Reverse transcription)RNA = complementary DNA

(cDNA)

B4 b i 5 B2 RNA 4pg o 4 » 1 pl Oligo(dT)z (500pg/ml)
1 ul ANTP mixture (AATP ~ dGTP ~ dCTP ~ dTTP 2% 10nM) > & {8
fo o EOFAAR R E BRAE S 13 ul o 2} & PCR system 9700 96
well-plate PCR machine » >+ 65°C iT* 5 4~ 455 » L& "$ 8 3 4C - B~
J1 4k & 4e ~ 4l 5x First-standard buffer =2 pl 0.IM DTT iR &£ 323 >
73T C I 2 A 4as 0 Bfs4e » TuIM-MLV f¥% > ¥ 37°C T 4%

FF i 50 & 4818 4 cDNA 75 >0-20C 7k 48 o

3. QRT-PCR

B~ 1ul cDNA -~ 10 ul SYBR Advantage qPCR premix (2 %) ~ 0.4ul
ROX Reference Dye LMP (50x) ~ 6.6ul H,O 22 & ;% £ %]2_ forward (10
mM) and reverse primer (10 mM) 1ul 323 ;2 & - §1* 7900 ABI PCR
system machine (Applied Biosystem)i& = q-RT-PCR - & J&i% i+ 5
Stage | : 50°C ~2 ~ 45 ~ 1cycle ; Stage Il : 95°C ~ 15 #5¢s "4 3 60
T 1rsm L HEZHBC15F - FHERFECERE 7 A4

Cycle threshold (Ct) » % % 12 244" = ¢ @424 2 2 9 % 2 mRNA

2MAR -
% 2
Gene name Primer %5 7(5'- 3")
GAPDH forward | GAAATCCCATCACCATCTTCCAGG
GAPDH reverse | GAGCCCCAGCCTTCTCCATG
WHSC1 forward | TTGGGAGAAATGGCAGAATC
WHSC1 reverse | ACTCCTCAAAAGACGGCAGA

16




= ~ & 3 % BLE (Western blot) & £ & & § BLi2
(immunoblot)

1 B FEB

#-lwrz #8010 cmdish > & fm¥e pEr (S > 4r »~ Resistin (1 & 10
ng/ml)s % % #7F PR o 12 /keh PBS 2% fm¥e > f 40 ~ 1mI PBS > 41
* g9 kb dm e S PT % e 11 4°C ~ 3500rpm Brew 5 4 4B 2k
PBS- #-fw % i% w2 fic g e » § £ cell lysis buffer (M-PER Mammalian
ProteinExtraction Reagent: Protease Inhibitor Cocktail=1000 pl:10 pl) »
sk e 20 3 30 A4k e tpl 7] B 30 #4815 11 4°C ~ 140009 3

15 A g o Po b iR T S A g TR B

2. FWFETEZE R

f1* BCA Protein Assay Kit & 3¢ k& A% & FkiFfpe
# 47k B 5 150~300 450~ 600 ~ 750 pug/ml 7 Bovine Serum Albumin
(BSA) stock » & jg# ¢ B~d1 10 ul & 96 well plate » & 12 ¢ & & well
® 4¢ » 140 pl Bicinchoninic acid (BCA)# 4] » # s T8 2 {84 &
(standard curve) o ¥ b > B _F i Fev B R BR Y 5 B0 2ul 196
well plate » T 4v » 148 nl BCA ;8 &)1 » & 37CHRHE T % 30 ~ 48 -
Bots R E LA AT RB TR £ 562 nm ek k E 0 T 2B oA Fed
Tk R o B~ 50-100 pg et F-6 - ik S AR F4 v &) 6x sample buffer (0.5
M Tris-Base (pH=6.8) ~ Sodium dodecyl sulfate (SDS) ~ goycerol ~
Dithiotheritol (DTT)4= Bromphenol blue) 323 ;& & 5> 12 100°C 4c #: 5

Bab B0 FRER 2

3. SDS-PAGE @ # 2 7 &
#- 6-12 % SDS-PAGE % ¥ & A I 4ois TS BF3 %

17



(Tank buffer ; 25 mM Tris ~ 192 mM Glycine ~ 0.1 %SDS) » 4c » %+
foehg-d 2 well ¢ L1 90V 7 B:g {7 Stacking: £ 4 100V

TR RS A

4. #F

T A A 7 & {6 o # Polyvinylidene Fluoride (PVDF) & i3t
Transfer buffer (20 mM Tris-base ~ 192 mM Glycin ~ 0.1 %SDS ~ 10 %
Methanol) # » £ #% PVDF 2% SDS-PAGE 1} » } © % % 4 - 3k
3mm Filter paper » @ # 2} = “= P ;57 (sandwich) # & o £ &= p
v (sandwich) « &2z ¥ Transfer buffer ¢ > r+ 100V % &7 1.5

| P

5. Primary §= secondary antibody

¥ % % = 7 PVDF membrane c % # 2 5%% "q 45k e
Blocking buffer » buffer ;3 ** TBS-T (20 mM Tris-base ~ 137 mM
Sodium chloride ~ 1M Hydrochloric acid ~ 0.01 % Tween-20) » 3z & *%
AC k4 24 -] p¥ o 12 Washing buffer (TBS-T) %jis3 = » & =t 5 &
& o 4v » 1:1000 #§ < Primary antibody solution %2 TBS-T > 53
% ¥ % PVDF membrane + it% 24 p5o & 12 Washing buffer ixjis
3% » &= 5 %45 - # Secondary antibody 12 1:2000 e TBS-T
P 353 % ¥ & PVDFmembrane *F f¥% 1] pF o E kg3 = o
# =X 5 & 45 o £ 1& 4 » Enhanced chemiluminescence (ECL) detection
buffer % 2 248 » ¥ f] % 4 k¥ L2 g2 k % (CHEMI-DOC

XRS) L& 5 4R -

18



Electrophoresis Transfer

ELISA reader

# 10

I ~BE% L £ & 472 (Enzyme-linked immunosorbent
assay, ELISA)

F1* R&D 2z Human Resistin ELISA Kit # ip|im®z 4 ;4] Resistin #-v¢
T2 k& et @l# A coating 96 well plate - Standard ### = 2000 -
1000 ~ 500 ~ 250 ~ 125 ~ 62.5 §= 0 pg/ml > - 4c » 100 ul I 96 well plate p
Y RE-FRMRE L3553 100ul T 96wellplate ¥ » 38T iFF 2 pF o
12 Washing buffer (0.05% Tween 20 ** PBS) xjig5 =t » & 4c > 100 pl/well
z_ Detection antibody > % i** 2] p& » £ 12 Washing buffer &jig 5 =t o I
4v x 100 pl/well 2. Streptavidin-HRP 3tz 8 = i¥% 1] pF{s > 2 Washing
buffer ;&jig 5 =X o & {4 4 » 100 ul/well 2. TMB F & 5-30 4 4& - 1 4c >~ 100

ul/well z. 0.5M H,SO,4 # iF & &3t ELISAreader 12k & 450 nm & {7 & 470

SRR A R FTRRREE LR Y XS

19



N

EFF 2 F R e AFRAEPEERFI TG

FURBMZ S Sk F 0 A BRSO T R R R

S E R FRES 0 1500 rpm g 10 A4 AR E A F o 2 A
F F

£ % 5 2-807C

2. MR

VR B R R r’%i@’—%?} FrR P frie A\FHA‘E

BRI T BT J%ﬁﬁ B v fok 4 ;%51‘;’2’9'@ s

FFEREREAFFEEAH 0 28t OCT = tigim e i .

3. hEHF kRS

et i B MG A e R B R S 355 um fhle
7 5 I H#-2_ Rl coating poly-L-lysine ehgh B b s # w7 1%BSA
2 PBS# & 1] B o 12 PBS ji& = = {6 » 4¢ » primary antibody
(anti-CD11C (1:200)4= anti-resistin (1:600) antibody)** 4C 3% %
overnight i &> 3 12 PBS jii% ¥ fs » 4c » Z anti-mouse-Dylight
488 fr anti-rabbit-Dylight 549 z_ secondary antibody solution *+ z /& ™
BAL P is W PBSjkts » 11 DAPIEFIA I o Bt &

R R RS AR o

Confocal laser scanning
Frozen tissues section IHC staining microscope

11

S e B EE BN A
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1 e
F1* WST-1 (4-[3-(4-iodophenyl)-2H-5-tetrazolio]-1,3benzene

disulfonate, ClontechTM Laboratories) B _c I 8 | * /& fmre posf
&4 1 Dehydrogenase = #-u 45 3 (Tetrazolium salts):# f = 4f = 4 ~
kig 1260 Formazan - &gk £ 490 1 500nm T G s fid 4 e dd i
ﬁigﬁow@ﬁ@%ﬁiﬁﬁm,ﬁggim@@3,w%ﬁ@
wR 4R 5 o # ABAY lwee (3x10° i #e fwell)fd 2 96 well plate -
B % dmre s > Rt well oo 4o ~ & fE 0k & e Resistin #4732 % 48
¢ﬁ°ﬁ%i%ﬁ&ﬁ%QSMQ%Eﬁ?SHHWTLﬁﬁﬁél
| B o 1 450 nm iRl £ fr 600nm % ik £ ] T Sk & E 14 (Optical
density, O.D) = 3 # & 3 %=(% 48 | Pz %22 OD/% 0 | pFz 12 %

0.D) -

2. i v &2 47 e A 7 (migration)

#-m e (1.2x10° 092 )48 & 24 well plate @ o 1 % %% phoi » £ A1
* PBS #- 5 ARRd IS tnte 4t B 4 AT & AR % 14 200 pl tip
twell ¥ BRI - 3§ v s> £ 02 PBS AR IEL im0 4 x A

Jk & 2. Resistin t& > 1A pcd s WELE 0 {024 ) pFE © T &R

TAE T RResr

3. transwell TR HHE L F 3 N drmie B 7

®12

#-3x10% 47 fw 7% Bl 5+ 300 ul & FCS 1 F12 e 2 % 2 £ 48

21



*+ Hanging cell culture insert (pore size = 8.0 um)p <& 4445741 %2 insert
a2 well 7 e 500ul & FCS e PF12 w35 % % » HA4RP] w12 1%
FBS~ 1ng/ml resistin/1%FBS 4= 10 ng/ml resistin/1% FBS i® & % -4 -
wiF mre >t 37°C 7 5% CO, e & §538 & T 7 48 /] P {8 » #-insert

grwell sz % L3R % » PBS i insert - - & * 4§ {3 #-insert
PIRERR AT L A T (72 48 2 e o 12 10% formaldehyde <7 PBS
Fl w7 (s 0 £ 02 20 pl 5 &% % (0.49/1 HO) % ¢ - jrikpricis £ % &

Pk A PR 3o 4 o

4, v kA 7R T wm e £ 17 (migration) i HE A 4T

Rl 13

¥ 4]* CHEMICON QCM™ 24-well Migration Assay Kit $} 45 {7
2z w2 e 7 2 E o % Kit #7*¢ 2 Standing cell culture insert (pore
size : 80pum) > FFiEz HIEF e H 734 % o 2 PBS % insert
fs o #-insert # 3 gz & ervwell p > 12 225ul cell detachment solution »
A 37TCHRE % 30 A48 4 (72 mfe = 2% o 4o » 75 ul Lysis
buffer/Dye solution (CyQUANT® GR Dyel: 4X Cell Lysis Buffer=1:75),
WERTF RIS A4S o S d R 480nm g R £ 520nm £

BRI S e 7R R

5. ¥ kA H5ip] T imre ~ i=(invasion) & A 5

22



14

4% CHEMICON QCM™ 24-well Invassion Assay Kit 3t » 2.
e T AR R R AR 2 S 4o} s v mie Bich 15%x10% 3F
¢ o 2 insert f 4& » k¥ 5 Jf 5 rehydrate # 3¢ ¢ i e 300 ul & FCS
FFL2K 32 % 5% 5 insert ) 28 30 A 48 o niFimie £ ph 48 [ PEIS 0

o

:;
ma
(H
A
\f
(H
4
=
)/
P
a
E\
(¥
=}
[k

A~ % d F 4B sl A 4 (chromatin immunoprecipitation,
ChiP)

¢ ALK UHR A 47 4 17 11 Agarose ChIP Kit (Pierce, Rockford, IL) = = o
fm ¥z 4v ~ Resistin (1 v 10 ng/ml)s: % 6 - f¥ S # Ao mre bk o 4 3 1%48
B Hkz 3.6 mIPBS 3% 28 T B X wmbe - A4k 40~ 0.4ml 10X glycerin i3
RAERIDEFTETERS B ' e B AR 0 04 PBS Fed (5T
e e B SNz B e o 4% cell membrane lysis buffer #-m e gt {4 12
o 2 Nz B w2 4% o 4r » Micrococcal Nuclease (ChIP Grade) (10 U/uL)>+ 37
CFr RIS 4 51 MdafpdE- T EF B2 2> ° 4 > 10 uL MNase Stop
Solution> I ¥ *t 7k b 5 A 45 %% ok & Jigo 12 90009 4w 7 4 48 {6 12 50 pl nuclear
lysis buffer 3= g km e % o 123 = 2 J B F 57k » B~ 5 ul ¥ 5 Input control -
H 4> 45 ul 4 ~ 0.45 ml IP Dilution Buffer  4c » if § ed & okl >t 4°C

5 J& overnight = 4c » 20uL ChIP Grade Protein A/G Plus Agarose *+ 4°C »* Ji& 2
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| B S 0 & %) 2 IP wash buffer | 5% — =t ~ IP wash buffer 1l %3 = f- P wash

buffer 111 ;% — = {& 4c » 1X IP Elution Buffer ** 65°C 4c # 45 4 48 i1:& DNA

e 32 o 4v » 6 uL SM NaCl 4= 2 pL of 20mg/mL Proteinase K. ¥ # % ik iE

2. DNA v input DNA 3t 65 C4c#t 1 /] pF o & B & % 4 » 0.75 ml DNA

binding buffer & s # = DNA binding column > 3 Wash # ¢ i 12 DNA elution

buffer 4 31 DNA o §<t4 > DNA #5171 T B F @45 2 23 484 F >

Twist e 2 BRE2 5 -

%3

jp w|

“ibe 2 3ol

PCRF B2 31+

Positive control

Anti-RNA Polymerase 11
Antibody

GAPDH promoter

Negative control

Normal Rabbit 1gG

Twist promoter

Sample

Anti-WHSC1 antibody
Anti-H3K36me2 antibody
Anti-H3K27me3 antibody

Twist promoter

Erde F 2§

515 B 7(5 - 3)

Twist Upstream Fw

TGTAAGGGATGGACCTGAAACG

Twist Upstream Rv

TGAACCAGAAAGGAAGTCGCC

Twist Intron 1 Fw

GGTAAGGACCGTTTTGTCAGCG

Twsit Intron 1 Rv

TGGAAGGATTTCAGCCCAAGG

Twist Exon 2 Fw

CGTGGACAGTGATTCCCAGACG

Twist Exon 2 Rv

GTGATGCCTTTCCTTTCAGTGG

agarose gel
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1 ~ A FEE

WHSC1 4k Flre %702 SiRNA f# 78 = 5% % =& o Bt ?2 f63° 6 cm dish » &
Fe X pbrgfsse gz > @ SIRNA &% JER 5 10nM o B~ 1 ul control siRNA
(100uM) = WHSC1 siRNA % 1ml opti-MEM © 4c » 10 pl ¢ Lipofectamine™
RNAIMAX » »* 2 832 % 20 A 48 o #-imieBodl s b 2 2 S 42 J ehlmie 12 %
oo Bt » AR N TTCHA6)FEEH Y- URARBIRLD

8 [ pFis » TR X E K AR E AR R A F oFe D A PR ETI R o

B 7)(5' - 3)

GAUCAUACGUGCGAUCAGA[AT]

Control siRNA
UCUGAUCGCACGUAUGAUCIdT][dT]

GAUCUUACUUCCCGGGUGU

WHSC1 siRNA
ACACCCGGGAAGUAAGAUC

LN B

T RRYT S FRZEA A iE S THEAREL o B 2 G

Student's t-test - * % P<0.05 -
2= ?L' %— A 3

- ~ AR AS49 € § okt R Jm¥e 4 i Resistin

4ol 16 A 50 > i 4B MR A 47 (CDNA microarray) it & i vt it F if
BT AR T2 Rt g A BT Ay ABAQ dne 3 K R T SEA 1 L MR e s 5
MTr§F ABAY mnre iR § MUEHTR n%e £ & TR Resistin 5 4o i 5

#1056 i o £ 2 qRT-PCR = ;8 247 » s> R w2 g & p 7 AB49 ‘w2
25




354 %> ¢ e H Resistin e mRNA £ 33 4 (B 16 B) - { # 2 » §1* ELISA
£ 23 > CD14+ monocyte 757 ABA9 3z & T #ra i 2 R fmbe > H A IR

Resistin 3¢ # & 5 & ¥ % & T 51285 % (p=0.0049) (% 16C) -

B

12 6 *
3 10 %
=
£ ‘g
z S E
e 6 = B3
E g =
£ 4 s 2
g 2
g —
e 2 c |

o . 0 -

mdDC AS49-mdDC mdDC A549-mdDC
3000

S R
u
g g

:

Resistin protein levels (pg/mil)
-
= =
1

n

mdDC  A549-mdDC
W16 %t ik § RAERMR %% 4 R Resistin
(A) microarray f(B) qRT-PCR 5z 2 A # % g fm Pz AS49 {1kt R e 4
31 Resistin MRNA ; (C) ELISA 7= A549 t:jcHt R fm¥e 4 % Resistin 3
v o
F.om 2 5 T E+SD e 3t 2 4 Student Test o * i+ £ p value<0.05- %

S ES LT

OOl AR AAMPA o F PR BRR wr s Al b pE
feruk fi 0 R i FE R B Tl E A % Resistin ehiE 40 25§ 1% co-culture
system #- A549 ‘w ¥z (insert)¥? CD14+ monocyte (bottom well)% 32 % 5 % 5 4z
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=

Relative resistin mRNA

Bt 2 R w2 11 qRT-PCR 4 47 Resistin mRNA 5 ¥ #F » 7z % 5 =
2_lmve H ‘}‘j'a";‘.’i’ f6 12 ELISA = % & 47 Resistin 3-v B o4cB] 17 A 5 % #777 » A549
£ CD14+ monocyte £ e 32 & PF 74 it 2. 1R e € v- ¥ jpiz £ CD14+
monocyte #74 1* d 2 BtR e 4 3L F £ 7 Resistin mMRNA - £ dﬂz » Ab49 ¢2
CD14+ monocyte + Fr 35 % #74 i 2 fiF% fm®2 > Hp| 1 éh Resistin F-v 7 ¢ 1
H jp3s & CD14+monocyte & AS49 5 { & chik & ¥ 57 AL & (R 17B) -
Flpt o B AR FREL AL FEE LA PR ET MR TR

g m e chif s A % < £ Resistin o

B
* ¥
7 *® _ 3500 I I

6 2 3000
&

5 % 2500

w4 = 200
-= =

=3 E 1500

2 E 1000

g s

| 5
, B | -
mdDC A549-mdDC mdDC AS9-mdDC AS49
B 17 Co-culture system s& 3 ¥ & Jm %2 §1| cf R w2 4 & Resistin
(A) qRT-PCR 7 = A549 ‘m ¥z {1 gkt R fm?e % J Resistin mMRNA ;
(B) ELISA 7 = * & AB49 m¥e §|jkcHt % ‘m*e & 34 Resistin protein -
47 2 T3E+SD - 3t 2 L Student Test - *#* 4 p value<0.05 -

03 @
S I A R WER R B ATRE R 0 § AR
< £ Resistin

» FEb Resistin & f@sk hE & (4 Ft 257 3 L S PR Bl 2 R
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A

Resistin protein levels (pg/ml)

CRRMEFAAT c AL 24 CREFEHFZ 46 LR R

H iR
R o 4Bl 18 A B % 40 0 %o B i i ¢ Resistin ch3 390k & 5 1779.04

pg/ml 5 i & 45 B 5 57 Resistin % 320k & ] 5 843.86 pg/ml - & ** & &

% F ¢ 77 #% kA& Resistin (p=0.013) « o *t £ & ¢ 0§ k& Resistin
Vi H R p TR AR SRR e o A RFT R i AT L R

8 o 4o 18 B #1751 o 2R e g (non tumor part) sl R fwie (CD11c+ » 4 &

AER) @4 R ] Resistin eh (i § k4R 7)) 5 Ap$Hn > R K (tumor

part) 7z B el R ot B ¥ H R < & Resistin o Flpt o 1 w2 ER e
B AP SRR TR 2 MR 0k § £ % £ Resistin -
B
p=0.0136
70004 ¢
Resistin CD11c DAPI Merge

G000

> bl

SO0

hii ..-.
. “‘Lm“ ....

e ....
1 00y
-g— 843.86 mz
¥
0 - -
{\Q{* . é'\\- Tumor region
¥ &
o

4000
30004

2000) 1779.04

e

S <8
\'.:-':"‘h L C.S:' o
\Z‘d} :-.?j'\‘lh ‘-'é\. a‘é\
2 & 9
Ay

B 18 ok s & s i 2 MR B R ATRB R % § 4 £ Resistin
(A) ELISA 7] ui’)?—% PE H for }E%-Lf? A w @ Resistin sk &
B)f A FEFd 2R B2 RGPy
2_ Resistin % 3 (% ¥ % % CD1lc; =% % 5 Resistin ; & % 5 ‘m¥e
%) o

%72 52 TE+SD o %3t 2 4 Student Test o

B (g ‘E’.‘%« Rt R e
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= ~ Resistin §| g% & % £ 7 EMT 2 3 4 8 7o > &t

4

d 3t Resistin >0 5% i en @ B8 0 B A o0 AFT§ i8 - ) #5733 Resistin ¥4
BT i e dpmre A A7~ o~ e EMT » A549 12 & 44k & < Resistin
EFRE T2 pF > e 4 00 WST-1 2 54p)1F - B 19 A % % &7 > Resistin
¢ e k& (100 ng/iml)T 4 ST R o ABAQ fBE 4 XA A 4 4 R R P
HoRmipro },5] &3R5 k7 Resistin 24 ] pFens 458 % F I E 7 ) gcim e
# 7 (8B 19 B) o 1 * transwell % ¥ A549 'm*s f& 3% insert (34 & % 8 uM) > ™
& 4¢ ~ 1% FBS (control) ~ 1 §= 10 ng/ml Resisin/1% FBS i+ 5 4% i* & - 48 /| p*
gl dF L 1T B5FR 2% FRLTELH LS R
¢ piFE > Resistin § fjcimre # (7 (B] 19 C{= D)o £ § > r2 7 5 matrigel shinsert

4 FE > Resistin § 3% % w2 AS49 ehx iy 4 (Be E) -

EMT £ %%d MEBSHEL F @S FHE LR 277 53R
A549 ‘¥z &2 10 ng/ml Resistin 3% % 24 - p¥ {2 > Resistin ¢ *# # A549 ‘%z it
A l¥e 5380 4o E-cadherin - Claudin-3; 4p $F ¢ B 5 fw %2 #2384 N-cadherin~
Vimentin {- Fibronectin > & Resistin snf g™ Bl 2 £ B¢ 3 4 (B 19F) - » A
7 EMT ehe & # 4%+ Twist ¢ 1 Resistin 6 -] Frenfp™ B+ & £ 3 (K

19G) -

29



P
=

Cell profiferation (%a of control)

= = & 2 Z E
% |
2

Resistin
1 ng/ml 10 ng/ml

3
] 2 ]

e |

i
i
i
i

24 h ’_-. _'
- & & &
R )
¥ & & \@¢~
£ 14000
Ef 12000 4 »
"4}
; 10000 %
O som | b B
E 6000 1 Resistin
Ep 4000 | Control 1 ng/ml 10 ng/ml
E 2000 - s
[T}
U
ﬂ |l
Control Ing/ml  10ng/ml
Resistin
y S
& F
F oL
Y &
GAPDH | s s

W 19 Resistin §| % F w2 £ 17 EMT ¥ 3§ 4 8 7 fo > &t 4

(A)

w4 S (B) § o T & %% 5 (C) transwell 3 & 2 £ ; (D) transwell

$hrRRnE A PR (E)ASL9 v » =i 4 ; (F) EMT; (G) Twist
e

sk 2L =

WL “—;

* % Student Test - *# % pvalue<0.05- I > 3=t fb> F5% o
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¥ H 5 Ry dn e b ¥ WA HEF 2 - (Lipton, 2010) ¢ ¥ A 4 2 ¥ A
BFEES KA OEFEIAIFRL, Mrl ) FRFEDET wie o g
I ORI A o F]pt AFT Y A 47 Resistin £_F HGE 4 F s b o - CD14+
monocyte i A 7 73 & Resistin (10 ng/ml) 4 i+ 21 % o & ‘wre ek iy
TRAP 2 ¢ 2fsolmfe B d F 53 Z B b iwie 5 2 8 F ke o 4o 20 A
#7570 fe Resistin eh7% &7 F # % 5 CD14+ monocyte » it E < ¥ B3 = i
wee et F e (Ao B B ATAR) o B et s B B AT BAREE
(Bl 20 B; e gg#7dp) » Flet4i3m o Resistin $4 # fwre chs i {oid (2% 5 L

@i o

A 1200
1000

—

800

Control Resistin

Osteodast number
o
2

Control Resistin

B 20 Resistin ¥4 ¥ o cHig 38 iT#
(A) Resistin 3 4c 4 F Jm¥z s b 5
(B) Resistin 3 4v 48 # fm¥z g | o
#5125 T 35E4SD - k3t 2 5 Student Test - * & £ p value<0.05 -

5h 3% Rk
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2z ~ Resistin 22 3R % o4 A el o e B 1L RIS

RPp b R B SE  AF R TR R e § R RE
SUF RiEAR 0 ¥ o Resistin 48 g fmie B o SHREF v HE o JI*
pg/ml  Resistin ¥ -3 (Resistin neutrization antibody, Resistin AB) 4 47
Resistin £_F %7 8 72 B R b & 2 ol do e B 14 o ABAY ‘m e 55+
insert > T & 7 20% mdDC F ik & A549-mdDC 1} Fie 1 2 5 A7

Resistin # feddfl o 48 | FF {5 00 8 %5 552 45 4o] 21 A #7570 g

>‘l\v
Tﬂi’é

SORTR e € TRy m e ABA9 ehfS 17 0 @ 4r » Resistin P ekl i pe g7 R
TR 2 BTR i i X i im e A5 17 o K (T % > Resistin ¥ fopidie i E 1L
R R 2 BTR e iTig 2 2 et » RIEGETEY (B 21B)dxF L - T
& Resistin £_F 427 % B 972 B it R e 1is X EMT R % o & AB49
R e 11 5 20% mdDC b ik & 5 A549-mdDC + Fiv 0 2 AR G A
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PRI HRYESOEF 2 - > 5 F &4 (bone metastasis) (Patel et al.,
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Lung tumor associated dendritic cell-derived resistin promoted cancer
progression by increasing Wolf-Hirschhorn syndrome candidate
1/Twist pathway

Abstract

The interaction between tumors and their microenvironments leads to a vicious cycle
which strengthens both immune suppression and cancer progression. The present study
demonstrates for the first time that tumor associated dendritic cells (TADCs) can be a
source of resistin, which is responsible for increasing lung cancer
epithelial-to-mesenchymal transition (EMT). In addition, substantial of resistin in the
condition medium (CM) of TADC:s increase cell migration and invasion, as well as the
osteolytic bone metastatic properties of A549 cells. Neutralization of resistin from
TADC-CM prevents the advanced malignancy-inducing features of TADC-CM.
Significantly elevated levels of resistin have been observed tumor-infiltrating CD11c”
DCs in human lung cancer samples, and patients’ sera. Induction of lung cancer
progression by TADC-derived resistin is associated with an increased expression of
Wolf-Hirschhorn syndrome candidate 1 (WHSC1), a histone methyltransferase.
Resistin-induced WHSC1 increases the dimethylation of histone 3 at lysine 36 and
decreases the trimethylation of histone 3 at lysine 27 on the promoter of Twist, resulting
in an enhancement of the expression of Twist, the master regulation of EMT.
Knockdown of WHSCL1 by siRNA transfection significantly decreases resistin-mediated
cancer progression by decreasing the upregulation of Twist, suggesting that WHSC1
plays a critical role in the regulation of Twist by epigenetic modification. These findings
suggest that TADC-derived resistin may be a novel candidate in conferring the ability

for lung cancer to develop.



Introduction

Lung cancer has been one of the most common causes of death worldwide for several
decades (1, 2). Despite significant advances in treatment, improving the therapeutic
outcome remains a serious problem due to the cancer’s genetic variety and drug
resistance (3). The microenvironment of a tumor has increasingly been recognized as a
critical factor that can protect the cancer from host immunity, promote tumorigenesis,
and support tumor growth and metastasis (4, 5). The cells surrounding tumors
consistently release various soluble factors, such as growth and proinflammatory factors,
which facilitate tumor development (6, 7). Previous studies have demonstrated that lung
cancer cells promote immune tolerance through inhibiting the differentiation and
maturation of dendritic cells. (8). Lung tumor associated dendritic cells (TADCs) have
been shown to display an immune-suppression phenotype, and to express epidermal
growth factor family growth factors, which in turn increase cancer progression (9).
However, it is still not fully understood whether TADCs express other pro-tumorigenic
factors responsible for lung cancer development, or precisely which molecules
contribute to the interactions between the tumor cells and TADCs in the tumor
microenvironment. Strategies that aim at the immune system, in combination with
therapies targeting cancer cells, are valuable approach to finding optimal responses in

treating this devastating disease.

Resistin, a 12.5 kDa cysteine-rich secreted protein, is found in a screen for adipocyte
gene products that are reduced by the anti-diabetic drug rosiglitazone, and increased in
diet-induced and genetic forms of obesity (10). Resistin is characterized by a unique
structure of 10-11 cysteine residues, also known as resistin-like molecules (RELMSs)
(10, 11). The expression and secretion of resistin by human mononuclear cells are
markedly induced by inflammatory stimuli, and levels of resistin in humans have been
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shown to correlate strongly with circulating markers of inflammation of inflammatory
cytokines such as IL-1b, IL-6, IL-8, IL-12, and TNF-a (11-13). Inflammation has
increasingly been recognized as playing a pathogenic role in cancer (14). Recent studies
have shown that higher concentrations of resistin are found in patients with esophageal
squamous cell carcinoma when compared to healthy donors. In addition, resistin levels
have been shown to gradually increase with tumor progression (15-17). However, the

role of resistin has not been studied in lung cancer.

In the present study, items found that TADCs produce high levels of resistin, which
plays a pro-tumorigenic role in the development of lung cancer. This study also
investigated DCs in infiltrating tumor tissues of human patients, and the results showed
that TADC-derived resistin enhanced AS549 cell migration and invasion and the
epithelial-to-mesenchymal transition (EMT) by the paracrine effect. This study is the
first to demonstrate that TADC-derived resistin promotes lung cancer progression and
may therefore be an attractive target in the development of therapeutic strategies

targeting immune cells in the cancer microenvironment.



Material and Methods

Lung Cancer Cells and Conditioned Media

Human lung cancer cells A549 were obtained from the American Type Culture
Collection (number CCL-185) and cultured in Kaighn's modification (F12K) medium
containing 10% fetal bovine serum (FBS). To obtain the A549-conditioned medium
(CM), cells were seeded at 2 x 10° cells/200 mm dish and cultivated for 24 h. The

medium was replaced and the supernatants harvested after 48 h of incubation.
Serum samples from lung cancer patients

Preoperative blood samples were obtained from 46 lung cancer patients and 24
healthy donors admitted to the Division of Pulmonary and Critical Care Medicine,
Kaohsiung Medical University Hospital (KMUH), Kaohsiung, Taiwan. Serum was
separated by centrifugation and frozen at -80°C. Approval for this study was obtained
from the Institutional Review Board of KMUH, and informed consent was obtained

from all patients in accordance with the Declaration of Helsinki.
Isolation of CD14" monocytes and differentiation of monocyte-derived DCs (mdDCs)

Monocytes were purified from peripheral blood mononuclear cells (PBMCs) obtained
from healthy consenting donors. Mononuclear cells were isolated from blood by
Ficoll-Hypaque gradient (GE Healthcare Bio-Sciences, Little Chalfont, UK). CD14"
monocytes were purified using CD14" monoclonal antibody-conjugated magnetic beads
(MACS MicroBeads, Miltenyi Biotec), according to the manufacturer’s protocol. mdDCs
were generated by culturing CD14" monocytes in RPMI 1640 medium containing 10%
FBS (Invitrogen, Carlsbad, CA) and 20 ng/mL granulocyte-macrophage

colony-stimulating factor and 10 ng/mL IL-4 (R&D Systems, Minneapolis, MN) for 5



days. The medium was replaced with fresh medium containing GM-CSF and IL-4 on
day 3. For maturation of the DCs, immature mdDCs were stimulated with
Lipopolysaccharides (100 ng/ml) after priming with interferon-y (INF-y) for 3 h. A549
tumor associated mdDCs (A549-TADCs) were generated by culturing CD14"
monocytes in RPMI 1640 medium containing FBS, GM-CSF and IL-4 presenting in
A549-CM, then stimulated as described above. After washing, the supernatant was
collected and defined as A549-TADC-conditioned medium (A549-TADC-CM).
Supernatants from TADC and mdDC were collected. Resistin was quantified using a

DuoSet enzyme-linked immunosorbent assay (ELISA) Kit.
Analysis of cell proliferation, migration and invasion

Cell proliferation was assessed using Premixed WST-1 Cell Proliferation Reagent
(Clontech Laboratories Inc., Mountain View, CA, USA) according to the manufacturer’s
instructions. Cell migration and invasion assays were conducted using wound healing, a
QCM™ 24-well Cell Migration Assay and Invasion System, as previously described
(15). Resistin (1 or 10 ng/ml) was added to the bottom wells for 48 h as the
chemoattractant, and the fluorescence of the invading cells was read using a
fluorescence plate reader at excitation/emission wavelengths of 485/530 nm. The

migration of A549 cells was also assessed using a scratch wound-healing assay.
Real-time RT-PCR (qRT-PCR) and chromatin immunoprecipitation (ChIP)

RNA isolation was performed using TRIzol reagent (Invitrogen). cDNA was prepared
using anoligo (dT) primer and reverse transcriptase (Takara, Shiga, Japan) following
standard protocols. Real-time PCR was performed using SYBR Green on an ABI 7500
Real-Time PCR System (Applied Biosystems, Foster City, CA, USA). Each PCR

reaction mixture contained 200 nM of each primer, 10 pL of 2xSYBR Green PCR



Master Mix (Applied Biosystems, Foster City, CA), and 5 pul cDNA and RNase-free
water, with a total volume of 20 pl. The PCR reaction was carried out with a
denaturation step at 95°C for 10 min, then 40 cycles at 95°C for 15 s, and then at 60°C
for 1 min. All PCRs were performed in triplicate and normalized to internal control
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA. Relative expressions

were presented using the 2 24T method.

Chromatin immunoprecipitation was performed using an Agarose ChIP Kit (Pierce,
Rockford, IL). Immunoprecipitated DNA was analyzed by quantitative PCR as
described above, using SYBR Green dye. The primers used in this study have been

described in a previous study (18).
Immunoblot

Cells were lysed on ice for 15 min using M-PER lysis reagent (Pierce, USA). Cell
lysate was centrifuged at 14,000 x g for 15 min, and the supernatant fraction was
collected for immunoblotting. Equivalent amounts of protein were resolved by
SDS-PAGE (8-12%) and transferred to polyvinylidene difluoride membranes. After
blocking for 1 h in 5% nonfat dry milk in Tris-buffered saline, the membrane was
incubated with the desired primary antibody for 16 h. The membrane was then treated
with the appropriate peroxidase-conjugated secondary antibody, and the immunoreactive
proteins were detected using an enhanced chemiluminescence kit (Millipore) according

to the manufacturer’s instructions.
Immunofluorescence

Non-cancerous lung tissue specimens obtained from human lung cancer patients were
embedded in OCT (Tissue Freezing Medium) and frozen in liquid nitrogen. Sections
(3-5 um) were fixed with acetone at -20°C then stained with resistin antibodies (Abcam,
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UK) or co-stained with anti-CD11c antibodies. After washing with PBS containing
0.1% Tween-20, the slides were incubated with Dylight 488- or Dylight 549-conjugated
secondary antibodies (Rockland, Gilbertsville, PA), with or without
4',6-diamidino-2-phenylindole (DAPI), for 1 h at room temperature. The data were
analyzed with a confocal laser scanning microscope (Fluoview FV1000, Olympus,

Tokyo, Japan).

Osteoclast differentiation and activity assay

PBMCs were plated and incubated overnight at 37°C. Non-adherent cells were
removed by washing with PBS, and the remaining adherent cells were grown in culture
medium containing mdDC-CM, A549-TADC-CM, or resistin (10 ng/ml) presenting in
200 ng/ml human M-CSF and 100 ng/ml human RANKL for 21 days. The medium was
replaced every 3 days, and osteoclast formation was measured by quantifying the cells
positively stained by tartrate-resistant acid phosphatase (TRAP) (Sigma-Aldrich, St.
Louis, MO, USA). Osteoclasts were determined to be TRAP-positive staining
multinuclear (>3 nuclei) cells by means of light microscopy. The TRAP-positive cells
and the number of nuclei per TRAP-positive cell in each well were counted. Osteoclast
bone resorption activity was assessed using a bone resorption assay kit (Cosmo Bio,

Tokyo, Japan), in the same culture conditions as described above.

Gene knockdown by siRNA

Cells were transfected with MISSION® siRNA Universal Negative Controls,
WHSC1, or resistin siRNA (Sigma-Aldrich). Immunoblot analyses showed that
expression of WHSC1 remained low but detectable, whereas expression of GAPDH

was unaffected by siRNA treatment.

Results



Upregulation of resistin were formed in the process of DC differentiation from CD14"

monocytes

This study was identified the solutions factor enhancing cancer cell migration and
released from DCs which were stimulated by cancer cells, the microarray was
performed as the results showed that TADCs express high levels of resistin by
10.56-fold when compared to those DCs (Figure 1A). qRT-PCR analysis also showed
that A549-CM increases the expression of resistin in A549-TADCs (Figure 1B). In
addition, the protein levels of resistin are enhanced in A549-TADCs, as determined by
ELISA analysis (Figure 1C). Furthermore, co-culture of A549 with DCs also increases
the expression of resistin in DCs at mMRNA and protein levels (Figure 1D and Figure
1E).

High levels of resistin in CD11c” DCs are found in the tumor sections of human lung

cancer patients

The effects of resistin on TADC-mediated cancer progression in human were studied
by using clinical lung cancer tissue samples. Immunofluorescence staining of the
marginal regions of a human lung cancer specimen revealed the presence of many
CD11c” DCs which had infiltrated the area around the tumor. These areas express
higher levels of resistin in comparison with tissue sections of non-tumorous regions
(Figure 2A). Furthermore, a marked statistical difference has been found between lung

cancer patients and healthy donor serum (Figure 2B).
Resistin increases cancer migration, invasion, EMT and osteoclastogenesis

The effects of resistin on the proliferation, migration and EMT in A549 cells were
invesgated to reveal of resistin on cancer progression. 72 h of treatment of lung cancer
cells with resistin did not increase cell proliferation in the A549 cells (Figure 3A).
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However, it did enhance the migration and invasion ability of the A549 cells (Figure 3B
to 3D). In addition, resistin also causes the A549 cells to undergo EMT, including the
downregulation of epithelial markers (E-cadherin and claudin-3), and upregulation of
fibroblast markers (vimentin, fibronectin and N-cadherin) after 24 h treatment (Figure
3E). Levels of Twist, an important regulator of EMT, is increased in resistin-treated
A549 cells after 6 h treatment (Figure 3E). Furthermore, resistin also increases the
differentiation and activity of osteoclasts, which contribute to osteolytic metastases

(Figure 3F and 3G).

Neutralization of Resistin by antibodies blocks A549-mdDCs-mediated cancer

migration, invasion, EMT and osteoclastogenesis

To better understand the role of resistin, the activity of resistin was blocked by using
specific neutralization antibodies. As shown in Figure 4A and B, TADC-CM increases
the migration and invasion of A549 cells, whereas these effects are prevented by
treating with anti-resistin antibodies, but not by an isotype control (Figure 4A and 4B).
Similarly, the induction of A549-TADC-CM on EMT and Twist expression is also
inhibited by anti-resistin antibodies (Figure 4C). The stimulation of A549-TADC-CM
on osteoclast differentiation is also expressed by anti-resistin antibodies (Figure 4D).
These data clearly demonstrate that TADC-derived resistin promotes lung cancer

progression.

Resistin increases the expression of WHSC1, and changes the methylation of histone

protein

To understand how resistin promotes lung cancer progression, the gene-wide
expression profile of resistin-treated A549 cells was determined by using microarray.

The results show that resistin up regulates 36 gene but down regulates 275 gene



expressions. Among these upregulated genes, levels of WHSC1, an oncogenic histone
lysine methyltransferase, increases 3.12-fold in resistin-treated A549 cells (Figure 5A).
gRT-PCR analysis also showed that resistin increases the expression of WHSC1 mRNA
in A549 cells (Figure 5B). The protein levels of WHSC1 were also enhanced in
resistin-treated A549 cells after 6 h treatment, as determined by immunoblot analysis
(Figure 5C). Furthermore, resistin treatment increases the dimethylation of H3K36 and

decreases trimethylation of H3K27 in A549 cells (Figure 5C).

Resistin increases Twist expression through WHSC1-mediated epigenetic regulation

An elevated level of WHSC1 has been reported to increase the expression of cancer
invasion-related genes by changing the modification of histone 3. Next step assessed the
binding of WHSC1 on Twist promoter. Therefore, chromatin immunoprecipitation assay
was preformed that WHSC1 bound to the Twist promoter after resistin treatment in
A549 cells (Figure 6A and 6D). Dimethylation of histone H3 at lysine 36 on the regions
of the Twist promoter was thereby increased, whereas the trimethylation of histone H3

on the Twist promoter was decreased (Figure 6B to 6D).

WHSCL1 is involved in resistin-mediated Twist regulation and cancer progression

The role of WHSC1 on the resistin-mediated upregulation of Twist and on cell
migration and invasion was determined by using siRNA. Transfection of A549 cells
with WHSC1 siRNA reduces the levels of WHSC1 (Figure 7A). Selective genetic
inhibition of WHSC1 abrogated the resistin-mediated upregulation of Twist and
H3K36me2 in cancer cells (Figure 7B). In addition, specific knockdown WHSC1
expression by WHSC1 siRNA decreases cell migration and invasion in resistin-treated
cells (Figure 7C and 7D). These results suggest that WHSCL1 is an upstream event of

Twist, and involved in resistin-mediated cancer progression.
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Discussion

Lung cancer is one of the most common cancers in developed and developing
countries (1-3, 21). In the present study, it has demonstrated that resistin, produced by
cancer-infiltrating DCs, was able to increase the migration and invasiveness of lung
cancer. Furthermore, resistin also shows a direct stimulatory effect on the differentiation
of osteoclasts, which is an important pathological factor for the development of bone
metastasis in lung cancer. These findings suggest that TADC-derived resistin may be a

novel candidate in conferring the ability for lung cancer to develop.

Resistin is a recently identified adipocyte-derived hormone that was originally
thought to link obesity with diabetes (10, 22). Resistin is upregulated in several cancers,
such as breast, colon and prostate cancer, and higher levels are associated with the
highest histological grade (15-17, 23, 24). Resistin has been reported to increase the
proliferation of prostate cancer by activating PI3K/AKT signaling (23). It has also been
indicated that resistin increases the expression of MMPs, decreases the synthesis of
tissue inhibitors of metalloproteinase production, and thereby enhances the invasiveness
of trophoblast-like cells (24). In humans, adipose tissue is not the primary source of
resistin and RELMSs, which are instead secreted by PBMCs, macrophages, bone marrow
and pancreatic cells (25). The results show that the source of resistin production is
secretion from tumor-surrounding dendritic cells. TADCs produce high levels of resistin,
which increases lung cancer migration and invasion and cause lung cancer cells to
undergo EMT. Neutralization of resistin by antibodies, however, prevents this effect of
TADCs on cancer progression. Moreover, TADC-derived resistin increases osteoclast
differentiation and bone resorption activity, which suggests that TADC-derived resistin
is responsible for the development of osteolytic bone metastasis. Investigation of the
paradoxical roles of DCs in lung cancer development and malignant pathogenesis is
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very important for gaining insight into the intact tumor microenvironment.

Interestingly, this study has found that resistin-producing CD11c" DCs infiltrate the
lungs of cancer patients. In addition, levels of resistin in the serum of lung cancer
patients are also higher than those of healthy donors. These results have been
consistently observed in cell culture studies and, more importantly, in human specimens.
These findings provide unique evidence that TADCs enhance the development of lung

cancer by secreting the tumorigenic factor resistin.

Twist is a class Il member of the basic helix-loop-helix (bHLH) transcription factor
essential for regulating EMT, a process required for enhancement of cell mobility (26,
27). Twist is upregulated in various human solid cancers and is strongly associated with
cancer invasion and metastasis (28, 29). Twist binds the E-box DNA elements of
specific gene promoters, resulting in the repression of E-cadherin expression (30). In
this study, we found that treatment of A549 cells with resistin resultes in an increase in
Twist expression and a decrease in E-cadherin. Inhibition of Twist expression by
specific sShRNA transfection decreases the effects of resistin on cell migration and
E-cadherin upregulation in A549 cells, suggesting that the activation of Twist signaling
plays a crucial role in the development of lung cancer growth and metastasis-induced

TADC:s or resistin.

WHSC1 (also known as NSD2 or MMSET), located at chromosome 4p16.3,
encodes a histone lysine methyltransferase (31). WHSC1 acts as a transcriptional
regulator and interacts with developmental transcription factors whose defects overlap
with the human disease Wolf-Hirschhorn syndrome (32). Methylation of histone at
lysine residues promotes or prevents the binding of transcription factors and other

proteins that access particular regions of the genome, resulting in the regulation of the
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transcriptional potential of the underlying genes (33, 34). Dimethylation of histone H3
at lysine 36 (H3K36me2) is associated with actively transcribed regions, and has been
implicated as the mechanism for continuing transcription (35). WHSC1 is ubiquitously
expressed in early development embryonic tissues, whereas it is silent in most healthy
adult tissues except for the thymus and testes (36). WHSC1 has been found to be
overexpressed in various types of carcinomas, and elevation of WHSC1 has been shown
to promote cellular growth, migration, invasion and tumorigenicity in multiple myeloma,
glioblastoma and prostate cancers (18, 20, 37). WHSCL1 triggers oncogenic Wnt and
NF-«B signaling by increasing trimethylation of histone H3 at lysine 36, resulting in the
promotion of the cancer development (20, 37). WHSC1 has also been reported to be an
activator of Twist and to contribute to the EMT and invasive properties of prostate
cancer (18, 20). This study demonstrated that A549 cells treated with resistin
dramatically increase the expression of WHSCL, in turn enhancing the dimethylation of
histone H3 at lysine 36, resulting in an increase of Twist expression. Furthermore,
selective inhibition of WHSC1 by shRNA transfection also decrease the effects of
resistin on cell migration, invasion and E-cadherin downregulation, suggesting that the
phenotypic transition of lung cancer by TADCs involves resistin-mediated WHSC1
upregulation and subsequent WHSC1-mediated Twist gene expression by epigenetic

modification.

In summary, present studies show a novel mechanism for lung cancer progression,
in which TADC-derived resistin promotes phenotypic transition and reinforces cancer
progression. Resistin enhances the expression of WHSC1 and subsequently increases
the expression of Twist by epigenetic modification, resulting in enhanced lung cancer
development. The findings of this study suggest a new molecular determinant to target

the vicious cycle of DCs and cancer, and provide a new rationale for using anti-resistin
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strategies to target invasive lung cancer.
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Figure legends

Figure 1. Upregulation of resistin is found in tumor-associated DCs. A549-CM
increases the expression of resistin at the mRNA level, as determined by microarray (A)
and gRT-PCR (B). A549-CM increases the expression of resistin in protein levels (C).
Co-culture of A549 cells with DCs increases the expression of resistin at mRNA (D)
and protein (E) in DCs. The asterisk indicates a significant difference between the two

test groups, as analyzed by the Student's t test (*, P < 0.05).

Figure 2. High levels of resistin in CD11c¢* DCs are found in the tumor
sections of human lung cancer patients. (A) Resistin™®" CD11c* DCs are found to
have infiltrated cancer sections. Non-tumorous and tumorous regions (n=10) were cut
and stained, then samples were analyzed by confocal microscopy. (B) High levels of
resistin have also been found in the serum of lung cancer patients. Resistin levels in the
sera of lung cancer patients (n=46) and healthy donors (n=24) were assessed by ELISA.
Each value is the mean + SD of three determinations. The asterisk indicates a significant

difference between the two test groups, as analyzed by the Student's t test (*, P < 0.05).

Figure 3. Resistin increases lung cancer progression and osteoclastogenesis.
Resistin did not affect cell proliferation. (A) Resistin increases cell migration, as
determined by wound healing (B) and the transwell system (C). Resistin increases cell
invasion (D), EMT and Twist expression (E) in A549 cells. Resistin increases osteoclast
differentiation (F) and activity (G). Each value is the mean = SD of three determinations.
The asterisk indicates a significant difference compared with the controls, as analyzed

by Student's t test (*, P < 0.05).

Figure 4. Inhibition of resistin by its neutralizing antibody decreases

TADC-CM -mediated cancer progression. Resistin antibodies decreased the effect of
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TADC-CM on cell migration (A), invasion (B), EMT (C) and osteoclastogenesis (D).
A549 cells were treated with mdDC-CM or TADC-CM presenting in resistin antibodies
or 1gG. A549 cells were seeded in the upper insert and were treated with or without
resistin antibody (2 pg/ml) or IgG (2 pg/ml), and TADC-CM (20%) was added into the
lower well to act as a chemoattractive agent for 24 h. The migratory and invasive cells
were quantified as described above. PBMCs were treated with mdDC or TADC-CMs
presenting in RANKL (100 ng/mL) and M-CSF (200 ng/mL) for 21 days. Osteoclast
cells were stained for TRAP activity. Each value is the mean + SD of three
determinations. The asterisk indicates a significant difference between the two test

groups, as analyzed by the Student's t test (*, P < 0.05).

Figure 5. Resistin induces histone modification of Twist promoter by
increasing WHSCL1 expression. (A) The profile of gene expression in resistin-treated
A549 cells. Cells were treated with resistin (10 ng/ml) for 6 h, and gene expression
assessed by microarray. Resistin changes WHSC1 expression at mRNA (B) and protein
as well as the methylation modification of histone proteins (C). Cells were treated with
resistin (10 ng/ml) for the indicated times, and the levels of various proteins were
assessed by immunoblot assays. The asterisk indicates a significant difference between

the two test groups, as analyzed by the Student's t test (*, P < 0.05).

Figure 6. Resistin increases Twist expression through WHSC1-mediated
epigenetic regulation. (A) The binding of WHSCL1 on promoter regions of Twist. The
change of H3K27me3 (B) and H3K36me2 (C) on promoter regions of Twist in A549
cells.(D) The agarose electrophoresis data of ChIP. Dimethylation and trimethylation of
histone H3 and H4 were assessed by ChIP assay. Each value is the mean £ SD of three
determinations. The asterisk indicates a significant difference between the two test
groups, as analyzed by Student's t test (*, P < 0.05)
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Figure 7. WHSC1 is involved in resistin-mediated Twist upregulation and
cancer progression. (A) The efficacy of WHSCL1 siRNA transfection. Blockade of
WHSC1 prevents resistin-mediated Twist upregulation (B) cell migration (C) and

invasion (D). Cells were transfected with either cont

rol siRNA or WHSC1 siRNA, and the efficacy of sSiRNA was assessed by
gRT-PCR. siRNA-transfected cells were treated with resistin (10 ng/ml) for the
specified times (Twist and histone methylation, 6 h; cell migration, 48 h; invasion, 48 h).
Protein levels were assessed by immunoblot assays. Cell migration and invasion were
assessed by QCM™ 24-well Cell Migration and Invasion Assay kits. Dimethylation and
trimethylation of histone H3 and H4 were assessed by Western blot assay. Each value is
the mean + SD of three determinations. The asterisk indicates a significant difference

between the two test groups, as analyzed by Student's t test (*, P < 0.05)
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