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Functional expression of chemokine receptors in gastric cancer
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Braast Blood vessel Target tissue or organ

Clanal praliferation

Invasian of local tissue
Induction of anglogenesis

Binding of CXCL12 and migration to
narmal tissue with high CXCL12 levels

. B

Migration and entry | | 7
into circulation F

19 1. Model of chemokine regulation of breast cancer metastasis
(Murphy PM. NEJM, 2001;345(11): 833-5)

olgF 71mIAE kgt B ool wgdelt AYA 4 5 v
g ool THEW Mool B 9 Ao HuHw g
F% CXCR4%} CCR70] &3 Bd=: Aoz dud gu AR
oke] A9 CXCR3, CXCR5, CCR6, CCR10 0] HdHE RAo=w W
w¥ e} 9tk CXCR49 7 S0l F2 gholu} w ool ao] &=
Aoz Hiwo] gla 7} FHTolE CCR67F tidehe] ol #
dol ggo] Bmso]l Urk® $19te]l ¢ CCR70] YtAxEe] =4
3t 7)%%S Bt ®ol REFE A% Pz dols # gttu I
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A Qo” AN d4H o Pxd dolmre oy Hukdol)
Os Azte BAZE 5v ol d Fee) dolst AW AgE Ao’
3 1. Examples in chemokine receptor expression in cancers
Primary cancer Metastatic site Chemokine receptor Source  Year
Breast cancer Lung, liver, LN CXCR4, CCR7 Nature 2001
Ovarian Cancer peritoneum CXCR4 CR 2001
Melanoma LN CCR7 INCI 2001
Neuroblastoma Bone CXCR4 J 2001
Gastric cancer LN CCR7 CR 2002
Melanoma Lung CXCR4 CR 2002
Prostate Cancer Bone CXCR4 CR 2002
Colorectal Liver CXCR4, CCR6 JCO 2006
ALL LN CXCR3, CXCR4 Lue Res 2006
CML LN CXCR4, CXCR5,CXCR3 Blood 2004
B dAFdAs ggd 71270 F8A FolA el ol wE ol
= AR HIHN 9= CCo% CXC 7I1E7HA w845 Tl 9
oA owd FR7F EAHY o5 7T, Ao Hdolske] v
s dotR A AT



AGS, MKN28, MKN45, KATO III, SNU1, SNU5, SNU216, SNU434,
SNU638, SNU668, SNU719, YCC2 59 ALAZFEES AP AlS
stdom 10%9 238% (Eqgiptech-Bio, TX)¥}, 100 units/mle] Y
A48 G¢ 100ug/ml (Invitrogen Corp.)el ZEfEDlolAS 42
RPMI 1640 (Invitrogen Corp., Carlsbad, CA)ol +# 3%

2. RNA %3 RT-PCR #4

RNA F=3 cDNAY A olde 7=d WS o] &3t
AGAEFo A mRNAS S dolr7] §3] CC 7|=7kS <+
S td RT-PCR 41 Al=3t9om CCR4¢ 7% primer A
sense®] 7% 5-CCCTCGATAAAGCATATAC-3'¢]al antisense
49 5-GTGAACAAAAGCCAGAGTTT-3'¢]dt}. PCRY A3}
L 2% agarose A oA Z7]ES Y1l ethidium bromide A4

ol 7FAl 2} 3} 34

Mg lo rr

ol

3. Western blot 4]

ANEES lysis 9 (Cell Signaling)S ©]&35to] =9 T sodium
fluoride (10pmil/L, Fisher Scientific, Hampton, NH) ¢+
phenylmethylsulfonyl fluoride (100ug/mL, Sigma-Aldrich, St. Louis,
MO)E #H7tslo] At 520 AELELS 12% SDS-polyacrylamide &
of Y H Ezd @A ESS nitrocelluloseo] &% th o] & 23 g
Aok wESAIZl FH CCR4 A|(Ab 1669, Abcam, London, UK)<%}
probing 3% % SuperSignal cehminesecence substarate (Pierece,
Rockford, IL)oll wioF3tdth. o] & Kodak X-Omat Blue XB-1 Z &
o =E=A AT



4. Flow cytomery 2]

flow cytometry #2412 Pharmingen AlolA FZ3 Tz EIF = 3
k. %4 1% FCS-PBS §dolA 143k 10° AZE wFd =
CCR4 mouse mAb (2H4, Pharmingen, sandiego, CA)Z XAl g H
M2 8l FITC-conjugated goat antimouse IgM (Pharmingen)®l] ¥j
Fotar AAS wESAT. A4 AMEAA FACS scans ©]& w9
MEE Eo} CellQuest software (Beckton Dickson, San Jose, CA)E

o] g-3ke] ¥413h9it),
5. Confocal microscopy

MKN28 A3 5x10%/mlE 7 welldl 200u%

incubation ¥ serum starvation § ThA] 244t F <t incubationd} il
CCL17%S 7zt well & 1ng® A gstal 0%, 108, 30%, 608 +73 o=
incubationdted PBSZ A& 3}3 05% triton A8 s ¥ PBSZE T}A]
33 Al# gt} 5% BSA A $ PBST 33 A3t dardA g
T MAHsta 2aF A AHE F oAl 33] AAHE FH mounting § Ab

kel
Ae At

3 % over night
5

6. Immunohistochemistry

et E5S dum FAR Ayg F 56CAA 16A1F E1 F 2Y
dom 25 Holi oekES ol&ste] TFEAA A4 HHE o] &
AAstAct FPe 2HLE cEFHo|HAAMY 7EL o] n
A} 7} peroxidase:= A ] of] 2}t &} A o). Ao

streptavidin—peroxidase " S o] g3t A 2 2709 &5 & o] £33
1% 3Al:= CCR4(NLS351, rabbit polyclonal, Novus): antigen
retrieval CCl(Ventana)S ©] €331 1:1000 2 34 3te] AL&38

o,



7. Proliferation assay

Mol F212 BrdU cell proliferation ELISA (Rosche, Mannheim,

Germany)E °] €39 7k welld 2000712 AEZE Z3 10%, 1%,
0%°] FCSoll Al 24A1 3kt FAg % PBSY 100ng/mL¢ CCL17%
2 24X 7F FeF AFsEA T BrdUE 2A13F 5o H7te H Aabale
AARZ AEE A G . BrdUs 379nmeoll A colorimetric assay
=] v

8. Migration assay and migration inhibition assay

ol

£ o]&3t
chemotaxis buffere]l 109+712] AXE 23 CCL17°] 9& A
bufferE g3 wellol]l &AT o] & 2447F &F w3 H
stcto 2 o] Fd AZTES 20089 Bt stolA 5749 o

Aol AT H A= Hl It migration®] A= AR HA

T AEE AE PO 89

32

it = =
Nodr o o

migration assayv 24-well cell culture chamber

9. Tissue microarray

A e e

g St EdolA 20019 395 20029 6€7bA Yo w
2A4 AAEE we BAE dPoR 2ARBYUL MnY 5
g 3B3W = tde= sl

1. Tissue microarray

353”“’4 gt FFEAS AESY 2mm A5 272 245 A
st & wjd et H trephine apparatusE ©|&3te] AMZE Igd EF
S A FEAT o] T Zhzbe] EEoA 2329 7] g F oA A
E5 wEAOH FFo] 10%0] e B Add A= FYstde
B EE AS AEe 22 o] dojFrt o] o AMqHfALe WA



@A Ao 5wt FAFA AYHa

o FAEA

E SAEA L ‘Statistical Package for Social Science’ version
for Windows (SPSS, Inc., Chicago, IL)& °o] &3t 7z + 7H9
H W = Student’s t test?} two-tailed chi-square testZ ©] 83+
Aol YPAAAE e ve =AY FAEAE o85S

ghape] FA B 20069 12€ 3192 7IELZ A vhA R 4
T 227 (6.2%) 9] FAe] AALE & = ol FARE Ve &

Y72 587/1E (376871 H)el e Bhxteo] AJEFHL Kaplan-Meyer
W o g2 AASE 21 log-rank test®= B3R T pik2 0.057] wkel

1= ]
3 o9 gt Aow 39
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1. Expression of chemokine receptors in cultured gastric cell lines

RT-PCR A3 t&d 712719 84 7F&d  CCR4, CCRY,

CXCR4 & CXCR¥ CCR Alge 7127kl 847 vas &6t
W 5 vk (Figure 1). ©] & CCR72 $1de] ®xd Hdolep #ado]
9lths Abdlel BWuElo] gl CXCR4S 24 Aghe]l Bebgolst #
dol glgol Basoe]l gvk. EF H CCR6S 4% tiadstelA b
delsh Qo] Arbt wasl Ao CCRAD) B fAerely) the
nG ol el o] ot EL7} glol o] 9o A+ CCR4AE W%
oz AYHA

Figure 2. mRNA expression of chemokine receptorsin somach cancer cdl line
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1 SNU-1 6. SNU-601 11. KATOII

2. SNU-5 7. SNU-638 12. MKN28

3. SNU-16 8. SNU-668

4, SNU-216 9. SNU-719 (+) : positive control
5. SNU-484 10.AGS

871 HlEAQ AGHMLFE ol §3o] WBete] RT-PCRS ol 43}
o] CCR4Sl WaHo¥Z Ha@ A3 &le] MEF 7Hed YCC-2%

79

Aekgt YA 7R Al ZEFol A T AT AGSSH SNU-638 Al X
(o3}

A AgA o w ok A d ¥ 2t (Figure 2a).



Western blot¥} FACS Z3} RT-PCR Z 3¢} vlx7EA] 2 MKN-28,
SNU-216, SNU-668, KATO II AMXFolA ZstA AL
(Figure 3b, ¢). ©] & MKN-28 A3 Fo|A] 7} W& o] fro] il
SNU-6683 71904 =L th5o = o] fgol ¥t

A 00&' P‘G“? N\‘ls\xrﬁ x(CF’n/ QA\)’,»%%A\)'@';\}'@?) 94\)6:%\(}30\\\

i i
wor [ —————

$
B 7 % w0 2P 5T 0 P

Cora | S om“_'—q.“

Bactin | & S ———————— |

AGS

0 10 20 30 40 30 60 70
Counts

0 10 20 30 40 50

0 10 20 30 40 50 60 70

w et et 1" !

SNU-601 SNU-719

Counts
0 10 20 30 40 50

0 10 20 30 40 50
i A
0 1 20 30 40 30

s r
w et wd 10
FL1-Height

o

(Figure 3a, b, ¢) A, Semiquantitative reverse transcription

-polymerase analysis of CCR4 mRNA expression in 8 gastric
cancer cell lines. B, Western blotanalysis of CCR4 protein
expression in 8 gastric cancer cell lines. C, Flow cytometry
analysis of cell surface expression of CCR4 in gastric cancer cell

lines.
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2. Expression of CCR4 in

primary gastric cancer tissue

Figure 4a. Histochemistry of primary tumor lesions. Cytoplasm of

the gastric cancer cells were stained using anti-CCR4 antibody.

MKN-28 HEF& o

LFE o] 839 CCR49 Ligand?l CCL17& A g3 F
AP 2 confocal miscroscopy &

&

o] &3 HEF Ay 307 AT

5 actin®] A do] dojuw Y AE7F WFYPom Witsto] A

Eo] FHesrA el w®WErt FEe A o] FolFS
(Figure 4b).

s ¥EDd = UdUu
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Immunostai ning (B-Actin)

CCL17 Omin 10 min 30min 60 min

(1ug/ml)

Cdl ; MKN-28
Merge

- Blue; DAPI

- Red; B-Actin

Figure 4b. Confocal microscopy of gastric cancer cell after
incubation with CCL17, ligand of CCR4. Morphological changes and

rearrangement of actin were observed after 30minutes.

vty CCL17S AHg g & A|ZFE E confocal microscopy® CCR4E
dAsto] HET Ay Wgstetd A Aol wizbrbA®R A (FA 2o}
#Agle]l F2 A A F2 AEH AR Axd FHEZ o
Aol Hle RS #FT F AR (Figure 4o).

Figure 4b. Confocal microscopy of gastric cancer cell after
incubation with CCL17, ligand of CCR4. Cellular membrane was

observed as green color reacting CCRA4.
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CCL17 (ug/ml) Omin

CCR4
Cdl; MKN-28
- Blue; DAPI
Merge -Green; CCR4
- Red ; Actinin

3. Expression of CCR4 has no effect on gastric cancer cell

proliferation

CCR4 +&A9 487 dAZEY T4& Fist=Add dal gt
= o

f AaEo] Rusa gk ol Ax F& CCLITOl =g 2%
o] 1YL F4L& fEsEA Golns] A3 BrdU assay S 3
ry. Awtde =7 sto]A MKN-28, SNU-6018] Z40] 2ol

A dAol el = AEFTA o] A dojtey CCL17

4 arope
o H7hshe gwelel F40 Aojubx @ ekeh(Figure 5.
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w w w
EE EE "2
(=] (=] (=]
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=1 . f=1 .
T 0200 400 600 800 1000 T 0200 400 600 800 1000 T 0200 400 600 %00 1000
DMNA content DA content DMA content

Figure 5. Proliferation assay of CCR4-positive gastric cancer cells.

4. Migration and 1its inhibition of gastric cancer cell by

CCR4 and its antibody

H~l

SNU-216, 601, 668, MKN-28 A|¥X 55 o]83}9] transwell migration
assays ¢ ZA¥ CCLI17° &l Fg Axe olss &L & 9

At SkAE AGSe Afol= oled s #FEd & Ad
o =

(Figure 6a). 53] o]#3g AMxeo o]sF G-t TAE HY
(Figure 6b). =gt o] A3x o] o]lFx2 FAE AHEPeS w MELF
of wel HESAEE thaA zbo]7l Qo AAFE g om o]yt A

a3 9GA G-ubgAAE B (Figure 6¢).



200 150 «
e 125
£150 £
o o 100 [] - ccLaz
3 &

100
S S
P 2 5 [ +ccuir
8™ S

0 0
-serum +serum -serum +serum
SNU-216 SNU-601 SNU-668
. *

100 60 50 *
o N +
E £ gv .
3 g% g
S 5 o S
o S o
P P 22
@ 22 )
8> 8 . 810

0 0 0
-serum +serum -serum +serum -serum +serum

Figure 6a. Migration assay of CCR4-positive gastric cancer cells.

4500
4000
3500 r
3000 r
2500 r
2000 r
1500
1000
500 +
0 ! I
Oong/ml 1ng/ml 5ng/ml 10ng/ml 20ng/ml
ceLtr SNU-216

Figure 6b. Migration of SNU216 cells responding to CCL17. It

showed dose-dependent relationships.
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3000 -

2500 Cell ; YCC-2 (1x10°6/ml)

2000 |

1500 L

Number of Cells

1000

500

0 L L L
Oug/ml 0.2ug/ml 0.4ug/ml 0.8ug/ml

aCCL17 Ab

Figure 6¢. Inhibition of migration using anti-CCL 17 antibody. It
showed dose-dependent manner of inhibition of migration.

5. Tissue microarray of CCR4

b 3
o g2k T2 2307 (65.2%), o A7 1237 (34.8%) 9 o™
@xpel Wit AL 559G BAE QAL G

29} 2},

Table 2. thAF 3x1¢] QA e s EA
Qe 94 5 %
A3 (A) 55.9+11.9
A
A 230 65.2
o} A 123 34.8
Fokx7
%7199 173 49.0
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ofs

PN oS

B ofy
foMe Mz o o 4 4o Ho

o 2

i)

1 0.3

38 10.8
117 33.1
24 6.8
A A
1/3 53 15.0
1/3 66 18.7
1/3 234 66.3
=7](cm) 5.4+3.5
S|
s} 116 32.9
s} 237 67.1
173 49.0
90 25.5
36 244
4 1.1
o]
190 54.4
82 23.2
53 15.0
26 7.4
201 56.9
45 12.7
74 21.0
33 74
276 78.2
2 77 21.8
AF
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o4& 12 16.0

] ) A 21 28.0
=5 29 387
7] €} 13 17.3

1}, Tissue microarray
CCR4°ll SAS RHA HASv 17642 AA9 49.5% A tH(Figure 7).
RE s o r vugd 23 CCR4 Y40l weE AdEe] Ao
= A (Table 3).

Table 3. 5 43 =tell A CCRA ¥ &0l wE Aol Ao

A Pk
CCR4 Ak e ek (%) AEeH(%)
=4 97(41.3) 26(41.3) 0.999
F 138(58.7) 37(58.7)

W A gtEAE A oR BAd A% CCR4 YA A we
AE] Folg #F T £ AATHE 4).
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Table 4. X134 8o A CCR4 ¥4 &0l wE Ao Ao

A Pat
CCR4 A (%) A (%)
=7 55(58.5) 24(42.9) 0.046
¥ 39(41.5) 32(57.1)
Ayd Adel 4F wd=7F F255 FAHEol =%en a1 99
oy Al Tof dAdH e s rhededMs obFd Aad
AE HolA &ttt
R R i o

(Table 5).

Table 5. X34 AG&AFNA Ao A@AAe] Hd 2A2H 3
e A B

12k Coefficient SE. OR. 9% C.. P %t
4l
=1
o] 0.184 0.419 1.202 0.489-2.245 0.661
A= 0.012 0.017 1.012 0.985-1.047 0.490
GFo AA 0.289
- 1/3
<5 1/3 0.779 0.699 2179 0.463-6.697
sk 1/3 0.723 0.608 2.060 0.616-6.354
ikl S 0.448
A i 3}
a4 3} 0.388 0.510 1.473 0.570-4.182
HEE 0.052
T2
T3 -2.197 2.812  0.999
T4 -2.093 2.812  0.999
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Fd 0.799 0.405 2.223  0.669-4.767

CCR4 A 5o e FEFANL As 2 43 SAHe=
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Abstract
Chemokines in gastric cancer metastasis
Jun Ho Lee

Department of Medicine
The Graduate School, Yonser University

(Directed by Professor Sung Hoon Noh)

There is increasing evidence that chemokines and chemokine
receptors are casually involved in cancer metastasis.
However, little is known about the possible role of chemokine
receptors in gastric cancer metastasis. We here report that
gastric cancer cells have CC chemokine receptors, CCR4, and
that CCL17, a ligand of CCR4, that promote migration and
proliferation, of gastric cancer cells that express its cognate
receptor CCR4. CCR4 positive patients experienced tumor
recurrence more than those with CCR4 negative. Logistic
regression analysis showed that CCR4 positive adding to
depth of tumor invasion and lymph node metastasis were
independant risk factors for recurrence. Our findings suggest
that the existence of CCR4, and its migration, may represent
an Iimportant mechanism underlying metastasis of gastric

cancer.

Key Words : chemokine, gastric cancer, metastasis
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