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L2 9a] ob A E(free cancer cell)Eo] £qt
A i Asl o) 2] ek frEl GAlE EAY o] F-
et ko] Qe ALE ¥HA ch4-6)

27 fel GAE EA] o EE Bl 71 7 EA
ol HAE H7F Aol AL A (peritoneal washing cyto-
logy)e]th. #}A4| 5k Papanicolaou G4 5-& o]-&-3t 574 AH
A NEAAE L7} 50~60% FEE VT drbe &
o Ach(7)

B AA A AEHAY G2 UREE HAdslr] 93]
3T ] A7E I e ol $% 5o] mRNAS I
HE AHA FEE LS reverse transcriptase-poly-
merase chain reaction, RT-PCR)C. 8 ZA st Zoju} o2&
¥ o)A} RT-PCRZ o] &3 £ Fo] mRNA AEH L &
uhok, 7hek, A SollA] Ebel AE u) glv}h(8-10) 8
A5k $19tell A RT-PCRE o] &4 £9F £o] mRNA A&
< AL A+ EF Tk vl3)] A
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HANA Aol A 7Ha Gbs] oA+ ZoF So) g4
£ otufjel gk (carcinoembryonic antigen, CEA)o]th. CEAE
S1ek 329 FZHo |} ¥ Aol A Sie ul Al o] of F-
E fAs7] 98 8ldls] 2519 0).(11-13) CEA mRNAS

183 27 A1M 9 AL Y Aichi $HAIE] ] Kodera 5
o] 7}4 ks ol Fol 3 Qlid) o] 5L 1891 9 9|9t 31z}

AR AZAAL 5655} 91%uek ek sty
Th(14) E3 A 2ol $7 A4Sl CEA mRNA 4 o

$7h o B At BRR £ ol QAT Bl
SUEh(15) SHAT CEA S22t SI9boll HA gbe 9]
AT 94 S Hol mE(6) CEAS} B & Fof £
A4 A A gelel s AEA PE AER T EL1719)

1% &7} Cytokeratin 20 (CK20)o]t}. Cytokeratin )
A Z AEA WA AE Hell FAol T8 J8&
gdsle Yyl E 2 20709] o} ¥ (subtype)o] EAgtr}.(19)
CK202- CK73} 97 A3 A Eol|A] Aoz &
H] 5] 31 7H4 G4 A (pseudogene)7} Glete B4 o Fof] St
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RofAE LR 2471 tEH9] Okada o
HZA A A oe]] Aol glojA] CEA, MAGE-3 53} $
Al Agsid ok A8 A clZo] sbgalgicky Hn
g o] F(11) Y, T HAeY, £7 AH Y FolA
CEAS} @7 A &3 71 b Al E$c}(12,18,21,22)
2 2= Sakakura F(23)2 AL B Ao
oF P FAAE Hut Ho] WHdA 743 A AE
9] ¢-DNA wjo]= Zojd|o](micoarray)s E&A iz}
stk AlEZE 29, apoptosis 53 #H A FAE Hot
s} % Dopa Decarboxylase (DDC)2} L-3-phosphoserine pho-
sphatase (L3PP)2he 7 709 574 Hols} #39 M=z &
ARZ Hasid.

DDCE DOPA (3, 4-dihydroxyphenylalanine}Z DA (dopa-
mine) 2 WA= HAEE A7 A EZ(neuroblastoma),
& A E59Hsmall cell lung cancer)?] A glol] F23F 57 o]
t}. Sakakura 52 7709 $19 AlE£F¢k 11279 1% 82t
o] %7 A%z DDCS Akd ALES HAe A,
AEE 87%, Bo|E: 98%cha B uslslc).(24)

L-3-phosphoserine phosphatase (L3PP) serine, glycine, thre-
onine, cysteine 5 ofn|=ite] A& FEdte Haolr.
Shimomura =& L3PPE- CEASY} €] $<F shate] E7) A
Aol FA] Hgstel, 857%) A AUES Hushe
th(25) 28 AL gubd o 2 B 318 (differentiated) 9
o Hlal CEA Wd d4Eol gtz dejl v 33
(undifferentiated) $]%ol]4] DDCU} L3PP| 2y oA &2
Bl Forhe Aol

AFAEL Siote] B wl Aol Ak AR A48
A% Sol mRNA 32 24-& 237 3gied £8 2

AT}, Sol 4] Q13 uhe} o] CEAL: 317} Sigkal Al 7hgt
S| Q1TH D gE Fok FA%0) L (K20 9Igte] 2
A, wagal 27} A SolA Ause] Qs Ba
H97]0] 2 A7e] o4 242 AA53ch DDCS} L3P
o] glot 4 Qe WA B 7|9 B vl 914
%k CEA % CK20 ARl A 919418 Uehilz] 4¢3
A AL ¥ & k5ol Qb Aztete] dF
thake 2 AR stgict dx)7hA) CEA, CK20, DDC, L3PPS]
u] 7FA] mRNAE o] &% RT-PCR £4-& E315 nl7} ¢l
o},
AFAEE QA A ATZY ot 248 vldoz
CEA, CK20, DDC g L3PP mRNAE |83l AHek® RT-
PCR o5 EA\A B4 Asdtozs, loke) H7h) o]
Aol Awole] A& M54 S Yol nA B AFE A

spelste.

Chy &
D 9lgt MEF @ 9lgt x%

old] 9+ A|EZ SNU-1, SNU-5, SNU-16, SNU-484,
SNU-601, SNU-620, SNU-638, SNU-668, SNU-719, NCI-N8&7,
MKN28, AGS9] & 127] A E2E o] &3} }. vt S(2627)
o] 73t SNU MEFE E3helo] BE AZFE 334
L3280l A Fokdbolr}l A EFE 10% FBSSF ¢4 )7}
E35 RPMI 1640 vl Aol A wjoFstlet. 2+ A EFE9] 714
g -2 Table 13 Ztel,

ek 22 Ay 9fghellAl 20053 79 H-E]
2006 29 Apojoll A A E-& Al At AL F H of
TE Yl 24 ATl A F3 g3l 1088 oz

Table 1. Characteristics of human gastric cancer cell lines used in this study

Cell line Age Sex Country of origin Tumor site* Cell type Reference
SNU-1 44 M Korea stomach PD 26
SNU-5 33 F Korea ascites PD 26
SNU-16 33 F Korea ascites PD 26
SNU-484 53 M Korea stomach PD 27
SNU-601 34 M Korea ascites SRC 27
SNU-620 59 F Korea ascites PD 27
SNU-638 48 M Korea ascites PD 27
SNU-668 63 M Korea ascites SRC 27
SNU-719 53 M Korea stomach MD 27
MKN28 70 F Japan lymph node WD 28
NCI-N87 ? M USA liver WD 26
AGS 54 F USA stomach PD 29

*Tumor site used for cell culture. M = male; F = female; PD = poorly differentiated; SRC = signet ring cell; MD = moderately

differentiated; WD = well differentiated.
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Table 2. Primer sequences used for RT-PCR

Sense Antisense
CEA 5’-AATAATAACGGGACCTATGCCTGT-3’ 5’-GGAGAAGTTCCAGATGCAGAGAC-3’
CK20 5"-TCCAGTCCCATCTCAGCATG-3’ §-GCTCAACAGCGACTGGAGGT-¥
DDC 5-TAACGGGAGCCTTTAGACTGGA-3 5’-TCTGCCCAGTGGTATCTGCC-3’
L3PP 5'-TTGGAGATGGTGCCACAGATAT-3’ 5’ -TTGTTGCCTGATCACATTTCCT-3
GAPDH 5-TGGAGTCCACTGGCGTCTTC-3 S TTCACACCCATGACGAACATG-3

CEA = carcinoembryonic antigen; CK20 = cytokeratin 20; DDC = dopa decarboxylase; L3PP =

GAPHD = glyceradehydes-3-phosphate dehydrogenase.

stotch A ofl7F AP teldd o, R} A3
gjoto] 77k 5e|4 E8E|Qdct o2 AA 9 z2F o4
A 23 8 A4 Ao 24 & 5 mm’ A5 wlo] —80°C

o Rtslqivt H e Aedidadd dgfeAds]
9 FEE E5u5lev, ATARAY A4H HE 9§ 59
ol Alg=Igct.

2) RNA F&

ek 39 AEE, B9l Aok 27 9 F4 B4 Aot
22 of] Trizol reagent (Invitrogen, Carlsbad, CA)}2- %2} 3} 7
chloroform (Sigma, St. Louis, MO, USA)E- A 7Fsl a1 AF-2of
A 103E7F #HeA17] ¥ 13,000 rpmel] 4] 1027+ AR5
sholch AZEoNg Halslo] Isopropanol (Merck, Dammstadt,
Germany)& H7bsh3 1583 AF2olA A7 F A
13,000 rpmoll A 1057+ A4 Ee] & slelch 45AE wg
I 75% & E ML & RNasefree water (Eppendorf,
Hamburg, Germany)oll 3484 A-881ic}.

3) MAIZ AT FEE A
tase-polymerase chain reaction)

QU Slok Al E2s} gigh 27 9 %
Al 3223} total RNAE Superscript kit [T (Invitrogen)& o] &
slo] cDNAE &4]s14icl. PCR-E Applied Biosystems 7300
Real-Time PCR system$ o] &slod AJ#Yslgien] SyBR
Green 12 AH3s)ed o Aslgich PCR 272 50°Col| 4] 28,
QSOCOHH 1087 A A7 &, 95°CellA] 15, 58°Coll A 1
0 3 o] 403 uldsigich RT-PCRel] A-4-3H mRNA
(CEA, CK20, DDC, L3PP)9] primery= Table 29} 2}, 27+
o] mRNAS| |£F 2 % = housekeeping A #Ql GAPDH
(glyceraldehydes-3-phosphate dehydrogenase) S AR8-6+9ich.

FS{reverse transcrip-

CEEELECE

4) mRNA Wsie HJ|

RT-PCRE Eal odojA 7tzhe] mRNAY Ct (crossover
point) Ztz} GAPDHS’J Ct gke] xo]m)E o] &34 mRNASZ
B‘roﬂ 75 43}:9,}-3]_0:1;} ?l xﬂﬁ_,] on ><10 7ka __rL'é}

L-3-phosphoserine phosphatase;

re

A AA $] 22 RNA (Ambion, Austin, USA)S o2
stol, 9] "% 10" g3t vl2 79| 2°x 107 7k 4
5 [2"x10’ (saxmpkz)/Z“XlO7 (controlj]-& -8}it}.
HE7} 1.0 o3 A5 s A ojsbd
Ao A% ez 5Y BAe 2 44
273t 91 24 749) mRNAS] 4ol walE
bo woket.

5 Ay 24

AL AEF 9 259 B4l ftE 7} mRNAY] Zpid
o] .= chi-square testZ, 4Tl W8 £+ independent t-testS
o] &3lod vlawslgich 2t mRNAS] W so] 43 dAl=
linear regression test 2. 54 8}9]t}, P gho] 0.05 o]8}¢l A4
A2 frojelrha BA el B4 A= SPSS for
Windows (Version 12.0, SPSS Inc., USA) 2 18-% o]-£3]
i,

g, lo .
r.ah

= 4o
i'_lE.. ey
?N

e R L A
4 =
o m;l‘-_‘

A

2 2

1) 9|2t MZ=0A CEA, CK20, DDC, L3PP mRNA
g
13709] Q1A 9ok MEF & CEA mRNAE 470(33%)2)
A EZ(SNU-16, SNU-601, SNU-620, AGS)ollA] A4 9 =
# ¥} Bt 5] 9l 11, CK20 mRNAE SNU-5 11(8%) A E
FollAut A gic}, DDCE 67H(50%) A E5(SNU-5,
SNU-16, SNU-601, SNU-620, SNU-719, NCI-N87)ol] 4] 3}t
dx9lon, L3PPe 127] Al EF Z5-(100%)0l 4] Fut 5]
Ach(Table 3). 7+7H¢] mRNAS| Al L] Fokghd
CEA7} 0.04 (0~ 165.421), CK200] 0.001 (0.0~4.959), DDC
7} 1349 (0.001~467.897) —L2]x, L3PP7} 12.74 (2.056~
63.558)93t}. CEA, DDC 3l L3PP9] RT-PCR Z 3= QX A
Z oA 7]Ee] HiEl vl 9l Northern blotting 7 79}
A A 2549t} (24,25.27)
Zr AEFL] 1@ % 71 v B 7190 9 B3
E(F 3 vs. A E3H)el] vt 7# RNA?J iy of §-
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o AU BHES Blaelg S o, F 2 2ol fol
ol A kskc}. 7 mRNA W E 7+ 4% IS B
S uj], DDCS} L3PP 7hol] aiZkAjo] Q= 7akS
A2 $oAE RRTHP=0.10)
2 gt x5 U FH HA 9

DDC, L3-PP mRNA Y8 T

ZE A CEA, CK20,

10702] 9j¢t =2 2 CEA mRNAE 97 27 (90%)o)| ],
CK20 mRNAS 871 2% (80%)cl| 4, DDC mRNAYE 97} =

Table 3. mRNA levels of CEA, CK20, DDC, and L3PP in 13
human gastric cancer cell lines

Cell line CEA CK20 bpC L3ppP
SNU-1 0.001 0 0.007 6.063
SNU-5 0.041 4.959 26.91 7.362
SNU-16 19.698 0.114 233.949 18.126
SNU-484 0 0 0.017 51.625
SNU-601 39.671 0.42 195.368 33.129
SNU-620 165.421 0.036 187.409 37.531
SNU-638 0.002 0.002 0.004 4.112
SNU-668 0 0 0.001 3.482
SNU-719 0.034 0.001 64.002 4.228
NCI-N87 0.131 0.241 467.897 63.558
MKN28 0.003 0 0.004 2.056
AGS 48,168 0.001 0.067 62.683
CEA = carcinoembryonic antigen; CK20 = cytokeratin 20

DDC =
phatase.

dopa decarboxylase; L3PP = L-3-phosphoserine phos-

A (90%)\| A, L3PP mRNAL 107] 22 25(100%)o) 4 7}
dH =it 77-e] mRNA Ad] W 29f Fokgh& CEAYL
8.90 (0.384 ~233.941), CK207} 5.21 (0.002~65.799), DDC7}
31.89 (0.95~404.514), 18] 3L L3PP7} 17.45 (3.58~143.014)
ok 1092 2] fi¢k 1 A4 23 7k mRNAS %4
okA0. CEA mRNAE 37 23 ol| 4], CK20 mRNA:= 87l =
Zloll 4], DDC mRNAY 47} 2Z ¢4, L3PP mRNAE 67
zZA oA sy et 4 9 224 Z- mRNA7E 3%
43 A folle 34 A 2F A & &l mRNA7F #ha
#1519l cH(Table 4).

LEYT ARG I 24 el 2 mRNAex Aol
WE T2 v 789-S ul, L3PP mRNAS] 79 1E3}e
13.3, 2] 5318 67.28 2] E3}3]0l|A] L3PPY WEl 57} =&
Bgg HAoy BAY 22 foaAE ehgkomP=0.11),
CK20 mRNA 92| 153843 280, % 2843 2828 =] 83
ollA CK209] W 57}t =2 Aekg Bolont SAA
2] A2 919 tHP=0.13). CEAS} DDC mRNAY 7% 99
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Table 4. mRNA levels of CEA, CK20, DDC, and L3PP in 10 human gastric cancer tissues and corresponding normal gastric

mucosal tissues

CEA CK20 DDC L3PP
Sample . .
No. Differentiation
N T N T N T N T
1 WD 0.007 0.38 0.005 0.002 1.58 64.00 1.09 358
2 MD 032 1.28 0.08 0.91 0.85 329 0.41 4.44
3 MD 0.99 741 3.14 1.92 0.13 10.70 0.86 5.39
4 MD 371 10.13 225 8.57 0.72 53.08 4.53 43.71
5 MD 1.05 159.79 1.67 2.59 14.62 390.74 3.05 9.45
6 PD 0.88 7.67 9.85 7.84 0.40 6.64 32,90 143.01
7 PD 86.23 233.94 44.94 65.80 0.54 4.99 0.08 49.52
8 PD 0.88 215.27 1.45 1.80 277 404.51 346 25.46
9 Mucinous 0.58 17.88 33.83 53.82 0.48 0.95 6.02 4.96
10 Mucinous 091 3.81 7.41 11.88 15.78 313.01 0.90 112.99
CEA = carcinoembryonic antigen; CK20 = cytokeratin 20; DDC = dopa decarboxylase; L3PP = L-3-phosphoserine phosphatase; N,

normal; T = tumor; WD =

well differentiated; MD = moderately differentiated; PD = poorly differentiated.
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I 9iek o] ohute Ao g AL bt Y Sol
TR} T2 EAA %7 WiTY AR A7

H ol Lol A AL CEA, CK20, DDC, L3PPL: o] o
AFES] A A 7 AE N HAbel A8l
=4 EE, o[ 5 mRNAS] RT-PCR ZAAE §3llA 7€ &
7 AR AEAAL 50~60% the] Ye HAEE 80%
oo g &el o gk ¥ 33k ul 9lvh(14,22,23,25) 814
ok skol] SlofA & 74A] mRNARHS: o] £3to] E-7hu 1]
Aol o5 Wt B3l Fckslrldls 7L Yokn
eksto], H|tolle 2714 o] o] Y I {219 mRNA
W2 A AASE v 2AA AAVE AE A 9l
AB FolNE] 9] Mori S(18)2 CK20, FABPL, MUC2,
TFF1, TFR29] A 712 §474 HAASE A3l o 24 90%
ol 4] RIAEE Hilgidh

B ofF Azt L3PP7} 1278 A ES9 10719 94 =3
5ol A A4tz nls] fitds]o] 7t =& 97
5 (77} 100%)E Ve § 5 o]o] DDC7} 670 Al £
(50%)9F 9N ZA(90%)0ll 4], CEAZ} 47 A EF (33%)9} 9
A ZFHO0%) 4, CK20S 17} AEZFB%)9 8/ =3
(80%)oll A Thk& =] i}, whebA L3PPSF DDC7} A Al %
o A 27 ZFollA, dA7EA JdellA 1A ulwg]
ALEHAY CEARL 2 WIES Jehis 898
FiLs=

2 Ao e d2Tog o AUAE, S5AZ, AR
AE Fo] B Eghrlo] e oA B4 ¢ 22 & AL
ek A 27F XA AANA R o] F 2T OE A
£ 7 ST EEH HAZ AR AP of
R B Aol Ao oA g A 2719
3hate] B A AE vz g Adsleiot L3PPe
45 AL AEF) 27 BFA Fhikdg Jelirle
s} A5k CEAL} DDCol| w3 4o W 27} oA yel}
AL AEF 245, 24 403), 57 AX G HAANA &
A A% 3G 271919 Bk B Al AE dzTde
EALSE A AR =7 Bold vhsA o] EAjgt. whe}
A AR 57d AE R 7 ALl 9lol A= L3PP mRNATRHS:
o8 H&al7lolle Felrt A& o o, s v
<+ ol At gk Fuks sy
o+ CEAS} DDCE | A &ab= Ao] LhS
Heh ol7igt A& mejebd 3 AP 74 A

[

22

ol A% 7Hox Addslict
o|Z B Aol HEAA B, 4v) vt s} |
A o HUAHACE A Ysg v 7 §AAY HRE
T 1 o] 4/ P EF 12709 k= 109 &
o] S(A M 1 w[uk /£ 9] AHwk 22 1070)E 3]
B CEAE 59.1% (13122)8} 70% (7/10), CK20L 40.9%
(9/22)F 20% (2/10), DDC= 68.2% (15/22)2F 60% (6/10) =L

2|3 L3PP: 100% (22/22)9F 40% (4/10)0)gic}. 13 b)
CEA, DDC 18|32 L3PP2] 4] 7}x] mRNAE E-A]o]] &£
71 BAEE 100% (22/22), EolEi 20% (2/10)0E the
EAA B4 AL ZE 47 dsich zehd ol uE
5510 o] 4 of huds]gleka s 7 §od Ak
7459 Eo] %7} Zhz CEAL: 40.9% (9/22)9F 90% (9/10),
CK202 13.7% (3/22)%} 80% (8/10), DDCE 54.5% (12/22)9}
80% (8/10), L3PPE= 27.3% (6/22)$} 90% (9/10)7+ | CEA,
DDC, 18] 31 L3PP A 7}4 mRNAE FAof] 2 LA17]d 1]
=9} Eo|27} 77.3% (1722)9} 80% (8/10)2 -] EA| A}
BAol| tigt ohg BAA EA Y o] HE Z& 47} U
12 Y9 ALY HAZel oA IR} BolEE F
Aol Zol7] YeiAe Aol A8 kg 10 o] 4 ujj It
dsllvka ksl & A7 EA A Y G mits
£ ZolE ol oF AR B4o] g0 Helz}t A=
1 odol] DDCS} L3PP mRNAE £33t o] & A3}
4 $1¢holl 4] CEA mRNA9] k& go] LFE2}bo]| wjl]A Y
= AE Bty e A A2 L3PPY] ¢ A2
3+ Sitoll A 34 ol vl Ao e} =4
vrebstel. kA DDCE] 7 foll= o]2fst 2314 w2
zpol7} AR Al ekgkon], MEF Z Aol glojA X L3PP
£ E33 EE mRNA A £33 ol g Xjo| & #HH A]
skt ofell Al e =% FEE FHE Ufoz de
AFZ ¢ AQlo] et Zog Yzt
B e M0 ¢ 233} FY A9
A 9 A9 Z mRNAS YL

e}

= 1l

A% 22| M E |5 mRNAY} 3L dls)
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Multiple Genetic Marker Analysis wih Using Quantitative RT-PCR in Gastric Cancer
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Kim® and Han-Kwang Yang, M.D., Ph.D."

’Department of Surgery, %Cancer Research Institute, Seoul National University College of Medicine and 3Department of
Biological Science, Seoul National University, Seoul, Korea

Purpose: This study was aimed at evaluating the diagnostic validity of peritoneal dissemination of gastric cancer
cells by performing multiple genetic marker - analysis via quantitative reverse transcriptase-polymerase chain
reaction (RT-PCR) in gastric cancer cell lines and gastric cancer tissues.

Materials and Methods: Quantitative RT-PCR was performed on 12 human gastric cancer cell lines and 10
gastric cancer tissues with four mRNAs of carcinoembryonic antigen (CEA), Cytokeratin 20 (CK20}, dopa decar-
boxylase (DDC), and L-3-phosphoserine phosphatase (L3PP).

Results: Out of the 12 human gastric cancer cell lines we tested, CEA was overexpressed in four cell lines
(33%), CK20 in one {8%), DDC in six (50%) and L3PP was expessed in all the lines (100%). Qut of the 10
gastric cancer tissues we tested, CEA was overexpressed in nine tissues, CK20 in eight, DDC in nine and
L3PP was overexpressed in all the fissues. L3PP was overexpressed in all the gastric cancer cefl lines and
tissues, but the levels of overexpression were lower than those of CEA and DDC.

Conclusion: Multiple genetic marker analysis can compensate for the weak points of single marker analysis
when testing gastric cancer, and three mRNAs of CEA, DDC and L3PP can be used as candidate genes. {(J
Korean Gastric Cancer Assoc 2007;7:59-66)
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