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The Detection of Micrometastasis in mers was 38.2% and 23.5% in bone marrow and peripheral
RT-PCR  Using  Multiple  Primers in blood, respectively. CK19 positivity in the peripheral blood
Peripheral Blood and Bone Marrow of was correlated with bone marrow positivity and MUC-1

positivity in both sources and inversely correlated with ER.
CK19 positivity of bone marrow was correlated with MUC-1
positivity of bone marrow.

Jeong Soo Kim, M.D., Jong Sok Shin, M.D., Kee Hwa Conclusion: CK19 and MUC-1 may be good candidates for
Kim, M.D., Chang Hyeok Ahn, M.D., Woo Chan Pari use in RT-PCR for the detection of micrometastasis of breast
MD., Se Jung Oh, MD., Hae Myung Jeon, M.D., San cancer. CK19 showed greater sensitivity. However, using

Breast Cancer Patients

Seul Jung, M.D. and Keun Woo Lim, MD. both primers in RT-PCR, we may detect micrometastasis
more sensitively and specifically and more wisely choose a

Purpose: The detection of occult micrometastasis in breas! treatment modality. (J Korean Surg Soc 2002;62:30-36

cancer patients may allow the establishment of prognosis

and development of new therapeutic approaches. This study Key Words: Micrometastasis, Cytokeratin 19, MUC-1, RT-

was performed in order to improve on existing methods of PCR

detection by evaluating the potential of specific mRNA S4 ©ol: o|[MXO|, ANMAL-SHE LAY EHE

markers in reverse-transcriptase polymerase chain reaction
(RT-PCR) of peripheral blood and bone marrow taken from Department of Surgery, Uijongbu St. Mary’s Hospital, College
patients with breast cancer. of Medicine, The Catholic University of Korea, Uijeongbu,
Methods: Peripheral blood and bone marrow samples were Korea

obtained from thirty-four breast cancer patients who under-

gone surgery in the Department of Surgery, Uijongbu St.

Mary’s Hospital between January 2000 and May 2001. In

RT-PCR, we tried multiple primers on breast cancer cell AN =

lines and patient samples. Using MUC-1 and CK19 mRNA
primers, we detected micrometastasis in breast cancer pa-

tients. Subsequently, we analysed the correlation with RT- TEEE 27]ell Aekslo] [} i‘"a*% el g
PCR results and other prognostic factors. 7t 7hest Aghol ARt 4k S EIE HolElof
Results: MUC-1 and CK19 were detected in all breas olg] o] A7]ol] Mol aE FHt A3 FetellA =

cancer cell lines. However, CEA was not detected in some W AEEo] 20% o|stE L oI} wj¢ Eekslc}h(l)
cell lines. CK19 showed greater sensitivity than MUC-1 in g % A N Z A o7} glul z7|gHletAE

RT-PCR. Using MUC-1 as primers, the detection rate was sdoli} 104 & 30~50%9] Aut
471% and 35.3% in bone marrow and peripheral blood,
respectively. Seven patients (20.5%) were positive in both
sources. In the case of CK19, the detection rate was 50%
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and 41.2% in bone marrow and peripheral blood, respec- x| gsfofof dict. o]#dt o Z Rl 3hAbo] Fd|
tively. Twelve patients (35.2%), were noted as being positive Al wq skl A & o] &3 Aol AEE WY AFE
for both primers. The concordance rate of both primers A %22 sho] W o7} o] Fo] A k(3,4 U 3R}l
A9 detElz Ao} Frol Ao ulAlHolo gt 14
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ol#f3k 7]& Wik o HIZkek A oA el
o} B2 ol|2] RTPCRY S o] felo] v % gk
Al Ak = QA HAHES9) ] v el & 7z
Al Agkel7] 1% RT-PCRYel A4¥E EAAZE
CEA,(9,10) MUC-1, cytokeratin (CK)-19(2,4,11-14) o] 9}
sich. RT-PCRH 9] 2Pdel S|p & ZZ 2719 Aol pri-
mer®] A #, pseudogene®] EA, TF A7 7 ol
a 9le] FHeh(s) & A A EekAlETRe 5
Sh 3hape] Fe} mag Aol Th Es) ALEE MUC-
13} CK199] % 7}A] FAAE A83}0] RT-PCRS A3}
sto] A ES wslE ul o] 4 EAzY W E
ofolnw WA Lol ute AnE wlastel §-&
FARE Zobw Uy kel Y4H Rask
LEREETIES

rot i

1) CHAEHR}

20004 192E] 2001 5974 gHkelo g Aehy| o]
2 3 5 dAAE IAY AFARFUULE

ete S Alsld A5 Alejsta dx3
SIAY 340]9] o4 FAE dFoE st o]
9 HFAH - 48.741(29~804g o TNM =77
7|2 B35 vl A7 1299(35.3%), lag) bE E33h
A7) E 149 (41.2%), Mas} MbE E33F A7]= 89
(23.5%)01Qct d#EME B 20~304)714]7}F 27 (5.9%),
31~404171 A7} 7T9(20.6%), 41~5047A1 7} 1278 (35.3%),
51~60A17}A1 7} 59 (14.7%), 614] o]4Fo] 8% (23.5%)0]t}.

=
=
=

w4y v >
o Mo o 1

el

2) Hig

oH

(1) T MEF: AR 72+ fabeh ALl A ¢
Wz 7 A A dobiy] $l3le] MDA-MB-
231, MDA-MB-435, MDA-MB-453, MCF-7, SK-BR-3, T47D
o] AlEFl| tfste] 7+ FARE A-L3te] RT-PCRE A
sysloict

@ =25 2 8% s A5 AAupHselA Silver-
man needle&- AH-gsto] FA-E5olA Flatgich el 7
5 Ssle IAoA AuAEdE Fslr] sl
< ZE2 A2 I TAMNE 73 & e AYAA <k 10
mLe| F59t NS FSaA7 H7hE wbeE HA A
Aol Foet

@) ST 22l A et dHe T PBSE
3] Aslod nlFH ficolloll THAIA 400 goll Al 307 LA
ekt vlgHIt A Aol A PAE AlxE
< AFsto] PBSE 23] Al G Rz} AEE
HHAAA RNA FZEof A-g3loich

(4) RNAQ| F=: H |3k ghallFo]] TRIzol reagent (Gibco

o

BRL Co)& A7}l AFLol|A] 587 ¥bX]ela Chloro-
formg& o] 1527k 4o Fa1 12,000 goll Al 157 A4+
geldeh. AFNE A2 tbeoll FHA Har Isopropyl
alcohol& Yol RNAE HAAZl £, 75% ek 2 wash
3}tk RNA A 52 DEPC 45 o] Fo|i —70°C
off B3}t

(5) cDNA &tM: 3331 RNA 1 ugg& A-g3lo] 20 ul &
go 7 AHAE AJsPelitt. RNA 1 ug, RNase inhibitor,
oligo-(dT) 15 primer, 2.5 mM dNTP, 50 mM KCI, 10 mM
Tris-HCI, 5 mM MgCI2, reverse transcriptaseS go] 25°Co|
A 153, 42°CollA] 604, 99°CollA] 5E-7H& ZH2E Whg-A A
cDNAE &Ask3dch

(6) PCR: A4 &3HE 20 uloll 27} 2 ul] ¢DNA, 20 pmol
primer, dNTP 0.2 mM, 10 mM Tris-HCI, 2 mM MgCl,, Taq
polymerase 1 unit-& E3Fslo] &8ts}9]at, 95°CollA] 18-7F
HAAZ & FF330ch PCR cycle 2719 94°CellA] 14
7+ WA A7), 60°Col|A] 30%7} annealingdl th2-, 72°Ce]|
A 187} extensiong A]8§s}glom, 35 cycless ZF3F &=
ulz 2tk cycle® 72°Col|A] 1087+ ¥F-2A]Z ). Primers=
(ko] 2yotel|A] th3-3} Zro] FHAdsle] AgGlTt

Cytokeratin 19 5-AGGTGGATTCCGCTCCGGGCA-3
5-ATCTTCCTGTCCCTCGAGCA-3

MUC-1 5-CTCTGGCTGCCCCTTATTGGA-3
5-GGTACCTCCTCTCACCTCCTCCAA-3
GAPDH 5-GCTATGAGCCCTTCCACGATGC-3

5-GAATCTACTGGCGTCTTCACC-3

R

(7) PCR MME9| &0l FFH A& |
ethidium bromide =3¢} gelol|A] A 7] 53}

] 100 bp DNA ladderE- size markerZ A}-£3} .

(8) ER, PRO|| CHSH MHY3|SHdA: Shato] Eenba] ol
24 Agele] 4 Tewal gl wgste] ekl
o] Zuljsla 4 ,m F7|Z Zg} probe on plus &lo] ol
F2ZAZ] ek Xyleneo & 3487 33] gto] stetyle A7
3t & 100%, 85%, 70%, 50% Lol 3524 x| & =
Frepoll Wol rdtelgiel. 10 mM Citrate &-Hol] o]
121°CollA] 105-7F 7hebed 3l 3 =2 FH 9]of| Peroxidase-
Blocking solution-g& @ojrea] 1087F o] WAl peroxydase
£ AAA 7], TBS $H o & Ao non-immune serum} A1
2ollA 1057 WESAIZL #F, 1: 5022 3]4438k Anti-Estrogen
receptor (Zymed, San Francisco, CA), Anti-Progesteron recep-
tor (Zymed, San Francisco, CA)2} 4°Col| 4] &}-5ut Ef uf
LAl TBSEH o & 4.2 & 2% 8|2 biotinylated poly-
valent antibody (Histostain-Plus, Zymed, San Francisco, CA)
& A2ollA] 1027k BHEA1A TBS §H o2 AL strepta-
vidine peroxydase®} 1087} vF-2 A7t} TBS §Ho g A

i,

agarose,
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i %2 fe



32 [HstRlWstBIXl - K62 A M 1S 2002

2 A kel DABZ S 1A ¥ B2 Alee
t}. Hematoxylin® & 1527} EHZ.‘_‘E Aslar dF-E37) Xylene
© & €2 # canada balsam . & HQl3lo] du|AH oz 7]
ARSI 2 09 EA 009 WS 1 A
53 W9E VIEo R slo] —, + & o] 27 9] oAt
5ol LHelse.

e o}
FUe MZEF0AMQ RT-PCR

MUC-13} CK19 £ F A AE 0] L3+ RT-PCRoJ|A] kA
2k S el o) CEAS 7 tollA= 3719 AlEF o)A
S AL JEF tHFig. 1). =3 72 FA A tet 74
< nlasle] B CK 197} MUC-15t} 1] =& 754S
\/}E}h&‘EP(Flg- 2).

2) EX|XO| HI|EH AME

MUC-1 A& A] AAZ o2 Fol|l A= 16%47.1%), 2
28 Mol A 12%(353%)0] UAS vEldlen #rHR
B 17] ﬂz} Z 5o E 128 F 5H@1T%)0NA &
A Byla FxdRelM = 3041(25%)7} e vEbd
th. 2710l e 5ol 149 F 7d(50%)E Ra
2PN A & T(50%)E ot 37]olA= 88 F =

!

MUC-1 < 288bp
CK 19 < 460 bp
CEA < 160 bp
GAPDH < 250 bp

Fig. 1. RT-PCR using multiple primers in breast cancer cell lines.

oAl A= 49 (50%)0l|A] 2P A A= 27 (25%)oN A %A
= Holdh 9 i°é° 3’4'9] S AR &L 27]0014] 5
H(@41.7%), 371114 29 (25%)F VrebHrh CK19 A& Aol
= AA ZHAel| A % ol A& 177%(50%), "#2d Nl 4]
1479 (41.2%) A F4-& B, §7IHEZ = 17]odlA & &
FollA] 67 (50%), 2P Mol A] 67 (50%) HAIL 27]d|
e Fo|A] 89 (57.1%), 'WEE N A 59 (35.7%)S K
Ak 3716 EllA 39 (37.5%), HRE R4 31
(B75%)¢ Bk F59 DR FAHLAEL 1
7]01]4 59 (41.7%), 271914 5% (35.7%), 37114 29 (25%)

= Ebdich

T FAA 7HY] R UX S 17]04
(33.3%), WxH M)A 29 (16.7%)S B 27]dAE =
FollA] 69 (42.9%), TxE M)A 478(28.6%), 37]olA] =

FollA 3% (375%), TxREHAA 27 Q25%) & Eirt
(Table 1).

© el 4

3) ER9| &4

ER®| kA2 247(70.6%)0l| A Wtelfom B7HE W
™ 17]0l|lA] 87 (66.7%), 271014 1178 (78.6%), 37|01l A 59
(62.5%)% H.913 PR 227 (64.7%)0M A FAS Hgon
1714 5% (@41.7%), 27|04 129(85.7%), 374 5%
(62.5%)< ‘hebdict.

MUC-1

CK 19

GAPDH

1 107102107107 10°10° 10710

Fig. 2. Sensitivity test using MUC-1 and CK19 primer in MCF-7
breast cancer cell line.

Table 1. The positive result of RT-PCR using multiple primers

MUC-1 CK 19 Both
Stage
BM PB Both BM PB Both BM PB
I 5/12 (41.7%) 3/12 (25%)  0/12 (0%) 6/12 (50%)  6/12 (50%) 5/12 (41.7%)  4/12 (33.3%) 2/12 (16.7%)
II 714 (50%)  7/14 (50%)  5/14 (41.7%)  8/14 (57.1%) 5/14 (35.7%) 5/14 (35.7%) 6/14 (42.9%) 4/14 (28.6%)
I 4/8 (50%) 2/8 (25%) 2/8 (25%) 3/8 (37.5%) 3/8 (37.5%)  2/8 (25%) 3/8 (37.5%) 2/8 (25%)
(T:;L) 16/34 (47.1%) 12/34 (35.3%) /34 (20.5%) 17/34 (50%) 14/34 (412%) 12/34 (35.2%) 13/34 (382%) 8/34 (23.5%)

BM = bone marrow; PB = peripheral blood.
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Table 2. The correlations between MUC-1, CK19 and other factors (Spearman’s correlation analysis)

Age PB MUC1 BM MUC1 PB CK19 BM CKI9 ER PR Stage
Age 178 .624 851 787 941 .944 712
PB MUC1 778 .346 .026 1.00 .260 579 792
BM MUCI1 .624 .346 .016 .000 .608 .096 .691
PB CK19 .851 026 016 .000 .027 142 533
BM CK19 787 1.00 .000 .000 467 .160 692
ER 941 260 .608 027 467 .260 968
PR .944 579 .096 142 .160 .260 . .194
Stage 712 792 .691 533 .692 .968 .194

BM = bone marrow; PB = peripheral blood; ER = estrogen receptor; PR = progesterone receptor.
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MUC-1, CKI99419] k@At 74 Bapel o1, v
7], ER, PR, &AL} A#AAE EH CK199) ER
2] 98 AGRBAE Bol(P-0027) ER 4TI
s AAlel7} go] vhebyka E4el A9l CKI9 pyuAS
FHolA) MUCT b4 3sh JaabAE 1Y om(P-000)
RN A]9] CKI9 QFAM-E Bol418] CKI9 (P0.00),
MUC-19] Z(P=0.016), W2¥ M (P=0.026)01] 4] 2] okAlut
H3b BF GG JBAAE BYeHTable 1), webA] 2
ZYAo A9 CKI99] Zo] §88 HOE Holo] MUC-
o 5o BEYANAY FHPLAL AT FIG JH
Ho|A ¢ko}A](P=0.35) CK19o] MUC-1K.t} ©] &
low welch aeu 24 EARAY FyuE
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Ak 1009137 A
T A 90% o] 37t 94
o]zt vehA kot & $ 5Wo] ZatE kAt
oF 50%N A Alko] vk dhrh(2,5) ol 3 AU <+
A 271 FAET} oju] wA- o] E ofr|sle] &
Al Zell mlAl- o7t a4 fiekel A § 20~45%7)
olu] vehti(2-4) =7 fidsreletx siejet= o3t

kAo WAl el 7E A Bl AEE e WA
o g A7E0](5-7) olol| gk A7} ks RePx|
- FrEe] wAA el = AR EAE 7]EL] Wl
ER7F H3 QA GobA] o] & Frtele] B %
si2ks B gloh.(6) vlAA oo tig
3 -2 o177} o] Fol % om Mansi
Aol A 12.5W09] A=Al A]
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off mAlA o7} §IRW Al A S 100 A A
AR YEE] 22 65.7%, 62.7%ZA v AF o] 7}
AT A €] 44.9%, 43.9% e} D53 FZsch
39l Cote 5(17) FFolA FFAES] 71 =
7] Aol f-oJ3t z=7oleka skiek. ey o] &3 &
g u|AHel7t o r AEFo) ALET Aol
ek A% 9lo] Funke$} Schraut(7)= 207H¢] A&
= w4k o] T 14707} vl A - o] e} 7| hake] <l
o] irkial s}l ont HA| ALz AW/l A3 AT
224 b4 B A (mutlivariate analysis)ol] 4= 2.2 1271

X N m
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T T
AT T 27Hke] Aol 7F FRAARA 2fm|gle AL
= Barste] wARele] QA 9 ole] tisteli ob4
gkl o A7h 9= Arefoltt
olelgt mAolE WAyl g ol %A
74, W shetel A, RT-PCR 59] oj2] 717 whio]
glow] woisheted Azt RT-PCRY 0] Aol
FT A EE Eddha o3l ey Racila 5182
ol dHo R FRATY AALAS & 5
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shered Aol A A E
A e e
ARAE % 179
9 ol W
v} 9l 0w (19) Diamandis
500e g Fol 1000718 FLAER Yol RT-
PCRZA] o] & W7de ki sgich B AFelME £
A AH(primer)ol] w2} X} go} 1/10 —4~—-6 AE
= UAEE Uik 7k glojA ohE ofe] A
FAQ YAE o] &3 Ak Fe] v A gl A = RT-
PCR-2 Western blot F-Ao|i} ELISA wh Ht} 2 w7+
gk Wolgtal HaE]glek(s). o] 3k RT-PCRYCE
ARl B 7EA7F oA gate] Adelerl, 32 A
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23

gl B33 guke] 271, PCR A F¥% 2719 Ao,
A AF] Zpo], Pseudogene] A7} FQo3lu] o] F
DNAS| @9dol 9|8t 9ol A7} & + ik =&
Tl FAH BBl osle] FA7LE]
7b A" F Qo] RIARE #HAEAA T ek
15) RT-PCRg Al3sh= A 23 sle Aol A
28 NI} FFolA BYE 7531018 F54E 9
ZA 3 o] Ao} Feke] AU} gle dHlo|nE
RT-PCRe| i3t A EE AWHs= o] £ Aaolct 2
U Datta 521 4 kAol A el Ty Aol
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RT-PCRE o] &30 £ AA& Holvka #9lom, Scho-
enfeld 5(22)& 3hzL9] w2 ol A 9] cytokeratin

Aekels ol glo} g
L BolA o wdgol Hshov] welsjeted Ay no)
RT-PCRHoI A alolst 24oll4e] ey dxgo] T
%ol e eleleh AREe] ATeAE B4

o4 el WzEs B 0 el
RT-PCRH oI A £9ke] Efol wel A45% EAA7}
Aztoll Foldk kg v AAZA oldl vl dulo]

1
o

3}
AN
T
[e]

oH
N
19 o] g3 v Aol & Hgkel
1

ZFasl o] 4A el FARZAE AAAEL A Fkd
Al UeA] s FRRRAlEel A UehbE EAAE
Aelstolof A=A e AHRE WS F Avk
o] uA el & WS ol AdEE EIAAEAE oY
7FA7} 9dem o] & CEA, MUC-1, cytokeratin, mammoglo-
bin Fo] Hiuxglort opF A3 AnE VAW
EAAY AR EA = ekok

CEAL thiAgtllA F2 W3e] Yehta o $¢,
A, Sl AE 40-70% JE] WAL ehie

gom &sh7|qrolnt fHkqkel ®lZAo]
ol 4] RT-PCRo|| &3+ ZEARZA Ha
= ek AR gl o] ulAHe] WA go] s} et
AW 9] 26%0l| 4] RT-PCRS- o] £3}o] 66%E Z7FAAH -
T8 AzE Hvkar 3F9.011(9,10) Mori S(10)2 Fo]
Stoll A 24%<] $1-84S Hasla Min 5232 8
AT A 7742 F S7FAAIARE FAd S vERHo] Iz
27 A ek shgich

MUC AR 7R 2 FAEo] glew o] 5 MUC-1
mucing 300~450 Kdo] gebmlo g G4, HAM 4317,
37 9 BE Ao AFAA U= AlEo {2l
HAE = A2 flehollA £ 24} 100 o F =
S Rl Hof fuhe] £ EAAEA gEzior <
47 73t WA Eo)L vlEdcka skgivh(24) E3k =7
Ao g SAQ "HEZAA wAde] gl 15%0
@slo] RT-PCRO| FAAEA] f-&slchar shgich 22t
Brugger 5-(25)2 o|Z]3t MUC-1 3% 2~10%2] AAH
Q1 = G FAEA Hyle] H7]E s} Hoon &
QoOE RBAAQ dHoln} ®zAofA S¢S vhehd

(o]

o
=,

u

% geba slgie

Keratin filamentx= A¥] A9} ZEokol| 4] W E&= Ao
2] o]ol] 3l cytokeratin 8, 18, 199] A 7}A] 7] £
o] gt &} cytokeratin 8, 18 9JokAjo] W Zo g
A4 #] L cytokeratin 19, 202 RT-PCRol| o] A-£% 9
t}. Bostick 5(27)2 CEA, cytokeratin 19, MUC-1}X.t} cyto-
keratin 200] HN3} YA wAHe]E WAE=
o33t AR Byvka st9lel. 28y} cytokeratin 19
ST 97% o] 4] Sol=E hehia Hol oA
U Z5oll A 10° Wi 107 el ol A 1709] QRAlEE W
Aste 3 IR EE Yee IAREA oy AT
oAl A& 9lc}.(11-14) Noguchi S-(11)& MUCI#} keratin
19 mRNAE A-&3F A3 Z4 23 A= A3 il
HA e vlsle] FgtelAE B wdEo] At
JEAA A s} cytokeratin 19 mRNAE o] &3+ RT-
PCR&] 7Z+4=Alo] MUC-1 RT-PCRol| A E.t} 100 A =7} =
ek shglom B oA L 10~100v] A= H2 7
A4S JebYrl a2y cytokeratin 190]] thsled Luppi S
28)& A= 30%7A ¥ Hrslglar, pseudogene
o] thal Hu% Qirh(14)

ol#fgt FAAEL Aol thazte] AR ivka
Hojxwl o3t FAHE Hekslr] $ste] Bostick &
@27 F%44 ©]44 7 mRNAS] vhekA & aefsle] v
FAAE Adstes Aol RIZEE Y vk 39l
t}. Verbanac £(29)3} Ooka S(G0)% L 5
ARES Wi AL A0S T
b Baselt A4ESE A4S OE EAX
MUC-13} cytokeratin 198 W3} A&3}+= Ao ¢] WhAE
FAAA Fdet Aol o] =T Aghk B &
= 2o A7

¥ o

e B

RT-PCR w|Ald o] & 7)o Aket 4 gl whwolut

FAAE] Firell vzt Arh Fe] vebd 5 9le] &
AAe] dee] Fasth & -9 A3} CK19%F MUC-1
& W3teto] Ageta Aol AR Tl A4
3 e e AoR A
o w3k 3 A A ol CK190] ¥ #-83F
Aoz A7t o]eldk RT-PCRY: 27| nlAldel&
Adero 2 fehe] Al glo] & Azt 4

& Ao A7sle FF TS W SRl A4
3 FHEAE stolok & Aoz A

o
of
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