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The Detection of Micrometastasis in RT-PCR
Using Multiple Primers in Peripheral Blood
and Bone Marrow of Breast Cancer Patients

Jeong Soo Kim, M.D., Jong Sok Shin, M.D., Kee Hwan
Kim, M.D., Chang Hyeok Ahn, M.D., Woo Chan Park,
M.D., Se Jung Oh, M.D., Hae Myung Jeon, M.D., Sang
Seul Jung, M.D. and Keun Woo Lim, M.D.

Department of Surgery, Uijongbu St. Mary’s Hospital, College
of Medicine, The Catholic University of Korea, Ujjeongbu,
Korea

Purpose: The detection of occult micrometastasis in breast
cancer patients may allow the establishment of prognosis
and development of new therapeutic approaches. This study
was performed in order to improve on existing methods of
detection by evaluating the potential of specific mRNA
markers in reverse-transcriptase polymerase chain reaction
(RT-PCR) of peripheral blood and bone marrow taken from
patients with breast cancer.

Methods: Peripheral blood and bone marrow samples were
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
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-
PCR results and other prognostic factors.

Results: MUC-1 and CK19 were detected in all breast
cancer cell lines. However, CEA was not detected in some
cell lines. CK19 showed greater sensitivity than MUC-1 in
RT-PCR. Using MUC-1 as primers, the detection rate was
47.1% 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-
tively. Twelve patients (35.2%), were noted as being positive
for both primers. The concordance rate of both primers mers
was 38.2% and 23.5% in bone marrow and peripheral blood,
respectively. CK19 positivity in the peripheral blood 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.

Conclusion: CK19 and MUC-1 may be good candidates for
use in RT-PCR for the detection of micrometastasis of breast
cancer. CK19 showed greater sensitivity. However, using
both primers in RT-PCR, we may detect micrometastasis
more sensitively and specifically and more wisely choose a
treatment modality. (Journal of Korean Breast Cancer
Society 2002;5:31-37)

Key Words: Micrometastasis, Cytokeratin 19, MUC-1, RT-
PCR
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1) CHetetAt

2000 1€93¥ 20013 5¥7HA] # o
Swre 3 = dAHt UAY dEATEY
A FFaHS AYsdd B9E Asta o
| 3449 o4 FAAE ez At o]
2 48.74(29~804)AH TNM %32 8}H3]
3k vk AllVlE 12%(35.3%), a9} IS 2 f‘é}%&
AN7E 14%412%), Ma%t MbE £33 AN7)E 8
(23.5%)°)1th. AZEE B 20~304] 71 A 7} 2%(5.9%),
31~40M 7} A 71 778(20.6%), 41 ~50417FA 7} 127 (35.3%),
51~60A17A 7} 578 (14.7%), 6141 o)) 89(23.5%)°] Atk

2)

(1) T MZF: ZAAY] 7 G AEZF A
W 2t gAY A8 ES %}0}17] 913t MDA-MB-
231, MDA-MB-435, MDA-MB-453, MCF-7, SK-BR-3, T47D
of MEFo] tiste] 7zt FAAE A3 RT-PCRS Al
3t

(2) _T'_A EII oJOH. 2]
man needle AH8-3te] T 5ol A %Jﬂ%ﬂt}. Fo] 7
F5 593t BHAAN Az dS k] H8 5

&

& 72 Z2 ARANE 71 & A2 AYA A oF 10
mLe Tt dAS FS A HULE tubeR 274 F
ol FU

3|4 3te] HlZ o ficollol S A1A 400 gol
ettt Bled s g Afolo] AAW z
= AFste] PBSE 23] AlHsta A&t AXE
HZHAA RNA FZ9 AH&3F3 T

@) RNAS| ==: 8|3 @379 TRIzol reagent (Gibco

@) BT 22 Bae] 249 G4 Fe] PBSE
A
o 3

BRL Co)E H7}ste] Ao|A 587 ®X 3}l Chloro-
forms o] 1523 40]F1L 12,000 goll Al 15837 AAlE
g3tAtt F5AES NZE tubed] 7 Bl Isopropyl
alcohol & Ljo] RNAE #HAAZ £, 75% o €& =2 wash
&9tk RNA A8 DEPC €98 o] ol -70°C

o] B#stHTh.

(5) cDNA &4: %3} RNA 1 ugs AH&3ke] 20 ul &
Ho 2 AXMALE A8t th. RNA 1 ug, RNase inhibitor,
oligo-(dT) 15 primer, 2.5 mM dNTP, 50 mM KCl, 10 mM
Tris-HCI, 5 mM MgCI2, reverse transcriptaseS 0] 25°C¢|
A 15%, 42°Col A 60%, 99°Coll A 5E-71E 742} Hh-gA A
cDNAE #A3tH

(6) PCR: FA| E3& 20 ulol] 27} 2 ul9] cDNA, 20 pmol
primer, dNTP 0.2 mM, 10 mM Tris-HCI, 2 mM MgCl,, Taq
polymerase 1 unit-S X3l E§3FRaL, 95°Col A 183
HAA 7] & SE3F T PCR cycle 272 94°Col A 18
7+ WA A7) a1, 60°Col A 30% 3t annealing3} T2, 72°C9]
A 187} extensions AlP3H S H, 35 cycles =3 &
upA 2 cycle 72°Coll Al 1083 WHEAIAH Y. Primere

(Fyekol ookl ) thest o] FAskol ALgaeic

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

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

5-GAATCTACTGGCGTCTTCACC-3

(7) PCR MAMZ9| =0l SZd 2E2 1% agarose,
ethidium bromide &3} gelol X A7) Fste] Eestye
™ 100 bp DNA ladderE size marker®Z A}-8-3}t)

(8) ER, PROI| CHEH iatsteiM: giato] x=dgl v
Z2AS AMestd 24 z=od g 1A e
Xu3tal 4um FAZ 22} probe on plus EEo] =9
ZAZTh Xylene & & 33t 33] g0l BetAS AA
gt =, 100%, 85%, 70%, 50% ¥ 3&4 A & F
Faol wo] F43lettt. 10 mM Citrate & ol F o]
121°Col A 1033 7hbE sl & 22 F2 9]l Peroxidase-
Blocking solutions Eojrez] 1087 5] WA peroxydase
E AA A7), TBS &40 2 Ao non-immune serumd} A
oA 10827 ¥h3-A17] &1 : 5002 3413+ Anti-Estrogen
receptor (Zymed, San Francisco, CA), Anti-Progesteron recep-
tor (Zymed, San Francisco, CA)Q} 4°Co| A &= ZoF vl
SAZTh TBSE A 02 M2 % 23 4|2 biotinylated poly-
valent antibody (Histostain-Plus, Zymed, San Francisco, CA)
E Ao 1087 WA A TBS &4 =
vidine peroxydase$} 1027t RF-S-A|ZITh TBS £z A4

-1Eél-

MI

M 3L strepta-
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I ARl DABE 583 wEEAIZ] &
t}. Hematoxylin® 2 1537+ tfZ QA8 47-&7 Xylene
O Y4 A A canada balsamO.Z F Y3t dw|Foz 7
et 24 &k 2444wz wkeS I A9
= HE VFoR FY - +2
#58to] Rk
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1) seket

MEZZF0| A2 RT-PCR

MUC-13 CK19 &% FE A XS 0] &3 RT-PCRO|A %A
UER U CEAY Aol A e 378 ATl A]
el Ak Fig. 1). T3 7H TR e 744
Bl w3t B CK 197} MUC-1Rt} o =& A e
e th(Fig. 2).

MUC-1 A4& A AA AR FFAME 16H@AT.1%), T
YA 129 (353%)°] FHE UERon WrER
i 17] 82 F FFolHe 129 F SH@LT%)NA %
AL BYa DRIENAME 3925%)7F FAHS JE
. 27]d e FFAE 149 F 79(G0%)E Hgx @
z8 Ao M= 74 (50%)5 ATt 37194 = 89

= a1~

S =T

MUC-1 <+ 288 bp
CK 19 <4 460 bp
CEA <+ 160 bp
GAPDH <+ 250 bp
N oD DA DD O D
NG N R4 N o2 A )
DS X Y
Vv @O N %‘lg) ,\b‘ S

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

(50%)°1 A LR = 2% 25%) N4 %A
< =T BRENAR FHYAEL 27]A 5
H(41.7%), 371914 28 (25%)E YEFATE CK19 AFE Al
E A4 AN ZFAME 179(50%), T2 A A
149 41.2%)0A FA8ES B, B7EE e 17N e =
Foll A 6% (50%), TEE A 6 (50%)= E AL 270
e EFFAH 8% (57.1%), TxE AN 5H(35.7%)= H
At 3719 M= SFdA 3% ((37.5%), T2 39
(37.5%)S HATH F9t Txd Ao FPIAEL 1
7104 59 (41.7%), 271914 578 (35.7%), 371914 29 (25%)
< YT

T E2AA 7He] FAALAEL 7] = 254 4
(33.3%), T2H N X 2% (16.7%)S HPL 2710 =
Fol A 67 (42.9%), T2 AA 47(28.6%), 371l
FFolA 3% (37.5%), TEREAAAN 2HQ25%)S H
(Table 1).
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3) ERQ| 24

ER9| 4732 249 (70.6%)90 4 YEIom W7EE B
M 17]o A 8% (66.7%), 271914 117 (78.6%), 371914 59
(62.5%)8 B YT PR 229 (64.7%) A 2L Hgon
171914 5% (@41.7%), 271914 12%(85.7%), 37114 59
(62.5%)S e

MUC-1

CK 19

GAPDH
1.10710%10°10%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 5112 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%)
I 7/14 (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%)
il 4/8 (50%) 28 25%)  2/8 (25%) 3/8 (37.5%) 3/8 (37.5%)  2/8 (25%) 38 (37.5%) 2/8 (25%)
;T;L) 16/34 (47.1%) 12/34 (353%) 7/34 (20.5%) 17/34 (50%) 14/34 (41.2%) 12/34 (352%) 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 CKI19 ER PR Stage
Age . 778 .624 .851 787 941 .944 712
PB MUC1 778 . 346 .026 1.00 260 579 192
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 =
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MUC-1, CK199 A 9] A&7} 7+ 34}

, ER, PR, iﬁﬁﬂ’\@rfﬂ AHAAE BH CK199F ER
o] 93 AABAAEZE B
Aol 7t ol YER
=549 MUC-1 9z
T2 A ] CK19 gL
MUC-19] Z<(P=0.016), &*3
d3 2% Fold AABAE B A KTable 1). Wb =
ZY A X 9] CK199] FHo] &3 A2 Holn MUC-1
o} TxPAgA Y FAALHLS MZ Foet
£ HolA] golA(P=0.35) CK19°] MUC-12t} ¢ &
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estrogen receptor; PR

= progesterone receptor.

5ol nAlA )7t gAY FApFA Y] 108 FAE A
E59% AJAEE) 4 65.7%, 62.7%ZEH 1A A7}t

ARE FAFol M 9] 44.9%, 439%K T D53 FE3Th
Stk Cote 5(17)& =FlA 9 FEAEY 71 =
Aol §-o8 zolgty Pt Y oS3 o
ARl 9gHoE YRS} ABE vl
= IdTFE A9 Funke$} Schraut(7)= 20709 A+E
2431e] o] 14747k DAl S B\ 7IThe] A
o) githa POt AR Az ABAo) B AT
ZA gFHSF X (mutlivariate analysis)ol A= 24 1274
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2 By 9] 27, PCR A $E 279 Ao,
AL9] 2o, Pseudogene] EA7F T3 ©] T FF
Qo o8 YA ol AV 2 & AUtk =
At B ofste] EA AL
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3t} (15) RT-PCRS A3}
BxPdn Z5
ZA-} o] Aoy
RT-PCRY th3+ #)

Y Datta 5(21) ¢t
RT-PCRS o]&3te] £ 4
enfeld 5(22)& 3x}19] ¢

T *ﬂ_‘%ﬂ 0}1%
g =

25 AHHst= °

=
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f&‘rZMl A %—rS’Jr “‘z@“‘ ol A

%—?Oﬂ 219 cytokeratin
19 o] &8 A Hol Y gl wzyeln
BaolA o wigol Egren] wWelseg Ay
RT-PCRYOIA B2} Z5olMe] FHA

$4al debtha Shn. AdEY AFAAE B4

o4 BxdAnc NP §% BA vekuth

RT-PCRYIA FFo T/l whet AHS-He EAA7L
Aol FHE FFE A= ARA olo] 3t g o]
T3 ol gAY EAARN = FAAEY FAFS
A tehdA WA LA AT YELE EAR
A 499 42 NG 5 Atk e
o Aol E AHEEHE EAAENE o
7R 7F 1o 0] = CEA, MUC-1, cytokeratin, mammoglo-
bin 5ol Husglont oby SuF AAE vehhUd
A4 ARIAE ke

CEA: tgoreld F2 wide] uehjm o2 ek,
AL, LA 40-70% Yo FEE ehhe
Aoz Feid gom A8t e Yraol
U} @9 @ Z5o] 4 RTPCRY) 8% EARZA B
gk ol Yz Aol W&ol W5}
A o] 26%l| A RT-PCRS o] 8314 66% = Z7HA17A <
T AIE HATAL A 01(9,10) Mori F(10)2 3]
Aol M 24%9] HEAS B Min 5(23)2 18
AEF A 77FA] F 57FA A RE S e Rz
=7 gasdna s,

MUC FHAREE 97FA 2 A o] 9lon o] 5 MUC-1
mucin® 300~450 Kdo] Zorl o 2 41, WA, 287,
591 A AnAEe wasy A f2

UGN 79 2HR 108 oY =
Hg%u Fe EAARA SR o
CIE: feia= ’6]—@]1:]—(24) E3 %A
dZ oA mAdo] EHEo] 15%0
R RT-PCRA FAAEA F-E3ThaL o}"”‘E} 2
Brugger 5(25)< ©]# 3 MUC-1 28 % 2~10%2] 343
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Keratin filament= ‘I A X9} FollA L= AL
22 o]o] W3t cytokeratin 8, 18, 199 Al 7}A] 71 E ¥
o] ¢J 1:}_,_ 3}™ cytokeratin 8, 18 Y UAdo] B Aoz
& A I cytokeratin 19, 202> RT-PCRoY| Zo] AL&EH
t}. Bostick 5(27)2 CEA, cytokeratin 19, MUC-1X.t} cyto-
keratin 200] dHF} YZAHA wAHo|E WA=
e AHS RYva stHTh 28y cytokeratin 192
FEelA 97% o’Fe] Folx=E yUEhal g oA

= 71

U =4 A 10° 14411 10’ v‘rsﬂ?oﬂﬁ e gAEs &
A ALE-E] 9}1:}( I- 14) Noguchi ~(1 )& MUC13% keratln

19 mRNAE AH83 23 A FdAM e A3 Eol
B2 =g vEd A nF o] e
EA AL 3FH I cytokeratin 19 mRNAE ©] 83+ RT-
PCR9| 7+4=4J©] MUC-1 RT-PCRO| A2t} 108] =7}
dttar sPom B AT ME 10~1008 FE S
FAS UeEld g 28y cytokeratin 1991 o3} Luppi
(28)2 EAT 30%7HA ¢S B3, pseudogene
of sk Ru% Qt}h(14)

oy g FAASE ZAZto] thAzre FA|K o °‘EPL
B olfdt FAHS Hes7] A8t Bostick &
(27) %% °]A24 3 mRNASY TYAS 1183k Ehr
FAAS AFREE Ao] HgEE =0E
t}. Verbanac 5(29)3 Ooka 530)% 1 %
ARES W ASFORA ABE O
G4 Btk AASE A B EAL S
MUC-1% cytokeratin 195 W Ab&st= Zo] o YHE

o[l‘l U}l s

= FNA Y vAblY 27 EvE E
Ae Aoz Az,
e B
RT-PCRE WA HolE Z7]d e 4 gle oy
2 FAAE Fiel wek At @ yehd = glo) &
A zpe) Adde] Fasith ® AT A CK199F MUC-1

< Bt Abgatn BRIAARG 256 A}
she Zlo] t e A9 F s ez 44
o =3 FAAT AEE o= CK190] ¥ #83
Aoz Azt o]gg RT-PCRE £7]d vlAlHelE
Adgro=n fFaerel Al o) & Awrt @ 5
& Aoz Azter FF US we dAlA e A
g FHIARE Sfofok T o2 AAY
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