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circulation

served as negative controls.

expression.

hMMG showed low sensitivity as candidate marker for the
detection of micrometastasis. The prognostic significance of
RT-PCR assay using these markers could not be de-
monstrated. (Journal of Korean Breast Cancer Society
2002;5:298-304)
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Purpose: Many of breast cancer patients develop distant M =2
recurrences after curative surgery. Therefore, tumor cell
dissemingtion mus_t havg occurred at the_time of disgase gulelo @ ALhS HLS Fatol thale] Aaket W=
presentation. We investigated the expression of candidate AR A0 3lzlo] 2 ¥ AR x| 2L AR
gene markers: MUC1, cytokeratin 19 (CK19) and mam- ARk A e wE ¢ AT A EHe 24
maglobin (hMMG) in peripheral blood of breast cancer <dl wi Tasieh 2T 1047 e bl it )
patients to demonstrate prognostic significance of multiple E e FE akek Wizl 9lglon, £ o ¥ &4
marker RT-PCR assay for detection of micrometastasis in o] Hxz goton a8 vty o} $4 3 HzXE
£ oA Ele VIEeRA FF 2], Ao ZA Ao
Methods: RT-PCR assay was used to analyze MUC1, CK19 A, 27 53 5 ZTAR S0 oTolA} so]w
and hMMG transcripts in peripheral venous blood samples QAT SuLOLS. Tlakal 702 o] ol 917] e of
of 47 patients with breast cancer and 14 patients with benign A Mo m Mo = T o
breast disease. Blood samples of 10 healthy volunteers W gpapEe] z7)of kS s Aol thit T A3t
71Fol ozt i 24 M) Aol A vhedA 9
Results: MUC1 was detectable in all blood samples of SAA 0l WolE AxmA WA A ], Aol A
patients with breast cancer, benign breast disease and oA =9 3 =%l thubAl FA o2 A ok
negative con.trols. CK19 was detectable in blood sgmples .of To] 2w Az Pz dyozo Tx A w3
31 of 47 patients with breast cancer, 11 of 14 patients with HAE ool XNE n - 1 ! 9] o]lE Zo] A ’ Z 3k
benign breast disease and 10 of 10 negative controls tested 22l AT 9 o2 71 olF 5o AAe] £
positive. While hMMG was detectable in none blood samples Hekh() T4 2717F Fote i) #habo] whzdd
with benign breast disease and negative controls, only 3 of T AL, FEE DY FEE AN Folk dZzAY &
47 breast cancer patients could be detected hMMG 3} A Fol QA E7} AEE 4 glo] HIHA ] Wlo g
: » MAY S gl olE SHIEAL Sukek Ake] Uelolzka
Conclusion: MUC1, CK19 showed very low specificity and AZFCE(2) 0|23 o] 92 Sl sApe] whzdale] Z
Ak ek AEE WA o] k] HEL ol
YA} : kA, AEA] FI Fd 25 388-1 St Q3 o|F QR E B3 9low o] ulE} Kz
138736, S Abol Ban e Sk A5l PHe Auste 1F7 A} AE F FH 24
Tel: 02-3010-3490, Fax: 02-474-9027 o9 uo] B Aoz Azl (34 T} HATH
E-mail: ahnsh@amc.seoul.kr Mo o = AT o TS = T
AL 120024 129 159 o gk 2 HAQ] AEZAAE A AdRl=r} vilg Yo

A9 20024 1149 59,
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HHS-RT-PCR) o] &3] oJei7kA] E72 & &AtollA
WP dol} Frol A o]H3t FAZE WA e

| A ofRlE=rt mi-g- =2 WHoE 9 L le
W, 37} 5= mRNAT ZA; st $F9 SAd vl
2l Addo] =lojof sl HAAHQ FFAEY HZ A 1
Y WA Zof| A= WA o] =7 grofof 3t} (3) MUCI
£ transmembrane e o] 3 FFojm oA ELol|A] =} vt
5= Aoz odeix 9lew MucClel td RT-PCRS
frstolA fJzAd mAdelE AMsl=dl fEslcha
AT ek F7F ARl CK19E HEZzF o
AN zoA s AHeE BARA e FIAEY
FA A ol o] GAAE 4o 23 RT-PCRY Fatsh
Zke] " Z Ao FollA ulAlG AR E WA
=d f&3 vhHog odFE 3 9r}(5,6) Mammaglobin
(hMMG) FAAE A7 s Adkd 83 A7
E A7) A% BFor AR fAAelt) o] §4
A2 AZF AAA 11q1391 H1X18F AL, uteroglobin f-7 &}
o g ddo]m 19961d Watson 5ol 2|3 cDNAS|] A A
d7l1A el grs Ak vl E o] A ol osle] wkEoiA|
+ AL 7)o WalAE obA7AA A dEA QA
A mE, of AJQl FkzZ el th3t Nothern-blot 412}
o] Kt} £ o|Rdt RT-PCRE S3to] W3l Hul, hMMG
AR WA fi z2F ol Aut FstkElck= Ao v)et
A frdzA ol vlste] FHQE AZF9 e Z2F ol A
Tk Aol ¢4 9rh(7,8) hMMG mRNAE
FFe] zASHoIY T2 584 e #Hol] gl
g4 9o, MUCLelY CK199HE 2el fi =3
off I3txo] WAE7] wfFol] FHY nAK el E WA}
Ul Sol=7t £ AoE s, e fZA
ul Al olol] thsk ofE] dFrellA] Hol7t gl HZAolA
+ hMMG®] #&lo] 4w =] gEAut Aozt e HZA
o &= hMMG7} 2l g& Hrsbar Qlch.(9-11)

2 AT e FEEEAe] dxdHelA o]F FAALe
i3k RT-PCRE| WHo] u|A|de] A& whAzled 8
3 AE Goli i ® o5 §AA F oW 427 £
o 50|58 dHIEE 7HA A &3 A ARl A
UeA| ot 7] fJete] B ALA, FA+

2}, S skl AlA dofZ] 2 E Hof] te}od
RT-PCR= Alef&tar, St kAol AlAl dojXl Ao
AAfol] 220]3 = ol FUA}S] AWAAE Bl ZL FA
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2001 109llA] 20011 129744 Algoi ] 2
gldel 2 A § FUARAS SH o Zof gton}
WAZke] AR A ¢ 108e 54 dHEToz At
3, FAEAL A 14H, e R A e e
A 84 479 o ahgleh FAEY B 14
W o9 ARAE 39S FURTE, 19 H2F, |
B FEALFoldeH, o5 df A F AHFY
Table 1. Characteristics of breast cancer patients
Number
Characteristics == ——————" Percent
(n=47)
Age <35 5 10.6
>35, <50 27 534
<50 15 31.9
T IS 1 22
1 22 47.8
2 18 39.1
>3 5 10.9
Unknown 1
Lymph node Negative 28 59.6
Positive 19 40.4
Stage 0 1 2.1
I 18 383
Ila 11 234
b 11 23.4
1ITa 0 0
b 1 2.1
v 5 10.6
Histologic grade 1 1 2.6
I 15 38.5
il 23 59.0
Unknown 8
ER Positive 23 54.8
Negative 19 452
Unknown 5
PR Positive 12 28.6
Negative 30 714
Unknown 5
p33 Negative 22 55.0
Positive 18 45.0
Unknown 7
c-erbB2 Negative 24 60.0
Positive 16 40.0
Unknown 7
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T34 “/}
Nz = Aol 3t T 5 A2 F Alged=dl,
53] ol dFellAe dAE AHE uf Ao AT 24
= &3] Hsle] FARCE AE 5 FvtE AQH =
P& o] &3lA] ¢k Al B ot e HH 20
Ol%)é AT FH vpA e E AHEE EHE 2 ml
&lslo] EDTA tubeol] YW & 4°C WYAkaiol] Hslich
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2) RNAQ| FZ U RNAQ| AXA}

(1) RNAQ| F&: RNAY F&2 WAl Eist A 3
A 7F ool A3} 2™, Qiamp RNA Blood Mini kit
(Qiagen, Germany)& ©]$-3to] A|zAL2] Aol w2} RNA
£ FZ3}9 ) EL buffers o] &3slo] HAETE L3471
e AT Folol W} Qe ALEE B4
o] 7]oll RLT bufferE Wol thA] &3l A7) 3L QlAshredderol]
o] homogenizeA] 71t} o 7]l 700u2] 70% ethanols 4
o] QIAamp RNA mini spin column®Z %71t} o] column
<= RWI bufferol] &+ ®1, RPE bufferol]l 7+ ¥ A& gk}, v}
Aato & RNAE 30u2] RNase-free waterol] elutionA] 71t}
Formaldehyde”} %% agarose geldollA A 7]<d53lo]
RNAZE % 2394 Hela, AEPAL RNAS 7
gt}

(2) RNAQ| ZF Alreverse transcription): 1uge| total
RNAE *33}= RNase free water aliquotol] 1.0M (2.0pl)
9] oligo-dT primerE H7}3tc}. o] A FE 65°CollA 587+
7}edslo] primer®t RNA7Z} annealing®™| Al 3+ vh5 W¥ZHA]
Zlck. 7)ol 4 units (1.0p)9] Omniscript reverse tran-
scriptase (Qiagen, Germany), dNTP mix (5 mM each dNTP)
2.0, 10x buffer RT 2.0, 10 wunits RNase inhibitor
(TaKaRa, Korea)E £33t 5| RNase free water*a‘ Yol A
Al F271 2007F FEF ek o] £3HES 37°CollA] 60
7 WS AIZl thE enzymes Hl?fé%’\lﬂﬂ flshod
oFColA] s¥7F s F eLold WAAT 80°C
W ol Babelgle

3) S22 BFS (polymerase chain reaction)

oAl ANZE primere} Hbg-Z71S Z7|Hob+
, Bl 23 Ayt

T
FREA AF A gHe g
%_ H

_Elﬂu

e Adete) AHE AN L FE
3k tk. MUC1S Noguchi 5(12)0] AH-&3t primer
= ].9_*}04 PCRE A3} 3L, CK19+ Datta 5(13)0]
A83t primerE o] &3] nested PCR-E, hMMG+ Zach
S(14)0] A& primers ©]-23}o] nested PCRE A3}
93 31(Table 2), mRNAS] 323} reverse transcription HF-&-2]
E].D]-HSL 74&4—]_7] _?,]*5} okk] EHZ—",LOE B—actinoﬂ 1;}]‘6"1-
PCRE Al¥Bsldc}t. 2ol PCRME-& 1.5u¢] template
DNA, 0.5uM9] forward, reverse primer, 10u2] Taq PCR
Master Mix (Qiagen, Germany), H,O 6.5u%& 23 3lo] #
A F37F 2002 AefollA HEEAZ ) Bactin?t MUCI
o] 7S 94°CollA] 3E-7F MFSA]7] E]. 94°C : 30%; 60°C :
13 72°C 249 A& 353] REEAl7]a 72 COH/H 102
7F o ¥b-EA1Z ek CK199l tdt nested PCR outer PCR
9] 73 94°Coll A 3E7F HE-S-A17) H], 94°C : 1% 72°C 1 2

B2 30x9 IAS 203 w2 A 7|3 72°Col| A 7E7F ¢ vk
Table 2. Primer sequences
Primer sequence
Marker
Forward Reverse
[B-actin ctcttccagecttecttect agcactgtgttggcgtacag

MUCI  cgtcgtggacattgatggtace
CK19
Outer aagctaaccatgcagaacctcaacgaccge ttattggeaggtcaggagaagagee

ggtacctectetcacctectccaa

Inner tcccgegactacagecactactacacgace  cgegacttgatgtecatgageegetggtac
hMMG
Outer gaagttgctgatggtectcatgetgge ctcaccataccctgeagttctgtgage

Inner  ctcccageactgctacgeaggcete cacctcaacattgctcagagtttcatceg

NEIFIE

Patiant's Mo,

Fig. 1. Results of RT-PCR in peripheral blood of breast cancer
patients.
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SAH L™ inner PCRY 7§ 94°CellA] 387F WH-g-A]71
] 94°C 1 50%; 72°C : 289 AL 263 HHEA7|2
72°Coll A 1027+ ¢ HJ%*VJ\:} hMMGel| ¥t nested

Table 4. Relationship between hMMG positivity and histopa-

thological parameters

¢ hMMG status
PCR-Z outer PCR, inner PCR 25 95°Col| 4] 25-7F uk-S-4] Parameter Number o P-value
7l =, 95°C : 15%; 62°C : 15%; 72°C : 20%9] AL 30 IZiEZI;t)S Negative  Positive
3] WA 72°CollA] 7RI B Wb AR lei A ub ® @
SAHEo] 6x loading dyeE d7}6}o] Ethidium Bromide7} T
A7} 1.5% agarose gelollAl 50 V2 A7|dEg 5 219 <2 46 39 848) 2 (43) 10
A @ Zs}ol| A Bactin : 116 bp, MUCI : 288 bp, CK19 : >3 5(109 0 (0
745 bp, hMMG : 201 bp<] band7} &elE= 74 FAwd Unknown 1 0 1
©2 AetchFg. 1). Lymph node
Negative 47 28 (59.6) 0 (0) 0.06
4) EAX 2 Positive 16 (34.0) 3 (6.4)
o qew _ b e Distant metastasis
7 arae) e ek TY), | =4 Aol o, 9 Negative 47 40 @) 233 029
o] o] §, 225+, ER, PR Wd of ¥ p53, c-erbB2 W Positive 4 (85) 1 2.1
a off, CA15-3 x99 ##HAES Windowd SPSS Histologic grade
(version 10.0) A T2 aWE o] &slo] Chi-square testE I 39 1 2.6) 0 0.93
AABSIL, Pko] 005 olske) wl EATA o2 Fol 4ol . BeA 1 e
i} 22 (564) 1 (2.6
[QAR=N 7-] o o] A slo
A i g stalet. Unknown 8 7 1
ER
4 i Positive 42 17 (405 2 48) 058
—— Negative 22 (524) 1 (24)
=55 AO{AMHIS 27
1) SEeLAHHS 2t Unknown 5 5 0
(1) Bactin: factin Ag iL 100% (10/10), ¥4 PR
H = X }4) o Negative 12 (28.6) 0 (0)
o ‘:'—roﬂfﬂ ubs] okxj o g mRNA«] FZ3} reverse tran- Unknown 5 5 0
scription WE-g-oll &7} Qll2 &AE 5 U th(Table p53
3). Positive 40 20 (50.0) 2 (500 0.8
(2) MUC1: MUC1E SA 2T 100% (10/10), oFA -4t Negative 17 (42.5) 1 25)
Zok 3h2} 100% (14/14), < 3421 100% (47/47)2) DA Unknown 7 7 0
Bol|A] uks ok oz Sulold gt Eo|%r} gioka c-erbB2
g Elo] MUCIS] W8R-79F 19 9abe] 194 el Nt oo 20a T
& AL vl 2AsE Zleo] g7t gigivk(Table 3). Unknown 7 . o
@) CK19: CK19% SAMNZT 100% (10/10), %A CAI5-3
Zok 3k 78.6% (11/14), 139k 3H4}F 66.0% (31/47)9] & <30 45 40 889) 12 017
Nol| A wH kAo g MUCIF npR7tA &2 GHkotell of >30 3.(6.7) 122
& So|7} vk B Ark(Table 3). Tableol L1} 9l Unknown 2 !
Table 3. Results of RT-PCR
Marker
[-actin MUC1 CK19 hMMG
Subject
Negative control 10/10 (100%) 10/10 (100%) 10/10 (100%) 0/10 (0%)
Benign disease 14/14 (100%) 14/14 (100%) 11/14 (78.6%) 0/14 (0%)

Breast cancer 47/47 (100%) 47/47 (100%)

31/47 (66.0%)

347 (6.4%)
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A A ek siake] A QT T™7], Y=ZA Ao] &
5, 9430 04—‘% gl ER, PR W& §5, p33, cerbB2 1t
i 5 3 T%Ml ul2 CK19 W e £

4 hMMG: hMMG+ —S.—*gcﬂzi— 0% (0/10), ¥4 &Hb
T4 A 0% (0/14)01A HHFA, It A 6.4%
(3147 Aol A W ko g Aol MUCL, CKI19

= g A 7heAs MAE 4 ek hMMG
9 %eﬂﬂr bkl A =3 545 vlasksl
= i, THZ|d ut& w3 HoldE WHE F i,
ER, PR &G B p53, cerbB2 W3l f-7-¢94e] #HAS
ZAsL9A R o] & QIALete] AfIAlE FHE & 5 U

=
o YTA Aol dRd A% AAAHA §4
T

o

AR
ahe okAo] =9k (P=0.06), DA |7} U
CA15-3 A7} Z4X et =95 ul hMMG 2%
ol 7ol AR oLk(P=029, P=0.17) SAH %o A
812 tH(Table 3, Table 4).
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ek Al uAde] FH-E 2l
A2 Actolv} & F FA I BErola Fo3k o4&
7} = Aolck 4 HIE] RT-PCRY-S Fshae] wj A%
o b Aeksl=dl g FE&3HA R Aol 2 W
Mo Hi 53 gle],3) ¥ d7AHE2 MUCI, CKI19,
hMMG 37}A 9] oh2 FAAE o] 43 RT-PCRE ¢t
31219 HHoA wAA oS EAlsl=d §83 o)
Toielx stz sl o] 7FA EAASLS B A7
71E8 AFollA fkzAolut fiel AlEFolA S
Z 5 RNAOA] oA wheel = Ao 2 shelx|gl o) (5,1])
RTPCRHYE o] &4 ol EAAe 9| 45 wel ol
F7h SolglA shob, wlaA B SO PAFEAL B
AHn=14) = SA=TA 42t Jx]-(n 10)0l] 4] 223}
AN Gl A AL B )5 A
& foetag siglovl, 4719 EAA U
FA-e WAl el zol: 9k AFEAASY A
%ﬁn—a— Hla 2 A s,

2 ATl AgellA CK19e FAEEYE DA 78.6%
(11/14) 3 SFANZT 100% (10/10)0l14] F4 o] A
%]o] Datta 5(13)0] AAR ] 321 FHol| A uha o]
7 gterhs BaelE AvkEl Anglow Burchill
(154 736}1}%1} Gollof| A= 4 5 U A 6/15>
B AEve Rakos i ool A B E A
CK19+ A4AQ Ao zA A Wo] slmg 2 ol

2 F

o
m

AEE LR A A AL 2l 9T 9 34
2 157 Sietel, PRl MBS olgd W A F
A 2e 5 99 A AN AAd Doz oF 20 mi o
o) BE Qg wRmoz AN A Aol e
&

A EE AR, 9 A AT 29T g
PART ohe YRR B4 2 APAAR A
£ Q% W0 R BAS Aol 303 AEL o
A% Hastelgleh oleld S AFAE ARl
ATAES 94 A & Pekn FHE sht A2

CK19E o & 3t odFHo}h HAsA sgicka Azhst
W B Ao =2 e AIAEY 2de] el
o] Fletkar A7FslA] 9k=t}. Cytokeratin®] pseudogene
CK199} A8k 325 7122 9lo] o] & pseudogened] =
Zo] 9] kA9l dQlolgta Euxa glon), B ol
A& primer ¥ PCR 7|2 7]1E8] AF(6,13% & #
o]7} $lo] pseudogene®] Walo] B ol 9] =2 9] FAE
< At AzbelA] bk 2 HlF Rl A8 E
Hrrstel AR 71 ol &8 V&S WP FE7
Mol Wi F chellgre) gz ks 5T 5 Qe
o ulsle], £ A= HET LVIHeE, HE+ 2 ¥
AT WA FE3 5 dobdde AIE pelleteot]| A i
E FEIEE okl Rz R opdel iyt
RNAGES] tlel Sig £ 97 e 459 3
o °5°“*Hﬂ4 3417 °]"H°ﬂ RNA‘E -

FAg 3 A4AdAe
*‘gﬁcﬂlﬂ AR FHo ATk Noguchi 5(12)
< ¥ f Aol & wAst=d =
o l_é,o] E% 7};<lt f&3k Wolgta s3levt, Hoon
E160e AAAAAL 8% F 7] ol 1 MUCM ¢
AHEE S H 31819031, Berois 5(17)< 209
g F 12d]0ll4 MUCL9] FAALES Ezﬁ}‘ﬁt‘r
Bostick 5(18)< A4AH94 139 5 649 &
4 IZA 27 59 F 50l] BFollA W kA
of B Aot vzl AY 2 Y2 AR 9 FHES
Haslglom, o]z)3k A¥E MUCIE CK199} upX7hA)
& pseudogeneo] EAE Aojgta FZHelgict. & A2
ZATHE MUCLE g Hof| 4] fabte] wlAldol & Wbz
st i fFRAEE AsiA gas AARI oY de
Cremoux 5(19) MUC12] 914277} w2 ul & ol A
9] w444 3 o] elol™ immuno magneticbeadsE-
o] g3slo] ME T 938 H 43} g b Asd MUCI
RT-PCR A7}7} 9abAS Ha3hsh 4 ks H1slo]
oA o] g AEE elv|dle tE B ATl E£F
3tEl W o & 2get RT-PCR AFrt Bod 7oz A
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hMMG A4 S1Z A3 g ol Sl Eel
Hl Aol S WA Solwsh MAET} e EAAL
Y FRAZA FEDD QYeh(-1119) Fol ek
Wl A hMMGE] WES kA SR HARt AR
o GolelE Ae FyuES
ko] Aol oFA

Sk 2zte] "ol F 6.4% (3470l WA S I o

s} Aol PHHEE 7= 39 21k (P=0.06),
g oflF At uhE g Xpo|= WEEA oSk
t}. Watson 5(8)< 719} ZZ oA+ hMMG mRNA
7} 23%0l1 4 ¥ A= Aold et ZAH A= 62%
ofl A 3} gl Haslo] frlqhe] Aol A o

o

AA7E dofehs AL ALt Zach SUHS F
S 3hate] el % 25%ell4] hMAMS] QRgurl & 31
Hehglrha wasiglon 9A%eld fust Bt A
Yol 38% 5 AAehn dgivh. olsh Fel QAT
£ 1% (5j47)Ere] AA |7 #18 $AAY T o] F 39
o] $HATHY ALA RolN BAYov] B 42 A
o7} #elel $AE 27ell helo] B iTol A pA
Hol & ol f Fo| shiz 42Ut Zach SUHE W
4 A4 10 mie] BAAEE Al A eeA
w8 ATolAE 2 mel WA ETS AL3ozy
sl Aol E HAIEA ANY Aol TeElo] 9g 7
Aol 10F U] aho] o] & vhE of
$7b 94 ghoht A7k,

wag el o) WA AES AT JalAE B

ko] Y oz dlok shul olell W EAA

<

S

%] 2l

# ol = immunomagnetic beadE ©]§3lo] wA|A o] A E
2 b5 & BHAA HelzAsRRdAL S RT.
PCR= Al3sle Wio] Al=x L ik (20)

2 =

CK19, MUC1, hMMG RT-PCRE o] &3t 1ot 3lz}9]
g Nl 2] 9] ulAA- el o] B2 CK19, MUCLE| U+
U2 5ol hMMGE] U2 A Eoll 9zl ozl ZH 3t
o17] wlitoll, AAloll 2z0] 3 9l oll FeAoke] lpA

A FAskE Aol & u|7t gldlen, o5 EAA}
43k RT-PCRO| HxF Ao o] & wHdsl=
& vble] Hew B ATAL Agd Ay
o]l ot & WHolul Aol I eslta A7ttt
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