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G 31, 5% Ficoll-Paque Plus (Amersham Biosciences) ol &% &
1,500 rpmellA 3543+ 452 aF3itt. Ficolldt @7 Alole] AAW
of E 3 AEXFTS Wz Fst § 30 mle PBSE 23] dA
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Lambda 25 37 (Perkin Elmer) & ©] &3] 2] ¢ RNAQ] 5= ¢}
TE55 S433 1, beta—Actine] tid RT-PCRE F3llA 29
cDNAZ} B EHASS Aoz Felsigith. 283 RNAE -80C
oA BT

4. cDNA 34

% 2 ug® RNAE template® AFg38Fo] cDNAE /431510,
Superscript 11 First Strand Synthesis System (Invitrogen) & ©]-&3}
o] FHAE A3 T WhE G2 20ul® A8l om, RNA 2
ug, random primer (2.5 ng/ul), ANTP (Z} 0.5 M), Superscript I
reverse transcriptase (100 units), first strand buffer, dithiothreithol
(10 mM) & 9] 25TCelA 53, 42CellA 90, 70CelA 10%3He 7t

7} wk-gA A ek
5. Oligonucleotide primer

Y] 7}A] €] oligonucleotide primer+ cytokeratin—19 cDNA®]
AR A O g A= primer® external primer set@l CK19_E_S
5'-AAGCTAACCATGCAGAACCTCAACGACCGC—3' (external sense
), CK19_E_AS 5'-TTATTGGCAGGTCAGGAGAAGAGCC—3' (exter
—nal antisense) i= RT—PCR AF-&%¢] 10697 947142 4t=-& 34
&HAl =™, inner primer setQl CK19_I_S 5'=TCCCGCGACTACA
—CTACTACACGACC—3' (internal sense), CK19_I_AS 5'-CGCGAC
—TTGATGTCCATGAGCCGCTGGTAC—-3' (internal antisense) +
nested PCRol| AH8-5]o] HFA 02 7457 947142 PCR 4AH&& 343
319t} Beta—actin®l A R.2 © 2 A3eki= primer seti= Actin_S

5'=CTTCTTGGGCATGGAGTCCTG-3" (sense), Actin_AS
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5'-CATCCTGTCGGCAATGCCAGG—3' (antisense) 7} AF&5 o] 154
N @712 PCR A& $4 313t B & primer+ @HFo] 2 Y olof A
Ak A& o] &5k

6. PCR ¥ ®h& B4 =9 &<

PCR& Taq DNA Polymerase System (SolGent, Korea) &
o]-gsto] Algsglon, A RE-g-9 20ul= 1ul®l cDNA, 2ul®10X
buffer, 4ul®] 5X Band Doctor, 0.5 ul®] 10mM dNTP mix, 0.5 ul®]
10pmol primer (sense % antisense), 0.5U Taq polymerase® /3
3ttt Cytokeratin—192] 7%, Thermal Cycler (MJ Research) &
0]8-3}9] denaturation (94T, 1), annealing % extension (58T,
2.5%) 9 PCR cycles 403] HH&-3F & wlx] 4} extension< 72T oA
10+27F A A AA RT-PCR& 333 Th. 1\“/] o] Alg lulE #&t
o 99} TYUst xAOSE HEE NS A F denaturation (94T, 1
), annealing % extension (64T, 1.5%) 2] PCR cycles 353] HIH=
st & wpA|gk extensions 72TCelA 1023+ FAAIAA nested
RT-PCR& et &, A dxdo= AMgd MCF-79 4%,
3 @A PCR W8 A 5 lulE SHFE ©]8she] 1:10,0000%
s q5ta, o F 1ulsE F+ WA PCRY template® A}FE-3FSIT.
Beta—actin® -9, 5X Band Doctor €& A3 YA JES &
Ql&lA F+A 3 3 denaturation (94T, 30%), annealing (60C, 30
%), extension (72T, 1%)2] PCR cycleg 303 wh&E3t & wpx|ut
extension<> 72CelA 537 FAAAAN RT-PCRe F3st3ct. &
£ PCR ®F&o A template7} So]7FA] 948 HE-&-onS —S—/‘é x4+ ow
Abgetth wke A3 E2 1.5% agarose (CK—19
agarose (beta—actin #1%) || ethidium bromide (EtBr)
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m. 23}

# 1. Demographic data of Patients

No. of patients

%

Patients enrolled

Age (years)

Histologic type

Stage (AJCC 6th ed.)

Tumor size

Lymph nodes (LN)

ER

PR

p53

C-erbB-2

Ki-67

Average

DCIS
IDC
ILC

0

|
IA
1B
A
1B
e

<1cm
>1cm, <2cm
>2cm, <3cm
>3cm, <5cm
>5cm

NO
N1
N2

Negative
Positive

Negative
Positive

Negative
Positive

Negative
Positive

< 5%
> 5%, <10%
> 10%

63

47.9 (28-67)

36
20

33

33

30

43
20

50
13

42
15

100

1.6
95.2
3.2

1.6
34.9
39.7
12.7
1.1

0.0

0.0

9.5
42.9
413

3.2
57.1
31.7
1.1

52.4
47.6

52.4
47.6

68.3
31.7

79.4
20.6

66.7
23.8

) DCIS=ductal carcinoma in situ,

IDC=invasive ductal carcinoma

ILC=invasive lobular carcinoma



1. Nested RT—PCR& ©] €3 I o]A 9 cytokeratin—19 HZ

+ Positive Control® cytokeratin—19% @& st= Ao

2 dyd Y AEZF MCF-7S AREsto] 3 A&y sd3
WH O nested RT-PCRE 3ty drhdt B3 ow sk PCR
71 #llA 22k PCRe S38t7] dell 13 o

-2 9] saturations H+ HF-S-
£ 1:10,0000.2 3A13F & 1ulZ 2% PCRA] template® AF&-3}
1

3 5ul® loading %t Zo|t}. ‘NT1 < Z PCR
<9 doRE HAUs7] 93F negative control®  nested
CRolA cDNA templateE YA &3 PCR

= % lulE 2% PCRelA template
Aletel ¥a PCRe w38 & 22 HF e &4 A&
2] + NT1% 22| 22k PCR
£ i?ioﬂl'?*% fﬂr%?ﬂﬂ 93k negative control® 2%} PCRe|A]

template® tAlste] 1uld THTE Y1l PCRS 33 & d& 3
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T 5SS 2 MEY sYUstA 18ul¥ loading @' Z1o]
Beta—Actin®] A¥+= #H 2 cDNAZF A EH 0SS 1+ 42
2 gRlstr] flal AAlst o, 912 A= cDNA 3 3o 77
o FIHPR o 7+ A&7 cDNA template o] 2o]7} glaa B
o] 31 QIt}. beta—Actin®] RT—PCR ¢ 59402 F3¥ Aol
goldt A3} vluE st CK—199] Aol 71 B3] A= 4
ettt CK—199 d¥= A&Evtt intensity ol A WhFsh 4= B
o311 Qo gel image g4 PCR W=7} Hole= Fl& Y
CK—19°] &dd Roz ypdsgion, v Adste] Aais At
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% 6349 &2 MEZ = nested RT—PCR 237} CK—19¢°] tf3t
WME7F el SFujAdol 7 dojdt Ao ddyE = b= 249
(38.1%) 0. el (19 1, ¥ 2)

a2 1. Nested RT-PCR2 0| &3t =50 A cytokeratin-19 Z =
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2. AT dA A9 dAA R 9 Cytokeratin—19 23 7}9)
} oA

o

20059 1€5¥E 2005 10€7h4 At 94341'4@ A5 A B
Ao FHdo g Mty =5S Al 632 RE

T

Wo 94 SR (del, 2HAH BF, 71, FF A7), Pt
1

I 2. Cytokeratin—19 253l 7| &= of FolXjefo] AlzkatA

CK-19
Total - — p-value
Negative Positive
Histologic type  DCIS 1 1 (100.0) 0 (0.0) 0.407
IDC 60 38 (63.3) 22 (36.7)
ILC 2 0 (0.0) 2 (100.0)
Stage 0 1 1 (100.0) 0 (0.0) 0.586
| 22 11 (50.0) 11 (50.0)
1A 25 16 (64.0) 9 (36.0)
11B 8 6 (75.0) 2 (25.0)
1A 7 5 (71.4) 2 (28.6)
1B 0 0 (0.0) 0 (0.0)
1{[#] 0 0 (0.0) 0 (0.0)
Size < 1cm 6 4 (66.7) 2 (33.3) 0.260
>1cm, <2cm 27 3 (48.1) 4 (51.9)
>2cm, <3cm 26 8 (69.2) 8 (30.8)
>3cm, <4cm 2 (100 0) 0 (0.0)
>4cm 2 2 (100.0) 0 (0.0)
Axillary node (=) 36 21 (58.3) 15 (41.7) 0.500
(+) 27 18 (66.7) 9 (33.3)
ER (-) 33 23 (69.7) 0 (30.3) 0.182
(+) 30 16 (53.3) 4 (46.7)
PR (=) 33 21 (63.6) 2 (36.4) 0.767
(+) 30 18 (60.0) 2 (40.0)
p53 (-) 43 25 (58.1) 8 (41.9) 0.367
(+) 20 14 (70.0) 6 (30.0)
c-erbB-2 (=) 50 33 (66.0) 7 (34.0) 0.189
(+) 13 6 (46.2) 7 (53.8)
Ki-67 < 5% 42 26 (61.9) 16 (38.1) 0.978
> 5% 21 13 (61.9) 8 (38.1)

Numbers in parenthesis is percentage.



D o &= 945 54
U #xF 637 o vol= 47.94(28-67) %12, AJCC
{7 5l wel 071 14, 171 229, 27] 339, 37] 7o = LH%OW
th 278ty BR2e JaA BeFo] 604 (95.2%) 7 RS A}
7] T1o] 339, T27} 289, T37} 20| =
3691 (57.1%) Ft}. W x2 8t
2] 24 44 (ER) 542 F%= i 4 639
%— 33Uﬂ(52 4%), ¥ A= 30 (47.6%) 0190 TEAAHE
44 (PR) = 249 49 339 (52.4%), A 297 304 (47.6
%)fﬂ%‘lﬂ (&
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Enk
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2

2
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2) F9%29 %79 RT-PCR 299 vl
7] R e ZEeAdel e JAdES 07]914= CK
=19 o] FFH A Sk, 17 & 224 F 11 (50.0%), 27]
A= 339 F 114(33.3%), 3719141 7o 5 24(28.6%) A
FdE Hol Wyt FHEFH FoS Aole T T4 A7
7} 2cm ©]1&F) A9+ 339 F 169 (48.5%), 2—5cmel H-$-7}F 28
o F 81(28.6%) A FFulAze] Fd A2dE BeH, 5cm 9]

Al 2919 Ae oA ade B F4Y 27l wE A%
A FAG2 ot " xAeA HatolM AAERA FEA 3
49 B9 33% T 109 (30.3%), ¥4 B9 307" T 147 (46
T%) oMM ZFu Aol A AdE Belor, ZEAAHE S84
of tiai= 540 B 33W F 127 (36.4%), 1 85 309



Y £AS BYOH, A YA Aok YA FE 274 F
961 (33.3%) 14 B400] G4 W wol Ao Y= Aol §
ol vl Aol FYES A Aolsk gtk oy Az
2w 25 Aol AMA dFAAT e Fde A
Yua Aol FHshl Lol & eS¢+ Ak (F 2)

3) Z4 71 CK-19 2387 7|E o FAx et 48

ZF W7 E o] 7)Eel dERl AR (R Mol
T, 3282 F84 5, p—53, c—erbB—-2, Ki—67) % CK—-199
A o] Aol disiA Bt AUSHAl A} EAEEl o, 07]
= Al Al 9]t} Stage 194 c—erbB—2 Wa ko]
EAA R ourt Qe Ao®E YERgth (3 3)



I 3. Stage™ CK-19 2& 3 7| & of F20Xioto] 2z aHA

O CK=19 o) Total P-value
Stage | ER (=) 8 (66.7) 4 (33.3) 12 0.087
(+) 3 (30.0) 7 (70.0) 10
(N=22) PR (=) 3 (37.5) 5 (62.5) 8 0.875
(+) 8 (57.1) 6 (42.9) 14
p53 (=) 7 (43.7) 9 (56.3) 16 0.338
(+) 4 (66.7) 2 (33.3) 6
c-erbB-2 (=) 10 (52.6) 9 (47.4) 19 0.534
(+) 1(33.3) 2 (66.7) 3
Ki-67 < 5% 6 (37.5 10 (62.5) 16 0.178
> 5% 4 (66.7) 2 (33.3) 6
Stage |l Axillary nodes (=) 10 (71.4) 4 (28.6) 14 0.618
(+) 12 (63.2) 7 (36.8) 19
(N=33) ER (=) 11 (73.3) 4 (26.7) 15 0.458
(+) 11 (61.1) 7 (38.9) 18
PR (=) 14 (70.0) 6 (30.0) 20 0.614
(+) 8 (61.5) 5 (38.5) 13
p53 (=) 15 (65.2) 8 (34.8) 23 0.780
(+) 7 (70.0) 3 (30.0) 10
c-erbB-2 (=) 19 (76.0) 6 (24.0) 25 0.044
(+) 3 (37.5) 5 (62.5) 8
Ki-67 < 5% 14 (73.7) 5 (26.3) 19 0.319
> 5% 8 (57.1) 6 (42.9) 14
Stage Il Axillary nodes (=) 0 (0 0 (0 0 -
(+) 5 (71.4) 2 (28.6) 7
(N=7) ER (=) 3 (60.0) 2 (40.0) 5 0.290
(+) 2 (100.0) 0 (0.0) 2
PR (=) 3 (75.0) 1 (25.0) 4 0.809
(+) 2 (66.7) 1 (33.3) 3
p53 (=) 3 (75.0) 1 (25.0) 4 0.809
(+) 2 (66.7) 1 (33.3) 3
c-erbB-2 (=) 4 (66.7) 2 (33.3) 6 0.495
(+) 1 (100.0) 0 (0.0) 1
Ki-67 < 5% 3 (75.0) 1 (25.0) 4 0273
> 5% 2 (66.7) 1 (33.3) 3

Numbers in parenthesis is percentage.
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] o]%& AFE¥E  cytokeratin family (CK—8, CK-18, CK-19,
CK—-20)s= &l FH=E7I= oy A vk da 34 =5 A
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ol FEEE FE FA vA 94-0)9 EAE gdoz Qs
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A
= Aotk RT-PCR W'H& W x4 35}e+¢] “‘%ﬂ (Immunohistochemi
—cal staining) ol H]3te] W23 v HA 53} 3 4 9o uF
37t 7k sk 54l qlol T dAHAQ Ao R A gt ol &

ot} o2 Ao Y% mstte gl A B ATeln T4

= 02 ZFMEAgAE AAAF o deEA] k=t o]y
5l cytokeratinoll= 8, 18, 19, 20 =o] glomn o]= cytokeratin
8, 18 flfA o] W2 Aow 4#A il CK-19+ FstelA =



(EMA)E o] &sto] = 1/‘1 A el FHEdn. ol
n Aol 7t 249 T 109194 ARoH o5 vE FAEol Hlst
of Bl 7)o AE= Ao® Hiuskgith. RT-PCR H
%01]’\1‘4 e dads e URor Tz Hale] ZQ
mRNAE DNAR upfo] o]& FHshs WO o] g o &
ekl mAdo]e] HEL Shoenfeld w©] N} XA A2
ZAAol AARE 8 A AFEsEl e, Kruger7b ASC0% =
oA AANS AnE Hustdsd 2499 fud @A TF S
14 (58%) o1M & RustRt?. £ Aelrs ZFolrg
CK—19(cytokeratin—19) FA&E°] 38.1%%5 B} =5+
TAStE dAEZTE FHEo] AeA= S sh7] Wit dwkAe
Z Ao vl FAEE0] A YEUe ZoE dEA o
53] ietel SlojA = Holrk W o] frol7|k g Ao R A
ATH, frer AE= 7 mdo) ATFA ) BilE xdets therst
AR EAE 7HA L k. c—erbB—2+% type I growth factor
receptor family 52| sty= 7] 9j|+= epidermal growth receptor2}
erbB—3¢} erbB—4 o] 3=l fketelA 8] s Kol
] FAz o AL HEA T c—erbB—2 W HAE= epider
—mal growth factor receptor®} 7240 % w|-$- At glycoprote
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Abstract

The detection of bone marrow micrometastasis using
RT—-PCR for CK—19 in patients with breast cancer

Choi Sun Ho

Department of Medicine

The Graduate School, Yonser University

(Directed by Professor Lee Hy—De)

BACKGROUNDS:

This study is designed to evaluate the significance of
bone marrow micrometastasis in breast cancer and to investigate
the factors which are related with bone marrow micrometastasis.

Approximately 25—30% of node negative breast cancer
patients experience systemic relapse. The reason why the syste—
mic relapse is so high in node negative breast cancer is that
micrometastasis was present at the time of diagnosis even though
it was not found in all kinds of examinations. Bone marrow is fre
—quent site of metastasis from breast cancer. So, bone marrow
biopsy is very useful method to detect metastasis at the early
stage of disease, especially in the case of micrometastasis.

However, the significance of bone marrow micrometa—
stasis is still controversial. We studied the CK—19 expression in
the bone marrow using RT—PCR of 63 breast cancer patients and
compaired it with patient's tumor size, lymph node status, histolo

—gic grading, ER/PR status and other known prognostic factors.



METHODS:

Bone marrow aspirations were taken immediate after the
surgery from 63 breast cancer patients in Yongdong Severance
Hospital from January 2005 to October 2005. Micrometastasis in
bone marrow was detected by nested reverse transcription poly—
merase chain reaction (nested RT—PCR) using cytokeratin—19
specific primer sets. Then these results were compared with
patient's tumor size, lymph node status, histologic grading, ER/PR

status and other known prognostic factors.

RESULTS:

Bone marrow micrometastasis was detected by RT—PCR
for cytokeratin—19 mRNA in 24 cases(38.1%) in 63 breast can—
cer patients. There were statistically significant correlation found
between c—erbB—2 expression status and CK—19 expression in
stage II. Bone marrow micrometastasis was also detected in 15

cases(41.7%) in 36 node—negative breast cancer patients.

CONCLUSIONS:

The RT—PCR for cytokeratin—19 i1s a sensitive, specific,
and rapid method for detecting micrometastatic carcinoma cells
in the bone marrow of patients with breast cancer. There were
some correlation between bone marrow micrometastasis and c—
erbB—2 expression status. But, for the standardization and quality
control of the RT—PCR method, more patients accrual are requir

—ed for accurate conclusions.

Key Words : Micrometastasis, Cytokeratin—19, Breast cancer,
Nested RT—PCR
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