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Detection of Axillary Lymph Node Microme-
tastases in Breast Cancer Using RT-PCR: Com-
parison the Results of MUC1, Cytokeratin 19

Ryung-Ah Lee, M.D., Hee Joon Kang, M.D., Sung-Won
Kim, M.D., Han-Sung Kang, M.D.", Seong-Suk Kim, M.D.%
Yeo-Kyu Yun, M.D., Seung Keun Oh, M.D., Kuk Jin Choe,
M.D. and Dong-Young Noh, M.D.

Purpose: The detection of axillary lymph-node micrometa-
stases in breast-cancer patients by using the reverse trans-
criptase-polymerase chain reaction (RT-PCR) may provide a
good guide for postoperative therapy. To evaluate effective-
ness of RT-PCR for the detection of micrometastasis, we
have compared the results of conventional, immunohisto-
chemical (IHC) staining with those of RT-PCR.

Methods: We conducted RT-PCR amplifications of MUC1
and cytokeratin (CK) 19 on lymph nodes from 40 breast-
cancer patients and conducted IHC staining for cytokeratin.
The results of histological examination and cytokeratin IHC
staining were compared with the RT-PCR results for the
detection of lymph-node micrometastases.

Results: Nineteen of 40 cases (47.5%) were lymph-node
positive and twenty-one cases (52.5%) were lymph-node
negative. Using RT-PCR MUC1 and CK19 expressions were
detected in all positive lymph nodes and in 4 (19.0%) and
5 (23.8%), in negative nodes, respectively. Not all positive
nodes were stained by IHC (94.7%), and none of the
negative lymph nodes were stained by IHC. Thus, IHC
staining was ineffective in detecting micrometastases.
Conclusion: Detection of MUC1 and CK19 by using RT-
PCR can be a more accurate and useful method than IHC
staining for the detection of axillary lymph-node micro-
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metastases in breast cancer. (J Korean Surg Soc 2001;
60:29-35)
Key Words: Breast cancer, Lymph node micrometastases,
MUCH1, Cytokeratin 19, RT-PCR
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skl gick o] F Al Aol A% w|Al Ak (serial
sectioning),(6,7) ™% =2 8} ekd A 7}+8,9) AAA-FH AL
o 4} uk-S-(reverse transcriptase-polymerase chain reaction, ©]
3} RT-PCR)E(10)0]t}.

RT-PCR H}H -2 NoguchiS(17)3} Schoenfield-(12)0]
ol 3kxle] =2 Z A4 MUCIZ} Cytokeratin 19 (o]}
CK19)ell w3k RT-PCRE A AI8}ed,(19) mAd el E &2l
st A3 olgln Bl o] MUC1F cytokeratin 8,
18, 19, 20, CEA, CD44, GA733.2, Throid Transcription
Factor-1, mammaglobin 5 o] 7}A] &9k A A}l sl
RT-PCRE AAste] Aol & Agkelaat Alxsta 9l
t}.(13-19) RT-PCRS t}2 ublof] ulaf wIZtE7}F Zou}
NG 78S MAlE 7] ofjia o] W o® 2lH
swre] SAA Edlo] olwd YT F 2= A
FAE shelo] w4 £t Aeolct

R ARES Sl vlAelsl el g sla) A A
QA ALE 2 9 MUCIZ CK19¢]] ti3l RT-PCRS- A
Alstar 7]E8] Aubd wle] Ze} cytokeratinol] thak W]
ZA 3 AE wlaste] 747ke 84T Yo
AL Aol dlsl A Baak B oodtE A sl

Chat o
1) 947 Chat

Aedgad duke|atold fugte g F& vk
3 40ellA] olol7 LMol Az 24 g Agals]
th o] 52 FE Aol FEA s BAA A5 TE&
Aol FAY AEEA, T AATFES A H1 F
Az o) sl Pl AT de R sgict 5
A E7 2719 ATAS Adeto] 45E AFoE
F 95 DI Wl A ol gohu o 9
—70°C WEe] Bl of HaF 22 S tha
7ol slb RT-PCRol|, & st 2%

aAste] 4 ymZ WSl H&E 943} cytokeratin

olsh ez serel el Agelsic) BAEel o
578 2Aho] Q1 W7l E2E 484§, Black

o|g}t %54, Bloom-Richardsonol] 9|3t 22 S5F 5 H
o gk vlasgich.

E A B4L& Chi-square test 3] Fisher’s exact tests Ab-&
S19151 pakol 005 olekd wl elelvh 9k Aoz WA
ch.
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4 F Q¥ WE 24g Ao Yu XAk
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heha A ESol £ F el o SE WA 4
20 600 xS Aol A tubeol] B2 = chloroform 200 yl
£ A7bslaL 14,000 rpm, 4°CollA] 107F U412l slsict.
o] T AFH 500 ulE HolA thA] A tubeE FH7|IL
isopropyl alcohol & E& Wi L 158 AX w23 =
thA] 14,000 rpmollA] 104 A& A4l slo] pelletd <
Qlslx A=olS A ATt 75% ethanolS 300 xl Wi
3E7E AAERske] Aol ¥ ethanolg A|ABISATEE 20
~30 419] DEPC water® 93 Ha]5 RNAZ Azkslx
—20°C YEad] Raslgic).

A28t RNAE random primerE Ab-g3lo] A A &9
th RNAS] Ak tol whel 3 pge APslo] template 2
A4-88)3L random primer 2 g1, ANTP mixture 1 z1, 5X PCR
9k2ol 3 41, 0.1 M DTT 1 ul, RNase inhibitor 1.0 .19}
MMLV-reverse transcriptase 0.1 x5 Wi 2 4L & 37°C
ol Al 604, 99°Cell A 57 HESAIZl ¥ 4°CollA] whg-&
BAAA cDNAE <1t

o]& 7] <lojZ c¢DNAX phenol: chloroform: isoamyl
alcohol (24 :24 : 1) SHEg ZgF Yo| AAsl oA
15000 rpm, 4°CoA 108 Fob 94 Lelsho] A4Zalg
thA] eppendorf tubeol] Wi F8E2] 999% ethanolS ol
Al —20°CollA] 1087 HAA A} ©}A] 15,000 rpm, 4°C
oflA 10F Bt 94 FeElsle] AFHL wE 70%
ethanol 2 & o] thg, 4°CollA] 104 53k 94 Eelst
of o pelletE 4-2ollA wal Fof 3% FHT 20 pIE
Yol el ¥ 4'Cal Habehlet

Noguchi%-(21)ol] oJ3] R.3% MUCIZ} CK19o]| thgt A]
A (primer) A2 &lsto] A|ZEE 3 RT-PCRE AA|
3}9]th(Table 1). cDNAX 3 4, 10x PCR 22 2.5 4,
2.5 mM dNTP E35 2 pl, AEA AAY 3} 398 72
10 pM A& Z3kslgit). o 7]ol] Taq Polymerase (Takara
Shuzo Co)E 0.1 gl (5 units/ )& A7}8l9) 3L thermal
cycler (MJ Research Co.)& A+-&3]0f 94°Col| 4] 15, 53°Co]|
A 15, 72°C 187F 403] ZE3}9dc) vlZFo & PB-actinol]
o AMAE Aol FRELANILE SRt

Table 1. Primer sequences used in RT-PCR

Tumor Product

marker size (bp) Sequences (5-3')

MUCI1 288 CGTCGTGGACATTGATGGTACC
GGTACCTAATCTCACCTCCTCCAA

Cytokeratin 19 460 AGGTGGATTCCGCTCCGGGCA
ATCTTCCTGTCCCTCGAGCA

B -actin 154 CACTGTGTTGGCGTACAGGT
TCATCACCATTGGCAATGAG
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o] A HE-2 ALl 6X loading dyeE *d7}3}o] Ethidium
Bromide7} 47} 1.7% agarose gelol|A] 50 VE A 7| %
4 5] AS14 AzelolA band BHIsisel.

@ BexNsisteia Wz ae Sz o
HZ S4ko] vk o g (23) cytokeratinol] 3l wF E-Eg+ zﬂ
(Dako Co)Z A&sho] AAsiglon] alole Aol o
A H&E 948 AAsto] Bz delsiis. 9=
270% T2 Tslgleb} skl Tl o
2 4.m BAZ ARG felseols Slo) ¥
xylene & & %E]—E}-‘?ls}ff‘} thS 03% Hx0, SHo XH
T3} s}t * M sodium citrate bufferoﬂ 9= F
pressure cooker°ﬂ IAZF Z9F F9lvbrl A3 PBSE A
A&kl 11200002 3|43 UxpAE FolaL 4°Coll
Al slEnt B9 vE2 A7l & A)As}gd ). biotylated anti-
mouse immunoglobulin®} streptaviding AF-&ol| 4] 3087} vl
271 & upAeto 2 wAlS 9]s}o] AEC (Alkaline Phos-
phatase Enzyme Conjugates)Z GAsli dufEAzlo g
WEAAL Al

_}Liﬂ

Z ot
1) AMH oA

bzl BT AP 46641303 T HA = 9.601%
o gl A4 sS4 dzAe] Bedds
o] 43 H&E 34 Aol whel Holzt Y= F Hol7}
Y= To 2 B39l th(Table 2). A2 314} 407 % H&E
A 2z Aol 9 AU} 191 (47.5%), Kol
9= A7) 219(52.5%)0| Pt B =ZA A fo] A= T
T 20= 3F Wl Bl JZA Hel7t gle A
SR Husglot 7 U JZ Al Fof A7 &
Aol Aol e TR B, Hfel 8l T
216]] 5 4ol o2 A ZAAME F% xib_-af RANLS
ot A7 el HZAA T AEE FU3A

Flo] Agel gl FoE RHste] wlasigic

Weltol sheh 25el R, YA Adel Gt F
oA Bduuicke] 3ell, a4 kel 1741313, of
EELE}°1°‘°I Lol 9glow, FzA Hfol e TolA

© A4 FBgol 1813, Ao 1ol Sllet. W7
°ﬂ utel Bretd F2A ol §ild L2 0717} 3q,
17]7} 8qll, 7|7} 9|, MI7]7} 1od] AL, Hfo] AW
<0, U&= §19, )7} 134, TI7]7) 6ol QUQiet 3
TEA A 2 2ASFY BEE Lol AR
Ha gzd Ao} gl FellAe 24 e
3

Table 2. Clinicopathologic characteristics of 40 patients

Lymph node positive Lymph node negative
(n=19) (n=21)

Age distribution

<30 2 1
31~40 5 5
41~50 8 5
51~60 1 7
61< 0 1
Tumor direction

Right 8 10

Left 11 11
Pathology

DCIS 0 3

IDC 18 17

Medullary cancer 1 0

Apocrine cancer 1
Stage

0 0 3

I 0 8

A 5 5

1B 8 4

A 5 1

1B 1 0
Estrogen receptor *

Positive 5 6

Negative 11 13
Progesterone receptorT

Positive 3 3

Negative 12 16
Nuclear gradeT

1 11 4

2 7 11

3 0 0
Histologic grade§

I

I 3 7

I 12 5

DCIS = ductal carcinoma in situ; IDC = infiltrating ductal cancer.
*P=0.984, 'P=1.000, 'P=0.051, P=0.113

FE AL Uk 2HollA RNAE ¥}

& l:ﬂ sl ch(Fig. 2). 7}Xl A

MUC13} CK19 25 okA

o= 2aed CK199] 73 o] 460 bp, MUCIS! 7

288 bp2] $X|ol|A] bandE #olek 4 glglow A4

Aol A& band7}F glodct. 2 A A=A} A4 9
k=2 9] 7§ MUCI# CK197F B 745}
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Fig. 1. Pathologic findings of lymph node. (A) Photograph of H&E staining revealed the cancer focus in the center (<200). (B) Im-
munohistochemical staining of sequential section for cytokeratin; cancer foci located in the dark area (< 200).

Fig. 2. Expression of MUCI, cytokeratin 19 mRNA by RT-PCR.
Both marker expressions were detected in breast cancer cell
lines; MCF-7, SK-BR-3 and breast cancer tissue but not
in normal lymph node. Both marker expressions were
detected in normal colon and stomach tissue. 1 = MCF-7;
2 = SK-BR-3; 3 = lymph node tissue; 4 = normal lymphy
node; 5 = normal colon tissue; 6 = normal stomach tissue.

Sakek Al EF6| A4 e] MUCIZF CK199] uH8l-g #ols}sr

T8k Y Z A of| A RT-PCRE A|3¥3}% =6l MUCI
+ 239(57.5%)l1 A FA HbS& Ha CK199] H
of| & 24¢1](60.0%)N A A vE-3-& LERHTH(Table 3). &

g o Fol wpe} ERebd, fZA Fgol AW
MUC13} CK19 2% band7} Feolsglon], =4
o] 9lEl 7 -$ollAE MUCIe] 44](19.0%), CK19:=
501(23.8%)°ll 4] band7} BQIE| A 3L, o] F FFo] BF oF
AL bl A 4ol A9 ARE ey
MUC13} CK199] 9X]&2 97.5%%t}

Cytokeratinol] th3l W] z=]3}etedA Axt AA o F
184](45%)oll A A ZA3E R E=ul(Fig. 1A, 1B)(Table
4), 18¢f] BF Ao|7} =AW HZ Aok A 1
ol& 5401921} RT-PCRo|A = 418 kA wk-& &
AT = ek w3k Ao|7l fIUd HZAL B 54

o ol [k o 1o

o o m

1 2 3 4 5 6
Patients'
number
B-actin

Fig. 3. Results of RT-PCR in lymph nodes from 40 breast cancer
patients.

Table 3. Results of RT-PCR

Lymph node status

Positive Negative
MUCI1
(—) 0 17
(+) 19 4
CK19
(=) 0 16
(+) 19 5

Table 4. Results of immunohistochemical stainig for cytokeratin

Lymph node status

THC staining

Negative (%) Positive (%)

Negative 21 (100)
Positive 0 (0)

1 (5.3)
18 (94.7)

IHC = immunohistochemistry
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Table 5. Clinicopathologic feature of lymph node negative patients expressed positive RT —PCR results

Patient number Age MUC1 CK19 ER PR T N Stage NG HG Pathology
25 47 + + — - 1 0 I 2 II IDC
29 44 - + - - 2 0 ITA 1 I IDC
32 57 + + - - 3 0 1B 1 I IDC
36 32 + + + + 1 0 0 DCIS
37 35 + + — - 2 0 1B 1 I IDC

ER = estrogen receptor; PR = progesterone receptor; NG = nuclear grade; HG = histologic grade; IDC =

= ductal carcinoma in situ

ogit}. wpe}a] MUCIS] RT-PCR Z7}9}e] A%]$-S 87.5%
9131, CK19¢] RT-PCR A#}9}e] Ax]4L 85%%om
% welAzete] AHEE 85%9ct.

2 =4 HAgo| 9 FollA MUCIZ} CK194 %A whs
S wol Y= 24,] 7k sl Aelsiglont Sold 4

o

EALS sloldl = gl tH(Table 5).

il &

ool A W2 A 20 Aolol] A ¥ s}t
HAdE ZAHF AAlge] AHol ot HTolle F&
e E FH&delH e AEgo] o|FolAL Qit o]#f3t
3k ZAF AAles A b ke AEE] oY
g FEs A e A8 v ad HH Zpol7b ek 2
S ZAE v e ® s Jlow, f BE #4 5
AlPsle A i AAle ¥ gL sAEe] AAEE
A A5 ALl FE 39 TR FEA
Z g % Aol FAE I 7] wiEel HA Skl
FAle] et IQP S| FHTolle BAC EFE XEE oA
AW Ao} gz AHEE Spatel| whel AeEiH o g A
sha glom FE o dodl A% 7ot WA A
A HZzA Hgo] g RS Yo g AxFHI 9t
o o A AR 2o WhEA AF FFE AE]
of|Fsle 2L obyn Mo
oA Fa A A %“
EEA ok w3k HE W
NG k2] 20~30%7F 5‘51 ojol] Asl= o W
aE 3 gevg Al i F7E AR MEE
s EAskaat sk AlEgo] o] FojAla gler w7
Z4 Aol e 5 elsle Aol FestA Hdck

Al el & #]lsty] 913 Wers dF mAEg
% (serial sectioning), ™ %2]3}ed Mo|t} RT-PCR 59|
gtk o] F A<k A AYELS 02~2 mm FAE v AA
A& "kgol 2 7ol disl Wel AAE AAEe 2o
2 ZAE7L g Fou A g Fo] wol A

infiltrating ductal cancer; DCIS

AR o 2= A&t Alske] 9ot o] 2733kl 4
W w2 E4a FAR oY ko] Ak o]
A ka1 AfedAd o] Ef whol wlsl Yrh= whdo] Al A
AE| L glek ool M]3 RT-PCRE HIZ =7} Fom 734
Z-lo]_,_ 7H;}/§40] —,—,—Z]E]I;}—— X'Io]] {
AR W e g AztE|o] B o7t o] FojFlont
49 TheAs wAlEA Fska Qe

AASS MUC1F} CK19¢l] gt RT-PCRS A]ﬁg—s}oq
H&E A7z}, W z23tstedA Aol u|aLzl
RT-PCRo| 1 ZA 9] u|Aldo] & sl Fx
Q3 Bazr B A5 AAeh AgE By |
o] Y9 FollAE MUCLF CK197} 19¢]] F3F
o] RZE7}F 100%%0 2.7, HKE 377 g1=Z4
o] $IAH I F SoflollA = MUCI} CK19¢] W&
st Ad e So|=E Qi) kel B4
dlol|A] RT-PCRE A]3¥s}9l o} MUCIZ CK199

25 SAolgla B-actinel] tgk RT-PCRE 7] A
o] o] A3}7} RNA degradation wji-o] ofgl= Z2& &
sloich o] 5ol9] 3AE9] A A FAs E
Aol 1o, AFA HAgo] 4oL, TEE FEA
A o7} 4ofiglon, HF WeElgE B ¥zt 0
7181 o7} 14, 17]7} 14, AZ]7} 1], IB7]7} 2o e}
el ywkeraiinel Wi ed2 et Ask 5ol &
A 7S Ha F7HA Q] HEE Aol A & ZokA
olg = gl ot o] F ldoA = HEH T
o2 gZAd|A] Hol7} #RlE At o] Aol u}
RT-PCRo| o] =73}kl A b W} o 71zl v
o & A7ZtEL} RT-PCR ARl 75 W A4
15 Slshe A2 Adssct. v #el® A
3k =4 AHA7} RT-PCRo|| o] &35 XA
| d2ug ye @A FFAEE GlsiA X
o= wAH ol 9] TheASs SHA] wiAY & glch
RT-PCRL 10°719] A|EZ 17)0l| A Torxazm 1 )
e SFHsl] I F s AEE UgEI}
i o & RT-PCRO| Zi} Ao g J&r-‘—i.% AeE B
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F flepholetn BEHAL d Aole. oleld 9194
o ASAL e 3 SAAS Ui RLPCRE ol
Aol Blel who g Ageidl Yol b 2 o
Qo Ae FU EAAT A fetol ol
g §AA70 9AE AL SolmE $4A517] 919
ol Felal ofel £Fe] £% EAR ! s RT-PCR

& FHow Aushe Zol Y Joe Az,
Bl—o]-4 Zol: zzqoﬂ _1;:'. ]’; 7/\9_; xﬂﬂﬂo}z]\ﬂ
MUCI1 o]} cytoketratin 19 F-o] | G4 dlor} g =
Aol A= wARo] FEEAREAL] 27} glrke B
aEo] 2} #A Noguchis(11)& MUCI| thsk RT-PCR
= "1z Hge] fud T"r‘ﬂo“’uL gAke] gz A4 A
sko] 15%0llA] bandE &Qlslla o]&= wAH ol E &Jn]
= Aoz Husgd. 2 DentS(23)S MUCI)
AZE, Solmg el ool 44 AQA 4mel @
Al ZF, 2 Z Ao A MUCIe| w3k RT-PCRI} western
blotting & A e slo] W.arslgl=d] 40l B A4 HZ Ao
A FA Rhgg Hof 7] & 2EA| A= WAE A ¢k
FeiAl 9 MUCE 447 A4l E Helx
st gl o] AAELS Noguchi 59 Ry}
primer®] M7=} AY A9 template DNAo]| 2]3k 9
dol] o3k 9JokA] AT}e] 754 o] glrka B3 MUCIo]
wrelE Ag vl Aolsl HER o] $3 & glrk Fs}
a1 9Jt}. =3 EltahireS-(18)-2 23d)]2] AAlelo] & oleA]
S AP Az, MUCIS] AL 21do|4] band S
BRI CK199] -9+ AdelAes del=A gke
Fo 2AolA9) W7} Gomz Agel Aldel Ik
3 Basta 9lr). Bosticks-(14)2 1372 A4l =44}
o] goll = 77%, 46%l|A4 CK19, MUCle] #Ql=|girta
Busigdeon A4 BAZA 3o BHF CK198F MUCIHe] o
& band% R4Sk Bael glek ols) 2L Aol
AR 3= #H7 cytokeratino]t} MUCI 52 |42 A
A Eollut ZA)gcE Molls(24)2] Har} Osborns(25)
o Assh Pl 2oz e FFEAL O
RT-PCR #H 9] g&Ao &S A7lslx Yt e}

ARELE B4 Pz A4 9] MUCIZ} CK199] #H3lg 2
AA Fskgla 7] oy ARG A= 4ell, 136,
23] 5 &0 A4S vgo st gom xH

QAo 92 9 AABGeNA P AL 20] 5L o}

7] 913k W Eel EHeslug AEE WY HslAE
o g A7t Beg Aol

RT-PCRE& ‘—J M?ﬂ He 7 Sa3k o+ HZAY
Ao FHE ARAA AZsE Holthe) o ZEE &
C‘]’é‘}- ] -r]oﬂ/l—] 7@_"‘]— El_L?g-‘,] /“;(] /l]-J,]K_“_L‘/] io:]
HEA, primers] g0l e SAE, A¥ Al
4% ofe] A 9dlo] 449 Ao 4. & el
A} A% ¢ § 9)Eo] RT-PCRS 93t YZAS 3

= SHAlol A ojW Y= AL A At

7} s A e A9E Qo]
b AR AFEF =)0 HZAG Adsle] AgE
ALt ot AdelEl PzAo l AA dZA s =
okt 3 = gleng, dA) o WAE A4

A7) 98 /itlxlﬁl-_:‘ IJ= Z.}/l] 2] 3 4 (sentinel node)(27)
ol 4] RT-PCRE AAeke Zlo] =49 AA FelE o
Z3l=dl 298 Y Aoz Ag=E

/|
=

RS et 3k 40 9 Rl=Z=AS gl e ® MUCH
I} CK19¢]] th&t RT-PCR¥} cytokeratinol] th3al v o =23}
shegalg AAlsko] vlststele). RT-PCR7 A=A A&
o] gl 379l 4olloll A MUCIO], Sellell 4] CK197} ukal
ol Aolh G FolAe L5 wasgd. wez
sheteda) 2704 Aol Sl 29 947%0lA FH ol
Aol Sl ol BF SHololA wolzesialg
A2 wlAole] salol] AaehA e ez Azt
o RTPCRE ol &efe] mlAllold Aekslr] a4
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