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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.2
Yeo-Kyu Yun, M.D., Seung Keun Oh, M.D., Kuk Jin Choe,
M.D. and Dong-Young Noh, M.D.

Department of Surgery, College of Medicine, Seoul National
University; 1Department of Surgery, Seoul City Borame
Hospital; 2Department of Pathology, College of Medicine,
Ulsan University, Seoul, Korea

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 MUCH1
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
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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-
metastases in breast cancer. (Journal of Korean Breast
Cancer Society 2002;5:154-160)

Key Words: Breast cancer, Lymph node micrometastases,
MUC1, Cytokeratin 19, RT-PCR
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shar gk o] F WEAQ Aol A& mAl Ak (serial
sectioning),(6,7) " Z2| s} M3}(8,9) AAA-ZHIA
A 8Hk-5-(reverse transcriptase-polymerase chain reaction, ©]
3} RT-PCR)G-(10)°]*}.

RT-PCR HH-2 Noguchi5 (/1)@ Schoenfield5-(12)0]
ek 31219 F=ZAol|A MUCIF}F Cytokeratin 19 (©]3}
CK19)oll tigk RT-PCRS AA|stod (19) w|AlA 0] S &<l
st ZdHolgt Bt o] % MUCIF} cytokeratin 8,
18, 19, 20, CEA, CD44, GA733.2, Throid Transcription
Factor-1, mammaglobin 5 ol&] 7}A] £k F x| A}bol] izl
RT-PCRE AAste] mlAld o] & Zgkalaat A Eska gl
th(13-19) RT-PCR th& Wiell vlsl] 91727} Fout
kel 78 E wiAlsly] oL o] Woew #lx
45 §AA ™| ofudt A o E ZE A
olA & #elo] =7 F3F Adloltt

E AR 7] vAld el o] gels 98l 7 3
slAl A-LE I 9 MUCIF} CK199)] that RT-PCRES A
Alsla 71&2] Ldubd We] ZAke} cytokeratinel] ek v
ZZ 3 ekd M A vlatste] 747k aeATt o g9
A8 ARl sl AAJe Haal B AFE AAsIA

oA 2w

) AT

Aledeayd duke| oA fcter g v
A; 40 ellA] dofRl 1S Rz z2AS Ags)
th o] 52 FE Aol A s B A5 TS

| W SAEEA, 9 AAlgEs AR
9] 2t} Psebdd A4S oA sl
Al F7+ 2719 FZA S Addlste] AES 7se
L AubA el Al o] gL k& 3t
YEarell Bapsigivh o] Wit =245 thA
o] s RT-PCROl|, v shue £27
Aslo] 4umzZ WHEsL H&E 323} cytokeratin
we 24 sstei Aol AEstole. 459 9%
Aslo] oA, W7], $2E F&A F-5, Black
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A E4L& Chi-square test 3 Fisher’s exact testS Ah-&

L pgkel 0.05 ot wl <97} e Ao DA}

(1) AHAL-SEELAMELS: ¢ shxe] Jl2Ad =

225 WAkl Ya A4S
< B3k )& eppendorf tubeol] E.O
TRIzol (Gibco-BRL Co.) A|%Fg %3 1 g & | mlE 4

7hsla & Ego] £ F Aol o 5E WAtk A
Zoll 600 uE Aol Al tubeol] & 3 chloroform 200 ul
£ A7FslaL 14,000 rpm, 4°CollA] 10£7F A4l Eel8ksich
o] T ASH 500uE HolA thA A} wbeE FH7|AL
isopropyl alcohols 5% YW A5l 158 AE WX &
thA] 14,000 rpmell A 102 Ax LA Ee|sto] pelletS 2+
sty AFNE AABAT. 75% ethanols 300u ¥
327 AAEEsle] HlolE ¥ ethanols A|ABFICh 20
~30p¢] DEPC waters Y1 Hg|sl RNAZ Aeksixn
220°C Yool Hakslgich,

A &3t RNAE random primers AH-&3to] A4 319
th. RNAS] A7 tol| whetl 3pgs ABele] template
A8} random primer 2 pl, dNTP mixture 1pl, 5% PCR
k5N 3, 0.1 M DTT 1y, RNase inhibitor 1.0p}k
MMLV-reverse transcriptase 0.1 pl& Y3 & 4L % 37°C
ollAl 603, 99°CollA] 527 HEGAIZl % 4°CollA] Whg&
BAAA DNAZ 23t

o8 Al olojZ cDNATE phenol: chloroform: isoamyl
alcohol (24 :24 : 1) &H5 &7 ol AAlsta oA
15,000 rpm, 4°CollA] 104 &< A4 Eelsle] FFHE
t}A] eppendorf tubeoll Wil F32] 99,9% ethanols o]
Al 20°Coll Al 1047 AAAIZ L tHA 15,000 rpm, 4°C
oA 102 % A Zelste]l FSNE Wl 70%
ethanol & 2 Alo]& th, 4°CollA 104 &3 A4 E2lsh
o] X pellety: -2ollA w3l Fof 3% FHT 20uE
ol el % 4ol BTt

Noguchis(21)oll 9l&ll K%l MUCI¥ CK199l] thak A
WA (primer) A& #Qlste] AR $ RT-PCRe AA
3} ch(Table 1). ¢cDNAY 3pl, 10x PCR £H3o8 2.5,
25 mM dNTP &35 2, AEA A3 Ay 42
10 pM #-& E&sl9ic} ol 7]oll Taq Polymerase (Takara
Shuzo Co)E 0.1ul (5 unitsu)® H7}sl 3L thermal
cycler (MJ Research Co.)& Ah-&3}o] 94°Col|A] 18, 53°Call
A 18, 72°C 187 403] SF3d). vl 272 & Bactinol]
gk APEAE A AFste] FRAEaAMeE Tl

Table 1. Primer sequences used in RT-PCR

Tumor Product s
marker size (bp) Sequences (5’-3")
MUC1 288 CGTCGTGGACATTGATGGTACC

GGTACCTAATCTCACCTCCTCCAA
AGGTGGATTCCGCTCCGGGCA
ATCTTCCTGTCCCTCGAGCA
CACTGTGTTGGCGTACAGGT
TCATCACCATTGGCAATGAG

Cytokeratin 19 460

B-actin 154
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dofZl HESAbEol 6% loading dyes “d7}s}o] Ethidium Table 2. Clinicopathologic characteristics of 40 patients

Bromide7} 47} 1.7% agarose geloll4 50 V& A 7|95

& 5 Al ALl band s Hstslet Lymph hod postive. Lymph aack negative
@) MAZE st Wz sk A 7] Eol| &

H 2 Z4e] vl o & (23) cytokeratinol] TNk ¥t S-E A Age distribution

(Dako Co)E A-&3to] AAsldon qlo]> AellA] o} <30 2 1

Al H&E G4 AAste] Fokz2S delslolrt f=4 31~40 > 5

27¢ L2l ngsgebrl sekglel Eefsa of a0 8 >

% 4 FAZ W] felseols sol ¥ 5 o . k

xyleneo 2 &3t} 3}43k b3 03% H,0, €42 A 7

Tumor direction

3t stgdrh. 10° M sodium citrate bufferl] ¥ Right 8 10
pressure cookeroll 1417 &<F Fielbrl Als]aL PBSE Al Left 11 11
Hslgieh 11200002 23]A43F XFAE £olaL 4°Coll Pathology
A SN B9 uEAIZL 3 AlE sl biotylated anti- DCIS 0 3
mouse immunoglobulin®} streptaviding Aol 4 307} 1t IDC 18 17
2271 & wpAuto g whalg 9)slo] AEC (Alkaline Phos- Medullary cancer 1 0
phatase Enzyme Conjugates)@ JAsta dnfE5Aglo Apocrine cancer 0 1
vhzed e A4S, Saee
0 0 3
I 0 8
Z o 1A 5 5
) YNE 2 uw : )
IIIA 5 1
A5 S] H AHL 466492 7 A= 9.6019 1B 1 0
oh S5 awelsd 54 Prde WEAne  Estogen receptor®
o1 §3 H&E 94 Zstol wet Aol7k i Tt Aol Positive 5 ;
R To® BReAcHTable 2). A4 34} 407 F H&E Negative ;oM B
AU AZA gl YT WA 99@rs%), ARe] o P \
P BATL 28E25%eINT I Aol Yk Negaive 5 6

T
Z 2= HF el HaAoAe HZA Ho|7t gl A Nuclear grade’

s 1 11 4
oxlo] Hfo] J& Toz2 EFsdla, HAfol gl ¥ 2 7 11
214l F 4ddl= thE HZANAHE T4 AEE s 3 0 0
o} At el FZANA Fok AEE Felsx Histologic grade’

Eoho] ol Sl oz ieto] ulwellet I

=

Weldeol met BRe Bd, A2 Aol gl T o N :
olAe FZZNe] 3o, H&A fFHFo] 174193, o}
Z3eRlske] 16 AReH, A=A Hwo] dv TolA DCIS = ductal carcinoma in situ; IDC = infiltrating ductal cancer.
L 254 g3kote] 180|911, Aol 1¢] YAtk W7 *P=0.984, ' P=1.000, * P=0.051, ‘P=0.113
of wheh Eishd FZA Hfol GAW 2 0717} 34,
1717} 8qll, 717} 9¢ll, M717F 1d] YA, Hfol AW
T2 0, 71E 91903, 1717} 134, 717 64l 9giet & EFE A8 789 2F oA RNAS FE3te] &
22 F8A A 9 2AG5FY BEE Swo] A 4 Azl ZAzel wlaslchFig 2). F 7HA S
BES 2903 =24 Hol7t 9= FollAe &3 5 AEF9F et 2AollAE MUCIF CK19 25 o4 Ht
= 7dgFel W=} & Hledl CK199] Z-Felle 460 bp, MUCIY 7%
o] © 2 3}o]3dF &= 9lo] o J A} 2l &
Aol A= band7} §1ieh. 2l B4 A== 3 G4 9

v

okA lzgo g GHel A EZFel MCF-77F SK-BR-34] Autzz el 739 MUC1Z CK197} 25 ZHAZE=

O:



OIZ0L QI : FEAMA M HIZX QIMAO0IC] AHS At AVA-SESA CHHIS0] o[0] 157

Fig. 1. Pathologic findings of lymph node. (A) Photograph of H&E staining revealed the cancer focus in the center (x200). (B) Im-
munohistochemical staining of sequential section for cytokeratin; cancer foci located in the dark area (%200).
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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.

Srakol AlZFellA 2] MUCIT CK199] WS holela
% A3 2464 RT-PCRe A3}l =8] MUCIL
735 239l1(57.5%)°1 A A Rb-g= HSl3 CK199] 7
ofl & 2401](60.0%)°M1 A <FAd Rk LERHTH(Table 3). &
A g o Foll whe} ERehd, fZA Fgol AW

MUC1¥} CK19 B band7} EelEglon =2
o] gl ZH$elA= MUCI®o] 49(19.0%), CK19+
5901(23.8%)l1 A band7} ERIE YL, o] F kFo] BF <
A Uepdd Ase 4didch 99 AdE F3e)
MUC1Z} CK199] ¥x]&2 97.5% %t

Cytokeratinol] thgt W z2]5}3ked A Ayl AA| o F
18¢1(45%)oN A kA ZA3tE HE=d(Fig. 1A, 1B)(Table
4), 18¢l] B Ao|7} &= AW "z Aot v A 1
o= 540l9 ot} RT-PCRoA &= EHAIE A whs-& <
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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
MUC1
“) 0 17
) 19 4
CK19
“) 0 16
) 19 5

Table 4. Results of immunohistochemical stainig for cytokeratin

Lymph node status

IHC staining

Negative (%) Positive (%)

Negative 21 (100)
Positive 0 (0)

1 (53)
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 I IDC
29 44 - + - - 2 0 A 1 I IDC
32 57 + + - - 3 0 B 1 I IDC
36 32 + + + + 1 0 0 DCIS
37 35 + + - - 2 0 B 1 I IDC

ER = estrogen receptor; PR = progesterone receptor; NG = nuclear grade; HG = histologic grade; IDC = infiltrating ductal cancer; DCIS

= ductal carcinoma in situ

olgir}. wlA MUCIS] RT-PCR ZA}obe] UX&-S 87.5%
a1, CK199] RT-PCR Zzebe] ¥A &2 85%%ow
Z W Antele] AXEE 85%A )

"2 Aol gle TollAd MUCITH CK199] A ks
= B f=zAe] g 5ellE Aelsglou ol
FEE ST 5 Y ch(Table 5).
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SHrehe] g e Ak 204 Aololl 2| Hstelo]
HAelE 20 AL AHolgort Hol: F&

MO HaEE ARSe| ol FojAm gt ol
H:]_g]-‘;: XA AAES /(] ) vke 3zl AEFo| o]F]
¥ FEE WA BE WA vl ol Ao} sk o
44 DA% Mot Ha or, 4 HE 24 5

Be 5ol AAsE

AWHE A 4 AAE
e o gYFE 72N
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CEEKES CEERS
2 5 e Aol BRI QY] wiel B S7kelE
Aol olet A HTolle HA EFE XEE A
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ABSHE 2 ohi Aol BT Ao g A B
WA 5 A AR Zolet B EE Al ALE
=% gheh wd H% Wel Badel YxA Aol gl
A #Ae] 20~30%7F 59 ollel AHE Ao u
93 gorg YA Ag 478 Ao Aze

W RAhaA s AR Eel o|FelAx gon] o
Z4 vl A Adel o 75 &AQlsle Aol FesA FH AUk

AL L] S8 PSR el o
% (serial sectioning), ™%} %32 s}8re] o[t} RT-PCR 59|
At o] T A mAARES 02~2 mm FAE v|AAE
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it olell H]3ll RT-PCR RIZHE7F Fow 7 A
AA o] FAHHE Aol 7129 Winct ol
ez A7iso] B vt ol FolH ot 9
HsAE Ak Faha 9

AAHEL MUCIZ CK199l i3k RT-PCRE A
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o] QA H F F 5ol A% MUCIZ CK199] WS
shoich Age] Bol2 g #9lsly]| flste] A =

EI

of|of] 4] RT-PCRe Al¥¥stel o} MUCLZ CK192
25 SAol9dx B-actinel] TtHdF RT-PCRS 3HA] A

o] o] Z3}7} RNA degradation WjiF-o] o}1] F/'P: s
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Ao Uite] 1o], HaA Ato] 449 i:ci% TEA|
=4 d7t 4dllgom, HF Helds i g WI17k 0
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EE AT F glont o] F 1dldAe HFHeERS
& %‘&JQOM Aoz} gl= et o] ZHpof up
RT pCRO] u:] o zzlg],zﬂoa/zn ul—ulil;lr 1;4] \:1]71- } Hol-
Ziii A37+=L} RT-PCR A< 75 #7344
lolsl= AL Adsgeh v ¥eld A
_JJu 437} RT-PCRo|| o] &% & Z A
HéEI@AMW THANEZE BlstA X
u| A4 o] ¢ 7}—”—“9— A WA 7= glch
RT-PCRE 10°709] AZF 1ellA §AA7L vl g
aAE FEFse] F4l -i T de AEE U=}

N

Mo?éo}imﬁ_\*nﬁ“mi =
i e g ) (R

_,

N > 2o (o k-l

o
L2 o
}-ﬂ

flo b1oob %@ N mu X o rH
o
of

fy 2



0150t 9 - 7

SMNIM oot B A OIMIXOIC] XIHS 95 AMA-SESA MBSOl 019|159

<
I'

\.
rir

¥ Sl9goletn HENAL &d Aotk oleld A4
o A4S 712 e EAA] hE RT-PCRE vl
Hol % #helehi Wy oz Agelivl glold 7 2 o
Yoz Aze % EAA) Sl fgtel o
& SAATL BAY WAL Sol =g F4A17] e
Jgol Al ofel $79] $9 FA70] Ul RTPCR

rf

& FiAo2 Ak ) Y ow Ay,
et Fob zAol Bold Aew AzwolAw

MUCI1 ©]u} cytoketratin 19 G-o] F & F4 dHo|L} g =
Aol A2 WAEo] FAIAAZAL] o7t glrkes B
aEo] 9t} IA Noguchis(I1)S MUCIel gk RT-PCR
HZA Aol P Fst Ao fZ A A AA
slod 15%°lA bandE U8RI o] vl E 9w
ae Aeg Huslglth 22 Dents(23)S MUCIE
RIZE, So|=E Qs fete] B AAA 499 &
Nyl Z<= FZ A4 MUCLO gk RT-PCRZ} western
blotting Ale3lo] Hrslol =l 4od] 27 B4 FZ Ao
A A Mg Kol 7]Eo YA EA = A=A ¢k
bz 48A J¥ MUCI f-A4A7E AR gel=
vbx Hasta 9leh o] A A& Noguchi 59 Xz}
primer®] WZEEL Al ©A]9] template DNA®Y 23k @
doll o3t A Ao 7hsAel girka Ea MUCle|
A E g vAlMel o] JER o] &  glrka FAw)
3L Qlul. HESE Eltahire5-(18)< 23419 A4l & ool 4
RT-PCRS Al3Jet Zzt MUCI2 7% 21494 bandE
PAEA L CK199] 755 BAolAE FRlE]A] gront
ZoF A A 9 MAETE dorng Agol Agte] glrt
3 H3skar 9lek. Bosticks(14)< 139 A4l 242k
ol gl & 77%, 46%°ll4 CK19, MUC1o] el oty
pstgom A4 A=A 3¢ EF CK199F MUCIO o)
gk bandE FAsIRThaL Haskar gl o]e} 2 9
AFH I = I7] cytokeratine] U} MUC1 &2 FAA7} 4+
I A Eofut EAgkehE Moll5(24)<] H,:_L} Osborns-(25)
o] Azpe} AukE]= ZAo @ y|Eo] ZakF ARl gk
RT-PCR WH e Z&A | & A7lsta ek ek
ARES B FZANA 9 MUCIFH CK199] WE S &
kA Fslar A7l ofE AAES A 4], 134,
234 & ifr«l 7&‘“15’* o ® sk glom X3t
NHTJANA AFAEL] 29 =& 1t

mlo

[

o

7] §1% —‘éol Egeing AEs Wel7l A
@ A7t 2ed ol

RT-PCRE AASH e 7 T3 olfre 249
AE 75 B ddlFehe Zolrh2e) o] HEE 2
A7l fleiA e AT FzAe] 73, 9AEe o4
WA, primere] EEA ol AR SE, AY AAe
4 5 o 7}Xl ol AL Aoz Azdrk & AT
AINAE Sk 9l%o] RTPCRe A% 245 74

o
A oke 22 Xéw AE Qe A Fo% 9ol
ot ARES A 279 YTAS Adsle] ARz
Agelgont Add Yol AA Ao 4rg
- o]

3 A (sentinel node)(27)

LA o] AA el s

= s 5
T LAl € 7L flen, G 749 9% 4
K

m

[~
rhu

AL guker 312} 401 ] Bz AL gAke g MUCL
I} CK199l] thek RT-PCRI} cytokeratinol] thel w1 =23}
48 AAeko] vl Ls}leh. RI-PCRAS} A &
o] 9l 3kAH9] 4dflolA] MUCIe], 59|04 CK197} &l
9903 Aol7t Y FollAE BF WA Welz
shetel ) 224 Aol e 72 9T%A FAelg)
Aol g TollAE BF SAolold Wz sl

7_'

Al

F

Ao nl Aol Fole] Hetslr] ke wiyo g Al
t}l. RT-PCRE o] &3lo] wA|Ao| S Agkslr] 9130

¥ FAE SAsE Ao] FAFolng A4
© AIE A7 fdAe oY FEEAA ol
RT-PCRS EHF At Zlo] Z2Axn] 712 2= A
A4 o sto] Al AZAY Fehg A% F

tlo ok %0 r\r r&ﬂ, n& H JE

EF ol vl elrtn 42,
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