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Purpose: The extracellular domain (ECD) of the HER-2/
neu oncoprotein, whose molecular weight is the range from
the 95 kD to 105 kD, is shed into the blood from the cell
surface via, proteolysis by a metalloprotease. A monoclonal
antibody immunoassay has been developed for measuring
the circulating concentrations of serum HER-2/neu ECD
(following serum HER-2/neu). Serum HER-2/neu has been
reported to be correlated with an increased tumor volume in
those patients suffering with breast cancer. We measured
the serum CA15-3 level, which is a surrogate marker of the
tumor burden, we analyzed the correlation of the serum
CA15-3 with the serum HER-2/neu and we analyzed the
association of both markers with the clinical outcomes.
Methods: The sera for the analysis of both HER-2/neu and
CA15-3 were obtained from 99 healthy Korean women, 66
primary breast cancer patients and 43 metastatic breast
caner patients. The serum HER-2/neu level was measured
quantitatively with using an ADVIA Centaur® automated
immunoassay analyzer (Bayer Health Care LLC, Diagnostics
Division, Tarrytown, New York, USA) and the CA 15-3 level
was measured via radioimmunoassay.

Results: The serum HER-2/neu level was increased 23
metastatic cancer patients (53%). On the analysis of the

correlation of serum HER-2/neu and CA15-3, the correlation
coefficient (r) was 0.8072. Thus a positive serum HER-2/neu
test in breast cancer patients was highly associated with the
CA15-3 level for assessing whether metastasis was present
or not. For the relationship between primary breast cancer
and metastatic breast cancer, the former was classified as
the control group and the latter as the patient group. The
results of the Receiver Operation Characteristic (ROC) curve
for serum HER-2/neu and CA15-3 showed no statistically
significant differences (p=0.176) but the diagnostic efficacy
of the serum HER-2/neu test was measured more exactly
than that of CA15-3 and CA15-3 a tool for measuring a tumor
marker for the diagnosis of whether metastasis was present
or not.

Conclusion: Serum HER-2/neu is a significant independent
predictive prognostic factor for metastatic breast cancer
patients. In view of the results we have achieved so far the
serum HER-2/neu level in metastatic breast cancer patients
may play an important roll as an independent tumor marker.
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gt =4of| gt St 2s] o] FoIR|aL Q= AFol)

QoA o] 8gdl= B FF EAAKserum tumor markers)
1= CA15-3, BR27.29 (CA27.29), carcinoembryonic antigen
(CEA), tissue polypeptide antigen (TPA), tissue polypeptide
specific antigen (TPS), HER—2/neu ECD (HER—2/neu) 5°|
UL, o] F 7H de o] 85k= 2> CA15-31} CEAIH @) &
5] CA15—3& 3% Sfoll A S Bl & ti o= AR} 0]
o, Fere] YARolE 270l & = sl FAAolAL, R A
ol FIERe] A= Al f-85HA AR R FARR
96%2] =2 5ole H 70%2] 4t A= WIS U= A S
2 dEA et 3-6)

I S-S AAlSkT 783 8% T FAARE CALS-
30| dg] o] 8= X7t American Society of Clinical Oncology
(ASCO) AZA A= e APt 2710l obl=tl CA15—
3 AR o8& WESHA] h=th (7) L ol 7] el

olg)7} AL A

CAL5-3 Fto] AF53he 7971 A1, Ap o golel} 42 7
S 2 4 Qs WRHET} Won], S QRS AXshe B B
ARz e BeAoR sl e Bele 2717} 8l
£ 797} 9L, Aol gl SOl HlSol 0w S71E 74

71 247] whizoltt,

HER-2/neu (c—erbB—2) &% *Hproto—oncogene)= 21
A1) 17H GAA] ALHg2Dol YRISH= c—erbB—-2 YRt FF
FRAAEA] 4,5 kD mRNAO| 2J8lj4] THE012]= 185 kD =7]9
9] 4} thill(surface membrane protein) 0.2, FXA 0 2=
1] AGRARF =8AeF frAkeh, QIA 3] AdARIAF =8-A-2
(Human Epidermal growth factor Receptor—2, HER—2)Z4]
tyrosine kinase 282 71|l glom ANlELo] JAS fwgh
o} (8 9 HER-2/neu A 13 Z EA0] 9594 105
kD Ato]Ql A2 2] 928 metalloprotease]] et th 2l 23
Zctol| ofaf Al sZEH O = RE HolA 2k 3elo] Eo] ol
2 Zo|9bA] =85 "t o] @34 HER-2/neud] gt G2
FA|(monoclonal antibody)7} 7idE]o] WA o= 94
of| X% HER-2/neus 4 0.8 S48 4= QA =3t

e gEtoll Al HER-2/neu Sl A0 wc) a2 ehxp
9 afjgof thgt of| SRt ofuel FolIEHA| el TEHA 7
RSS9 2 Hold fde A=A2 7idE HER-2/neu
TEAE FH o7 FR= vhH|3Et A9 trastuzumab (Her—
ceptin®, Genetech/Roche, San Francisco, Califonia, USA)2]
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&% HER-2/neu= ADVIA Centaur® automated immu-—
noassay analyzer (Bayer Health Care LLC, Diagnostics Divi—
sion, Tarrytown, New York, USA)2} ADVIA Centaur® HER-
2/neu assay (Bayer Health Care LLC, Subsidiary of Bayer
Corporation, Tarrytown, New York, USA) A|2FS o|-85}o] %
FHow S48t A del= @3 HER-2/neucl SIXIg
A A S (epitopes) ol gt F 7H2] TA|EE &l (mono—
clonal antibody)& °1-87F =92 HHS4H (sandwich im—
munoassay)?] 2% sFsPEgH =4 H (chemiluminescence
immunoassay, CLIA)S 2 Z3sl= Aot} CA15-3 AAR= W

AP e (Radioimmunoassay) -85k 24351t
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% HER-2/neu AAF] 7 a1 (cutoff value)= Th=t
e tPo R B wAloA] Atk E7lof A dke] 12 ng/mLE
ASIAAL, (10) CA15-3 AAFE] g A= AR AloF X Z] Aol
A3t 30 U/mlLE 33k,
4) SH2|

FAEF ] 42 Stata/SE 9.2 for Windows (Stata Corp.
USA) Z2T5S o] 8sto] §o4, A, a8/ 55 B4s)

STt
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1. &3 HER-2/neu?t CA15-32| jiBig

7ol It Ehxloll A € HER-2/neu| IhtaL oAt
34} 431 5 23 2R 53%0llA UERHAL, CA15-39] 2pe->
438 Z 1478 0= 32.5%°014 YEPET], i ek 2ol A
YA HER-2/neu®| IPE&-L- o 244} 667 5 9922 13.6%
of| ] vrepsitt,

Table 1. Distribution of the serum HER-2/neu in the healthy
women and breast cancer patients

Group Number Median  25% 75% P .
value
Control 99 9.1 7.9 10.3 <0.001
Primary cancer 66 7.9 6.8 9.7
Metastasis 43 12.1 10.3 16.7
control=Healthy Korean women.
*Kruskal-Wallis test with Scheffe crrection.
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Fig 1. Distribution of the serum HER-2/neu in the healthy women
and breast cancer patients. The median levels of the serum
HER-2/neu were 9.1 ng/mL in the health women, 7.9 ng/mL in
the primary breast cancer patients and 12.1 ng/mL in the meta-
static breast cancer patients.
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2. ZHZolMe| E3 HER—2/neu?| H|m £A

A7k o g, A ek B, Ejal dold et
Aol A 3 HER-2/neu #42] F$l(median)= 7173t &
oAM= 9.1 ng/mL, Y FHIQ ARLOIA= 7.9 ng/mL, %
oA i Ao = 12,1 ng/mLE S3ECKFig 1), 4
P 0 5 Al o Ztol] ol 2l & B 0 H(p<0.000), E3] Zold
It SEAEoA] THE TR =2 2R E Wi tHTable 1).

7h g AR BAEAE S uf, 73 o gt Ay
I bl 938k Abel= IR WK (p=0.998), 173t ol gt
3} Mo A FHt A (p=0.001), 1] LA it SRt
I Aol SIS (p=0.002)014] {23t A0S Rt
(Table 2).
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Table 2. Multiple comparison of the serum HER-2/neu in the
healthy women, primary and metastatic breast cancer patients

' Difference . ;
Comparison of ranks Q P

133.932 7.649 0.002
108.021 7.193 0.001
25912 2.043 0.998

Metastasis vs primary tumor
Metastasis vs control
Control vs primary tumor

control=Healthy Korean women.
*, the minimum false negative rate; ', Kruskal-Wallis test with Scheffe
crrection (Stata/SE 9.2 for Windows, Stata Corp. USA).
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Fig 2. Scatter plot showing correlation of serum HER-2/neu and
CA15-3 in metastatic breast cancer patients. Serum correlation
of the two markers were strongly correlated (r=0.8072).
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Fig 3. ROC curve of serum HER-2/neu and CA 15-3 in breast
cancer patients. There were not statistically significant diffrences
(p=0.176). But the diagnostic efficacy of serum HER-2/neu test
was measured more exactly than that of CA15-3.

"84 B7F= 218 ROC 41 (Receiver Operation Characte—
ristic Curve)= o8¢t 23t % HER-2/neu®] AUC (area
under curve)= 0.8547, CA15-32] AUCE= 0.7868% = - 71l
AR R {3 Aol= YA HHp=0.716) (Fig 3), HAt &
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AL ol gof] Thgk QAR 710 R Y 7], Hold
ol YR O| Fr, 22T Hole, AT = B A (est—
rogen receptor, ER)} BA| & 25 484 (progesterone re—
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A o, T FHeo] F7Fske FAllol whet iRt FAt A
EA] 7led o] 81t FHHY ol % QIAol| TRt At Ee)
3= Qi (14)

UWEA 0 2 FFE AR FRlolu B2 A T ook v
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S I o' FYFARE AAY 4= Sl B2 o] A
E|QaL ofof) whet FFEARS] e WX Holulth, Al TF
FEAAE EAA7 = 2 S gk kA =l qinh

dubz o= FHRQF 2hto) Rtk =23 Aol 71 &3] o]§
She T4 SUEEAAE CAIG-32.8 F4Fe] Hul& ti3tsh= 3%
2)ZKsurrogate marker of tumor burden)= &&A QJaL, Ho]
A et 2= 2] ZrAl(monitor)ol] AREEH,| FF] AR
nlg] o Ae 4= Ql=tll = ARG-ETh CA15-30]] T3l of2] &I+t

AiLE aoksPd theart 2tk 1) AARIolA CA15-3 AAR=0
|4 30 U/mLE theFshal 30 U/mlL o4 wi= 571 ol
2) I 0]9)9] epgE oIt AR, (M 59 Ao
Z7FE 4= itk 3) CA15-3 #h=2 ¢ Jola]e] A7]of ej&zlo|ry,
4) CA15-32 YAFA ¢F 3l =42 07 A oFS X5k b
= A ZBhe] o9k 22 o] IHAAL A 22 =7 HA
o WHoFE A8t 4= Gtk 5) ¥4 Holet Z7HE CA15-3
grol Wadet WAPZF STt 6) AF AtollA= ¥4 Hol7t =)
7 2E19] 5070014 CA15-3 grol Asdhs A SR YEPTE 1)
27 Ho| Aol wlebA] CA15-3 Flo] ¥ig} 31| ekt §) Tt
TG BRI} FAlof| AMESl= Ao] WIS RFIAIXIT 9) 2
A} o &t At EETgstct. (5, 15, 16)

HER-2/neu &84 A= transmembrane receptor tyrosine
kinase 2182 o1 A8 FlolA 'AEAIX] A1 nlopA A E(neu—
roblastoma)ol 4] A2 WAE neu FTFFAAR) -2 42K
o] 1t (17) Foll HER-2/neu= 53} 99 (trans—
membrane domain)2] single point mutation &2 15} UG
AR 293} =R 1A olA HER-2/neus= %419 5
Foluf Fofeaa o] mplre e /gt Q1A el
Al HER—2/neu EFFa~k] 52 20-30%9] W1=2 et
1 HER—2/neu S A o] aplra-2 50t ex4=9] B3t
of| -2} Ao} Ik 18) 73 AlF=(oreast cancer cell line)
oAl HER-2/neu®] EFTiZ ] 3Pl A/ dds X4
713 FAGE F9 o]Fe]A] Rdll(xenograft mode)ollA] &
LA, 19) 1A 1 UAellA] HER-2/neud] TPAT} £
o S-2}ke] AR Al A oA Eoli= HER-2/neu®] Al
A 7508 A=Al gtk HER-2/neus= tHE QA 3
3] ARA; gAlE o g ol A o et o i TlE
3k a4 % invasive ductal carcinoma) =T} AT
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| ek @0) 1Ev A9 =), g, JP S, AP A
F2 g T]Ehe] AulA|atof| A e AgAdA o = HAETh (21) A
QHcarcinoma in sitw)FollA] HER-2/neu 73AFe] S-2Zont
il o] A0 Al szuf Yol A HER-2/neu®] Y=g 745}
Al Z7HAIZIEE (22) HER-2/neu %770419] 522 Slamon
S8R] FHeF ghAke] S5t oot o] Qlrkar A3 HEt
5 ol 5eo] A of2 Aol webA Ate)7) §lo, HER-
2/neu SRl HiRE Aot Al Ao whet Zjols
Hol=Zlo] £ Ao},

HER—2/neu FF A (oncoprotein)®] 2= M2 Y tyro—

sine kinase 99, ¥ 3% % ¥(transmembrane domain), A2
2] g (extracellular domain, ECD) % 3714 QLo & o]Fo]
A Qlet. (23, 24) HER-2/neu &t Aardl =8| 4]
O] gk 7H 2 ool Ipgo] ofdh= A o2 UeiA 9l
31, HER-2/neu Shid o] BEsta E40 AL 432
A 3} O FASES AT AeE dHA o
t}, (25) U BAoll A HER-2/neu ezl o] whc) uha o
SERpo] of| o]l thgt of St oh e} PR ReF T2 7
RSS9 X Hold et ARAIR 7idE HER-2/neu
TEAE FA O R Sh= WA FAIQ trastuzumab (Hercep—
tin®, Genetech/Roche, San Francisco, Califonia, USA)2] | &
S} Ae 7|25 Akt o838kl itk 84 HER-2/neu
AA] FHet SRRt A FFe] HoHtumor burden)2} A3 HA 7}
U Aoz deA Sl @6)
Frdtol| A dlERAR=M 2] HER-2/neu A2 204)17] E5
] et AR o] E|AL Q= trastuzumab®] 7R Qg 5
B 84| A B4Rl @47 FSieh HER-2/neu
ECDo] thgt Eo]&A|Ql trastuzumab HER—2/neu TH&-S
Holz= §3¢ gjo At A madts 71 5= 710l tras—
tuzumab®] 78-S HER-2/neu AA0] &35l A7 = &
I Fegich o2t HER—2/neu SR 9 FoFdha o]
AR ole A 552 S0 W, mRNAS] HAE &
Aok W, HER—2/neu 84| @& S788k= 4, HER—
2/neu ECDE &788k= Wiio] itk @7)

AR} S-S 278 WS southern blotou A4 F4
S Hpolymerase chain reaction, PCR), AAt2] £ (in
situ hybridization)©] AMg-E|H 53] WS B3 AlAb2] FH
(Fluorescence in situ hybridization, FISH)S duk4 o2 o]
Al Z & MI2EH A ine needle aspiration cytology, FNAC)
Z2o]u} formalinol] 778 A 2ol A% 2 LeRar Aol
7hssh 7P Al=iet 4= Qe i o 2 A A lck mRNASY A

AS 2451 WS =4 ZoF% 22 0|83t northern bloto]

N

=

T
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L FHA-A2 E453HHreverse transcription—polyme—
rase chain reaction, RT-PCR) 502 &%0| 7}s3l} 9k
2] o] mRNAS] E9Pg/ 0.7 el W& 4= QI (28) HER—2/
neu 5-8A T HHAS FF e A S S WY
ZA s A immunohistochemistry, THC)©JU western
blotell 2J8f} Z7go] 71astm, HEF2] oA 3 HER-2 A (anti-
HER-2 antibody)oll 2Jgt HHx2)3e} JAS #x 7P W
WA o2 ARRHE, 9 Yol -¥ksk= HER-2/neu ECDE &
Aol= WS A4HYEA(enzyme immunoassay)©ll 23l
7ol 7Fs3Itt (29)

Z2| 02 A= THCSF FISH ¥ EHol|A] AEshk= el
enzyme-linked immunosorbent assays (ELISA)7} A 714+
ol ARg- Em, o] F ml= A1%2]eF(Food and drug admin-—
istration, FDA)oIA] 5912 ¥E2 ELISA Q] manual microtiter
plate assay (Oncogene® Science/Bayer Corporation, Cam-—
bridge, USA)®} automated version on the Bayer Immunol®
platform (Bayer Diagnostics, Tarrytown, New York, USA),
ADVIA Centaur® automated immunoassay analyzer (Bayer
Health Care LILC, Diagnostics Division, Tarrytown, New York,
USA) 5°] 9lem olF & & Atolxis 71 2ol 7idE €4
of|] A= 1 ¢l ADVIA Centaur® automated immunoas—
say analyzers ©l-&sI3lom o= A4 HARK= THCY
FISHS & 73 Uehths s ol 22037 414 2219] 2}
o], 2219 g wpy, Ao A 9 34 A= gk 7|29 A;
o]oflA] Uhea= ARl B SE5te] Ante] A dS A5t
o Sloieh 3k 221 o8k F AR Sl AlAH Fell
= AR 4= gloks AlRHE 7HAIAL Qlek whde] @4 HER-
2/neus 788k AAME AR 02 AL 4 L FUA
7 Folle HAE 7hssh dollAle] Ago] golshrh= R
= 7HA]aL it

HER-2/neu -4} 553} il of vpdha-e- by Het
9] ¢F 25—-30%°NA WAET (30) 83re] EAPEESA Bl
o7l LA YRR RN HER-2/neu -AAF 20|} thilo]
TR, o A -7} p532] WERE EH o] oA A E
H E5RE ol et TR} Qlrkarl A A QI (31) 4 EAEE]
Ayt ke HER-2/neu®] a2 Eegh o ¢} ¢Avtzlo] §)
ARt o] Atso] fad Ho| o S-S d ko' g

Aolu, 4:4-0] Qipato] Y Fo] S4Ql 2] e BAS
dpigo R 3 Aol (32) Selutete] %= HER-2/neu Tl
of etk 7)) el o clere] Qlgkel thet A7t

il

5] 2:9:0] SIS SO ARG} O B BAE
3} etatsto] A 2412 A=t Zlo] SUsltt (33, 30 53] =
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2 Z07 Ul Qot.a0) Mol et Extel A @3 HER-
2/neul] Fr&-S- Gasparini 5-(35)°] 27%, Osaki 5(36)°] 42%,
vk F@37)0] 64.1%5 Halsklal, 2 Aol it 21} 431
% 23 o= 53%= Uit o] 22 Aol 7t =759 574
HHEC] THCO| R 22 HER-2/neus S22 oA
oo Q] Apo| = Tk A F YRS A2 AZtE AL,
2]9] ¢t FA oA AAlsH= <2l ADVIA Centaur® auto—
mated immunoassay analyzerg ©|-&3to] B} A844E 74
s 3 (38) @3 HER-2/neu S A= YAF2lol|A] ol 52|
¢ AEE Alssto] Mold ek ehake] 2| AME 4
Jom EA ArR= 224 HER-2/neu HHIE A7AIH =
HEA0] AHE Aeeo2H 53] RS 213 e 4
= AgsiA & Aotk (39)

Ali “5-(40)2- CA15-3%k @74 HER—-2/neu 32 57d5t o
AR Axfele] AudS BASIAL w4 At CA15-3+=TH
Aol BESEol thet SRR} H1R] sk, 874 HER-
2/neu e AT ThATE FA] Bl A] o SRIAEEA 097}
oS Bl 319} B3 CA15-32 D5 AAE THE ©% HER-
2/neu BAE A AASh= Zlo] BT Al $E &S 4=t
L SFQAEE 2 Akl = Hol g et Ehxjollx] @7 HER-2/
neu®} CA15-39] |5 ARFRH O] A3te HAS Al 27}, &

O

o:

do 2

;O

rr

ox

i

of
L

21743 35 ol 00w, A St 2} 669 2 Aol %
ok B 4332 ko = oI A5kl B4 HER-2/neust
CAI5-3& 273lo] 2413 Az, ©% HER-2/neu ZAR: §3
oF MEHEARRE: RESR, HolA et BellA] CALS-3 At
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