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Background : Tyrosine kinase receptor (TKR) is an important protein for normal-develop-
ment, growth and tumorigenesis in human tissues. The purpose of this study was to evaluate
the effect of TKR in the progression of breast cancer. Methods : The expressions of EphA2,
c-met and c-erbB-2 were examined, by using immunohistochemical methods and RT-PCR,
in samples of breast tissue that included 111 samples of normal epithelium, 34 samples of
ductal carcinoma in situ (DCIS), and 109 samples of invasive ductal carcinomas (IDC). The
results were compared with the prognostic parameters of breast cancer including the tumor
grade, growth pattern, lymph node metastasis and the expressions of ER, PR, p53 and Ki-67.
Results : The protein expressions of the three TKRs were higher in DCIS and IDC than in
x . o oeol normal epithelium. The protein expression of EphA2 was correlated with a tumor grade, a
S| 12004 79 28Y L . . . .
ARSol : 20049 119 119 labeling index of Ki-67, and the protein expression of c-met. Overexpression of c-erbB-2 was
correlated with lymph node metastasis. The mRNA levels of the three TKRs were correlated
HOIKA} 1 & Y < with each other in normal tissue and IDC. The level of c-met mRNA was higher in the low
©136-705 A& AET ook 571 126-1 | grade tumors. Conclusions : The three TKRs may play roles in the tumorigenesis of human
Fefstal o Foet Wl st breast cancer. The overexpressions of EphA2 and c-erbB-2 may be a poor prognostic param-
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Fig. 1. Immunohistochemical stainings for tyrosine kinase receptors in intraductal carcinoma. (A) EphA2 in the cytoplasm and along the
cell membrane. (B) c-met in the cytoplasm. (C) c-erbB-2 along the cell membrane. (D) Immunostaining for p53 in the nuclei of intraductal

carcinoma cells.

< A7, Tl 3= E modified Bloom and Richard-
son grade system'd] W} B731907, ko] A okale 3t
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stk 18] RS2 §<5A17] & EphA2 (Upstate Biolog-
icals, USA), c-met (Novocastra, UK), c-erbB-2 (Zymed,
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Fig. 2. Photomicrographs showing a map slide with a coverslide. (A) High resolusion is preserved. (B) Uncovered and dried slides for
dissection with a laser pointer at the center as a guide. (C) The residual tissue after dissection. (D) Collected cells on the CapsureTM.

23U 10% vItre]l FQ BF-E 0, 10% olde] Al=Ert
okt A HY W E 1+, 10% o)de] A7t F5&e 94
= BY WE 24, 10% ol AErt 73 dAE B g
3+2 BAEAT ps3 ER, PR dofl JaE A2} 10%
ol Ag A, I oldkE e E WS 1A Ki-
67 ol AaE A F AA ] 1% P FAAF 0, 10%7}
AE 14, 30%7HAZ 2+, 30% ©)4S 3+ 2 A=531k(Fig. 1),

2[0|X o|MEMZ1 RNA =&

dstdiol B Fold A 283 F% 24 7 5049
AAZAE FAWAIE olgs 5 umFAR wPdsty,
RNaseZ #2]38 f2]&eto]E(AntiRNase Pretreated, Fisher
Scientific) ol E¥th F&AA = F 70% LIEANN 1A
A712, DEPC (diethyl pyrocarbonate) &0 = A=
Mayer #PHEA-T o A1 JA§ol o2 et 5 thetA o]
dILE GRS AR 587 AANCE A, 3
oA g & mAEAE A7k Aggtde] g0 e A

Z3 HAst] HAsIHTh FolA vl EA&(laser capture
microdissection, LCM)-& CapsureTMo]&}7. &+ Al TE S8
715 AFE-8l= Pixcell 11 system (Arcturus, USA)S A3}
o] &719 2,000-25007H9] Ash= AERS 8o g g5
Aot 7eds] Adeid, d4EHe R AFE B 24 &

o|E(map slide) & AHEste] Y53aA sk AxY A&
sjotaly, PEalua} sl 2 o] £ S| =REE Fo)
A5 olgsto] dste AMEvhe A2 F. CapsureTMOl2h= &
7o) AAE METE BEoUtHFig. 2). BARAT FE2A 7t
7} 509 & FARAg AAE ALEly, THANEE g5 5 3
A AR} 33e19TE, 15 AN ES} IDC MEES PR}
5 F AAA AA7E 261515 A E, DCIS A, IDC
AEE FEst] G52 5 IME AATF 7oAk LCM A8
ZA] PicoPure RNA isolation kit (Arcturus, USA)E o]&5}
Aol wegt 58 AEZRE HA RNAE FZ350h 7+
gre] A, LCM< B3l 5% AMEES 50 ple] 354
FAOZ 42°C oA 3087 HBBIT 0% LFE 50 uLE 4

of FEE7I0M AE & g F FF 8718 AHsl] A
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Table 1. Oligonucleotide primer sequences used
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Table 2. Statistical correlation between various parameters

EphA2 sense P : 5-CTCACACACCCGTATGGCAA-3'
antisense P : 5-GGCTCTCAGATGCCTCAAAC-3’
c-met sense P : 5-ACTCCCCCTGAAAACCAAAGCC-3’

antisense P : 5-GGCTTACACTTCGGGCACTTAC-3
sense P : 5-GAGATCTTGAAAGGAGGGGTCT-3
antisense P : 5-CGTCCGTAGAAAGGTAGTTGTAGG-3
B-actin sense P : 5-AAGAGAGGCATCCTCACCCT-3’
antisense P : 5-TACATGGCTGGGGTGTTGAA-3’

c-erbB2

A RNAE F=313th
HFEEN AMAL SEIED HMES

FZ3%F AA RNA©| SuperScript III First Strand Synthe-
sis System (Invitrogen, USA)<S ©o]-&3] Ao wlz} cDNA
€ P8I FAAA genomic DNAS] SHE 27 $Jal|A
RNA ZAAE DNase (1U DNase free, Invitrogen)Z *]g]a}
1, 50 um2] oligo(dT)12-18 primer, 10 mM dNTP, 1g]1
A RNAE 65CollA 557 wjdstith. RT buffer, 25 mM
MgCl;, 01 M DTT, RNaseOUT (40 U), SuperScript III
Reverse Transcriptase (22 U)E 50°C oA 5087+ vE3-A)71
T, 85CAlA 57 WiGAA B FAAATL RNAE AA
3171 98] §49¥ cDNA+= RNase H9} 37°C oA 2087+ vt

AATE AR HESES 20 uLZ kit 7 PCR u
A= 4 pule cDNASL 2X Universal PCR Master Mix
(ABgene, UK), 183 10 pmol®] Z+ A& (Bioneer, Korea)
E7% AHEAATH Table 1). AWAE 94CoA 527F Alajet
5, PCRE 94°Col|l 1&, 60C 18, 72C 182 383 HkA|
713, mAEC R 72°C oA 1027F vtk PCR ol$- 7}
AANA 20 uLE 15%°] opPtR2A] M7 AFA713, Image
Analysis System (Vilber Lourmat, France)S AFE3lo] g-
actin® 2 ¥F3}3t A2l mRNAY Hdg =439k
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Parameters  vs. parameters p r
Tumor Grade Tubule formation <0.0001 0.63375
Nuclear grade <0.0001 0.70134
Mitosis <0.0001 0.86590
Proliferation index (ki-67) ~ 0.0017 0.29734
ER 0.0035 -0.27883
EphA2 (IHC) 0.0173 0.22765
Growth pattern <0.0001 -0.36474
EphA2 (MRNA) 0.0603 -0.33579
c-met (MRNA) 0.0293 -0.38548
c-erbB-2 (MRNA) 0.0818 -0.31230
Growth pattern Tumor grade <0.0001 -0.36474
ER 0.0094 0.24897
EphA2 (IHC) 0.0343 -0.20293
c-met (MRNA) 0.0537 0.34429
LN metastasis c-erbB-2 (IHC) 0.0376 0.19762
p53 Proliferation index <0.0001 0.40190
Nuclear grade 0.0302 0.20768
ER Tumor grade 0.0035 -0.27883
PR <0.0001 0.48551
PR ER <0.0001 0.48551
Proliferation index Tumor grade 0.0017 0.29734
p53 <0.0001 0.40190
EphA2 (IHC) 00219 021747
EphA2 (IHC) Tumor grade 0.0173 0.22765
Tubular formation 0.0088 0.24988
Proliferation index 0.00219  0.21747
c-met (IHC) 0.0041 0.27047
c-met (IHC) EphA2 (IHC) 0.0041 0.27047
c-erbB-2 (IHC) Nuclear grade 0.00232 021737
LN metastasis 0.0376 0.19762

p, p-value; r, correlation coefficient; IHC, Immunohistochemical stain;
ER, Estrogen receptor; PR, progesterone receptor; LN, Lymph node.

o & Wl 1094 =, B3}E 10| £54= Ao| 3000(27.5%), 23T
2% 359(32.1%), 2|2 235 3< 44¢)(404%) Gt %9
A7 ok DCIS 2412 A9 109¢]¢) IDC 2 44

O}:ALQ_ EO 7401 3604](33% é]%’\é Hz]— o\;}qo EO 7)\% 73
(67%) Fek. Ao} Az Aole AA 1114 F, Aozt §iid
70] 5741(51.4%), 1-372] oS Holx AL 25¢)(225%),

471 o)) HolE Kol AL 2990(26.1%) S TH Table 2).

EphA2

EphA2¢] whfabsl e AAR 24 0& 100¢7(90.1%), 1+
= 99(8%), 2+& 24(18%) A, 3+& flSich Eg IDC F
ol ZAsk= 34919 DCIS &, 0°] 134(382%), 1+7} 8
(235%), 2+% 59(147%), 1213 3++ 84(235%) %t} IDC
= AA 1099 2, 00] 5691(514%), 1+7} 1591(13.8%), 2++=
19901(17.4%), 1813 3+% 199(17.4%) Stk AAA X, DCIS,
IDCo|A] W&o] 2+ o|iel AL 72k 18%, 382%, 348% 2,
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Table 3. EphA2, c-met and c-erbB-2 expressions in breast tis-
sue (%)
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Table 4. Correlation between mRNA expressions of three TKRs
in normal epithelium and IDC (n=26, *n=33)

0 1+ 2+ 3+ Total No.

EphA2

Normal 100 (90.1) 9(8.0) 2(1.8) 0(0.0) 111

DCIS 13(38.2) 8(23.5) 5(14.7) 8(23.5) 34

IDC 56(51.4) 15(13.8) 19(17.4) 19(17.4) 109
c-met

Normal 34(30.6) 42(37.8) 24(21.6) 11(9.9) 111

DCIS 1(2.9) 5(14.7) 13(38.2) 15(44.1) 34

IDC 14(12.8) 24(22.1) 48(44.0) 23(21.1) 109
c-erbB-2

Normal 111(100.0) 0(0.0) 0(0.0) 0(0.0) 111

DCIS 27 (79.4) 2(5.9) 2(5.9) 3(8.8) 34

IDC 76 (69.7) 5(4.6) 6(5.5) 22(20.2) 109

DCIS, Ductal carcinoma in situ; IDC, Invasive ductal carcinoma.

oA el Blsl FFA XS] WHo] HAS] WYTH Table
3). T E3F HEFE(p=00173), A& A ST
E(p=00088), 12|32 M2 FAEARXF7} 31 (p=000219),
c-met] TlEEo] =842 (p=00041) EphA2¢] whlutd
o] =9}tH Table 2).

c-met

c-met @] THHEFE S AN oA 0 3490(306%), 1+&
429(378%), 2+ 2490(21.6%), 13T 3++= 111(9.9%) R
th DCISAME 00] 16](29%), 147} 56(14.7%), 2+= 139
(38.2%), 13]1 3+ 156(44.1%) T} IDCAIAE 00] 144
(12.8%), 7} 246(22.1%), 2+E 4899(44.0%), 183 3+
= 234(21.1%) 9tk BAAME, DCIS, IDCoA] #&o] 2+ o]
Aol AL 74; 315%, 82.3%, 651% =, R4AZ vla] 2%
HIEOH A ¢] w&lo] WolthTable 3). EphA29] whijulgo] =
2 A% c-metd] @IHAL =QUTH(p=0.0041) (Table 2).

c-erbB-2

crerbB-2 T A EAME HHEHA %, DCISO
A 00] 2760(794%), 1+7} 26(59%), 2+ % 21(59%), 1%
3 34+E 39(8.8%) 3tk IDCOlAM= 0°] 7641(69.7%), 1+7}
59(4.6%), 2++ 69(55%), 183 3+ 224(20.2%) Atk
OE TKREH "RIVIE A E, DCIS, IDColA W0
2+ o)l AL 72t 0%, 14.7%, 257% 2, ZXAEA 2] ¥
o] Wokth(Table 3). <] thado] HEFE c-erbB-29 ©
Wk o] =9k (p=000232), c-erbB-29] Wao] 2+ o]l
7354 oo} gz o7k Bktk(p=0.0376) (Table 2).

p53, Ki-67, ER, PR
p53 & AA 1114 F SR

A, FY WS Bl AL 4901](4 1%) Ak AEe S2%

AAF7F E45(p<0.0001), I3 3] tAol HEFE

EphA2 c-met c-erbB-2
mRNA
T N T N T
EphA2
N r - 0.33652 0.41274 0.16564 0.48850 0.15835
p - 0.0928  0.0361 0.4187 0.0113 0.4397
T r 0.33652 - 0.47285 0.53444* 0.47384 0.60866"
p 0.0928 - 0.0147 0.0014* 0.0145 0.0002*
c-met

N r 041274 0.47285 - 0.52861 0.48207 0.49127
p 0.0361 0.0147 - 0.0055 0.0126 0.0108
T r 016564 0.53444* 0.52861 - 0.43759 0.61236*
p 04187 0.0014* 0.0055 - 0.0254  0.0002*
c-erbB-2
N r 048850 0.47384 0.48207 0.43759 - 0.66519
p 0.0113 0.0145 0.0126 0.0254 - 0.0002
T r 0.15835 0.680866* 0.49127 0.61236* 0.66519 -
p

0.4397  0.0002* 0.0108 0.0002* 0.0002 -

N, Normal epithelium; T, IDC; r, correlation coefficient; p, p value; n,
Number of case.

(p=00302) p53¢] WHo] BRh FAEAAFE HA] 1114
T FBAAFTE 09 AL 2600(234%), 1+ 4691 (414%), 2+
T 2890(25.2%). 183 3+ 111(9.9%) Atk TF] w37t
U452 (p=00017), p53¢] Welo] B2 (p<0.0001), EphA2
o] e Edo] BaS(p=00219) M2 FHEAAFT} =
ek ER9] Heoll = 5440(49.1%) 7F &4, 5601](50,9%)%
FoIlth 1d= AAzAsteaN s NPshA] Zaigl
&l w3t ees ER9 dde]l 2dH9lN(p=0.0035,
r=-027883), ER3} PR W& Aojol= A Fo4S &
(p<0.0001, r=048551). PR 24| 11101] % 81l(73.6%)
7h 7, 299(264% )= FoITh 1ds Az st
= AldekA] Xkt ERIF PR & Afoldl= A4 <]
A2 BYTH(p<0.0001) (Table 2).,

TKR2| mRNA Z&d

2699] FAAE F 4ol Mt c-mete] mRNA W&o] &
ZE] 2] Fokeh 26¢19] IDC AE FollAE= 1914 EphA29]
mRNA7Z} 59| A c-met9] mRNA7} &2 A 9oL} c-
erbB-2¢] mRNAE BEFoA #ZE ATk Pearson AFaA 9|
BA Azt A 2L IDC ZFo| A EphA2, c-met, c-erbB-2
o LY Alolel= EF FARCE frofd dadArt dle A
02 Yepdth(Table 4). F/dA 29} IDCE ¥l 4 e 26
o %, IDCYllXl mRNA9] #3dE EphA27F 109(385%),
c-met 1294(46.2%), 18] c-erbB-2% 19¢(731%) 7} &2
H oK Fig. 3). BAAIE, DCIS, 1g8]2 IDC Atele] H|w7} 7}

3l 74 =, DCISO|A] mRNAQ] @&o] HAN| Eo|AH T} T
e A2 EphA27t 291(286%), c-met- 44(57.1%), &)
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Fig. 3. Photomicrograph showing representative RT-PCR results
for TKRs in normal epithelium (N) and IDC ().

T c-erbB-2= 3¢1(42.9%) AtH(Fig. 4). IDCAA =&
EphA2¢] mRNA (p=0,0603, r=-033576), c-met2] mRNA
(p=0.0293, r=-0.38548), c-erbB-22] mRNA (p=0.0818,
r=-03123) L¥E T B3t vmASE Ao,
c-meto| AT SAHCE FoJst Sk Table 2).

o E

TKR= AaAgAA Y 2714 qostes EFZA, =9
Aot Ee F7E glo] MEA 99 7t 5% e oY
o] 84 (Homodimer or heterodimer) & A8y, A|E2 ol
EAshs 19 AR A4S AH BAFEG o8
itstd EEA 2l A e e uil geide] FAE
AA ozt AsHgAEe] AGsHA =Y, AEEH] A=o] 3
of ZYslY FARke] B4L F8l AZE 1 75 LI

Ephe 714 £ 25 o|2E TKREZ? v}Ex9] £, =4}t
/K(—)]?g—’ )‘\_]73‘:0—}&9/] O]%v 322131]—94 /Kg}ﬂ 0]—)\4 6:]1]21:?2_]—% }\ﬂ:{L_PJ

9
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=+ EphA2¢] 71 “ﬂls}
= L5 W ’%M*ih X
EphA2 %%iﬂ—t— QSR A R, ﬁéé‘ﬁ% A EAME= EphA2
1 Andres 528 guk
o HIJE o] &5 o AYellA, HLL«I S R HAES F
o= EphAze] shade] & #auA, ¥apt £3 4
7h St FAE 2 e SR s, e ol
& ATES FRAEFE lﬁtﬂ 52 FEE 249 A
o) FHEANA o] Fold A= v EEth
c-met-& hepatocyte growth factor/scatter factor (HGF)
ghe g7tEgt AHgshs TKRolth AAIEANA c-metd] &
He AT 24, AN A% olF P B F2E
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Fig. 4. Photomicrograph showing RT-PCR results for TKRs in nor-
mal epithelium (N), IDC (T), and DCIS (D) in case No. 38.

HHshe 715 glom, Azl H‘%?Jrﬂoﬂﬁh Az A
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ojuf Mol T3 2 Mo FelAE AAHTY FHh?
erb §4AE epidermal growth factor receptor?! erbBl,
her2/neu®l erbB2, 181 erbB3 (her3) 9} erbB4 (herd) 9] 4
Zo] b erbBE AT WA AR Bt HAE ol
231 2904 epidermal growth factor-like ligands®} neureg-
uingel f A9 WES AF327” erbBle] &5 f
Ho| A Ao dde] FolE ZgstHek? FHEA M erbB2
o] HAHE AXNAEE A IE FAATS A1 ¥ oY
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& 53 22 A FRAAET AF o] kS
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ke al S AAE BAA T c-metd A=
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DCIS$ IDC 7+ TKRE<] ¥} mRNAS] w3 Hw
dlo] BHS m, c-metol A& DCISAIA €3 mRNA E%
7b IDCAMETE =A] LAY T2 FF9] w3kt vt
ATE c-met mRNAQ| @do] 743tk WHH, c-erbB-29]
A+ IDColA T3 mRNAQ] @&o] DCISOlMH T =9k}

O] AL c-meto] F%2 A 2719 11 9IS 31, c-erbB-2
T Tl A st Holrke A ARdE e Aol
Z¥stgith. EphA2¢] 7%= DCIS$ IDC 7+ HlA A &
TAEo] Bz} ojH@ ATk
4 o SAREF] AA X EphA2E 54
5, 283 A2 SAEAAFTL = —’F% a
7t crmetoll X E FEEHY o SRAAETS

s &S 7 QU crerbB-2&
OHQ,]_E]_LX ;(4017]. oy

fu

oé

E\]

FH
“)I:‘

il
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