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Purpose: Breast cancer is one of the most frequent malignant
tumors in Korea. The major tumor suppressor genes (TSGs)
such as p16, Rb, E-cadherin and p53 may play important roles
in cell cycle regulation, apoptosis and the regulation of the exp-
ression of other genes as well as tumor suppression. Microsa-
tellite alteration such as loss of heterozygosity (LOH) have been
reported to be a novel mechanism of carcinogenesis and a
useful prognostic factor for many malignant tumors. Also, LOH
is also known to be related with allelic loss of various TSGs.
This study evaluated LOH of 4 TSGs in invasive ductal carci-
nomas (IDCs) and we correlated these results with the clinico-
pathological factors.

Methods: LOH analysis was carried out using a polymerase
chain reaction with 12 polymorphic microsatellite markers of
4 TSGs in 50 surgically resected tumors and their non-tumo-
rous counterparts.

Results: There was no detectable LOH in the normal tissue.
LOH was detected in 86% of the 50 cases of IDCs. LOH
was detected on all chromosomes and this showed a stati-

stical difference between benign tumor and malignant tumor.
LOH of p16, Rb, E-cadherin and p53 TSGs was detected in
36%, 26%, 54% and 60% of the tumors, respectively. LOH
of the p16 and Rb genes was inversely correlated with tumor
grade 1. The low rate of detecting LOH on the E-cadherin
gene was noted in T1 tumor and stage | disease. LOH of
the p53 gene correlated well with the tumor size and stage.
The LOH-High results correlate well with the tumor size and
stage and the LOH-High results are similar to those of the
p53 gene LOH.

Conclusion: These results suggest that LOH of the 4 major
TSGs may contribute to the development and invasion of
IDCs. Also, the combined use of various LOH markers may
help in deciding the prognosis of IDCS. (J Breast Cancer 2007;
10:68-76)
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A=A (microsatellite) EAAE o83 o3
!(Loss of Heterozygosity, LOH)2] &1 53l Lopd 4=
. A HEA= Als(genome) ) BIZHAKnon—coding) DNA
tol] AA FHSIA EAsk= WAL WHEE FE|9 DNAR t3
“d(polymorphism)o] 418l HMA| A& HAell 53] -85}t
olgfgt EAE 2= AvRSAIE o-8sto] FAAGelA LOH
Foll EAfsh= TLFAA 744212
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A S H|FE31o] p16, pRb, E-cadherin 5 5221 FoFolA|
RSl e 94, 134, 1691 A elA LOHE skl
2} e,

oX,
ot
rir
e

32 b
ik

R
o9

p

= AESke 7HeR 44
HIZRLE S
719 dFe e

EY

re
Bl
=)
0

o At i A 5 slskld i
% 4 2 WRIBRLRN S ) pgtom B o)
A 71Z0] & Bkelo] 9l o @tﬂ 7153 stetel B2 At
om, ofu) 2} Fel g 5% vtet

1255 b 4§ AT 7 55 ol e 2

HE AA=10% $44 T2l EslA 1A 3 A
2R St 7‘13-‘—]’” S 7{1] _L]E}L‘Ll_ Zof 2L ]
l:l

hematoxylin and eosin G- /\]f’?ﬂﬁ]’,v?}. 5001]-4 a4 =
U FHlES FerAv|E o= 2484 535 Bloom} Rich—
ardson A|A|2] M& Q1 Nottingham W @10l whet Al 552
2 AQEFIHeH, $U] 371= 2 em o8] GlE T1, 2 cm
B} 33 5 cm o5k H9E T2, 5 cmit} & ZA9-E T30 R

et

2) O|MIERI= X DNA =&

DNAE 25 gefgl B504 531900, 7 4| & 44
o A3 et 22 A 24 T 27i] mleh 2 2256
um FA|12] AL o 2 ThEo] ulEllS AlAR & H&E H4Y
& ulj$- 257 3 5 Sl = 2% SENIE S0l 287 ot
Focirt gsldn| g slol|a] BESHHA nEAIZE o851
&ofo|=Ato] ogm QRS HIYE-E 22 1 mL FAV] HRER
ol 22 DNA & 254100 mM Tris—HCl, pH 8.0;
1% Tween 20, 0.1 mg/mL proteinase K)©] 5°] 4= 1.5 mL
eppendorf tubeo] ¥ieh o &eto|=7} vl wjmjct 22
o] NE S AER] QIR T 402 21H3| 7k oo
71 ek wuict @ & W] S1e) A2 2 AR8SIsiTh

52C =0l F3loh 1 3 Al

© B =00 101 HAIs1e] proteinase K| BH3-5 873t

AR %, BggeA| 2 DNA 525 373 ths -20C ow Y

& HASHAA o] T M 1 ulE SHALAHRS(PCR) 55
A % DNAR AR&313Ict

11 % eppendorf tubei= 297+

3) =2 AoiH| RHXIS| o4/ EAXIL| LOH £4

LOH 9= 47Fx] €] A8A] 24919p21, 13q14, 16¢22, 17p13)
O] Hnl A ARG ARGSEGLoH, 7 A Z9)9] wARL
S8 uoat gk A 9p219) YRS p16 -FAxle BEE
D9S104, DIS162, DIS165 52 HISESI 13q1473<] kb 441
219} BAF DI3S118, DI13S153, D13S2734 16q224+9] E—
SRR} THE D16S419, D16S3106, D16S498 4

17p130ll SIX|8h= ps3 ket AE D17S796, TP53, D17-

cadherin
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S513 5 % 1270= 7L A= GIBCOAKCarlsbad, CA, USA)
oA ARk A AREBE e ™, 7] MY Table 13+ 2t} £
A FoF F1ek A HlollA =53 DNAE FH o= dlof 2+
7} PCRZ Al om, 71719] PCR 842 523 DNA 1 uL,
0.2 mM dNTP, 10X buffer, 10 pmol/uL primer, 1U Taq
polymerase®ll 75 71510 12 L& HA 8L, PCR2 Z+
o] fsto] 35UiA] 40771E WS XIS, e SRaa
(Perkin Elmer Cetus 9700, Per—
kinElmer Inc., MA, USA)o|A Al8staict, 7|1 2& o 2= 7+
7] & BAHES-E 94°C ol 30%, YRR 55-60°C °llA
30%, IRS2 72°C oA 40=4] Algds|ar upx|et 7]9] o
RS2 72°C 2|4 1023t REs-A1714L, S35 PCR Ak 3 uL
£ 2% agarose gel A7|%9%52 2 3151},

0|3 3 uL.9] PCR AF=} formamide loading dye (95% for—
mamide, 20mM EDTA, 10mM NaOH, 0.05% bromphenol
blue, 0.05% xylene cyanol) 3 uLS I3} 98°C oA 587+ &
o] HAAAX &, I3 7 78] WX the 3 uLE Fal A71
&5l /\]'B-EP E} 7198 1,400 VollA] 1AIZE ¥E -5t Al
X2 hinding solution®| 2J3}
gelol %Oi ‘il% %EIL S KHE FAE71011A 10% acetic
5 384 23] RhEsto] AlH
3}l silver nitrate %‘?ﬂoﬂfﬂ 30 —E.— HESAIZ) TR S5l

Al Al43] AIAE 3 & sodium carbonate 8ol 4| w7} =

Table 1. DNA sequences of 12 microsatellite markers

D9S162 (f) 5-GCAATGACCAGTTAAGGTTC-3'

(r) 5’-AATTCCCACAACAAATCTCC-3’
D9S104 (f) 5"-GATCTGGGTATGTCTTTCTG-3'

(r) 5"-ACTGGGACTCTAACTAATGT-3’
D9S165 (f) 5"-GACTTTGGCTGCTAGATGTG-3’

(r) 5-CAGAGGAGTTACAAATATAGACAGG-3’
D13S118 (f) 5-GCTCCCGGCTGGTTTT-3'

(r) 5-GCAGGAAATCGCAGGAACTT-3'
D135153 (f) 5"-ATTAGCCCAGGTATGGTGAC-3'

(r) 5"-GCTGTGGTATGAGTTACTTAAACAC-3’
D13S273 (f) 5"-CTGNGGCAAAAACAACTCTT-3'

(r) 5-ATCTGTATGTCCTCCTTTCAATG-3’
D165421 (f) 5-ACATGAACCGATTGGACTGA-3’

(r) 5-CCGTTCCCTATATTTCCTGG-3’
D16S512 (f) 5"-TGAGAGCCAAATAAATAAATGG-3’

(r) 5"-TCACGTTGTGAATGCAAGT-3’
D16S3106  (f)5-GAGACCTACAGTCTTTTGCATTTAC-3’

(r) 5'-TTTTGAAGCTGAGCAGAAGG-3’
TP53 (f) 5-TGGATCCTCTTGCAGCAGCC-3'

(r) 5'-TP53.A2 AACCCTTGTCCTTACCAGAA-3’
D175796 (f) 5"-CAATGGAACCAAATGTGGTC-3'

(r) 5"-AGTCCGATAATGCCAGGATG-3’
D178513 (f) 5"-TTCACTTGTGGGCTGCTGTC-3’

(

r) 5-TAAGAAAGGCTCCCACAAGCA-3’
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o] B wj7lz] AR & o apoll A ARERE 1N 10%
acetic acidg &8sl FH-3-2 SAAZ] 3 w] 9] Adlojfie 3

Hsieiet,

4) Zat Zryat SH %2
gelide] Whand) g WESY71E olgalol 24sia B %
Zlof| Bl FFEAeA e w o] YA gk 50%
ool 4ol 9= 7495 LOHR =
(D) 151 4581 270 o199] AN LOHS 12 3
LOH-High w22 F|53l5th A8y & SEHTAS 1ol
£ 399 PCR ARES €& 5 Sl S, 18| Ak wels
A

golst 4= §l= AL non—informative® 2|5}l Ax} Bx

2} Ze)e) Al A the LOHS) ¥} p53 el
2 AN RISt 0 L A ke

sao°l 140“"(28%) T2
09(40%), T3 52° 11601](32%)010411} 2k 25l
55°] 109120%), T 55°] 2594(560%), 1 5

Table 2. Clinicopathologic findings of 50 invasive ductal carci-
nomas

Do

saol

+ Nottingham 15

Clinicopathologic parameters Number of case (%)

Age
Below 35 9(18)
Above 35 41(82)
Grade
| 10 (20)
I 25 (50)
1l 15 (30)
Size
<2cm 14 (28)
2-5¢cm 20 (40)
>5¢cm 16 (32)
LN metastasis
Positive 23 (46)
Negative 27 (54)
Stage
| 13 (26)
I 25 (50)
[ 12 (24)

LN=lymph node.
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201 159(30%)°1Att, H=A o)z} ANH o= 23901(46%)°]
A3, Ho|7F IE o= 279(54%)013ic. B HR2= 1717} 13
(26%), TI71+= 2590(50%), 17 1= 124 (24%)°]1 U THTable 2).

2. 471X| S2AH| RHXI2| microsatellite EAIXIOIA2| LOH ZHE

Y

Aol A ARgST 4719] ANA Wel FUAA 512K pI6,
Rb, E-cadherin, p53%] A2} 127]) 5o A LOH7} HEE
Ak, EE50009] I 9t S8l F LOHYF A&H Sdl= 43¢l
(86%)°1% 2™, 7ol|(14%)+= olEt LOHE TaH=|R] ghetch, 7+
AP LOH HEE-2 pl6 f44+¢] LOH+= 36%, Rb 26%,
E—cadherin 54%, p53 60%=A4 p53 +AAke] LOH A&E°]
AY =9k, Rb -44%2] LOH A&E°] 71 Witk

pl6 G-A%] LOHE 189(36%)°14 AZE L. DIS104,
DIS162, DIS165 FAIR] BAoA informative S8l 2+
AR} T 32|, 369, 39¢)01%0aL 11 F 242 79|(21.9%), 99
(25.0%), 9911(23.1%)°l4] LOHE E3ict.

Rb #3#12] LOHE 1391(26%)°14 H&= itk D13S118,
D13S153, D135273 3EA1=ke] E40]|A] informative S&ll= 2t
AR} 319, 28¢], 35910190t 11 % Zkz} 59|(16.1%), 7l
(25.0%), 10°0(28.6%)°ll4 LOHES 23t}

E—cadherin #3212 LOHE 274(54%)°I14 A&t

e §

Table 3. LOH on 4 tumor suppressor genes according to the
clinicopathological factors (%)

LOH-

Total p16 Rb High

E-cadherin  p53

Tumor vs. normal
Tumor 50 18(36) 13(26) 27(54) 30(60) 30(60)
Normal 20 0(0) 0(0) 0(0) 0(0) 0(0)
Age
Below 35 9 3(333) 3(333) 4(444) 6(66.7) 5(556
Above 35 41 15(36.6) 10(24.4) 23 (54.8) 24 (58.5) 25 (61.0)
Tumor grade
| 10 2(20.0) 1(10.0) 4(40.0) 5(50.0) 4(40.0)
Il 25 10(40.0) 7(28.0) 14(56.0) 15(60.0) 15(60.0)
Il 15 6(40.0) 5(33.3) 9(60.0) 10(66.7) 11(73.3)
Tumor size
Below2cm 14 5(35.7) 2(14.3) 4(36.4) 4(286) 4(28.6)
2-5cm 20 5(25.0) 7(35.0) 14(58.3) 13(65.0) 13 (65.0)
Above 5cm 16 8(50.0) 4(25.0) 9(50.0) 13(81.3) 13(81.3)
LN Metastasis
(-) 27 8(29.6) 5(185) 12(44.4) 13(48.1) 13(48.1)
(+) 23 10(43.5) 8(34.8) 7
Tumor stage
| 13 5(385) 2(154) 3(23.1) 3(23.1) 3(23.1)
Il 25 8(32.0) 8(32.0) 15(60.0) 16(64.0) 16 (64.0)
1l 12 5(41.7) 3(25.0) 9(75.0) 11(91.7) 11(91.7)

=

LOH=loss of heterozygosity; LN=lymph node.
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D16S419, D16S3106, D163498 FAJAFS] Aol A] informa—
tive 8= 2 #4444, 419, 4200019031 7L F 27 12
A(27.3%), 110(26.8%), 1111(26.2%)°|<] LOHE X8t}

p53 RAAe] LOHE 3090(60%)°1A AZE|3ic}. TP53, D1-
78796, D17S513 #AA2] E40]lA] informative S8l 2 3
AR} ot 42|, 424, 384011 1 F 247} 1440(33.3%), 129
(28.6%), 1091(26.3%)°ll4] LOHE 23t}

SHH, A4t RAA = A7 4712] SFIA| SR ol A
o] LOH7} A&EA] ko m g 471x] LOH B% EoAqt &
o]& 0 & HETIAHp=0.001). LOH7} #2=|z] ko 74 5
71 7] S8l 3lom, T3 19, Hold -2 2401t

3. LOH ZEat YaidHa|stx| QIx|eto] Akt
1) 9p21 FAtF[2| p16 FFIXELOH

LOH AEEL2 35MIE 7|50 = 18 79 dFgol 2 {9
3 Sl Apol= Itk

T Hatrol| w2 LOH AEE2 1 51 S8 109 % 241
(20%), 11 55 259 % 1091(40%), I 5= 159 = 69(40%) =
A #3531 5HollA LOH AEEo] folstA Rolckp=0.047).
Foo] 7)o W2 LOH HEEL TlwkollAl 59l(35.7%), T2
of| 4] 5411(25.0%), T3wollA 89ll(50%)=A] T3wollA] LOH A&
B0| 2 S Bolovt feld2 ¢loich Hxd Holof b2
LOH HEE2 Aol oEolA 10943.5%), vl<old ool
A 89)(29.6%) 2 A Fol4ded HS- LOH AEEC] ¥ B
RO fo1d2 it W7ol w2 LOH d&&2 7] 134
Z 591(38.5%), 117] 259 - 84(32.0%), 1117] 124 5 5|(41.7
%) =X 718 LOH H&E< 2ol gilct

2) 13q14 FAx|2| Rb |FIXHLOH
LOH HZE2 35AIE 7Ie02 28 45 A%l te «

N T N T N T N T

D13S118

D9S104

D16S419 TP53

Fig 1. Representative LOH pattern on p16, Rb, E-cadherin and
P53 gene in invasive ductal carcinoma. Each LOH detection was
accomplished at the microsatellite markers (D9S104, D13S118,
D16S419, TP53) of the each invasive ductal carcinoma. Each T
lane shows near-entirely or considerable band loss.

N=normal; T=tumor.



o Qb= 2tol= §lgitt,

Fe] Balicol| 2 LOH HEES 155 53 109 5 19
10%), T 5+ 259 % 79(28%), T 57 159 % 5(33.3%)=
A B3k T 5gollA LOH A&E°] 52aHl dthp=0.041).
T4 2719 w2 LOH AEE-2 T1olA 290(14.3%), T2
oflA] 7o|(35.0%), T30l Al 490(25.0%)=A4] TiwtellA] LOH A
EE0| B2 ATS Ko folid2 giglet, Fzd oo uf
2 LOH AEE2 Hol4d e=sollAl 891(34.8%), HIHo o4F
of| 4] 5|(18.5%)ZA] Fo]/d3l -9 LOH HAEE°| 2 43S
B o folide ¢lelet. W7ol wkE LOH A&E-2 171 139
% 29(15.4%), 117] 259 & 8|(32.0%), 117] 12| - 3|(25.0
%) 2A B7] 7194 LOH AEEC] ¥ TS B oL 72
32 §lgict.

3) 16922 SAx|2| E-cadherin XX} LOH

LOH HEEL 35S 7|&0 2 FEE ¢ dl#of| u):
4 Sl Zfol= iglek

Fgo] Balo| ©hE LOH A&E2 1 59 54 109 5 59
(50.0%), T 57 259 % 1391(52.0%), 1 55 159 & 9160
%2 Bslwol LOH AEET = BAA o442 ¢ldith &
kol A7]of w2 LOH AEE-S TltolAl 490(36.4%), T2
A1 1490(58.3%), T34 994l(60%)2A] Tlkoll A LOH HEE
o] oA Al YAl HEEIUTHpP=0.0387). WEZA Holof w2
LOH A&EL Hold 5ol 1591(65.2%), Bl oo
A 12¢(44.4%)2A Z0)/dQ] 7% LOH HEEC] 794 A
A A& p=0.0466). 71l W2 LOH H&E&217] 13
o F 390(23.1%), 1171 259 5 1590(60.0%), 7] 12¢] 5 94|
(75.0%) 2 ¥71¥ LOH H&E2] 2lol= ¢I9AR, B7] 719}
I+ 2 E8HH B7] oA fod A 32 HEES 2
ATHp=0.044).

i

%9l

4) 17p13 SAHI2| p53 FXX}FLOH

LOH AEEL2 355 7|50 2 1T ¢ Ao ut:
4 g Aol fiolet.

T Hatro 2 LOH A& E2 1 53 38 109 & 54
(50.0%), I 5& 259 5 1590(60.0%), III 5+ 154 % 10<]
(66.7%) =4 H3teel LOH HAEEtlle At ¢loick
Fe] A719 W2 LOH HEE-S T1dollAl 49(28.6%), T27-
of| 4] 1341(65.0%), T30l 1391(81.3%)ZA T1llA LOH #
£50] Fo4 A EtH(p=0.030). F=A Holof wk2 LOH
AEEL Hold F5oA 1790(73.9%), v 014 5ol 4] 134
(48.1%)=A Ho|AJQl 49 LOH HEE] 52 HFS Ky om,

gl
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Frofgt HEE Alel7t AATHP=0.038). 7] 2 LOH H&
E217] 139 % 39(23.1%), 7] 259 %= 1691(64.0%), T17] 12
of] 2 119(91.7%) A H7"9E LOH AEE2) Zol= 1At
7] D1et I+ IV 2 -2abd 7] 7104 feldd QA w2
AEES BAtHp=0.027).

5) LOH-High = 241

olge] 7t 5341 LOH ATE £3dlo] 8 o= st
312} Choi 5(112] 4] 2ol 2719] F34} o] ol 4] LOHE o]
+ 7495 LOH-High ¥2& ¢ejx oz dA4sl9om LOH-
High ¥+& 25 3091(60%)°1%ict. LOH-High 9] H&&<
35S 71502 S 4S- Ao mE el e Aol ¢l
Ak, FoFe] Eolxof uk2 LOH AEEL 15+ 54 109 5
49(40.0%), 1 55 259 % 15(60.0%), 11 55 159 5= 11
(73.3%) A Esl=rt g2 [ OH-High A&E°] o=
o] Aot fod2 it kel 3714 ©hE LOH A
EE2 TIFIA 4941(28.6%), T2IA] 1390(65.0%), T3l
A 13901(81.3%) 24 TlxollA LOH AE&EC| 424 A W3k
tHp=0.030). ¥4 Zlo]o] k2 LOH HEE-2 FolAd &l
A1 1790(73.9%), v1Z0)d FollAl 1390(48.19%) 2A1 Flo] /gl
739 LOH HEEC| =2 FFE B3oH, fogt AEE89 2t
o|7} ASItHp=0.038). 871l W& LOH AEE2 I7] 139 5
390(23.1%), 117] 259 Z 16911(64.0%), 1117] 12¢]] 5 111(91.7
%)X H7IEE LOH HEEQ 2ol AT, ¥7] 1712
41172 HE8HE B7] ol fold JA B2 HEES &
STHp=0.027).

6)LOH (-) 2 24

Z 7914%)NM = olmst LOHE A& A oodth o5
Aejaly Bl ok A9 15+ 39180%), 255 298%),
35 320%EA ozt 2ol qlolet. F¥e] 2710 ut
749 TIT- 49)(28.6%), T2 291(10%), T3 191(6.25%) =
o] A71ek G0l USITh(p=0.040). Ho] ofo] wh
% Aol e 26l(8.7%), HIFolg g 590l(18.5%) FA

Zo|d eFgollA LOH (-) wHo] W2 a3k Kot fojd
A3ATk 7ol w2 - 171 490(30.8%), 1171 3|(12%), 1171
0(0%) 24 B712k= Gddo] AUtk p=0.021).
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Z1Y Aol igt g ExAYEEE FopEsHE ) o]
oA grovt o] giEkel e & A
SR Z] ekttt (4, 5, 12)

Aol el Y127 g =EA A o)
W2 Asol A
TollAe TR 4719 S o2 e wUA A7) ol &
2] 9] FFAA 3410l el LOH & sHA| =St
2191 A ALARIe] p16™ A= g GAEH Q] 9p21tSo
AABEAL glow o] fHxke] ATkl pl62 Al22E719) GL
L7)of| A MEF7] o] #eIF= cyclin dependent kinase
(CDK)2] AAAIRIAteIe}, A4} Al3S=710l14 CDK+= cyclinD2}
Aesto] cyclinD/CDK4 £3HA1E /st o] EotAll7} reti—
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herin -F7AAH] T A2 Alazate]] 215RH A AW cate—

nin¥} 2510 cadherin—catenin E¢AE FAISHO 2 M actin
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21 An|A BARE ARSI 1 EY LOHE &
FHl= 184(36%)°13L, BIE) /4 F-2lolAl= LOH A=°]
= o7} QlotA] STl A= pl6 F-ARF LOHZF A 2210}
o] Bolido] 91tk pl6 §-%1AF LOH:= T3 #ol4g
ol A =2 LOHO] AEEQ HFS Holom, ko] 23w 1
S0l FosHl W2 1LOH HEES Bt & Anks 37t
317] Sl =9 dE= AP Gorgoulis 517+ pl6
A} LOHZ} A9) HEEA] 4okeS Harsto] 1 atet 2 2o]
7} 1ot Eiriksdottir 5200 2010114 38%2] LOH H]&
S Basle] B A4 Ayt 34 52 AEES B o,
pl6 F7Ae] ol thE sk g S e R
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Rb #7212k T 9= AAA| 13g1401412] LOHE A&3l
9sfi4l D13S118, D13S153, D13S273 5 37119] thiE2|el Fu]
KA BAAE ARSI 1 A3 LOHE HQl Sl 139
(26%)°11L, BIEF /¢ F-2oll-= LOH AZE°] S A7t glod
A gHkerol A Rb 942 LOHZE A 2&3ke] 7hdol Eo)
Ago] A9tk Rb 44} LOHE Tt} 7] 17]0f|4 W& LOH
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FEES E 2 Avet zlol7t QI3let. o, Eiriksdottir &
(22)& 1399914 Rb 4218 #2412} 18715 #4510 51%
O] FEES Hdlo] £ At} o Hw HEE|QIct.
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