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M Her2 W15 .08 LOH 57 IR SR, 47 40 BIFLIRIE B E B D3S1038 A LOH K43 H 20% (8/
40),D3S1295 B LOH & 4= %K 37. 5% (15/40) ., D3S1581 B LOH & EF N 17. 5% (7/40),D3S3118 i LOH & AEF N 5% (2/
40), LOH 5 VEGF MFEZHE 2 IEMK(r=0.658 0, P<<0.01), LOH Al MVD . 2 IEAH ¢ (»=0. 804 9, P<C0.01), LOH %k
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Loss of heterozygosity at chromosome 3p microsatellite loci and angiogenesis in breast cancer
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[Abstract] Objective To explore the association of loss of heterozygosity (LOH) at chromosome 3p and vascular
endothelial growth factor (VEGF) expression with clinicopathological features of breast cancer. Methods A total of 40
specimens of breast invasive ductal carcinoma were analyzed in the present study. The ductal carcinoma cells and normal breast
cells were microdissected from the paraffin sections. Capillary electrophoresis method was used to detect LOH of four
microsatellite loci located in the 3p site. Immunohistochemical staining was used to investigate the expression of CD34, VEGF
and Her2 proteins in the 40 specimens. The association of LOH with the clinicopathological characteristics of breast carcinoma
was evaluated. Results We found that in the 40 specimens LOH of D3S1038 was 20% (8/40), LOH of D3S1295 was 37.5%
(15/40), LOH of D3S1581 was 17.5% (7/40), and LOH of D3S3118 was 5% (2/40). LOH was positively correlated with
expression of VEGF (r=0.658 0, P<C0.01) and MVD (r=0. 804 9, P<C0.01). We also found that LOH was significantly
related to Her2 (+=0.539 4), differentiation(=0. 497 2), lymph node metastasis(z=0. 506 4), and TNM stage(+=0. 596 0,
all P<C0.01). Conclusion I.OH at chromosome 3p microsatellite loci is correlated with angiogenesis. Inactivation of tumor suppressor
may influence angiogenesis and subsequently promote tumor growth and metastasis. Detection of LOH at chromosome 3p microsatellite
loci together with angiogenesis can help to fully understand the biological characteristics of breast cancer.
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3p24~26(30% ~ 48 N B R R R Y 3 A X
B, WATEREX 3 XA 4 3T (microsatel-
lite, MS) 37 s 565 W O H 4K 3 b0 31 5 B 4n 8
HL VKR B SP ik 45 4 B 43 1 LB W) 2 7 15 k47 3L 1
TR UL O R G R A A LOH 5 1 8 A al AR 56 4 A

2o

It
1 MBI E

1.1 ARk eyiess 43 B LIRS 4 A
LUk A BE 2005 4F 9 A & 2009 4F 2 H FARUIBR
AR A, 1T B4 Uk 5 LOH 5 BBk 3
] R R B 40 ], BEAFER 32~71 %, FH
(49.0+10. L%, AEFRE. Z M 2003 4 WHO 3L
Ji 988 53 S b o L T A 1 42 2 s R R T A2 )
VIR W02 R LIRS A . — IS 0 B PR
PE2E S0 TNM 434k IR T Dy ic sk . i BEZH 21
SO N b g A AR A ROk U T B R S L S BR AR
HEARRIATARTT BT 09 3 5 2L B 2 i Ot T R 1)
ERBRAS (905 ] 2H 212 03 Hbn o - AR5 Blorm-Rich-
arcisonde 43 bR UE" X T A 5 B 2E AT IE 4y

1.2 #ARHWE ANEHALZRT R JEE
6 pm) ZBLEE M H-E Y45 .7 MMI Cell cut plus
HWOL BT RS FARECE A0, B BB
S8 DA SOOE H FLIR S AN R L 43 S R AT RO ik
£ F MMI IsolationCap H1 4 .

1.3 DNA # PCR # % (1)DNA Feat 4 .+ 5
RS il (A S EAM KO EAM K K.
Tris M A, KIFEOJE, 70% CBEBE R TUIE, =R
T 30 min; ddH, O FHT I AFUTIE s B 1 ] 0 5E e
JE R BB R — 20 CORAFA . (O I TR K51
FPol. R B LTSI IF 8 ok B PubMed
Home, #6514 i b i 3 Je 4= W R A BR 2 w) 2
(£ 1), (3)PCR ¥4 f9 K B K & . 7 PCR AL h
PEAT R BRFL R 10 pl, Hi FE R4 DNA 50 ~
100 ng, b FU#51#45 10 pmol/L(1 pl) , TaKaRa
ExTaqg DNA R &8 2 U, ANTPs 1 p1(25 mmol/
L), 10X ExTag Buffer (Mg"" Plus) 1 pl, illddH.O
#E 10 pl, B 95°CHIAEYE 5 min 5, 94°C
AP 30 5,55 ~57CiR Ak 30 s,72°C ZEAH 30 s, 3L 38
WG, )i 72°C #E{H 10 min,

*x1 WIESIWET

Tab 1 Sequence information of microsatellite primers
Name Primer(5'-3") Number of primer(bp) Modified class
D3S1295F ATG GTT TCA TGG ATA CAC ACA 21 6-FAM
D3S1295R ATA AGT TTT GAT ACC CAC CCA 21
D3S1038F TCC AGT AAG AGG CTT CCT AG 20 6-FAM
D3S1038R AAA GGG GTT CAG GAA ACC TG 20
D3S1581F CTC TTC CCA GTC CCT GTA TC 20 6-FAM
D3S1581R GAT TGC ACT ATG TCT CCA GG 20
D3S3118F GCA GGA TCT ACA AAT CAT TTT ATT G 25 6-FAM
D3S3118R TGT GAA GGT TTG TAA ATA GTC CAT G 25

L4 ZmeEwinF KEE ABL A A A7 K
Hi-Di Formamide 1 ml #1 GeneScan-500 LIZ Size
Standard 50 pl IR G5, 80 9.5 ul A PCR =¥ (20
fEMBESG) 0.5 pl A . 7€ ABI GeneAmp9700 %!
PCR Y I+ 95°C 48P 5 min, I BUE 76 7K 5 min
YL E., %Rk J57# ABI Prism™ 310 Genetic Analyzer
JH PE 2 A POP-4 ¢, 15 kV T 60°C T Bk
28 min, LK BHE L GeneScan #4 (3. 1 i) .Gene-
Typer(3. 7 W) AbFRJE45 B4R H B K/,

1.5 LOH ¥ ¥iin-g  YHEHEIEW 42 DNA frA
R BIRIC AT B 2 A0 3 N R B, A RE
ENE B AT LOH 81, 5 —A KM IE#

FEor A, LOH J2& LU R 41 24U i T2 DNA
VR A5 37 32K DAL 1 R GF iR B EE 5 D R AL 2 1) B v
FHXT 58 B F 2 18] 1Y) FUAE Callele ratio) fE 0 H @ MK HE .
Allele ratio fE (T1 : T2/N1 : N2)<<0. 6 & >1. 67
AL 7 5 B LOH (T B 41 2, N IE # 41
g

1.6 Samifé ik RSPk, REHY
27 A 3R] & M TR W [ A 35 T A ) BOR A BR
], FHBE B R ) 22 SO SR TR 3B L 60°C K5 A
B3 h A RED) R RLBERS oK, BT PR B A
FH P b5 A 4 BH P X6 B8, PBS 48 8 — B 48 BA o xF
R, AR DT A 1 2R 6 AL 2 D R AT A R 1
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FEBEE, BALDI R E 3 E AR, =R
TR 15 min LABH W NI S A AL, PBS ol
PE 3 WK X3 min, 0 EH LA L B A, =R T
WEH 10 min, JH 221003 B PR, BESKUT R —4t
WA T 4 CKFNER., YRR EmAZ
o, FIRFE 10 min; IEE RS R o AR WG =
N E 10 min; LR IR DL 0. 01 mol/L PBS
PRYE 3 .2 min/IK ., ZHEILBR I (DAB) B 4, &
L5 BT WM IR,

1.7 SBEMZRAE GRS SO
UREAE (O 0 (0, VEGF BHM: & A7 T 400 i, ER.PR
Ve AL T MAZ BB 0) R WEE 10 A A B LT L8
v Jgg 44t B R 3k 10 V0 BHPE G 68 38 F e BRI 2
B, Her2, CD34 FH 1 %€ 7 T 48 Jg B52 . 7% fib 97
10 %6 DA DX 3k H 300 342 2 440 i R €03 10 o o B
1.8 % £ % % & (microvessel density, MVD) 3+ 4%
AR IR Weidner™™ B9 PF 0 bR o, 3T 8 B8 8 5
6 1 6 40 i A R I LA . FL S IR £ AN P B A
L B8P B A R SRS 1 AN i TR, (B )Z A
JEE A s T BR8N AT A0 L AR Y I AR,
Rokge @ b) F kB 3 i 2 g T X, FE
200 fEAOLEF R HEAT MG A, B BR AR 43 A 5
AP, O

1.9 %54 KA SPSS 13. 0 ki 4 it
IR, THREERLER A 24 s R TR R T E 4
IR R R, P # (8] 22 552k ] Pearson XZ K 5,
25 A 2R [a] B ) A7 Rk SR AR 0B 9 Bk R ARG
Kruskal-Wallis (¥t 2 4 0 W0 L8, K 56 /K -
(a)} 0.05,

2 5 B

2.1 LOH#&al Wk KR AR fUR PCR 9 &
PR 1 8 5, A A s AR SRR X 2O A% 5 5 R (&
D, TEFTA 40 B0 MR L 2 F 21 (52, 5% i
HRE LOH, K 3 B (7. 5% A 3 Mk
LOH;5 # (12. 5%) A 2 ™78 &4 LOH; 13 fi
(32.5Y0)H 1 M &4 LOH, 44 3p fisi LOH
KHERANRE, 25 A/ 5% 8 L (P=0.003 9,
%2,

2.2 LOH 5 MVD # % %2 CD34 £i5 T 41
5, B B 8 s IS P R Al (B 2 A) L R T BB
M A BB H o BT A 3L g ) MVD SF 2 R
84.425 4 30. 293 (35. 000~ 153. 000), ¥ [7] i} #

041 A2 A3 AL AR E LOH 19 1] 43 oy
LOHO~LOH33t 4 415, B & & 4= LOH i 5% H
(38 i, MVD BUE RIS N (£ 3) . ¢ LOH1 5 LOH2
Pl Z 8] MVD 22 5 Jo 40 2% 535 50, 1 76 At 45 41 1)
P LL 3 MVD 22 33494 G2 5 L (P<<0. 05) ,

Allele ratio>1.67 Allele ratio<0.6

AAN

113.42 117.19

p— T ————————————
o N N /\a-A_I\_I\
12041 132.37 113.53 117.33

B 1 #H LOH IE3!
Fig 1 Two types of LOH apex-models
T. Tumor tissue; N: Normal tissue from the same patient; LOH:

Loss of heterozygosity

x2 BB ELEFINIPRIEMS LOHEZER
Tab 2 Incidences of LOH of 4 microsatellite loci

at chromosome 3p in 40 breast cancer specimens

MS loci Incidence of LOH n( %)
D3S1038 8(20)

D3S1295 15(37.5)
D3S1581 7(17.5)
D3S3118 2(5)

MS.: Microsatellite; LOH: Loss of heterozygosity. Rank sum
test. P=0.003 9

2 FLARJE CD34(+4,A)F1 VEGF(+ ,B)#:fa
Fig 2 Positive expression of CD34(A) and VEGF (B)
in breast infiltrating ductal carcinoma as detected
by immunohistochemical staining (SP)

Original magnification; X 100

2.3 LOH 5 VEGF #9 % 2 VEGF 19 [H 23k
TN, B0 o (0 B AR Uk (B 2B) ., TEFAT A
40 @ 3 31 B2 VEGF [HPEZTL.9 ) VEGF
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Bt 2535 & A 7E LOHO 41 (3% 4), AR LOH K T2 E VEGF RiIEZERA G155 X (P<0.005),

® 3 [ LOHKTHAMN MVD FR
Tab 3 MYVD in groups with different levels of LOH

LOH level MVD
LOHO 42 78 52 88 68 85 48 64 55 93 44 73 63 35 53 84 48 55 51
LOH1 106 92 121 97 87 94 99 111 98 46 99 102 73
LOH2 131 103 89 116 91
LOH3 144 153 146

LOHO0-3 indicates that there are 0-3 sites with LOH. LOH: Loss of heterozygosity; MVD: Microvessel density. MVD values were similar be-

tween LOH1 and LOH2, and were significantly different between others. Rank sum test. P<C0. 05

® 4 7FFE LOH Kk F4HE VEGF KR A 2.4 LOH,VEGF 5 & & K 7% 2 4 2 #) 48 %
Tab 4 Expression of VEGF in groups with different levels of LOH B R Spearman A9 K 6 44 BF LOH . VEGF 2

(n)
B SRR A &, X3 LOH 5 VEGF.MVD,

LOH level VEGF(+) VEGF(—)
LOHO 10 9 HerZ\ER\WFE%%%\TNM %%&Zﬂg—l'm’ﬁé&%
o e . IEAMISE, VEGF 5 LOH,MVD, Her2 ER. itf L1 45
LOHS3 3 0 Feks [ TNM 200 B4 p 2 IE MG . MVD 5

LLOHO0-3 indicates that there are 0-3 sites with LOH. LOH: Loss LOH.VEGF.Her?2 ﬁ*[ﬂ%%*g TNM ﬁ-}gﬂ&gﬂgﬂ

of heterozygosity; VEGF: Vascular endothelial growth factor. Rank . N
TR R TEMK (K D),
sum test. P<C0.005

x5 LOH5E VEGF £l RFESH Z BHEXMES T

Tab 5 Correlation analysis between LOH and clinicopathological parameters of breast cancer patients

Parameters Rk_ER Rk_Her2 Rk_LLN Rk_1.OH Rk_MVD Rk_PR Rk_TNM Rk_VEGF Rk_Year Rk_Grade

Rk_ER 1/0 0.356 9 0.282 6 0.458 5 0.2211 0.633 4 0.364 5 0.419 4 0.469 3 0.227 3
Rk_Her2 * 1/0 0.546 9 0.539 4 0.513 2 0.146 7 0.5309 0.624 7 0.412 2 0.405 4
Rk_IN . 1/0 0.506 4 0.461 5 0.072 3 0.607 3 0.625 5 0.262 0 0.535 1
Rk_1.OH o o o 1/0 0.804 9 0.192 7 0.596 0 0.658 0 0.209 5 0.497 2
Rk_MVD e o o 1/0 0.062 1 0.716 7 0.702 1 0.215 6 0.483 6
Rk_PR o 1/0 0.245 9 0.307 1 0.259 4 0.252 8
Rk_TNM * o o o o 1/0 0.617 1 0.397 1 0.591 0
Rk_VEGF o o o o . o 1/0 0.546 9 0.574 4
Rk_Year o o * o 1/0 0.183 9
Rk_Grade o o . o o o 1/0

The upper triangle shows r, the lower triangle shows significant signs. Rk_ER: Rank-estrogen receptor; Rk_I.LN: Rank-lymph nodes; Rk__
LOH: Rank-loss of heterozygosity; Rk_MVD. Rank-microvessel density; Rk_PR: Rank-progesterone receptor. Rank sum test. * P<C0. 05;
** P<C0.01

Z—, VEGF 2k N EE MR MmE A RN 7. 5

FLAR R 158 A2 B MR G R R R A T AR5

LOH WL 5 2L W g AH G 1) Z2 Ao g JE 9 oy, 2 RIMEE KA LOH A7 S8 H /3 m . MVD $i B

g 5 R o ) O 0 OB XL 2 2R R K 1 EE AL RO, B LOH & A X b Js o il 45 19 A A
il o T IR I A A B 2 ik R R A RN RS 1 S Tk B2 A EVE 5 T T AT VEGE Bk 32 38 3 % A= 7E
FAF, IR TRk sp U DR S R&4 LOH MEFH . &4 LOH MY g 41 210 ¥ 2
LOH 5 1048 A 155 AH DG G R BE S B Z M DG 3R VEGF PR K, U LOH &4 5 VEGF fy %
MVD 2 e i 45 A s PR sl B i 8 LR AR SR UIAROC, R ZE LOH /9 M AR AT Ge i i 52

3 it i

-l
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VEGF 235 8 A2 #F 3 il 45 19 248 i, i 3R B8 MVD
(A A WY 3G, B b g L A Y AR R A g i
A AR BN DL S RS R DR e K R AR S
' LOH 19 & A5 s 9 2 812 50 9% MV D itk B 45
R ) TNM 43 B85 52 1E A0 56, AR A T iE 5K,
PRI 7 fige ot ok P2 A B T AT 4 T 4 Ao A L B8R A A
I G o AR B TR S LOH R4 AR BT A K Il
PRIBUG PPAS R YA 7 18 25 5 L T8 2 095 B, W) i) s 2
AR DAFF R 2 A~ s 22 A H0 5 B 56 A 8 ) vh o L R
BT RY 8 R E R T VR 0 s b R £ PR IR T Y
JEES O FLRR I R IR YT B T SR s

Yo (R B3 T A7 A LOH — A2 38 o 31 g 3
PRI A 2 0 AR 0 I 2 R 3 0 A 0 el & A L R R
AR 2 R, At ARV R A MLAE 5 5 S L A i 0 B R
M4 A i 2 7 m AL dl, AT &R 4 DAL
D3S1038.D3S1295,D3S1581.,D3S3118 i %t i Y %
K398 VHL.FHIT.FLNB, TUSC2, 7 #f 5% UE 52
4 i s LOH &4 KV 5 VEGF,Her2 £ik L &
MVD 1E A 56, §d B B % R Ay 4 Al LN S
VEGF 4§ i A B 28 2 6] A7 76 A0 B4 L 3 i s
M) e 983 1 32— 25 K e

VHL B M E A F 4§ @k 3p25~26 X .54 F
Von Hippel-Lindau (VHL) $%. VHL %% Ml K 1
O3 DL B G M G £ AR b P 3t A R b R O L AL A
HORK B 28 R G I AE RE AN AR L P DE ik R R A ik
S VHL 25 Wnt/B-catenin B {5 5 1 #§
HHEZFVIMBER™ , £ VHL K EFEHBL T,
pVHL ANREIEH £ ik, M AN REIE W E-3 12 R % #
fil 52 454K S B0 HIF 195 538 . i (75 VEGF .
GLUT-1.TGF-o %4l il A 3R 3k , ixX L6 40 jfg K )
22 50N 0 Re s AQU L A A R 20 IR 29 L
FfL R T A AR B A AR, 5 R kA R T % DDA
KT AT & B VHL JE R %48, pVHL [
HIF-1q (918 8 K35, i VEGF KF-TH . 7
ZERE Sy HasR

FHIT 2 J& 1996 4F Ohta 2% LA B 5 i35
ARG AA 3p1d. 2 DX A 1Y — A 45 5 i Je 41 o]
B NS dcw O i g £ 0K Jifs M 47 25 FRASB i T
FHIT 5 K 485 09 55 — A4 i O+ 5) B il
FHIT 5K LOH i — 4 % A7 FE R0 L TS 2+
Y H A BT 5 — R R I TG, AEAIR L
A7 LOH W EL IR, 3 s P Bk 80T
FHIT BERE A “TUE ", A B 50N X Fh e k4T &
P FHIT JE R 06 /9 F ML T L HE T
FHIT 5 K AR Ay i g 41 ] 35 DR 76 10 Pk 2L B 9 19
AkEPRBEEEMAY, AR AR FHIT 2R

BT B9 D3S1295 137 5 LOH 535 37. 5% . 5 i ik F
FEAHFE

D3S1581 M LA i FLNB, Mai&E A4 &
FEHAMZ AFLNA) fil B(FLNB) %1k F 1l % P 5
g, EME LT IR LBEREREEM, Del Valle
Pérez ZEUTHESE % B /N T3 RNA iR FLNB 5
T L AR IS P R 2 B AT RS RE 0 ML A i VEGF
VSR A A %, AN T R B T — S 5
AW (045 FLNB,Rac-1 fil Vav-2),7E VEGF #
I R e 10— 20 5 158 8 B A KR 2 4k VEG-
FR2 FUEEA 3R o VRS AHEAE T DT 51 % 1 48 A 1
g6 8 SR A BT A 105 IS L AT R LRI A B R L K e
AR,

D3S3118 i F 3p21. 3, M 7 b i 3 K H
TUSC2(tumour suppressor candidate 2, TUSC2),
MABEFRA Fus-1, Lee 581 R MiR-378 A & i
JeA 145 A B B g A B 1 A 0 AR L R A
F SuFu Al TUSC2 3X P 4 i 92 41 il %

ARWHEGE LOH (K 23R A% T BE A 19 SOk i
B, k5 S0 B R A S R BE e L R ATTIA
hET R TR SRR )R R IR AR T
KA AR H AR A0 M0 15 2L A% G 1) TN I ok e 35 e H Tk
M5 4% T S50 4 09 LR T, 79 = PCR K2 1Y ik
KEME & T T HRAMHRLE R, Taylor
JIT A A F 5 R o AR T UE S, T A F 5 I 0L FH
DGR B RS BN KR Sy 7AW e 7
) b A e T R 20 6 S 5 T R Rt TR
) V3 | e 0 0] e A D I 7 A iR 2l g AR
GY BT SE VR A A S AR L AR AR S 2
K EA SR L,

FUMR B K AR IR LR Gtk 2 L IR B L KA
N FLIR I e R 3p AR LOH 5 i 58 28 it L
A AE DG g B DR 3 O 3 e X i A A B Y R
AT RE A b A K S S R R AL SR dn SRR e 5 1A
3p A LOH 5l 48 A= LI Ol [ B 46 I, AT G
B B 4 T b T LRI 1 AR A R
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