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Prognostic Significance COX-2, VEGF and Cyclin D1 in Distant Metastasis of

Breast Cancer

Jin Sun Lee, Jeong Hun Choi

Department of Surgery, Chungnam National University Hospital, Daejeon, Korea

Purpose: The most important independent prognostic factors
of breast cancer have been reported to the tumor size and
lymph node metastasis, as well as DNA ploidy, proliferation
index, and various receptors, including estrogen receptor
(ER) and progesteron receptor (PR) and oncogenes, such
as c-erbB-2, and the tumor suppressor gene, p53. However,
all these prognostic factors are still unable to exactly estimate
distant metastasis for breast cancer. Based on this, our aim
was to study for the prognostic factors that associated distant
metastasis of breast cancer with cyclooxygenase-2 (COX-2)
and vascular endothelial growth factor (VEGF), which are
related to angiogenesis, and Cyclin D1, which participates
in cell proliferation in breast cancer.

Methods: A retrospective study was carried out on 95 pa-
tients, who has undergone an operation for breast cancer,
with or without metastasis between January 1993 and July
2001, at the Department of Surgery, Chungnam National
University Hospital. The study was based on the immuno-
histochemical staining of primary tumors for COX-2, VEGF,
Cyclin D1, ER, PR and c-erbB-2, which were obtained from
tissue samples of 45 and 50 patients with and with no distant
metastatic breast cancer. SPSS for Windows, Version 10.0
was used for the statistical analyses.

Results: The expressions of COX-2, VEGF and Cyclin D1
were statistically significant in distant metastatic breast cancer.
The clinicopathological parameters associated with distant
metastasis were the tumor size and histological grade, and
lymph node metastasis, lymphovascular invasion, ER and
PR. There were positive correlations between 1) COX-2 and
VEGF, 2) COX-2 and Cyclin D1, 3) c-erbB-2 and Cyclin D1
and 4) VEGF and Cyclin D1, COX-2 also had positive rela-
tionships with the tumor size and c-erbB-2, VEGF had posi-
tive relationships with lymph node metastasis, histological
grade and lymphovascular invasion, as well as with ER and
PR. The overexpressions of COX-2, VEGF and Cyclin D1
shortened the disease-free survival and survival period.
Conclusion: The overexpressions of COX-2, VEGF and
Cyclin D1 were considered poor prognostic factors for the
induction of distant metastasis. Therefore, COX-2, VEGF
and Cyclin D1 could be used in the prevention of distant
metastasis, and prescribed for the treatment of metastatic
breast cancer. (J Breast Cancer 2007;10:10-8)
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Fig 1. Group A; Invasive ductal carcinoma without distant metastasis, well differentiated primary breast tumor. (A) H&E staining ( x 200),
(B) Immunohistochemical stains of VEGF (weakly positive), (C) Immunohistochemical stains of Cyclin D1 (++), and (D) Immunohistoche-
mical stains of COX-2 (negative).
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2. SAX 2N

A= 2] BA A2l= Window-8 SPSS (Statistical Package
for the Social Sciences) 10.0 &7 ZE2IHE o833 L,
Pearson Chi—square test®} Pearson correlation= ©]-8-3}
o] 5 FollA] oot WA RS FAskAL TR g e

W5 COX-2, VEGF, Cyclin D19] @A =S v walitt,
Kaplan—MeierH 0 2 QE&-S F5lal F 77+ v log—
rank testZ ©]-83kch p kel 0.05 wWkel 7Z-9-of EAZ 2
2 foJsiriar wasieich

ZAE AR | —T’—Xé AR web 2uf2AS 4 pm T
2 ¢ ZebA ER (Zymed Lab., San Francisco, CA, USA),
PR (Novocastra Lab., Newcastle, UK), COX-2 (Assay De—
signs, Ann Arbor, MI, USA), VEGF (Santa Cruz, USA),
Cyclin—D1 (Novocastra Lab., Newcastle, UK), c—erbB-2
(Dako, Denmark)el vzt A28t M2 A3l It Table

Jin Sun Lee, et al.
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!, Meyers Hematoxylin< ©]-8-5}o] tj=GA514

Table 1. Summary of immunohistochemical staining protocols

) Reaction Pretreatment
A2y Campany Dilution  time (Temp [°C]
antibody (Country) il fime [rin])
c-erbB-2 Dako 1150 70 Autoclave (121, 10)

(Denmark)

Cox-2 Assay Designs ~ 1:50 60 Autoclave (121, 10)
(USA)

Cyclin D1 Novocastra 1:30 30 Microwave (4 min)
(UK)

ER Zymed Lab. 1.70 90 Autoclave (121, 10)
(USA)

PR Novocastra 1:150 90  Autoclave (121, 10)
(UK)

VEGF Santa Cruz 1.70 60 Microwave (4 min)
(USA)

COX-2=cyclooxygenase-2; ER=estrogen receptor; PR=progesteron
receptor; VEGF=vascular endothelial growth factor.

Fig 2. Group B; Invasive ductal carcinoma with distant metastasis, poorly differentiated primary breast tumor. (A) H&E staining ( x 200),
(B) Immunohistochemical stains of VEGF (strongly positive), (C) Immunohistochemical stains of Cyclin D1 (++), and (D) Immunohisto-

chemical stains of COX-2 (weakly positive).
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Table 2. Characteristics of patients in no distant metastatic

breast cancer (Group A) and distant metastatic breast cancer
(Group B)

Group A Group B .
(n=50) (n=45) pvalue
Age
<40 11 14 0.125
40-50 28 14
51-60 6 11
>60 5 6
Operation method
BCS 22 11 0.240
MRM 28 33
Tumor size (T)
<2cm 17 5 0.047
2-5cm 28 26
>5cm 5 10
Lymph node (n) metastasis
0 27 8 <0.001
1-3 14 6
4-7 4 10
>7 5 17
Initial stage
| 13 3 <0.001
I 26 10
Il 11 28
Histologic grade
1 18 1 <0.001
2 27 24
3 5 13
Lympho-vascular invasion
Negative 11 0 0.020
Positive 39 39
ER
Negative 17 25 0.053
Positive 27 17
PR
Negative 18 27 0.030
Positive 26 15
c-erb B2 expression
Negative 30 19 0.139
+1 positive 8 12
+2 positive 3 8
+3 positive 3 3
First metastatic organ
Bone 25
Lung 12
Liver 7
Brain 1

BCS=breast conserving surgery; MRM=modified radical mastectomy;
ER=estrogen receptor; PR=progesteron receptor.
*Pearson Chi-square test.

& Aofaigitt. COX-29F VEGFS] 9d g2 Al COX-
29} VEGF9] @Mo] HA| A|i22] 5% oldollA wad B2 4
olstylom kP 5-49%Y R, FIILE T2
50% oVdolA AME= A= A8kt c—erbB—2+ Dako
Hercept test (Dako Cprlpratopm, CA, USA)E ©]-8-3+ HAH
ofl A A|aut G| A E W AL E ALEsiglon, e 5
T 7R AR ALY 10% o] Allzatellx G0
o] H A= FsIrh FUAEL 10% v|rtol|A] GMo] E]A
U Al o] QMg A= 540 = WsgitkFig 1, 2).
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vl gk Aat Fekol 27)(p=0.047), HekHzA o= (p<
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T FH(p=0.02), PR (p=0.03)2 F 7ol $AH o2 {2
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o7t §hs AR Uetsith BatollA] 22 Ao 3
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Table 3. The expressions of COX-2, VEGF and Cyclin D1 in no
distant metastatic breast cancer (Group A) and distant meta-
static breast cancer (Group B)

Group A Group B

(n=44) (n=38) pvalue
COX-2
0 27 13 0.004
+1 16 16
+2 1 9
VEGF
0 7 0 <0.001
+1 28 5
+2 9 33
Cyclin D1
0 33 17 0.007
+1 9 9
+2 2 9
+3 0 3

COX-2=cyclooxygenase-2; VEGF=vascular endothelial growth factor.

*: Pearson Chi-square test.
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2. COX-2, VEGF, Cyclin D12| &

COX-2, VEGF, Cyclin D1ofl tjgt z}zhe] oz 2|5)514 A
S Agsto] WA =S WS A COX-2 (p=0.004), VEGF
(p<0.001), Cyclin D1 (p=0.007)0] BitollA % drdgo] =
Al YeltthTable 3).

1) COX—22} VEGF, COX-22} Cyclin D1, VEGF2} Cyclin D1 52|

ARA|(Table 4)

COX-29} VEGFY] ¥d-e o JHAIE 23lom, oy
AL A7 = (staining intensity)2H= AHIAIE Bk
(p<0.05). COX—22} Cyclin D1= A2 o] AFUHAI S 7R,
COX—29] ¥r&-go] o Cyclin D19] Y& ® &t} COX-
29] Wao] 9FAo|d Cyclin D19] TS Sulala, ojuf gAY

y
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Table 4. The interrelation among COX-2, VEGF and Cyclin D1
in breast cancer

COX-2 VEGF
0 +1 +2 0 +1 +2
(n=40) (n=32) (n=10) (n=7) (n=33) (n=42)
COX-2
0 5* 17 18
+1 2 15 15
+2 0 1 9
Cyclin D1
0 (n=50) 29' 18 3 7' 21 22
+1(n=18) 7 9 2 0 10 8
+2 (n=11) 4 5 2 0 2 9
+3 (n=3) 0 0 3 0 0 3

COX-2=cyclooxygenase-2; VEGF=vascular endothelial growth factor.
*: statistically significant p<0.05; ": statistically significant p<0.01.

Table 5. The interrelation among COX-2, VEGF, Cyclin D1 and other prognostic factors of breast cancer

COX-2 o- VEGF o- Cyclin-D1 o-
0 +1 42 value 0 +1 2 value 0 1 2 3 value
Age
<40 6 3 0.321 1 5 13 0.240 13 3 1 2 0.543
40-50 22 11 5 2 20 16 23 7 6 1
51-60 8 7 0 2 6 7 7 6 2 0
>60 4 5 1 2 2 5 7 1 2 0
Tumor size
<2cm 14 3 2 0.035* 4 7 8 0.073 16 2 0 1 0.191
2-5¢cm 18 26 5 3 23 23 27 13 8 1
>5¢cm 8 3 2 0 3 10 7 2 3 1
LN metastasis
0 18 10 2 0.596 5 15 10 0.039* 22 5 3 0 0.056
1-3 8 8 2 2 9 7 1 6 0 1
4-7 6 4 3 0 4 9 7 2 2 2
>7 8 10 2 0 5 15 10 4 6 0
Histologic grade
1 8 6 1 0912 4 9 2 0.004* 14 1 0 0 0.196
2 23 19 15 2 20 25 25 13 7 2
3 9 6 3 1 4 13 1 3 3 1
LvI
- 5 3 0 0.527 0 8 0 0.002* 8 0 0 0 0.149
+ 35 28 9 7 25 33 42 17 10 3
ER
- 21 14 6 0.607 3 10 28 0.010* 28 7 5 1 0.403
+ 17 17 4 2 22 14 19 11 6 2
PR
- 20 16 7 0.569 4 10 29 0.003* 27 7 7 2 0.479
+ 18 15 3 1 22 13 20 11 4 1
c-erb B2
0 23 21 4 0.029* 5 19 24 0.360 31 12 4 1 0.001*
+1 6 6 3 0 8 7 7 2 6 0
+2 8 2 0 0 2 8 5 4 1 0
+3 1 2 3 0 3 3 4 0 0 2

COX-2=cyclooxygenase-2; VEGF=vascular endothelial growth factor; LN=lymph node; LVI=lymphovascular invasion; ER=estrogen receptor; PR=

progesteron receptor.
*: Pearson Chi-square test.
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Fig 3. (A) Disease free survival according to the degree of exp-
ression in COX-2. (B) Disease free survival according to the de-
gree of expression in VEGF. (C) Disease free survival according
to the degree of expression in Cyclin D1.
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Fig 4. (A) Overall survival according to the degree of expression
in COX-2. (B) Overall survival according to the degree of expre-
ssion in VEGF. (C) Overall survival according to the degree of
expression in Cyclin D1.
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