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Prognostic Value of Apoptosis and the Survivin, bcl-2, and p53 Expressions in

Breast Cancer Patients
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Moo-Jun Baek, Cheol-Wan Lim, Moon-Soo Lee, Min-Hyuk Lee, Chang-Ho Kim, Tae-Yoon Kim', Young-Gi Min?,
Mi-Hye Oh’, Eui-Han Kim’, Chang-Jin Kim?®, Moo-Sik Cho

Departments of Surgery, 2Physiology, and *Pathology, Soonchunhyang University Cheonan Hospital, College of Medicine, Cheonan;

'Department of Surgery, Dangjin Green Hospital, Dangjin, Korea

Purpose: Survivin is a member of the inhibitor of apoptosis
(IAP) protein family, and it is involved in the regulation of cell
division. The over-expression of survivin has been reported
to be associated with the parameters for a poor prognosis in
most human cancers, including lung, breast, colon, stomach,
esophagus, pancreas, etc. In this study, we examined the
expression of a member of a novel IAP protein family, sur-
vivin, in breast cancer and its association with tumor cell apo-
ptosis and the overall prognosis.

Methods: 80 cases of formalin-fixed paraffin-embedded
breast cancer tissue were immunostained with, using poly-
clonal survivin (Novus Biologicals, Littieton, USA), monoclonal
bcl-2 (DAKO, Carpinteria, USA), and monoclonal p53 anti-
bodies (DAKO, Carpinteria, USA). The histochemical method
used for the analysis of apoptosis was based on ApopTag®
Peroxidase In Situ OligoLigation (ISOL) Apoptosis Detection
Kit (CHEMICON International Inc. Temecula, USA).
Results: Immunohistochemical analysis showed that cyto-
plasmic survivin expression was positive in 43 of 80 cases
(53.8%) of breast carcinomas and it was positive for 70% of

the cases that showed a bcl-2 expression tumors. Statistical
analysis revealed that the survivin expression was correlated
with lymph node metastasis, the tumor stage, and the histo-
logical grade. Although the survivin expression was not corre-
lated with p53 mutations, the survivin positive cases were
associated with a bcl-2 expression (p=0.015) and a reduced
apoptotic index (p=0.024). On the Cox proportional hazard
model analysis, the apoptotic index was not identified as a
significant independent predictor of overall survival (p=0.072),
although the patients with a low apoptotic index (<0.2%) had
a worse survival rates than those patient in the group with a
high apoptotic index (=0.2%).

Conclusion: The results suggest that apoptosis inhibition of
apoptosis by survivin may be a prognostic parameter for a
worse outcome in breast carcinoma patients. (J Breast Cancer
2007:10:19-28)
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grading system (3)°l] 23t 22| SHHistologic grade) 1
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Table 1. General characteristics of patients

Variable Number of patients (%)
Age

<40 9(11.3)

40-49 29 (36.3)

50-59 21(26.3)

>60 21(26.3)
Menopausal status

Premenopause 37 (46.3)

Postmenopause 43 (53.8)
Primary tumor

Tis 4(5)

T 23(28.8)

T2 38 (47.5)

T3 10 (12.5)

T4 5(6.3)
Nodal status

Positive 25(31.2)

Negative 55 (68.8)
Clinical stage

0 4(5)

| 16 (20)

I 39 (48.8)

1l 19(23.8)

\% 2(2.5)
Histologic grade

| 45 (56.3)

I 22 (27.5)

I 13(16.3)
ER status

Positive 40 (50)

Negative 40 (50)

ER=estrogen receptor.
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YU} A= Polyclonal Survivin Antibody SuperNovus
Pack (Novus Biologicals, Littleton, USA), Monoclonal anti—
Human bcl-2 (DAKO, Carpinteria, USA), Monoclonal
anti-Human p53 (DAKO, Carpinteria, USA)S |83}t
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Table 2. Cytoplasmic survivin expression in breast carcinoma

Survivin expression (%)

+ ++ +++ Total
Control 1/10(10.0) 1/10(10.0) 0 2/10(20.0)
Atypical 4/20 (20.0) 9/20(45.0) 1/20(5.0) 14/20(70.0)
hyperplasia*

Primary cancer* 16/80 (20.0) 17/80 (21.3) 10/80 (12.5) 43/80 (53.8)
Malignant lymph  8/20 (40.0) 6/20(30.0) 3/20(15.0) 17/20 (85.0)
node*

*: p<0.05 (control vs. atypical hyperplasia, primary cancer, malignant
lymph node).

Myoung-Won Son, et al.

Fig 1. Immunohistochemical examination for survivin. (A) The

tumor cells of infiltrating ductal carcinoma show positive reaction

in survivin ( x 100). (B) The cytoplasm of atypical cells in moderate
epithelial hyperplasia shows strong positive reaction in survivin
(x100). (C) The metastatic tumor cells of infiltrating ductal carci-
noma lymph node show positive reaction in survivin (x 100).
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Fig 2. Histochemical staining for bcl-2 and apoptotic tumor cells. (A) bcl-2 expression in breast cancers (x 40). (B) in situ oligiligation
reaction (ISOL) for apoptosis (arrows: x 200).

Table 3. Correlation between clinicopathological factors and
expression of survivin, bcl-2 in breast cancer (n=80)

Table 4. Expression of bcl-2 and p53 in survivin positive breast
cancer

Characteristics o2 p-value SR p-value
expression (%) expression (%)
Menopausal status 0.864 0.960
Premenopause 24/37 (64.9) 20/37 (54.1)
Postmenopause 32/43 (74.4) 23/43 (53.5)
Tumor size (cm) 0.216 0.808
<2 18/27 (66.7) 14/27 (51.9)
>2 38/53 (71.7) 29/53 (54.7)
Nodal status 0.138 0.001
Positive 18/25 (72.0) 20/25 (80.0)
Negative 38/55 (69.1) 23/55 (41.8)
Stage grouping 0.231 0.001
0,1, 41/59 (69.5) 25/59 (42.4)
I, v 15/21(71.4) 18/21(85.7)
Histologic grade 0.152 0.038
| 28/45 (62.2) 22/45 (48.9)
I 17/22 (77.3) 11/22 (50.0)
1l 11/13(84.6) 10/13(76.9)
ER status 0.952 0.501
Positive 30/40 (75.0) 23/40 (57.5)
Negative 26/40 (65.0) 20/40 (50.0)
c-erbB-2 expression 0.069 0.107
Positive 39/55 (70.9) 31/55 (56.4)
Negative 17/25 (68.0) 12/25 (48.0)

ER=estrogen receptor.

2ol Sl= ot w4 5= o itk Hazard ratio=
1.458, p=0.168, Table 6). 3t bcl-29] W&y} APELap=
AT YA

Survivin expression

p-value
Negative (%) Positive (%)

bcl-2 expression 0.015
Positive 23/56 (41.1) 33/56 (58.9)
Negative 14/24 (58.3) 10/24 (41.7)

P53 expression 0.271
Positive 8/18 (44.4) 10/18 (55.6)
Negative 29/62 (46.8) 33/62 (53.2)

3. MIEXIHALR} survivin ¥ bel-22] sinto| 27|

ISOLHRE ol-8sto] S789%t A S0 Haf Al sZAPEAL
A5= 0.2%°1 K Fig 2). AEAFEAL 25271 0.2% o8l +
(61.3%)} o131 7H38.8%) AtoloA] M} Yz Holf5rt
SAA R A AR H(p=0.048), FUFe| 271, B7],
2 23l o5 2R =8A|(estrogen receptor) L&
k= ARRIAT $3cKTable 5).

Al22E survivin o] FAQ1 FHn=43)0l1412] Bt A=t
AR R4 A2 survivin HEo] 24930 wHn=37)°l| Hl3)| &
ASFH o2 [oJsA] M|ZAFBAL K47} B4s8tirk(p=0.024).
SEARE bel—2 WE-R-Foll w2 MPEAPIAL 2|20 HE-2 3RS 4=
RAcHp=0.067).

Kaplan—Meier ¥ o831 A of| A= A|ZAPEA}L 2|7}
Dadrs FAACR foJslA AEEY AAE E %S

WK(p=0.032, Fig 3), Cox proportional hazard model& ©|-&
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(p=0.032: log-rank test)
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Fig 3. Kaplan-Meier survival curve according to cytoplasmic survivin expression (A) and high vs. low Apoptotic Index (B).

Table 5. Correlation between clinicopathological factors and
Apototic Index in breast cancer

Characteristics p-value
<0.2 >0.2

Tumor size (cm) 1517
<2 14/27 (51.9) 13/27 (48.1)
>2 35/53 (66.0) 18/53 (34.0)

Nodal status 0.048
Positive 19/25 (76.0) 6/25 (24.0)
Negative 30/55 (54.5) 25/55 (45.5)

Stage grouping 0.283
0,11 33/59 (55.9) 26/59 (44.1)
I, v 16/21(76.2) 5/21(23.8)

Histologic grade 1.138
| 21/45 (46.7) 24/45 (53.3)
Il 16/22 (72.7) 6/22 (27.3)
Il 12/13 (92.3) 113(7.7)

ER status 1.531
Positive 25/40 (62.5) 15/40 (37.5)
Negative 24740 (60.0) 16/40 (40.0)

c-erb-2 expression 0.164
Positive 34/55 (61.8) 21/55(38.2)
Negative 15/25 (60.0) 10/25 (40.0)

bcl-2 expression 0.067
Positive 36/56 (64.3) 20/56 (35.7)
Negative 13/24 (54.2) 11/24 (45.8)

p53 expression 0.074
Positive 11/18 (61.1) 7/18 (38.9)
Negative 38/62 (61.3) 24/62 (38.7)

Survivin expression 0.024
Positive 33/43(76.7) 10/43 (23.3)
Negative 16/37 (43.2) 21/37 (56.8)

Al=apoptotic index; ER=estrogen receptor.

o Thisk Balols AEAREA} X)40) 71
Sofst £ 2Rk oA o ekt

}J]\L_

47HAI<0.2) A&

tHHazard ratio=2.243, p=0.072, Table 6).

Table 6. Cox proportional hazard model analysis

Riskrate  95% Cl  p-value
Menopausal status (pre vs. post) 2184 061-7.79 0.221
Tumor size (cm) (<2 vs. =2) 0.131 0.02-1.07  0.030
Nodal status (positive vs. negative) 0315 0.09-1.07  0.055
Stage (0, I, I vs. Il IV) 0226 007078 0.013
Histologic grade (I, Il vs. IIl) 0.179  0.05-0.71  0.008
ER status (positive vs. negative) 0832 026-273 0.762
c-erb-2 expression (positive vs. 0348 003-1.71 0177
negative)
p53 expression (positive vs. 0504 023211 0426
negative)
Cytoplasmic survivin (positive vs. 1458  0.13-1.71  0.168
negative)
bcl-2 expression (positive vs. 1247 052248  0.082
negative)
Al (<2vs. =2) 2243 008424 0072

Cl=confidence interval, ER=estrogen receptor; Al=apoptotic index.
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I F et A2 7151 Sl oM EgelA d AlE 5 24
slo] o] A71E AL 28l 7= TR s Ao R o
HA Sl (6)

MEZAFEHAZE A= ZE(clone)?] A} o]xF4Q1 &
2 W3} gl opg A0 7|35 = o mM] Fg Alo] Yoldtt
O] ol 5o} Al sERFEALRFS] THA/SS ol
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AR 79 SERte] E7|7To] AL FFo] AdE] o] lrkar
R wojgit} (7, 8)

TE A ML) AFdE 2 ol B EES Ed
Sl=t) ol2fRt MZEAPEAL A ®of| Agsto] AEAPEARE sl
k= THEARE bel-2 @A ) heat shock protein, IAP
T o] 2 A A St} bel-2+ A|EAPEAL A Tl
7P A LRl Ao 2 HAA ARt (14 1805 2 oA EZ
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32 7] Aot Mli2FARE SR A] AL thal AZAPEAE
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& F% A fARet 3 Agste] Ml2E SA 3A sk 4
= %S Fsket 7108k AR HuER (12)

FeolM 9 bel-20l thiet A= Leek 5(13) 9 Park &
(14)2 bel-2 Wao] oA ds=2 R 4=8A|(estrogen receptor)2}
BT 2R =87 (progesterone receptor) &R ol 4
3193, Castiglione 5158 bel-2 L@} T2 ~870] &
5, wild—type®] p53 W& W 2 54 A5 5ol F-o3t 4
A foldS Hlrkar skl 1 HHe] ohE AtollAe
bel-2 Wo] T2E 84| Wd o fof 2284 Bkt &
SR RRIAIE 7= A0 & HArE Q) 2 dAtolAl= 80
% 5690141 bel-2¢] gt HHx21518} Gafof| A FAJRkgS B
o] 70%2) L&-go] T =t o] A2 thi-Ee] F1eF Aol
A] bel=2 WALo] 40-60%<] Aol Hls) tha: > ANE =
Zlojet, E3t, el 727 MY F-57F bel-22] WA} A aaA|
7h Aot 22 Hole Yl oj T 2r 84 Id S
fofet WA= 2R 4= gl

] AtellA] bel-27F AlZEAFEARE At AlsEe] 4=
A7 |H T2 o]x b2l e-aRtet §A S B4l 71

o

T

o
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filo
e

HY Aol st bel-271 HEE FYo| £33 T2 dFE
= 20 deA Qleh (16-18) ool gt et 71
24 QA= B bel-2 o] ofsf) FAHEE L7t e
AR AR Aol B AHds] A o] 24 S

A3] A7) whEd Zolet 2557w gt (19)
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=
=
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IAP thze 199243} 19949 baculovirus <! Cydi
pomonella granulosis virus (OpMNPV)E F3llA &AE
2 olg] F70 A EZAMAAL A 25 E AL E HEsh
AlZApEAR] AA7E oF] FAdoll F83F &S sk Ao
A|HA ole] theh W A7} o] R0 A it (20, 21 IAP Tl
AL 24 80719 ofm]ieAlko 2 o]0 Baculoviral Inhi-
bitor of apoptosis Repeat (BIR) %% (domain)¥} carboxy &
@] Ring zinc—fingers 7HAL itk IAP 7|5+t S/d3kE
caspase 3%} caspase 7= A7 JA|sto] 285 $igk op e} Tk
2 Aol ZR5E9 AP Tl 71E+20] caspase?] <A
7} ohd thE A0 R A|ZAPEARE AAlsk= A o8 HAlE]
=4 °]A-2 2 nuclear factor—kappa B2t ¥=0o] 9= A
o8 dHA 3k (22)

IAP @3 7153-S S HARIA-Y 3K tumor necrosis
factor—a), Fas 2]7F=, cytochrome C, etoposide, cisplatin,
paclitaxel 5 18] £72] IFLA, WA ZAL ultraviolet
radiation 59 o1& 7H2] A=50l o8ff o= Al ZABALE
APt bel-2 Tl Eof o)} A|ZAPHAL APt Ret B of
&l Q)= caspases AFASHEE bel-2 Tl A K TE A2
ARE AAISk= 7150] B Rt A o= Hark|o] Qlrt, TAP Thlg
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