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Purpose: Survivin is a member of the inhibitors of apoptosis
family. It has recently comes into the limelight as a promising
tumor marker, but many previous reports have shown con-
troversial results regarding the significance and prognostic
value of a survivin expression. In this study we determined
the correlation between the survivin expression and the con-
ventional prognostic markers and we also investigated the
outcomes according to the localization of the survivin expres-
sion. Methods: Tissue microarray (TMA) blocks were made
with formalin-fixed paraffin-embedded tissues from 185 breast
cancer patients and the immunohistochemical staining was
done using an anti-survivin antibody. Among these, 157 pa-
tients were available for a survivin expression. The conventional
clinicopathologic features and overall survival were correlat-
ed with the localization of the survivin expression. Results:
Survivin was expressed in 101 breast cancers (64.3%). A
higher cytoplasmic survivin expression were noted in the
older group (p=0.003), in the node-negative cancers (p=
0.012), in the earlier tumor stages (p=0.012) and in the can-
cers that had not been treated with adjuvant chemotherapy
(p=0.014). On the contrary, a higher nuclear survivin expres-

sion was inversely correlated with an estrogen expression
(p=0.006) and a progesterone receptor (p=0.043) expression.
In terms of survival, a cytoplasmic expression was associated
with improved overall survival (p=0.01) but a nuclear survivin
expression was correlated with unfavorable overall survival
(p=0.002). A high cytoplasmic to nuclear ratio of survivin was
associated with improved overall survival (p=0.001) con-
versely, increased nuclear to cytoplasmic survivin ratio was
correlated with unfavorable overall survival (p<0.0001). Multi-
variate analysis revealed that nuclear survivin expression (p=
0.001) and high nuclear to cytoplasmic survivin ratio (p=0.012)
were independent predictor of overall survival. Conclusion:
Survivin is frequently expressed in primary breast cancer. A
cytoplasmic survivin expression is a good prognostic predictor
for patients with axillary node negative early breast cancers
and a nuclear survivin expression is a worse independent
predictor of overall survival for patients with axillary node posi-
tive breast cancers.

Key Words: Breast neoplasms, Prognostic factor, Survivin
SACH]: 7Y, ol FUXL, MHto|El

Troo:

BOIR{}: R

120-752 A&A] At A1EF 134, AAstaL ofateyst o]t
Tel: 02-2228-2100, Fax: 02—-313-8289

E-mail: bwpark@yumec.yonsei.ac.kr

B4 20099 44 3¢ ARHSAL: 20099 649 24

B g0 o002 ARESIS ISR Ao s dasge)
A1 ¥(R13-2002-054-03001-0) ¥ Brain Korea 21 Project for Medical

Science?] | Y& who} S=8)%] 1ol

285

M B

QML AT vlof 2 2915wt hE H9 o)
SR Holoh A ZARE 287)50] nhulse] lgArE 0 2 AR
She B4 20 itk Felststa ol WAL O R ol
QUL AREkE o] o2 AlsAEAHapoptosis & 31
ololickn etelA 9lu FPAES] 4 2 57 3 shirt A

o] & olubA] ghe Holehs & Aok W), (1) AE



286

AE] A7 oF gk 5 Tl SRt RS s ek
28 A 4 ek,

24 galel TeAsto] fAlA Thlo] T3 ISl 213

A TRt 7150l BEiRl7] AlRtsiaL glom o5 £4do]
HA7 el ofwRt GRS Al Hefshe Aol RSt T

AL} SFAANFAAF TLe]aL A ZAPE S feshe W
A=9] Agto] o g BAof ofsl= F8 FHAAR WE
o @) NZAFEARRL B Sl FAAME 2Rt A7) 218
ol 54} 5 3117} Inhibitor of Apoptosis [IAP)o|th, IAPE=
AA7IA] oF 200] Fo] HarE|al §lom o] FollA QIZtol|A=
surviving Z3Hste] 8F-77F 424 St (3)

Survivin IAP 7REIA % NEZAPEARS: SAStaL, Al
715 A8k o4 75S skl Qlo] FEE EL Ut @
Survivin®] AEZEE 2Hof| sl 279 kAol
ofaf tho] A=A o] G2-M710lA] Al2iE AR mlAlt
T} T ARgsto] A|AEe] FAE 2Esk= A0 E YE A STt (9)
w2 AEH AEH FEAES B3l survivin caspase—9¢]
243} S JASkaL A Wf RlERER]oF AFAAF A =
A4 THAE A Fosn 28-S vebd o' A E R of
2] ekl Href x| 4] gkl (3)

Survivin Q19| of2] A7|ofA] WAEE Fgol| SojHoR
Zrn gl Aoz sl Fo] Xekd AR} ®
Mo 454 $HE 259 9tk Survivin T
§| ol A Tpd=, AZAPEARS] oA, oFA| o] 2ot
I 3 9 PR ROl it A7 Sk B
Sk 02 Harko] Qlt, (5-7)
Fot 4317] Fodar Rget FollAl
aake] o] survivine F-8.8F XA} E|aL
83 A= A 7o) ATHE A
1Y =JHA] o] F79] FollAl survivin 'HE ol of
3t 7S o] 8] A7t o] R x| AL Qe (8) HatellAl
I survivin cDNAE ¥ EHtransfection) Al7]™H taxanes
ofl AgH/do] A71H survivin L& 2] 7447} etoposidett 5-FU,
AR RS 5k =itk Adalse] BaEar glof (9-
11) survivin '@ o SW o} ARANE &5 5= Q=

QA=A 2] 71 743 ),

o
2
)

[e2
ofN ¥o

el
>

I

X,

N

o

of
ut

>
o
oz
)

8
o
<
2

] OlN 1o
2
S

ofN i
fo
ot
1@
ot
o

o
X
o
pi=)
o
oX
o

Hl

ol

o

S e = ' AR o [l 12

2 &g
Do
s
ﬁ
U

rl

E
:

O
oo
ol

r

of survivine

4 T:IF

=
™

)
o
(o]

A7 A= survivinel] that AL7F Eks] AaE]
Lot ol $217HA] ZEx]of] 9lof ool Q= Aefolet. 2 Aol
A gutotol| 4] survivin W o] BIES} Uk Hojof| whE Fok
o] 7], W7], 24 55, T2 S 8ANEH 5 7120l A A 9l

W A FA)R} Aol o] S Kk Aels] dal 4]

A
=
FAPS U AEE Bl o5t e

£

ERREPIES

Jae-Won Oh, et al.

o1 Y] AL Sgel W AR A8 ANBHA Shck
Hf HEH
o =

A iy

1991 17 2001 129714 AAcstal Al Heksrg o]
Al GO R ekl 87t F aepiER HEAEHT 2t
18579] 3hAke] &S Ao & Tissue Microarray (TMA)
2 AIzstgon o] 2 survivin HYZA 818} ¢Ao] 7153151
© 15749 RE e = siglon 220 Yol WUZtAY
crushing artifact 5°| A3l #=0] B7Fs3E 289 = th/doll
A AQJE A, o] 5¢] SYFAEE 7IRE 70 (2-177)711Eo]

Z+ 59 mlep S5olA 22 7% 2219 Hematoxylin—
Eosin @MFEE-E A AEsto] Aei7t Fostal S xd
T = oot A AS AQFIste] AR TMAE of-8sto] |
Az 2SS Aldsrt, sheto] auE 2212 4-5 ym
xylenellA gadH 17

T IREGE AR R4 1087 TR sk, A
A= survivin FA(1:150; Novus Biologicals, Littleton,
USAYE ol8sl5ict. 54 Y &S Sz} 617] $1ste] pH
6.09] 10 mM citrate ¢8| Srto|=5 F &, A%
A& ol g5t mto| RIS 1287 281 & AR2ollA WZHAIH
o}, el dsleaE AAISE ] fI6l 3% Hitskragol 10+
7t HA] 3 Tris buffered saline (TBS)2-2 A 21| Alzlslar
URFAE A2 A 1ATE 5 FHSAIX] & TBSE 5+ 7H 0
2 Al 2 AZsHALE Peroxidase”t 528 Polymer detec—
tion kit (Zymed, San Francisco, USA)oll 2057t AF-2-0flA]
218 3 MA8lal BHAIA R Diaminobenzidine (DAB) kit
(Zymed)& A3t Mayer hematoxylin® 2 M3}
T AR B 96% LTS, 100% LTS AA Hlste] &elo)

il
=
= Aé

N

o g
N =
pu il
T
=
_oi
2
i
K
o
|
Ll
rEJ
rn
o

ot
ot
(ot
=
oM,
H
=)
S
_O|L

2
A

<]
n HE-2 FA| ] S} A zA e A
B3to] TSI Figure 1), SUAIES 5% u]vto] A
7395 002, 5%°lA 25% n|qte] GAE L1+, 50% n]Tto]
GAE 79 24, 22|31 50% WA 75% nlTke] GAS Bl 79
3+, 75% oPe] FUM 2T} ANE HE 4+ 2 AEIIG o
H

survivin 941 Q] Aol 1+ o)Ak & 519t} Survivin W H|

i

o

(o]

o

fr



Prognostic Significance of Survivin Expression in Breast Cancer 287

S AT oA o) A Y] Tt 2uf o4 Zpol7t U= 7 Al 2N

$oF 187) o2 AR RS TEES8A HE {7 Survivin b"'aol BRI A dlollA tpo], FF] 7], Aot
e HY Z]Q]'ﬂ BT 10% o] SUAZ7E 3 AME x4 Hol H5, TNM ¥ ] 225+, HER2 ¥d /5, 32
Holi= A% LR Asiglow, HER29| /duhdS FoA| Er8A HE {5, e T ERAE R A Y YA &
3291 10% oVdo] 74t AutEME Hol= 3+¢1 9 v & A} survivin ' 45949 BAl= wAHEASE o853,
Ao g sk Pearson’s Chi—test®} Fisher 2L o]gsto] 4

stk Survivin 'D@F9of TE FTAER) AEEY] Ao
+ Kaplan—Meier ¥4 3 log—rank A2 FoX4S H7)s)
0™ cox proportional hazard model& ]850 EH%]31
A ot gttt B4 42 Window-§ SPSS version
12.0 (SPSS Inc., Chicago, USA)Z2 T3-S 0|83l o &
Al o8- p4ke] 0.05 ofskl -2 skt

2

ChAkgIXI| EA

3hxe] AR 23M|0f|A] TONE HtAH-2 45 4493,
354 o]4F0] 12741(80.9%) Frt. %< 271 2-5 cm©] 959
(60.5%)% 7P wokom oiolel s oFilo] 9841(62,4%), TNM
7)1 2719} 37] FA7E13490(85.3%) 2 T F-E-2 AR5,
22 S 119} 1110] 86911(69.4%)013it), T ER4=24] oFAdL
o AERA g AAHR] ZF2} 760|(48.4%), 57¢(36.3%)°]
Qom HER2 AL 429(47.8%)0150ct 44 & R aHe
FEEAEE A B H27t6890(44.7%), HAMIAEE A9
e H97 4940(33.1%), FUAEE Al -2 97t 1069

(68.8%) %rHTable 1).
Survivin 2&
Survivin L&-S- tiAEIRL 157 3 1019064, 3%) 014 BHelw]
It} Survivin 2alo] gkl F 2 T AT} Ho s JLHE}
e W= 42 6490(40.8%) 7 Al oFAdollom, 754(47.1

%)oﬂAi 8 2 ool et AT} SofA Weo] nE 34

l 739= 35910, BT PRI 9= 199 %t IE HIEY]
2ol AlEZ A o)A 2] Brdo] Slof| H]3| 28l m]Tkel 9= 1054
(66.9%) 24l o}l H= 52011(33 19)%.oH, SefA2] W
o] Alzzglof vlaf 2ull ujgkel 9= 11694(73.9%) 28] |42
419/(26.1%) FTHTable 2).

Survivin Z&i9| 2fx[of| e U2 E—é Halx £y

Figure 1. Immunohistochemical staining results for survivin (DAB

with hematoxylin counterstaining). (A) Nuclear staining of survivin Survivin WS A} S0 2 JLEste] Zkzko] 9- Af
(x200), (B) Cytoplasmic and nuclear staining of survivin (x 200), 0 o)A B4 u| @l AR v 9T 720 & 59

(C) Cytoplasmic staining of survivin (x200) in invasive ductal
carcinoma. S o Ty A o] 131(p=0.003), Ne}FZH o7} glom(p=
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Table 1. Patients characteristics

No. of patients %

Age (yr)

<35 30 19.1

>35 127 80.9
Size

<2cm 52 33.1

2-5¢cm 95 60.5

>5¢cm 10 6.4
Lymph node status

Negative 59 376

Positive 98 62.4
TNM stage

1 23 14.6

2 84 53.5

3 50 31.8
Histologic grade

| 38 30.6

[1+111 86 69.4
ER

Negative 81 516

Positive 76 48.4
PR

Negative 100 63.7

Positive 57 36.3
HER2

Negative 46 52.3

Positive 42 477
Hormonal therapy

No 84 55.3

Yes 68 44.7
Radiation therapy

No 99 66.9

Yes 49 33.1
Chemotherapy

No 48 31.2

Yes 106 68.8

ER=estrogen receptor; PR=progesterone receptor.

0.012), TNM %717} 3&75(p=0.012) Al ¢ vi=r}
ETE L9 s 5 HEa o] glof ity Hoje} 7]
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e = 23Z %_]—;H S50| =242 vy oA o] Ul v} o}
A= S 00 (p=0.051), AIAERA T2 LA A
2 784 539 Rler} o 2 oA olld BA = =3kt
(p=0.006, p=0.03) (Table 3).
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Table 2. Localization of survivin expression by immunoche-
mical methods

No. of patients %

Cytoplasm and/or nucleus

Negative 56 35.7

Positive 101 64.3
Cytoplasm

Negative 93 59.2

Positive 64 40.8
Nucleus

Negative 83 529

Positive 75 471
Both cytoplasm and nucleus

Negative 35 223

Positive 19 121
Cytoplasmic to nuclear ratio

<2 105 66.9

>2 52 33.1
Nuclear to cytoplasmic ratio

<2 116 739

=2 41 26.1
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Table 3. Association between survivin expression and tumor characteristics

C-expression N-expression
Negative (93) Positive (64) p-value Negative (83) Positive (74) p-value
Age (yr) 0.003 0.688
<35 25(26.9) 5(7.8) 17 (20.5) 13(17.6)
>35 68 (73.1) 59(92.2) 66 (79.5) 61(82.4)
Tumor size 0.385 0.274
<2cm 30(32.3) 22(34.4) 30(36.2) 22(29.7)
2-5¢cm 55(59.1) 40 (62.5) 50 (60.2) 45 (60.8)
>5cm 8(8.6) 2(3.1) 3(3.6) 7(9.5)
LN status 0.012 0.189
Negative 27 (29.0) 32(50.0) 27 (32.5) 32(43.2)
Positive 66 (71.0) 32(50.0) 56 (67.5) 42 (56.8)
TNM stage 0.012 0.547
1 13 (14.0) 10 (15.6) 13(15.7) 10(13.5)
2 42 (45.2) 42 (65.6) 41 (49.4) 43(58.1)
3 38(40.8) 12(18.8) 29 (34.9) 21(28.4)
Histologic grade 0.297 0.051
| 21(27.3) 17 (36.2) 25(39.1) 13(21.7)
H+111 56 (72.7) 30(63.8) 39 (60.9) 47 (78.3)
HER2 status 0.194 0.099
Negative 23(48.9) 23 (56.1) 22 (55.0) 24 (50.0)
Positive 24 (51.1) 18 (43.9) 18 (45.0) 24 (50.0)
ER 0.108 0.006
Negative 53(57.0) 28 (43.7) 34 (41.0) 47 (63.5)
Positive 40 (43.0) 36 (56.3) 49 (59.0) 27 (36.5)
PR 0.129 0.030
Negative 64 (68.8) 36 (56.3) 46 (55.4) 54 (73.0)
Positive 29(31.2) 28(43.7) 37 (44.6) 20 (27.0)
HTx 0.124 0.441
No 51(58.0) 33(51.6) 48 (60.0) 36 (50.0)
Yes 37 (42.0) 31(48.4) 32(40.0) 36 (50.0)
RTx 0.339 0.738
No 55 (64.0) 44 (71.0) 50 (64.1) 49 (70.0)
Yes 31(46.0) 18 (29.0) 28(35.9) 21(30.0)
CTx 0.014 0.602
No 21(23.3) 27 (42.2) 23(28.8) 25(33.8)
Yes 69 (76.7) 37(57.8) 57 (71.2) 49 (66.2)

C-expression=cytoplasmic expression; N-expression=nuclear expression; LN=lymph node; ER=estrogen receptor; PR=progesterone receptor;
HTx=hormone therapy; RTx=radiation therapy; CTx=chemotherapy.
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Figure 2. Kaplan-Meier survival estimates for positive and negative cases of breast cancer regarding (A) cytoplasmic survivin expression
and (B) nuclear survivin expression.
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Figure 3. Kaplan-Meier survival estimates for using a ratio of 2 as a cutoff. (A) cytoplasmic to nuclear survivin expression ratio and (B)

nuclear to cytoplasmic survivin expression ratio.

Table 4. Prognostic significance of clinicopathologic variables

Variables Risk rate 95% Cl p-value

Age (<35 vs =35) 0.532 0.320-0.887  0.013

Tumor size (<2 cmvs =2 cm) 0.926 0.584-1.468 0.743

LN metastasis 1.889 1.147-3.114 0.013
(negative vs positive)

Histologic grade (I vs I, Ill) 1.786 1.040-3.067  0.035

Cytoplasmic survivin 0.540 0.336-0.868  0.011
(negative vs positive)

Nuclear survivin 2132 1.363-3.335 0.001
(negative vs positive)

Cytoplasmic to nuclear ratio 0.402 0.234-0.688 0.001
(<2vs 22)

Nuclear to cytoplsmic ratio 2.642 1.658-4.210 <0.001
(<2vs 22)

ER status (negative vs positive)  0.654 0.419-1.022  0.059

PR status (negative vs positive)  0.514 0.313-0.843  0.008

LN=lymph node; ER=estrogen receptor; PR=progesterone receptor.
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Table 5. Multivariate Cox proportional hazard model for overall
survival

Variables Risk rate 95% Cl p-value

Age (<35 vs >35) 0.566 0.330-0972  0.039

LN metastasis 2.046 1.141-3.668  0.016
(negative vs positive)

Histologic grade (I vs I, Ill) 1.551 0.889-2.706 0.122

Cytoplasmic survivin 0.571 0.324-1.008 0.053
(negative vs positive)

Nuclear survivin 2.258 1.370-3.721 0.001
(negative vs positive)

Cytoplasmic to nuclear ratio* 0.524 0.274-1.001 0.051
(<2vs22)

Nuclear to cytoplsmic ratio* 2.010 1.116-3.466 0.012
(<2vs2>)

PR status (negative vs positive)  0.678 0.392-1.170 0.163

Cl=confidence interval; LN=lymph node; PR=progesterone receptor.
*Adjusted for age, lymph node metastasis, histologic grade and PR
status.
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Figure 4. Kaplan-Meier survival curve according to lymph node negative group (A) and lymph node positive group (B) categorized by

cytoplasmic survivin expression.
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Figure 5. Kaplan-Meier survival curve according to lymph node negative group (A) and lymph node positive group (B) categorized by

nuclear survivin expression.
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Figure 6. Kaplan-Meier survival curve according to TNM stage categorized by cytoplasmic survivin expression.
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Figure 7. Kaplan-Meier survival curve according to TNM stage categorized by nuclear survivin expression.
AAE B, A2 o) Hlte= 6490(40.8%), 3 U SRE oot BER o $-5 sl A= AikEo] HarEal
/49 W= 75447 19%) At ¥hH FEuict iRt o 25k Qe Span 5(17)2 survivin Wéo| 32 o] 2= =8
o] AANE A 22|l M= wo] A Itk olA™ sur— A S gAlellA st on SHAQ 54 IRk

2lo]
% glorh o] EHlo] BgHo]

12} o 5

Survivin ¥

QA 712 Tk

ST Qe EEA 5491 [-94g0f
Span (17} =& A5g} o ~EZ2 84 5737 A7
okl B3kl Asanuma 5188 HER2 ¥azte] JidS
Husigloh ohe of| $Ix1eke] TRidol Tl Mk Tsuji 5(19)
2 survivin 93-S p53-9-4ALe] ot} o) Qlrial 3}5_,
%21 Ryan 5(14)}& survivin W& 2] JL=7} FoF .,]
o] L2 HER2 o] Z7lE0] Qle48, 21 48
A 24, @SR FA LS ST ’5}?15}.
o]9}= “}Eﬂi survivin Uﬂl—]- HPWL}O] QA 7| Fofo

re

/\1‘— survivin He?ii ] *ﬂ:ﬁx‘oﬂ}ﬂ SRlE ﬁo—?— Ha}-tg A=, Aol
7] o] f, FU] W7ol qlo] ko] 2wkl sl A=
o] HWal, etz Moyt A om Wr|7h e ATAlE Skl
4= Qlo] FF deE 71 Ao diES 4= lglen, o
/\1-—] survivin F&o] AU o ofe] R HeH 8l 5 %

8 4% AT e A0 R 2ALE|o] B ol 3ot

A AR A=

ol Ao Wdlo] Zhe A ojojof gt 4
= ofz] o]7o] @t} Tanaka 5 (2002 survivin W& A3
AAARR} Ato] QIX|FE of| 0} QP2 Afolef JlolA= A
9] TS WATIA] H519.2 ™, ODriscoll 5(22)% sur—
vivin @Y zjolof w2 o SRIxFA 715 WASHA] Lttt

Survivin®] dlFRAREA ] 7Ex]o)] sl AFgt AETE F

Survivin®]

B3I} Ryan 514} survivin B@-S AeFz o2 =43}
o] o2 e AR AREAIeE 84 5‘
Z|e] i3l Hi151¢ict, Hinnis 5(23)% HYx3]
3] F2lgt survivin W] B Agiﬂﬂﬂ} L3 =]
S}, WHH Kennedy $(13)}& oA 2] survivin 2&-S o535t
of| o} ATk Husil=t] 2 Ao} vi== éﬂi 5l
Yl survivin 2a3} oA1a) Ba)z g oluke] dmkAlo]
= 8A19ke] 5-9)4d0] ¢ AL} survivin W&
& 20%°) 715 I |5 24 ’5‘}3“14‘: Zofl §lo] Zfe)7} 3L
o}, o)A 33} AZEAL survivin HEE BRIsH= Ao] o
R Qs oL wepa] A3 A AXE el 4= QlA]
gk, @R ThE survivin®] 71et 282 ol $of] glof v
ATE YeRd A 0= st 4= gl v AR E FESH o
{5tz AE0] B Xdw]ojol & A 0 7 A7)
Survivin®] ARZAPEARR} SEHe]| T3t 054 7150l 2Jsf
3B g7} survivin®] A2 W 3ol et debrivks At
AFHE0] r}, Survivin T T3 tiFEL] AolA] sur—
vivin THElgo] A|szgof SAsHA @ =R 2T ek £
Sheh P TR Aol A Fof] SASHA WEE
A o517} o $of F WAgRt Bo] Qlrks Hark Slek Sur—

[es A 5N

HATD

AlE]

52 3)0
=

vivin ¥le] Higk ofe] Qe AelAl 8 kAl W
of w2 o] oJahel 91}, FEFoA = survivine] 8 o]

o) )
oo} Peto] gl Aow

2 A 55 vEhfiy, Ml2d HE-e of

BHUET glow (24) Xto] Almetut vliA|d|okge] thet
ATl oJatd survivin 3 'HEo| o] YAt 2 A=
S} fofgh BAZE Qlckar ¥ skl Qe (25,26) A1AF 59 A
TATH= survivin A2 B Q1 F9E Fodt oS5



Prognostic Significance of Survivin Expression in Breast Cancer

ERf ST thdtel delzd Ho
821 F1ke] Zpo7} §lof 0“9}%21
Ayt on, AEES| 2fol= H
17] Aol ATE Bl =]o] Zley=
74Ql -7t Fad Ao R AlmEn ¥ survivin 3 *?:ftfi
FR H= BRI o Ve =) @
oF W7 Ao Moty ot TNM %71 27] 371
SOl = o)) wkE gEE0] Ajo
ek WollAl survivin W#o] Zh= M ojo7t AEdS
Z2] Bal= o]l tisl] Li 527 197149 thE k9] 3
o) w2 dlexjoolA 97H9] AtolAlE FA
2 A5 5719 AtolMe T2 dlTE Bl s, At
H Ao sfjo] k2 Ao sl HAzAEA o] 3 Al =
2o} ojux]o] BAEGE 2|2 Ql8f sfjAfolut wrhe] Ao

lm
g

Ul survivin %

SFE W o 2laL o]F RS S8l Western blot& &7t
gRelo] DR 45 ol AFskoirt. & Brennan 5289
A= M =2|SRt A o] wgof Qlota] EAldE Asshd oF
257 Y Al=da ol ko] A P AjolE HER Hek
sto] 2AJskF e 3 W survivin o] %%t ol e} vt
the HAIE Shgih & dtollAle 332 5 WS ARest
AL survivin HH GAol| thet S} A} Aol S Hekgh 4= 9l
= A W2 AR ot o]xe] AaTkEelA 3l
< 2= 9lE SFollA AR 5 ol QAN survivin W
H&2] 2ol 5 ZAfsto] Bof| gt Aol o] T vl A
L&) IS Aol thgt sollA o I wleo] A&

THAE o SIS ERIsklem 3 Fert Alad] Hd
of H]af) Al FRIAHA 7127} =& A o & A2 YT
Fortugno 5(29)& AT} ol A 9] survivin W& AR
Sl Aol SJafix] e Aute) Ato|7} QlE 4= Jlrkal Halst
Ak 2 9 ol Az ollA] o] Aol EASk= surviving]
o MFEE 27] v ddTE Uehlie
e Aoz AR survivin®] 3 =2 Al jof 2l
urslo] Zk7k TR 247)20 7k 9lon 8 y) dhele Z=a A
sE5A0) Hofsh, Rith= Al2d o] ddS AlasAEok=
JES 2H8= 765 ohe A& AR AL §I7] thiZo = A
=

O
P} (30,31) Survivino] ¢l Slo] F83t gl RIxt=EA
o+

~

N

}Zl

] S Age weznstsgae At s

Z
~
o R@Aol glo] BAPH A 4 Glo] Auke Azrrom

o J:—

Aok o= Q= we] Aol o8 survivin oFg el gist A,
A Hofshs 7)ol ek At Bl Ead e

7k

= |

i)

g4 B

Survivn: 349+ ko] Tk ool A M| T survivin
e §H = 2753_ o] ool Sl AAYEEo| FTE F=
Qo0log BT} oEolxFA 71x]o] Qlo] A|ER W ojH =

Nl Fo| 2421 27| fHtollA], 3 W o] R oieolel
s xﬂo]ﬂ_ oL‘E x]fsg/ké
o

d

A3 SR E o] gl Aow A7}
o}, oh] survivine $91] o} AR S 12l
o A|mo) e TABAR0| 7p5Ao] 7|fElx|er oF 27X 4
HhEl L QTS o] BilElR Qo mw B e Al5o] K13
Elojo} 8 Ao 2 A,

l‘ﬂ

l..

23

1. Jiang X, Wilford C, Duensing S, Munger K, Jones G, Jones D. Par-

ticipation of survivin in mitotic and apoptotic activities of normal and
tumor-derived cells. J Cell Biochem 2001;83:342-54.

2.Li F, Ambrosini G, Chu EY, Plescia J, Tognin S, Marchisio PC, et
al. Control of apoptosis and mitotic spindle checkpoint by survivin.
Nature 1998;396:580-4.

3. LaCasse EC, Baird S, Korneluk RG, MacKenzie AE. The inhibitors
of apoptosis (IAPs) and their emerging role in cancer. Oncogene
1998;17:3247-59.

4. Altieri DC. Validating survivin as a cancer therapeutic target. Nat Rev
Cancer 2003;3:46-54.

5. Ambrosini G, Adida C, Altieri DC. A novel anti-apoptosis gene, sur-
vivin, expressed in cancer and lymphoma. Nat Med 1997;3:917-21.

6. Kawasaki H, Altieri D, Lu CD, Toyoda M, Tenjo T, Tanigawa N.
Inhibition of apoptosis by survivin predict shorter survival rates in
colorectal cancer. Cancer Res 1998;58:5071-4.

7.Ikeguchi M, Kaibara N. Survivin messenger RNA expression is a
good prognostic biomarker for oesophageal carcinoma. Br J Cancer
2002;87:883-7.

8. Wall NR, O’Connor DS, Plescia J, Pommier Y, Altieri DC. Suppres-
sion of survivin phosphorylation on Thr34 by flavopiridol enhances
tumor cell apoptosis. Cancer Res 2003;63:230-5.

9. Zaffaroni N, Pennati M, Colella G, Perego P, Supino R, Gatti L, et al.
Expression of the anti-apoptotic gene survivin correlates with taxol
resistance in human ovarian cancer. Cell Mol Life Sci 2002;59:1406-12.

10.Zhang W, Chen X, Qiu F. An antisense plasmid targeting survivin
expression induces apoptosis and sensitizes hepatocarcinoma cells

to chemotherapy. J Huazhong Univ Sci Technolog Med Sci 2003;23:



294

387-91.

11. Cao C,Mu Y, Hallahan DE, Bo Lu. XIAP and survivin as therapeutic
targets for radiation sensitization in preclinical models of lung cancer.
Oncogene 2004;23:7047-52.

12. Kayaselcuk F, Nursal TZ, Polat A, Noyan T, Yildirim S, Tarim A,
et al. Expression of survivin, bcl-2, P53 and bax in breast carcinoma
and ductal intraepithelial neoplasia (DIN 1a). J Exp Clin Cancer Res
2004;23:105-12.

13. Kennedy SM, O'Driscoll L, Purcell R, Fitz-Simons N, McDermott
EW, Hill AD, et al. Prognostic importance of survivin in breast cancer.
Br J Cancer 2003;88:1077-83.

14. Ryan BM, Konecny GE, Kahlert S, Wang HJ, Untch M, Meng G, et
al. Survivin expression in breast cancer predicts clinical outcome and
is associated with HER2, VEGF, urokinase plasminogen activator
and PAI-1. Ann Oncol 2006;17:597-604.

15. Altieri DC. Validating survivin as a cancer therapeutic target. Nat Rev
Cancer 2003;3:46-54.

16.Bao R, Connolly DC, Murphy M, Green J, Weinstein JK, Pisarcik
DA, et al. Activation of cancer-specific gene expression by the sur-
vivin promoter. J Natl Cancer Inst 2002;94:522-8.

17. Span PN, Sweep FC, Weigerinck ET, Tjan-Heijnen VC, Manders P,
Beex LV, et al. Survivin is an independent prognostic marker for risk
stratification of breast cancer patients. Clin Chem 2004;50:1986-93.

18. Asanuma H, Torigoe T, Kamiguchi K, Hirohashi Y, Ohmura T, Hirata
K, et al. Survivin expression is regulated by coexpression of human
epidermal growth factor receptor 2 and epidermal growth factor re-
ceptor via phosphatidylinositol 3-kinase/AKT signalling pathway in
breast cancer cells. Cancer Res 2005;65:11018-25.

19. Tsuji N, Furuse K, Asanuma K, Furuya M, Kondoh K, Kamagata C,
et al. Mutations of the p53 gene and loss of heterozygosity at chro-
mosome 17p13.1 are associated with increased surviving expression
in breast cancer. Breast Cancer Res Treat 2004;87:23-31.

20. Tanaka K, Iwamoto S, Gon G, Nohara T, Iwamoto M, Tanigawa N.
Expression of survivin and its relationship to loss of apoptosis in breast
carcinomas. Clin Cancer Res 2000;6:127-34.

21.Chu JS, Shew JY, Huang CS. Immunohistochemical analysis of sur-

Jae-Won Oh, et al.

vivin expression in primary breast cancers. J Formos Med Assoc
2004;103:925-31.

22.O'Driscoll L, Linehan R, M Kennedy S, Cronin D, Purcell R, Glynn S,
et al. Lack of prognostic significance of survivin, survivin-deltaEx3,
survivin-2B, galectin-3, bag-1, bax-alpha and MRP-1 mRNAs in breast
cancer. Cancer Lett 2003;201:225-36.

23. Hinnis AR, Luckett JC, Walker RA. Survivin is an independent pre-
dictor of short-term survival in poor prognostic breast cancer patients.
Br J Cancer 2007;96:639-45.

24.Okada E, Murai Y, Matsui K, Isizawa S, Cheng C, Masuda M, et al.
Survivin expression in tumor cell nuclei is predictive of a favorable
prognosis in gastric cancer patients. Cancer Lett 2001;163:109-16.

25. Grabowski P, Kiihnel T, Miihr-Wilkenshoff F, Heine B, Stein H,
Hopfner M, et al. Prognostic value of nuclear survivin expression in
oesophageal squamous cell carcinoma. Br J Cancer 2003;88:115-9.

26.Lu B, Gonzalez A, Massion PP, Shyr Y, Shaktour B, Carbone DP,
et al. Nuclear survivin as a biomarker for non-small-cell lung cancer.
Br J Cancer 2004;91:537-40.

27.Li F, Yang J, Ramnath N, Javle MM, Tan D. Nuclear or cytoplasmic
expression of survivin: what is the significance? Int J Cancer 2005;
114:509-12.

28. Brennan DJ, Rexhepaj E, O Brien SL, McSherry E, O’ Connor DP,
Fagan A, et al. Altered cytoplasmic-to-nuclear ratio of survivin is a
prognostic indicator in breast cancer. Clin Cancer Res 2008;14:2681-9.

29. Fortugno P, Wall NR, Giodini A, O'Connor DS, Plescia J, Padgett
KM, et al. Survivin exists in immunochemically distinct subcellular
pools and is involved in spindle microtubule function. J Cell Sci 2001;
115:575-85.

30. Mahotka C, Wenzel M, Springer E, Gabbert HE, Gerharz CD. Sur-
vivin-deltaEx3 and survivin-2B: two novel splice variants of the apop-
tosis inhibitor survivin with different antiapoptotic properties. Cancer
Res 1999;59:6097-102.

31.Badran A, Yoshida A, Ishikawa K, Goi T, Yamaguchi A, Ueda T, et
al. Identification of a novel splice variant of the human anti-apoptosis

gene survivin. Biochem Biophys Res Commun 2004;314:902-7.



