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The Successful Treatment of Brain metastasis from HERZ2 Positive Breast Cancer with
Bevacizumab + Paclitaxel : Hayama S*"?, Nakamura R*', Yamamoto N*', Miyoshi T*!, Okada T*',
Tuchi T*3, Itami M**, and Miyazaki M** (*'Division of Breast Surgery, Chiba Cancer Center Hospital,
**Department of General Surgery, Chiba University Graduate School of Medicine, *3Division of
Neurosurgery, Chiba Cancer Center Hospital, **Division of Diagnostic Pathology, Chiba Cancer
Center Hospital)

Advances in drug therapies have provided significant survival benefits in breast cancer, while the
establishment of multimodality therapy using drug and radiation therapy is an important issue for the v
treatment of brain metastases from breast cancer. Although radiation therapy is the first-line treatment
for metastatic lesions in the brain, cerebral edema and neuropsychological disorders associated with
the therapy have become major concerns. Bevacizumab, an anti-VEGF antibody, has been shown to
have anti-tumor effects on malignant brain tumors and improves brain edema. In this study, we report
a case of brain metastasis from breast cancer in which combination therapy with bevacizumab and
paclitaxel was effective. Bevacizumab may have therapeutic effects on brain metastases from breast
cancer.

Key words : Bevacizumab, Brain metastasis, Metastatic breast cancer
Jpn J Breast Cancer 28(2) : 213~218, 2013
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Validity of Forgoing Axillary Dissection in Patients with Micrometastases in Sentinel Lymph
Node Biopsy for Breast Cancer : Okada T*!, Yamamoto N*!, Nakamura R*!, Onai Y*', Iwase
T*!, Miyaki T*' and Itami M*? (*'Division of Breast Surgery, Chlba Cancer Center, **Division of
Pathology, Chiba Cancer Center)

We studied the validity of forgoing axillary dissection for patients with sentinel lymph node (SLN)
micrometastases after rapid intraoperative diagnosis. The subjects were 1,716 patients who underwent
SLN biopsy between January 2000 and December 2010. Micrometastases were observed at the SLN in
122 patients. The prognoses were compared between 2 groups: 88 patients who showed metastasis in
the rapid intraoperative diagnosis and underwent axillary dissection (dissection group), and 34 patients
who did not show metastasis in the intraoperative diagnosis but did in permanent specimens, and did
not undergo dissection (non-dissection group). Relapse occurred in 3 patients in the dissection group
(3.4%) and 2 patients in the non-dissection group (5.9%). Neither group showed isolated lymph node
relapse, nor significant differences in the total relapse or total survival rate. We believe that axillary
dissection can be avoided in patients with micrometastases in the rapid intraoperative diagnosis.

Key words : Micrometastases, Sentinel lymph node, Breast cancer
Jpn J Breast Cancer 28(4) : 389~394, 2013

LTRL, AFTIE2009F I EIERBOK L5

" (40,149%17120,033%1) IZRifTEhTWBY. &

(]

Ao F RNy YNEER (SNB) 13K < F AN Y38 (SLN) BB TIKEE

% (ALND) OEBIIE#REETH S? 55, SLN

*| FEEMA L Y & — FLESE WANERBIEBIZFE SLN ~OER H720% 125

0 FEENAY V5 — BB & X N, macrometastasis (MAC) & [EFEIC

— 145 —



390(30) | R&E

ALND I EhTnwB2Y, 2072 SNB T
BNEBOZIPER INS. €2 TSNBOD
M BB W, slice sectioning RERENHIREZ D
R, SaEgeta DB, One-step Nucleic Acid
Amplification (OSNA) % 7 & CHU/NER S
DLERPEZENTETWS. LA LESE, SLN iz
BRI ALND ZWo T it RIE S 7z,
ZORER, WhREZH COMNEBZI OER
BERSOKMPEL. 2 CT4HHE, BBz
FAv> SLN #U/NERBAERIZ BT 5 ALND EHEDF
WL, FRICBUNEB B OLEEIC D WTIR
L7

1. ¥REFE

20004E 1 B 252010412 12 4% C SNB % Jii
TL7217168 % 5 & L7z,

SNB i3 radioisotope (RI) #¥6 & FEFEED
PR CHIAT L7z, RIBIIFWMLUHEIC 75~
B7rrywa (P"Ic) 18.5 MBq % IERE LAz
T, BEBIHEIERIICA YO THINVI VE
™20 mg (5ml) ZFAWETICEALL. s
W SLN I[CHUNER 2 RO 7ERIZ Y X
#i (LN) BBEMES & LT ALND ZHEif7 L,
PR ETC SLN B B DRESIIE ALND 4
WL L7z, 3T OMEFNC R YL O &S
PERBLEBITLE (P LEHERHBEELS
E L adh o7 5 NI, BB ITIZBEHR
MRS 2 HefT L 72,

1) ALND DR HHEIC OV TOHRE

iR BE W CRUNER % D ALND % W7
L-3RERE L, WHhBRCIIERB 2 RO T RAE
RCH/NERE % 2O ALND & L - FEBERO
2HBECTTFHRE BB L.

2) M MNEBREZEHODLEMIC OV TORE

SNB % #if7 L 721, 7168 D s BEBHT I B W
T, 20094F F T single sectioning (FE#li—&ITH)
1,464%1 & 20104E % & O slice sectioning (5
M ICEE T 2 mm FIRE I 2 /B8 25261
T, SLN OEBZREDEVIC X UMM SHT
REBRF LA £H5 535 HE (hematoxylin and
eosin) FBORED A TREMBLIBEITD
ol

WETFRRET T, 2B OB x 2 FiRE
AL (p<005ZFEEDVELLL), ThE
n Kaplan-Meier IEIC & ) EFR e RO, FEE
1% & Log-rank test & FV>7z.

2. #& X

1) ALND EREDRHEIZ DOV TORET

SNB % JEfT L7z1,71661D 5 5, &HEHIC SLN
BB (n0) 10246 MBI CSLN I
MAC % 828 7-5708113 45 7 & ot L 7.

SLN IZ#/NEB 2 2D 7= DX12261H 0, i
BHII8SHI, FESBIEBEIL3ABITH o 7.

122 N DE34EER1255.65% (29~83%%), ik
FHBEEIZ4677 A (11.65 H~131.14 8),
SEHESEEIE2.1 cm (0.0~9.0 cm), #EH SLN
BHCEIMER2.60 (1~81MH) Thot. #Hifk
WOV TIE, LEBEIRILA (74.6%),
W WEEIE107 A (87.7%) [CHifT&h, ZD
I BLBEHIE8IA (66.4%) THho7z. BAFILE
NORHIFIERBLA (66.4%) IZHifT S i,
(F&1).

BRIIEREFHE T2 (5.9%), FBEHT3
Bl (3.4%) DFH5H (4.1%) 2RH7 (A1,
£R2) H, WKE LN BEMERBENIRD Lo 7
F 72, FEERIEEE L BEBROMICHERE (p=0.53)
BLUERFR (p=096) LDICABELRDL
ol (A1, 2). :

2) BMNEBBEHODLERICIOVTOMRE
SNB 2 BT AW BHEZ R TORMNREIL,
20004F % 5 20094F £ T single sectioning 1,464
BIR67H (4.58%) 12, 20104E slice sectioning
252812160 (8.33%) ICFE®, MU/NEBOZH
X slice sectioning D HPEREICEE TH o 72
(p=0.0125, $3). ZFEBICBTHHIHN
BB LB SN SLN OEBENKAEART
MAC Tho7-0ix 441 (3.3%) A2, F
SLN IZERB RO oz, HMEFHICBWTHE
SLN IZ b B Z D DI13268] (295%) TH
D, Lit4PlzEbE2306 (34.0%) 2B
FHRETMAC &2 h/: (B3). %7z, single
sectioning (2B WV THTHREZ W C SLN
HEZR SN2 D DPKAEART MAC L2 &

— 146 —



il

B/ NS IE

BIOES

FLiEDEER Vol.28 No.4 l 391(37)

g

e 4
SNB D4 (FEZRIEEE) SNB — ALND (FRiEH)

FEFI B 34 58 30 122 .
THER (R 57.2 (40-76) 55.5 (29-83) 54.0 (33-76) 55.6 (29-83)
FeFyEEnE (A) 57.2 (13.2-131.1) 49.3 (11.8-1204) 459 (11.6-99.6)  46.7 (11.6-131.1)
FHEHE (cm) 1.9 (0.4-4.5) 1.8 (0.2-9.0) 2.5 (0.0-8.0) 2.1 (0.0-9.0)
i SLN HEF9E 2.7 (1-8) 24 (1-6) 28 (1-6) 26 (1-8)
subtype . ,

ER +/HER2 - 22 47 23 92

ER +/HER2 + 2 2 1 ‘5

ER - /HER2 + 0 2 1 3

ER - /HER2— 1 7 4 12
&2 21 (61.8%) 44 (75.9%) 26 (86.7%) 91 (74.6%)
PR 33 (97.1%) 49 (845%) 25 (83.3%) 107 (87.7%)
TS R R 24 (70.6%) 41 (70.7%) 16 (53.3%) 81 (66.4%)
(L + W B 21 (61.8%) 37 (63.8%) 23 (76.7%) 81 (66.4%)
EE L 1 (29%) 2 (34%) 2 (6.7%) 5 (4.1%)

SNB : sentinel lymph node biopsy, MAC : macrometastasis, ALND : axillary lymph node dissection, ER : estrogen receptor

SNB
n=1716
|
[ PO - l
Frozen Positive (MAC){ ! Frozen Positive (mic) ! Frozen Negative
—ALND : —ALND . —+No ALND
n=570 : n=88 (SEH) . n=1058
|
g o mmTEEEs E ------ (N l --------- (] I— '
' Permanent b Permanent H Permanent Permanent Ne ative.
E Positive (MAC) : :  positive (mic) E Positive (mic) n=1024g
: n=30 v n=>58 ' n=34 (JEZBFED
) recurrence HH recurrence il recurrence recurrence
E n=2 (6.7%) E E n=1 (1.7%) E n=2 (5.9%) n=21 (2.05%)
“ J
Y
p=0.53
recurrence
n=23 (3.4%)
N\ J
Y
recurrence .
n=5 (4.1%)

SNB : sentinel lymph node biopsy, MAC : macrometastasis, ALND : axillary lymph node dissection
1 SNBIESIORREFHRE

— 147 —



x2 WIGBEADERAOE LD

B L UALND PRIE 1 ¥ s it DES  OS
ﬁﬁ% R ALND . subtype cm) Wﬁ)ﬂéﬁ/ﬁ 113*%?# E%ﬁl‘% ( month) (month)
48 ALND 2B ER + 2 ANA EC-DOC AX—LN 54.7 65.5

pNlmic (1/2) HER2 - fifi, BF death
52 ALND #&W ER + 2.5 TAM . AC Sc, 19.1 54.4
pNOitc (1/3) HER2 - fifi, BE death
29  ALND ER ~ 42 ESZEL FEC Jii 3.0 335
pNlmic (1/33)  HER2- alive
53 ALND ER + 1.8 ANA EC & 38.3 99.3
pN1 (2/17) HER2 - alive
39 ALND ER + 3 TAM EC-PTX Jiti 59.9 65.0
pN1 (2/19) HER2 - alive

pT : WEFESEEE, DFS : disease free survival, OS : overall survival, SNB : sentinel lymph node biopsy,
ALND : axillary lymph node dissection, pNlmic : kK AREAR TH/MER, pNOite @ K AREA T isolated tumor
cells, pN1 : KAMEZAR T macrometastasis, ER : estrogen receptor, ANA : anastrozole, TAM : tamoxifen, EC :
epirubicin hydrochloride — cyclophosphamide, DOC : Docetaxel hydrate, AC : Doxorubicin hydrochloride —
cyclophosphamide, FEC : Fluorouracil —epirubicin hydrochloride — cyclophosphamide, PTX : Paclitaxel, Ax-
LN : Axillary lymph node, Sc : supraclavicular lymph node

(%) ' Kaplan-Meier 4:7zphis
100 -l—d‘Ul.E--l-.llqu-lrllll.-L;-u

Ll aps " R 3
9% ) -  E— ‘ 3!5?!3 E|EI¥ (n= 34)

B0 o I 3 p=0.96
70 o e SRR (n=88)"
7 TRVNUSURUSSSSSSNSSSSSS S 6SSSSFU RIS SSS—— ———

50 :
40 - o R
30 : 5

20
10

BHRHHF

0 1000 2000 3000 4000 (H)
srEE
B2 SESBEREBEBOLRMER

&3 SNB *%i?iﬁi?:‘llwﬁgd\ﬁﬁ=‘/‘ﬁ$®ktﬁﬁ

o B SNBESIS
single sectioning 1,464 67 (4.58%)
. . p=0.0125
slice sectioning 252 21 (8.33%)

SNB : sentinel lymph node biopsy

N7ERIZ o 7. BNERZRDGEDI ESLNERIL 9 ~26
5 = = %59 TH ) ALND R I TE . HET

i, SLNUMNERBIZFRICEELZ2WEHES R

SNB 2S#2mB &S 7= 0 BB T, SLN I TwaOYW  SIN OR/NERIZH T 5 ALND ©

— 148 —



IESRiEEE (340) i MAC (0f1)
g (3461)

FRiERe (88f1) i FESLNERFZ H V) (26@])
; FESLNEZ R 4 L (62f) i

MAC : macrometastasis, SLN : sentinel lymph node

FLIEDEERE Vol.28 No.4 f 393(33)

: MAC (4fl)----
SLN : #/h&x¥% (58f)

SLN

@3 JEMER BEBROTEH

F IR CTF# % H# 7> International Breast Cancer
Study Group (IBCSG) 23-1TiZ, SLNIZFRF L
T U/NEERB ISR A ALND BIEASRIE & h7=?.
X512 ACOSOG Z0011T, FRRFEMATF—Y
T2NOLAT CHE WM % 1T L SLN =& E %K
2T OBEIT, MBEEYEE L BHEABE~D
TR TR B AT B2 BV T ALND DEIEHNR
BEn”. Lo LERAER A Ny FREKST
EHEFKIECTESTHE DY, ALND OEM LK
RELTERBORMY DS, —F, BNEBIES
TO ALND OABIEIFRICHE Y5 2 2\ WiTEE
HWhEnEEZ S,

4E, bivbhoOE Tid SLN U/NEZE B
OEFIIEIIHERET5.9%, HEHET34%TH >
7=, ZORERIL, Sola® SOEFEER FEHERT
25%, FIEHTLO%) LV BVA, FEICHE
WEEBERZBOD TR, T2, Sola b b FREIH
i (T<3.5 cm, clinical NO, M0Q) 2B W TEiE
RB L CERERHIENSTERTH 5205, £F
HREICES LaWwE LTWwE, bhbhoFERER
VEEE o BB, Sola b X b dPHEEE
BREPo/2Z L, HEHTIIREHET MAC
DT E o TERNZNWZ ENEZ LN, —
¥, bhtbhid Sola HI12A 57 LN BMER
ZEDTHW., ThidbilbhOBE TR
DHEEGNE N2 L, FHBSEHEIE N L 23E
ANz B, bNbNOER T n0D102451
2160 (2.05%) ICHEEZRD, Z09 b126IN
ERBEREOAR, 98 (0.88%) PELNHBERT
Holz. —REICSNB HOMKE LN BERIZ 1 %M
T EEh, bhbho SNB OEEEIIRZ YL
2B,

— 149 —

¥/, MUNEBIC ALND BB REE 7 o 72
%4, SNB TORBWM/NEBZH X ) 2
MAC ZWIPEE L EZ L. K TOHF - Wik
DEER R BEFHREET Y] e
2%, WNERZBRET 51213 2 mm EOMY) s
LETHBY. —F, EHLMNEBIIICEA

CENT BRI T BRI E

BEOLEY Ths. L LEMINES 2 RERIC
ZWrd 5 LEMEDR ) UL single sectioning T
MAC ZHIET0ICMETE, 25X 2mm/ED

M0 7% 65 MAC BITORBEII®E 2 5.
= A

SLN M/NERIEBIIC BT 5 ALND EH DR 24
AR S Nz F 7P R 2 W C ORI
N DI O LB I <, SNB A AR E 2 BT
13 single sectioning THHEIN ) 5 & Bbhiz.

X #®

1) #EFES 20098 RAFEEGER FEZEM) © heep://
jbes.gr.jp/member /nenjitouroku/2009kakutei.pdf

2) Cserni G, Gregori D, Merletti F, et al : Meta-analysis

of non-sentinel node metastases associated with

micrometastatic sentinel nodes in breast cancer. Br J

Surg 1 (10) : 1245-1252, 2001

BB A ¥ T4 v OBIW011ER, SR,

B, 209-211, 2011

4) National Comprehensive Cancer Network : NCCN 4 4
Fo4 v TM20114E %2k

5) Imoto S, Ochiai A, Okumura C, et al : Impact of
isolated tumor cells in sentinel lymph nodes detected by

3)

immunohistochemical staining. Eur J SurgOncol 32 :
1175-1179, 2006

6) Tsujimoto M, Nakabayashi K, Yoshidome K, et al :
One-step nucleic acid amplification for intraoperative




394(34) | IR

7)

8)

9)

E

detection of lymph node metastasis in breast cancer
oatients. Clin Cancer Res 13 : 4807-4816, 2007
Giuliano AE, Hunt KK, Ballman KV, et al. Axillary
dissection vs no axillary dissection in women with
invasive breast cancer and sentinel node metastasis : a
randomized clinical trial. JAMA 305 (6) : 569-575, 2011.
Houvenaeghel G, Nos C, Mignotte H, et al. Micrometastases
in sentinel lymph node in a multicentric study  predictive
factors of nonsentinel lymph node involvement-
Groupe des Chirurgiens de la Federation des Centres de
LuutteContre le Cancer. J ClinOncol 24 (12) : 1814-
1822, 2006.

Dabbs DJ, Fung M, Landsittel D, et al : Sentinel lymph
node micrometastasis as a predictor of axillary tumor
burden. Breast J 10 (2) : 101-5, 2004.

10) Maaskant-BraatAJ, van de Poll-Franse LV, Voogd AC, et

11)

al : Sentinel node micrometastases in breast cancer do
not affect prognosis - a population-based study. Breast
cancer Res Treat 127 (1) : 195-203, 2010

Hansen NM, Grube B, Ye X, et al : Impact of micrometastasis
in the sentinel node of patients with invasive breast
cancer. J ClinOncol 27 (28) : 4679-4684, 2009.

12)

13)

14)

15)

16)

Galimbertj V, Botteri E, Chifu C; et al : Axillary
dissection versus no axillary dissection in patients with
sentinel-node micrometastases (IBCSG 23-01) : a phase
3 randomaised controlled trial. Lancet Oncol 14 : 297-
305, 2013

Sola M, Alberro JA, Fraile M, et al. Complete axillary
lymph node dissection versus clinical follow-up in Breast
cancer patients with sentinel node micrometastasis :
Final results from the multicenter clinical trial AATRM
048/13/2000. Ann Surg Oncol 20 (1) : 120-127, 2013
Veronesi U, Paganelli G, Viale G, et al : Sentinel-lymph-
node biopsy as a staging procedure in breast cancer :
update of a randomised controlled study. Lancet Oncol 7
(12) : 983-990, 2006

Van Diest PJ, Peterse HL, Borgstein PJ,et al :
Pathological investigation of sentinel lymph nodes. Eur
J Nucl Med 26 (Suppl) : $43-49, 1999

Linden MD, Zarbo RJ : Cytokeratin immunostaining
patterns of benign, reactive lymph nodes : applications
for the evaluation of sentinel lymph node specimen.
ApplImmunohistochemMolMorphol 9 (4) @ 297-301,
2001

— 150 —



Surg Today (2013) 43:901-905
DOT 10.1007/s00595-012-0378-3

Clinicopathological significance of decreased galectin-3 expression
and the long-term prognosis in patients with breast cancer

Sayaka Yamaki + Takaaki Fujii - Reina Yajima - Tomoko Hirakata -
Satoru Yamaguchi - Tomomi Fujisawa - Soichi Tsutsumi + Takayuki Asao -

Yasuhiro Yanagita - Misa Iijima - Hiroyuki Kuwano

Received: 25 April 2012/ Accepted: 24 June 2012 /Published online: 23 October 2012

© Springer Japan 2012

Abstract

Purpose Galectin-3 expression is modulated in cancer
cells, and that finding has led to the recognition of galectin-3
as a diagnostic or prognostic marker for various cancers,
including breast cancer. This study investigated the corre-
lation between galectin-3 expression and the clinicopatho-
logical features in patients with breast cancer, in order to
determine the relevance and role of galectin-3 in breast
cancer progression.

Methods Galectin-3 expression was investigated immu-
nohistochemically in 116 patients with breast cancer, and a
statistical analysis was performed.

Results Galectin-3 expression in breast cancer was sig-
nificantly associated with tumor vascular invasion. How-
ever, galectin-3 expression was not associated with Ki-67
expression, which reflects tumor proliferation. Disease-free
survival and long-term overall survival were significantly
shorter for patients with reduced galectin-3 expression.
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Conclusions This study demonstrated that the galectin-3
expression was associated with tumor vascular invasion
and metastasis, suggesting that galectin-3 plays a critical
role in tumor progression via an invasive mechanism but
not via proliferation in breast cancer. Furthermore, reduced
expression of galectin-3 is useful for predicting a long-term
poor prognosis in patients with breast cancer.

Keywords Galectin-3 - Breast cancer - Vascular
invasion - Ki-67

Introduction

Galectin-3 is a beta-galactoside-binding protein that is
expressed by various types of human cells, including tumor -
cells [1-3]. Galectin-3 is distributed inside and outside the
cell and is associated with pleiotropic biological functions,
such as cell growth, migration, differentiation, cell—cell
interaction, apoptosis, adhesion, tumor progression,
metastasis, and malignant transformation [1-7]. Recent
studies revealed that galectin-3 is associated with several
steps of cancer invasion and metastasis [4]. The signifi-
cance of galectin-3 expression has been evaluated in vari-
ous types of cancer, as has the efficacy of galectin-3 as a
predictor of cancer activities and metastatic potential
[7-20]. However, the results have been controversial:
galectin-3 has been both positively and negatively corre-
lated with tumor progression [7-20]. Galectin-3 is down-
regulated in cancers of the ovary, uterus, pancreas, and
breast [7-14]. Reduced expression of galectin-3 has been
reported in advanced histological grades of breast cancer
[9]. However, the clinicopathological significance and
roles of galectin-3 in breast cancer progression have not
been thoroughly elucidated. Furthermore, few reports have
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so far been discussed the relationship between galectin-3
expression and the prognosis, especially long-term sur-
vival, in patients with breast cancer.

This study investigated the correlation between galectin-
3 expression and clinicopathological features, including
Ki-67 expression, a marker for evaluating proliferative
potential, to determine the relevance and role of galectin-3
in the progression of breast cancer. Furthermore, the study
evaluated galectin-3 expression as a predictor of long-term
overall survival in patients with breast cancer.

Materials and methods
Patients and materials

This study enrolled 116 consecutive patients with primary
breast cancer that had undergone resection at the Gunma
Cancer Center from 1994 to 1995 and in the Department of
General Surgical Science, Graduate School of Medicine,
Gunma University, from January 1996 to 2004. None of the
patients had received preoperative chemotherapy. Males
were excluded and all patients were females. Any patients
with incomplete clinical information were excluded.
Informed consent was obtained from all patients. The mean
age of the patients was 52.9 & 11.5 years. Age, primary
tumor size, lymph node metastasis, histological type,
lymphatic and vascular invasion at the primary tumor site,
estrogen receptor (ER) status, progesterone receptor (PgR)
status, expression of HER2, expression of Ki-67, and
expression of galectin-3 were evaluated. ER and PgR status
was assessed by the ALLRED scores, and an ALLRED
score of 3 or higher was defined as ER and PgR-positive.
The overall median follow-up period was 9.58 years and
none of the patients died of surgical complications.

Immunohistochemistry and evaluation

Immunohistochemistry was performed using formalin-fixed
and paraffin-embedded tissue sections with the following
antibodies, according to the standard streptavidin-biotin
complex technique: rat anti-galectin-3 monoclonal antibody
(a gift from Prof. Avraham Raz, Wayne State University,
Detroit, MI, USA) at a dilution of 1:500 in PBS containing
1 % bovine serum albumin. Antigen retrieval was performed
in an autoclave (citrate buffer, pH 6.0). Negative controls
were prepared by substituting normal rat serum for the
primary antibody, and showed negative results (data not
shown). Normal breast tissue was used as a positive control
for galectin-3 staining. The percentage expression of breast
cancer cells that stained positively for galectin-3 was eval-
uated in a 100x field. Immunoreactivity for galectin-3 was
judged to be positive if at least 30 % of the tumor cells were
stained (Fig. 1) [21]. Immunohistochemical staining for Ki-
67 was performed according to a previously described
method [19, 20]. Antigen retrieval was performed in
an autoclave (citrate buffer, pH 6.0). The sections were
incubated with anti-Ki-67 monoclonal antibody (DAKO,
Glostrup, Denmark) at a dilution of 1:100. The Ki-67 pro-
liferative index (Ki-index) was defined as the percentage of
nuclear-stained tumor cells among more than 1000 cells
counted [19, 20]. Five high-power fields were evaluated for
each of three different regions.

Statistical analysis

The breast cancer cases were divided into two groups on
the basis of positive or negative staining of galectin-3 and
the presence or absence of recurrence. Univariate statistical
analyses were conducted using Fisher’s exact test or the x*
test with or without Yates’ correction. Student’s ¢ test was

Fig. 1 Galectin-3 expression in breast cancer. Immunohistochemical detection of galectin-3 in breast cancer. Galectin-3 expression was
observed as diffuse cytoplasmic staining (x400). Galectin-3 expression was positive (a) and negative (b), respectively
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used to compare the two groups. The variables were
entered into a multivariate logistic regression model with a
likelihood of P < 0.05 to test the independence of the risk
factors. The recurrence-free interval and overall survival
were calculated by the Kaplan—Meier method. The log-
rank test was used to evaluate differences between overall
survival and recurrence-free intervals. Differences were
considered to be significant when P < 0.05.

Results

Reduced galectin-3 expression is associated
with vascular invasion in breast cancer

The 116 breast cancer cases were divided into two groups
based on the presence or absence of galectin-3 expression.
Galectin-3 expression was observed as diffuse cytoplasmic
staining (Fig. 1). Sixty-seven of the 116 cases (57.8 %)
positively expressed galectin-3. Table 1 shows the patients
and tumor characteristics and also summarizes the results
of the univariate analysis conducted to determine the
relationship between galectin-3 expression and the clini-
copathological variables. Vascular invasion was increased
more in patients lacking galectin-3 expression than in those
with positive galectin-3 expression. The univariate analy-
ses showed that vascular invasion and PgR status were
significantly associated with galectin-3 expression. The
other clinicopathological factors, including the Ki-67
index, were not associated with galectin-3 expression.

Table 1 Relationship between clinicopathological factors and

Reduced galectin-3 expression affects the risk
of recurrent disease and long-term prognosis

The cases were divided into two groups: those with
recurrent disease and those without. Of the 116 cases, 25
(21.6 %) had recurrent disease. Table 2 summarizes the
results of the univariate analysis conducted to determine
the relationship between the clinicopathological variables
and recurrent disease. The univariate analysis showed that
reduced expression of galectin-3 and high Ki-67 index was
significantly associated with recurrent disease in breast
cancer (Table 2). A multivariate analysis demonstrated that
reduced expressions of galectin-3 (P = 0.009) and high
Ki-67 index (P = 0.001) were predictors of recurrence.
Disease-free survival was significantly shorter for patients
with reduced galectin-3 expression [median survival time
(MST), galectin-3 positive vs. negative; 2.74 vs.
5.36 years; P = 0.018; Fig. 2a]. Furthermore, the long-
term overall survival was significantly shorter for patients
with reduced galectin-3 expression (MST, galectin-3
positive vs. negative; 3.30 vs. 7.02 years; P = 0.041,

Fig. 2b).

Discussion

Galectin-3 expression is modulated in cancer cells, and this
has led to the recognition of galectin-3 as a diagnostic or
prognostic marker for specific cancer types, including
breast cancer [7-20]. Increasing evidence has shown that

Table 2 Patients characteristics and clinicopathological features
associated with the recurrent disease

i S Recurrence P value
galectin-3 expression in breast cancer
Negati itive 2
Galectin3 P value egative 91 Positive 25
Negative 49 Positive 67 Galect‘ix‘l-S expression 58 9 0.012
(positive, n)
Age (years old) 517+ 10.1 53.8+ 124 0.831 Age (years old) 53.0+£11.8 524 +105 0589
Tumor size (>20 mm, ) 34 40 0.191 Tumor size (>20 mm, n) 57 17 0.403
Lymph node metastasis 26 42 0.892 Lymph node metastasis 52 16 0.352
(positive, n) (positive, n)
Lymphatic invasion (positive, 41 54 0.432 Lymphatic invasion 74 21 0.501
n) (positive, n) )
Vascular invasion (positive, 37 38 0.028 Vascular invasion 56 19 0.134
n) (positive, n)
Estrogen receptor status 38 44 0.118 Estrogen receptor status 67 15 0.395
(positive, n) (positive, n)
Progesteron receptor status 15 35 0.016 Progesterone receptor status 42 8 0.150
(positive, n) (positive, n)
HER2 (positive, n) 10 9 0.226 HER?2 (positive, n) 16 3 0.372
Ki-67 labeling index 79+175 11.34+93 0718 Ki-67 labeling index 94 +73 328+54 <0.001
Values are expressed as mean & SD Values are expressed as mean & SD
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Fig. 2 Reduced galectin-3 expression affects the overall survival in
breast cancer. Reduced galectin-3 expression in primary breast cancer
was assessed. Kaplan-Meier curves showed that disease-free survival
was significantly shorter for patients with reduced galectin-3 expres-
sion (MST, galectin-3 positive vs. negative; 2.74 vs. 5.36 years;
P = 0.018) (a). Long-term overall survival was significantly shorter
for patients with reduced galectin-3 expression (MST, galectin-3
positive vs. negative; 3.30 vs. 7.02 years; P = 0.041) (b)

galectin-3 is involved in the regulation of diverse cancer
cell activities that contribute to tumorigenesis, cancer
progression, and metastasis. However, the actual biological
functions of galectin-3 remain unknown. The key obser-
vations obtained in the present study were (1) reduced
galectin-3 expression in breast cancer was significantly
associated with tumor vascular invasion. (2) Galectin-3
expression in breast cancer was not associated with Ki-67
expression, which reflects tumor proliferation. (3) Disease-
free survival and overall survival curves were significantly
shorter for patients with reduced galectin-3 expression.
These findings may imply that the reduced expression of
galectin-3 plays an essential role in tumor vascular inva-
sion and metastasis, but not in tumor proliferation in breast
cancer. Furthermore, reduced expression of galectin-3 may
also predict the long-term outcome after surgery in breast
cancer.

Galectin-3 levels have been found to be downregulated
in breast cancer [7-10]. Reduced galectin-3 expression is
associated with higher histological grade and thus with the
acquisition of invasive and metastatic potential, which may
result from reduced extracellular matrix binding and

@ Springer

increased cell motility [9, 10]. In addition, galectin-3 is
efficacious in reducing metastases in a nude mouse model
of human breast cancer [22]. Moreover, galectin-3 is
essential for cell-cell and cell-matrix interactions such as
adhesion to laminin and adhesion of tumor cells [5, 14].
These studies suggest that decreased expression of galec-
tin-3 may loosen cell—cell and cell-matrix interactions and
facilitate cancer cell invasion. They also suggest the pos-
sibility that galectin-3 expression is involved in tumor
invasion. The present study found that reduced expression
of galectin-3 was strongly associated with tumor vascular
invasion and metastasis; the previous reports essentially
support these findings. Furthermore, galectin-3 immuno-
reactivity did not correlate with Ki-67 expression, a marker
of proliferation potential. Similarly, previous reports on
gastric and colorectal cancer also show no significant cor-
relation between galectin-3 expression and Ki-67 [19, 20],
which is consistent with the present results. These findings
suggest that decreased galectin-3 expression in the tumor is
strongly associated with invasion and metastasis rather than
proliferation.

Recent studies have revealed that galectin-3 is expressed
broadly in various types of cancer. Decreased expression of
galectin-3 is also associated with advanced stage and
metastasis in the lymph nodes in patients with pancreatic
cancer [14]. However, there are conflicting data regarding
galectin-3 expression in various types of cancers. Some
authors have reported decreased galectin-3 levels in cancer
cells, and others have presented the opposite results. In
addition, different results concerning the role of galectin-3
in breast cancer malignancy have been reported in studies
using cell lines [11]. These conflicting results might be
explained as (1) Inconsistent and varying galectin-3
expression in tumors with the same origin reflect the het-
erogeneity of tumor cells. (2) Epithelial-mesenchymal
interactions play a fundamental role in tumorigenesis, and
galectin-3 has a pleiotropic role in cell-cell and cell-matrix
interactions. Therefore, galectin-3 may play a significant
role in the complex interplay of epithelial and mesenchy-
mal interactions during tumor progression. (3) The role of
galectin-3 may vary depending on different factors,
including tumor type or the condition of the tumor and
noncancerous normal tissue. The correlation between
galectin-3 and malignancy should be investigated.

The current study investigated the prognostic value of
galectin-3 expression in patients with breast cancer,
because few studies have discussed the relationship
between the expression and the long-term prognosis in
these patients. The present study found that the long-term
prognosis for overall survival was significantly poorer in
breast cancer patients with reduced galectin-3 expression
than in those with the higher galectin-3 expréession in breast
cancer.
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A limitation of the present study is that it involves only
correlative observations between galectin-3 expression and
clinicopathological features in breast cancer, without direct
evidence of the function of galectin-3. However, the
observations strongly support the current hypothetical
model of the possible mechanism of galectin-3 in tumor
progression via invasive potential. This study definitely
demonstrates the prognostic potential of galectin-3
expression.

In conclusion, this study demonstrated that galectin-3
expression is associated with tumor vascular invasion and
metastasis, suggesting that galectin-3 plays a critical role in
tumor progression in breast cancer via an invasive mech-
anism. Furthermore, reduced galectin-3 expression is use-
ful for predicting the long-term poor prognosis in patients
with breast cancer. Although the mechanisms underlying
tumor progression are complex, elucidation of the role of
galectin-3 may be highly relevant to achieving advances in
the management of cancer patients.
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