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Fig. 1. Relation between galectin-9 expression and cell aggregation in
MCEF-7 subclones. A, immunoblot analysis of galectin-9 in MCF-7 subclones
that exhibited pronounced aggregation during proliferation (K2, K3, K4)

and in those that did not (K7, K10, K11). B and C, phase-contrast images of
MCEF-7 subclones K4 (B) and K10 (C), which exhibited both galectin-9
expression and cell aggregation at high levels and at low levels, respectively.
Cells were seeded at a density of 50,000 cells/mL in 30-mm plastic dishes
and were observed after culture for 5 days. Magnification, x400. D and E,
phase-contrast images of MCF-7 subclone K10 after stable transfection
either with an expression vector for galectin-9 (showing marked cluster
formation (D) or with the empty vector (showing a low level of
aggregation (£). Cells were plated and cultured as in B and C. F and G,
immunostaining of galectin-9 in tumors formed in nude mice by MCF-7
subclone K10 cells that had been stably transfected with a galectin-9
expression vector (F) or with the empty vector (G). The cells transfected
with the galectin-9 vector proliferated to form large nests, whereas

those transfected with the control vector formed small nests. Magnification,
%x400.
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Fig. 2. Assay for cell adhesion. Adhesion of galectin-9— transfected MCF-7 cells
were examined. MCF-7 mock, transfectants by empty vector; MCF-7-G9S, -G9M,
and -G9L, transfectants by expression vectors of galectin-9S, M, and L, respectively.

expressing the S and L types of galectin-9 exhibited reduced
adhesion to type IV collagen, fibronectin, vitronectin, or laminin
in vitro (Fig. 2). These results thus suggested that galectin-9
might inhibit tumor cell invasion to extracellular matrix and
attachment to vascular endothelium, considering that type IV
collagen also expresses on vascular endothelial cell surface.

Expression of galectin-9 in breast cancer tissue and its relation to

prognosis. We examined galectin-9 expression in tumor tissue
of 84 patients with breast cancer by immunohistochemical
staining. Galectin-9 was detected in the cytoplasm but not in the
nucleus of the cancer cells (Fig. 3). Tumors from 42 of the 84
patients (50%) were positive for galectin-9. Galectin-9 expression
was not detected in tumors from 19 of the 21 patients with distant
metastasis (P <0.0001), indicating that galectin-9 expression was
inversely associated with distant metastasis. Galectin-9 expres-
sion was correlated with histopathologic grade, but not
correlated, however, with node status, estrogen receptor status,
clinical stage, or adjuvant therapy (Table 1). By the analysis,
in which galectin-9 is not involved, either node status or stage
was significantly correlated with distant metastasis (P =
0.0010 and 0.0007, respectively; data not shown).

The cumulative disease-free survival ratios for patients with
galectin-9 - positive or galectin-9 - negative tumors were 95%
and 44%, respectively, and disease-free survival curves are shown
in Fig. 4A. Patients with galectin-9 - positive tumors had a more
favorable disease-free survival than those with galectin-9-
negative tumors (P < 0.0001). The same results were obtained
both in node-negative (P = 0.010; Fig. 4B) and in node-positive
cases (P <0.0001; Fig. 4C). During the period of follow-up, none
of the 13 patients with both galectin-9 expression in tumor tissue
and lymph node metastasis up to level II manifested distant
metastasis (Fig. 4D). It was thus possible to stratify disease-free
survival by node status in the galectin-9 — negative group (Fig. 4E)
but not in the galectin-9 - positive group (Fig. 4F).

Multivariate analysis with Cox’s proportional hazards regres-
sion model showed that galectin-9 and node status were
significant predictive factors for distant metastasis of breast
cancer, and that low galectin-9 expression was associated with a
higher relative risk for metastasis in patients with breast cancer
than was node status (Table 2). Furthermore, a stepwise
selection method revealed that the influence of galectin-9
status on the development of distant metastasis was indepen-
dent of that of node status (Table 3).
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Discussion

We have showed a contribution of galectin-9 to the
aggregation of breast cancer cells both in vitro and in vivo.
Galectins exhibit a variety of biological functions including
mediation of cell aggregation. We have previously shown that
exogenously added recombinant galectin-9 induced the
aggregation of red blood cells (16) and of eosinophils (17).
In melanoma cells, galectin-9 at the cell surface, but not that
in the cytoplasm, participates in cell aggregation (15).
Exogenously added recombinant galectin-9 also induced
melanoma cell aggregation in a manner that was sensitive to
lactose, which competitively inhibits the interaction between
galectin-9 and {-galactoside. These observations suggest that
the interaction of galectin-9 on the surface of melanoma cells
with its ligand is required for cell aggregation.

In the present study, we found that the aggregation of MCF-7
cells was associated with the expression of galectin-9 in the
cytoplasm. We detected little or no difference in the expression
levels of other galectins, including galectin-1, -3, and -8, among
MCEF-7 subclones (data not shown), indicating that the role of
galectin-9 in the aggregation of these cells is specific. Galectin-9
was not detected at the surface of MCF-7 cells, even of those in
aggregates. However, we cannot exclude the possibility that a
low level of galectin-9 expression at the cell surface is sufficient
to induce aggregation of MCF-7 cells. This apparent discrep-
ancy between breast cancer and melanoma cells may be
attributable to the difference in cell origin (epithelial versus
nonepithelial). Additional studies are required to clarify the
functional role of galectin-9 in the cytoplasm as well as the
relation between the expression of galectin-9 in the cytoplasm
and that at the cell surface.

Cancer cells likely detach from tumor tissue individually
during migration into lymphatic or blood vessels and metastasis

Table 1. Correlation between galectin-9 expression in
breast tumor tissue and clinical features
Galectin-9
n Positive Negative P*
Distant metastasis <0.0001
Positive 21 2 19
Negative 63 40 23
Lymph node metastasis »0.9999
Positive 38 19 19
Negative 46 23 23
Estrogen receptor 0.071
Positive 53 22 31
Negative 31 20 1
Stage 0.964
| 47 23 24
Il 19 10 9
] 18 9 9
Histopathologic grade 0.034
| 24 17 7
Il 34 16 18
1] 26 9 17
Adjuvant therapy 0139
None 23 15 8
Hormone therapy t 25 13 12
Chemotherapy * 36 14 22
* Analysis by the X2 test and Fisher's exact test.
t Tamoxifen was administered in all cases.
t Adriamycin-containing regimen, 8 cases; cyclophosphamide-containing
regimen, 16 cases; mitomycin, 22 cases; tegafur-uracil, 9 cases. Combination
with tamoxifen, 30 cases.

Fig. 3. Immunohistochemical
staining of breast cancer tissue for
galectin-9 expression.
Representative galectin-9— positive
(A) and galectin-9— negative (B)
tumors are shown. Galectin-9 was
detected in the cytoplasm but not in
the nucleus of positive cells.
Magnification, x400.
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total cyclin E and its low molecular weight component by
immunoblot analysis has been shown to be informative for
prediction of survival in node-negative cases but not in node-
positive cases (14). However, none of these factors was more
effective than was node status in prediction of relative risk. More
recently, DNA microarray analysis has revealed a strong
correlation between gene expression profiles and distant
metastasis in breast cancer (23, 24). Our present results suggest
that it is possible to identify patients who need adjuvant therapy
after mastectomy on the basis of immunohistochemical
determination of galectin-9 status, although chemotherapy is
commonly recommended for all node-positive patients.

to distant organs. Given that galectin-9 mediates cancer cell
aggregation, we hypothesized that it might prevent metastasis.
Our present clinical data now show that breast cancer patients
with tumors that expressed galectin-9 at a high level had a
significantly lower frequency of distant metastasis than did
those with tumors with a low level of galectin-9 expression, and
this relation was apparent in both node-negative and node-
positive cases. In addition to galectin-9, various other biological
factors have been shown to correlate with distant metastasis in
breast cancer. Expression of HER-2/neu (18-20) or p53 (21,
22) as evaluated by immunohistochemical staining has thus
been found to be predictive of metastasis, and measurement of
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Fig. 4. Disease-free survival curves
generated by Kaplan-Meier analysis.
A, all cases. B, node-negative
cases. C, node-positive cases.

D, node-positive cases with axillary
lymph node metastasis up to level Il.
E, galectin-9— negative cases.

F, galectin-9— positive cases.
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Table 2. Multivariate analysis with Cox’s proportional
hazards model for prediction of distant metastasis in
patients with breast cancer

Assigned Relative risk
score (95% CI) P
Galectin-9
Positive 0 25.496 (5.219-124.557) <0.0001
Negative 1
Lymph node metastasis
Positive 1 791 (2.666-23.477) 0.0009
Negative 0
Estrogen receptor
Positive 0 2.467 (0.908-6.703) 0.105
Negative 1

Abbreviation: Cl, confidence interval.

Galectin-9 expression was correlated with histopathologic
grade and inversely correlated with the occurrence of distant
metastasis, but not with other clinical features including lymph
node metastasis. This suggests that galectin-9 expression
changes according to the degree of differentiation, and that
poorly differentiated tumors with low galectin-9 expression
exhibit metastatic potential. Although two patients with high
galectin-9 expression manifested distant metastasis during the
follow-up period, these individuals already had lymph node
metastasis at level I1I at the time of operation. Furthermore, the
influence of galectin-9 on distant metastasis was independent of
that of node status. These results suggest that galectin-9
expression is not associated with node status in patients with
breast cancer, in contrast to patients with malignant melanoma,
in whom low galectin-9 expression is significantly associated
with positive node status (15). The reason for this difference
between breast cancer and melanoma remains to be determined.

Galectin-9 has been found to induce apoptosis in T cells (25,
26) and malignant melanoma cells (15). Exogenously added

Table 3. Variables with independent influence on dis-
tant metastasis calculated by a stepwise selection pro-
cedure

Step 2* Assigned score Relative risk P
Galectin-9
Positive 0 18.361 0.0002
Negative 1
Lymph node metastasis
Positive 1 6.528 0.0004
Negative 0

*Galectin-9, lymph node metastasis, and estrogen receptor status were sub-
mitted in this analysis.

galectin-9 thus induces both aggregation and apoptosis in
melanoma cells, suggesting that both cell adhesion and
apoptosis are required for galectin-9 —induced suppression of
melanoma. In contrast with melanoma cells, exogenously
added galectin-9 induced apoptosis in MCF-7 cells at most
25%, and did not induce aggregation. This discrepancy may
also be attributed to the difference in cell origin. We also show
that transfection by galectin-9S or -9L inhibited the adhesion of
MCE-7 cells to the molecules on extracellular matrix (fibro-
nectin, vitronectin and laminin) and on endothelial cells
(collagen type IV). Taken together, galectin-9 suppresses
metastasis in multisteps by inhibiting invasion to extracellullar
matrix, detachment from tumors, and attachment to vascular
endothelium. Our data thus suggest that galectin-9 expression
is a new and useful prognostic factor with antimetastatic
potential in patients with breast cancer. It may also prove to be
a prognostic factor for other malignant tumors, especially
malignant melanoma.
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