
Journal of Cellular Biochemistry 91:118–124 (2004)

Galectins and Urological Cancer
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Abstract Galectins are a family of proteins defined by their affinity for b-galactoside and by their conserved
sequence. Each galectins exhibits a specific expression pattern in various tissues and their expression is regulated during
development. Their expression is altered in many types of cancers and non-cancerous disorders. They interact with
glycoproteins in both extracellular and intracellular milieu and regulate various biological phenomenon including cell
growth, cell differentiation, cell adhesion, and apoptosis. A series of experimental and clinical evidences have been
reported to support correlation between galectin expressions and neoplastic transformation. The recent findings show that
expressions of galectins are elevated with neoplastic progression in certain malignancies, and therefore, galectins are
expected to serve as reliable tumor markers. In this review, we describe the expression and role of galectins in urological
cancers and their clinical applications for diagnostic and therapeutic use. J. Cell. Biochem. 91: 118–124, 2004.
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Galectins are a family of proteins defined by
their affinity for b-galactosides and by conserv-
ed sequence elements [Barondes et al., 1994]. At
present, 14 galectins frommammals are known.
Each members of the galectin family contains
at least one carbohydrate recognition domain
(CRD). Galectins are classified into three
groups, based on the content and organization
of domains [Perillo et al., 1998; Dunphy et al.,
2002].Theprototype galectins (galectin-1, -2, -5,
-7, -10, -11, -13, and -14) consist of a CRD. The
tandem repeat galectins (galectin-4, -6, -8, -9,
and -12) consists of two CRDs. The chimera
galectin (galectin-3) consists of one CRD, N-
terminal domain and intervening proline,
glycine-rich domain.

Galectins exist in intracellular and extracel-
lular milieu. They can shuttle between cyto-

plasm and nucleus and be secreted by non-
classical pathway [Danguy et al., 2002]. In the
extracellular space, they linkwith b-galactoside
containing glycoconjugates of extracellular
matrix (ECM) components and cell surface
adhesion molecule (Table I). The bindings of
galectins to ECM components and cell surface
adhesion molecules regulate cell adhesion and
differentiation [Hikita et al., 2000; Hughes,
2001]. In the intracellular space, galectins bind
to their ligands via not only lectin–glyconcon-
jugate interaction but also protein–protein
interaction (Table II). There, galectins regulate
mRNA splicing, cell cycle, apoptosis, and cell
proliferation.

In certain types of cancers, the expression of
galectins is positively correlated to tumor pro-
gression. In other types of cancers, it is inversely
correlated to tumor progression (Table III).
Thus, levels of galectins expression depend on
the organ or tissue, suggesting that tissue spe-
cific factors may modulate the expression and
functions of galectins.

Urological cancer is among themostmorbid of
human malignancies. The estimated new cases
of urological cancers for 2003 are 310,000 cases
in USA [Ries et al., 2003]. Although improve-
ment of diagnostic procedures has enabled us to
detect very small cancers, the estimated deaths
by urological cancers for 2003 are as much as
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54,000, due to the limitations of the therapeutic
procedures. The efficacy of various currently
available therapeutic strategies including che-
motherapy, radiotherapy, and immunotherapy
is not always sufficient, especially for the ad-
vanced or recurrent disease. Therefore, new
methods for cancer therapy have been sought.
Recently, advances in molecular biology have
led to novel approaches for cancer treatment.
In this review, we focus on galectins expres-

sion and their roles in urological disorders,
especially urological cancers.

GALECTINS IN NORMAL DEVELOPMENT
AND NON-CANCEROUS DISORDERS

Expression of galectins and their roles in
normal development have been examined by

immunohistochemical analysis and in vitro
experiments using MDCK cells, which form
tubes and cysts in 3D culture.

Expression of galectin-1was developmentally
regulated in testis and stage specific expression
pattern was observed throughout the sperma-
togenic process. In adult normal testis, galectin-
1 but not galectin-3 was expressed in Sertoli
cells. On the other hand, Sertoli cells in normal
testis had binding sites for both galectins
[Timmons et al., 2002; Dettin et al., 2003].
In Sertoli cells of Sertoli cell only-syndrome
(SCOS), galectin-3 was expressed and galectin-
1 specific binding sites were increased, indicat-
ing the involvement of galectins in pathogenesis
of SCOS [Wollina et al., 1999].

Several reports indicated the significance of
galectin-3 in development and pathogenesis
of kidney. MDCK cells suspended in Matrigel
exhibited differential and polarized galectin-3
expression on the baso-lateral surface domains
of cells lining the cysts [Bao and Hughes, 1995].
In tubule-forming cysts, galectin-3 is excluded
from the initial spikes and the progressing tips
of the tubules, although its basolateral expres-
sion on the cyst body remains. Galectin-3 added
exogenously to cultures exerted an inhibitory
effect on cyst enlargement of MDCK cells
while galectin-3-specific antibodies could pro-
mote this process. These results indicate that
galectin-3 interacts with glycosylated surface

TABLE I. Extracellular Ligands for
Galectins

Ligands Reference

Galectin-1
Carcinoembryonic antigen [Ohannesian et al., 1994]
Laminin [Zhou and Cummings, 1993]
Fibronectin [Zhou and Cummings, 1993]
Thy-1 antigen [Symons et al., 2000]
CD45 [Symons et al., 2000]
a7b1 Integrin [Gu et al., 1994]
Complement receptor CR3 [Avni et al., 1998]
Lamp-1, -2 [Ohannesian et al., 1994]

Galectin-3
Carcinoembryoninc antigen [Ohannesian et al., 1995]
Laminin [Sato and Hughes, 1992]
Fibronectin [Sato and Hughes, 1992]
Tenascin [Probstmeier et al., 1995]
Mac-2 binding protein [Rosenberg et al., 1991]
Neuronal adhesive
glycoprotein L1

[Probstmeier et al., 1995]

N-CAM [Probstmeier et al., 1995]
Myelin-associated protein [Probstmeier et al., 1995]
NCA 160 [Yamaoka et al., 1995]
b1 Integrin [Ochieng, 2001]
TCR complex [Demetriou et al., 2001]

Galectin-8
a3b1 Integrin [Hadari et al., 2000]

TABLE II. Intracellular Ligands for
Galectins

Ligands References

Galectin-1
Gemin 4 [Park et al., 2001]
H-Ras [Paz et al., 2001]

Galectin-3
Alix/AIP-1 [Liu et al., 2002]
Bcl-2 [Yang et al., 1996]
CBP70 [Seve et al., 1994]
Chrp [Menon et al., 2000]
Cytokeratin [Karsten, 1997]
Gemin 4 [Park et al., 2001]
Synexin [Yu et al., 2002]

TABLE III. Correlation Between Galectins
Expression and Tumor Progression

Tissue Reference

Positive correlation
Galectin-1

Thyroid [Xu et al., 1995]
Uterine sarcoma [Schwarz et al., 1999]

Galectin-3
Gastric cancer [Lotan et al., 1994]
Liver cancer [Hsu et al., 1999]
Thyroid [Xu et al., 1995; Inohara et al.,

1999; Bartolazzi et al., 2001]
Negative correlation

Galectin-1
Head and neck cancer [Choufani et al., 1999]

Galectin-3
Head and neck cancer [Choufani et al., 1999]
Uterine sarcoma [Schwarz et al., 1999]
Breast [Castronovo et al., 1996]
Pancreas cancer [Shimamura et al., 2002]

Galectin-8
Colon [Nagy et al., 2002]

Conflicting data
Galectin-3

Colon [Lotz et al., 1993; Schoeppner
et al., 1995; Ma and Geng,
2002]
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receptors and acts as a negative growth reg-
ulator in the development of MDCK cysts.

Galectin-3 affects not only epithelial cells
of kidney but also mesangial cells. Exogenous
galectin-3 protects mesangial cells from cyto-
toxicity of TGF-b and serum starvation and
induces matrix synthesis [Sasaki et al., 1999].

The growth regulatory effect of galectins on
kidney cells as well as immunosuppressive
effect of galectins contributes to pathogenesis
of kidney disorders. Several experiments em-
ploying animal models revealed the involve-
ment of galectin-3 in non-cancerous disorders of
kidney. Galectin-3 works as a mediator of
bacterial adherence to kidney cells, implicating
the involvement of galectin-3 in urinary tract
infections [Altman et al., 2001]. Galectin-3
expression inmesangium is induced by diabetic
milieu and it inhibits glomerulopathy by inter-
acting with advanced glycation end products
[Pugliese et al., 2000, 2001]. Galectin-1, -3, and
-9 inhibited immune-mediated glomerular dis-
eases [Tsuchiyama et al., 2000]. Galectin-3 ex-
pressions were markedly up-regulated in acute
renal failure [Nishiyama et al., 2000].

GALECTINS IN DIAGNOSIS AND PROGNOSIS
OF UROLOGICAL MALIGNANCY

To date, a series of experimental and clinical
evidences have been reported to support cor-
relation between galectin expressions and
neoplastic transformation. Consequently, diag-
nostic and prognostic relevance of galectins
have been shown, though there are still some
conflicting data regarding a certain type of
tumor tissues. The recent findings show that
expressions of galectins are elevated with neo-
plastic progression in certainmalignancies, and
therefore, galectins are expected to serve as
reliable tumor markers.

Here we describe possible involvement of
galectins in urological malignancy.

Prostate

The expression of galectin-1 was examined in
148 human primary prostate carcinoma sam-
ples [Van den Brule et al., 2001]. Immunohis-
tochemical staining of paraffin sections of
prostate tissues revealed that galectin-1 was
not detected in normal, intraepithelial neopla-
sia or carcinoma cells, but accumulated in the
stroma and associated fibroblasts. The associa-
tion between accumulation of galectin-1 in the

stroma of the malignant tissue and aggressive-
ness of the tumor emphasizes the evidence that
identifies a role for galectin-1 in the acquisition
of the invasive phenotype [Van den Brule et al.,
2001].

The expression of galectin-3 was also exam-
ined in a population of 145 prostate carcinoma
samples using immunohistochemistry [Van den
Brule et al., 2000]. Most of the non-tumoral
prostatic glands exhibited moderate immuno-
staining for galectin-3 localized in both nucleus
and cytoplasm. In prostatic cancer cells, galec-
tin-3 was usually not expressed or decreased
compared with the normal glands. Interest-
ingly, when galectin-3 was detected in the
cancer cells, it was consistently excluded from
the nucleus and only present in the cytoplasmic
compartment Van den Brule et al. [2000].

Regarding the expression of galectin-8 in the
prostate, there have been conflicting data re-
ported so far [Su et al., 1996; Danguy et al.,
2001]. On the one hand, galectin-8 is selective-
ly expressed in prostatic cancer cells but not
in normal prostate or benign hyperplasia [Su
et al., 1996] whereas, on the other hand,
galectin-8 is expressed at very low levels in
normal tissues as well as in benign hyperplasia
or adenocarcinomas [Danguy et al., 2001].
Evaluation of a large number of prostate biopsy
specimens will be needed to provide a better
understanding of this endolectin.

Bladder

The expression of galectin-1 and galectin-3
was investigated in 38 human bladder transi-
tional cell carcinomas of different histological
grade and clinical stage and in five normal
urothelium samples [Cindolo et al., 1999].
Galectin-1 mRNA levels were highly increased
in most high-grade tumors compared with nor-
mal bladder or low-grade tumors. Western blot
and immunohistochemical analysis of normal
andneoplastic tissues revealed ahigher content
of galectin-1 in tumors. Galectin-3mRNA levels
were also increased in most tumors compared
with normal urothelium, but levels were com-
parable among tumors of different histological
grade [Cindolo et al., 1999].

In regard to galectin-8 expression, no signifi-
cant differences were observed between normal
cases and transitional carcinomas. However,
the low number of specimens and the hetero-
geneity of the immunostaining prevent any
final conclusion [Danguy et al., 2001].
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Kidney

Renal cell carcinomas (RCCs) are character-
ized by an unpredictable clinical course. There-
fore, a better understanding of the biologic and
molecular cell changes associated with the
development of this disease is needed. The level
of expression of galectin-1 and galectin-3 and
their respective binding sites in a series of 74
RCCswere characterized [Francois et al., 1999].
The results showed that the level of expression
of galectin-1 binding sites is significantly lower
in grade IIþ/IIIþ than in grade II�/III� RCCs.
The increase in biologic aggressiveness seems
to be paralleled by a decrease in the level of
expression of galectin-1 binding sites rather
than by a decrease in the level of expression of
galectin-1 itself. A similar conclusion is true for
galectin-3 [Francois et al., 1999]. The cDNA
microarray and immunohistochemical experi-
ments showed that the expression of galectin-3
appeared to correlate with tumor indolence;
being expressed predominantly in low-grade
conventional (clear cell) RCCs, indolent chro-
mophobe RCCs, and benign oncocytomas
[Young et al., 2001]. This finding is consistent
with several studies showing reduced galectin-3
expression in clinically aggressive tumors and
may be relevant to the function of galectin-3 as
an adhesion molecule that inhibits metastasis
[Idikio, 1998; Francois et al., 1999; Lurisci et al.,
2000; Pacis et al., 2000]. Thus, galectins
represent a family of molecules with a key role
in RCCs progression. With the expression of
galectin-8, no statistically significant differ-
ences in the staining score were observed
between the normal specimens and the renal
cell carcinomas [Danguy et al., 2001].

EFFECT OF GALECTINS ON UROLOGICAL
TUMOR CELL LINES

Effects of galectins on prostate cancer cells
were examined using galectin-1, galectin-3 null
prostate cancer cell line, LNCaP [Ellerhorst
et al., 1999, 2002]. Treatment of LNCaP cells
with differentiation-inducing reagent, sodium
butyrate resulted in induction of galectin-1
expression, inhibition of proliferation, morpho-
logic changes consistent with a differentiat-
ed phenotype, and induction of apoptosis
[Ellerhorst et al., 1999]. Galectin-1 transfected
LNCaP cells displayed growth inhibition and an
increased rate of apoptosis. These results sug-
gest that galectin-1 functions downstream in

thepathwayof butyrate-induceddifferentiation
and negatively regulates growth of prostate
cancer cells.

Galectin-3 has the similar role to galectin-1.
Transfection of galectin-3 into LNCaP cells
resulted in in vitro and in vivo growth inhibition
[Ellerhorst et al., 2002]. Galectin-3 transfected
cells proliferate at a slower rate in vitro than the
vector control-transfected lines. When injected
subcutaneous in nude mice, galectin-3 trans-
fected cells formed tumors at a slower rate than
control cells. In contrast to the stimulatory role
in many tumor types, galectin-1 and galectin-3
is the inhibitory molecules for prostate cancer.

CLINICAL APPLICATION

Expression pattern of galectins, especially
galectin-3, is altered in many types of cancers.
Therefore, several attempts to use galectin-3
expression as a diagnostic indicator are under
development. Iurisci et al. [2000] showed that
galectin-3 serum levels in patients with cancer
were significantly elevated compared with
healthy individuals. Inohara et al. [1999] de-
monstrated that expression of galectin-3 in fine
needle aspirates could be a diagnostic marker
for thyroid cancer. Because down-regulation of
galectin-3 is associatedwith clinical aggressive-
ness in urological cancers, level of galectin-3 in
biopsy specimens can be a useful prognostic
marker.

Concerning the cancer treatment, galectin-3
is one of the targeting proteins. Galectin-3 is
involved in several steps of metastasis, includ-
ing angiogenesis [Nangia Makker et al., 2000],
tumor embolism formation [Inohara and Raz,
1994], resistance to suspension induced apop-
tosis [Yoshii et al., 2002], and tumor cell
attachment to endothelial cells [Glinsky
et al., 2000]. These functions of galectin-3
make it a likely therapeutic target. John et al.
[2003] showed that NH2-terminally truncated
galectin-3, which competes with endogenous
galectin-3, inhibits in vivo tumor growth and
metastasis. We have been reported that pH-
modified citrus pectin (MCP) inhibits in vivo
tumor growth and spontaneous metastasis
[Platt and Raz, 1992; Pienta et al., 1995;
Nangia-Makker et al., 2002]. Pectin is a highly
complex branched polysaccharide fiber rich in
galactoside residues and present in all plant cell
walls. Although citrus pectin (CP) is unable
to interact with galectin-3, it acts as a ligand
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for galectin-3 in its modified form (MCP) after
hydrolysis to form a smaller linear water-
soluble fiber. MCP is reported to inhibit galec-
tin-3 mediated homotypic aggregation of tumor
cells in vitro [Inohara and Raz, 1994] and
galectin-3 mediated angiogenesis in vitro
[Nangia Makker et al., 2000]. Moreover, oral
administration of MCP inhibited spontaneous
metastasis of rat prostate cancer cells. Recent
study has revealed that galectin-3 null mutant
mice are relatively healthy, suggesting that
galectin-3 inhibitors, like MCP and truncat-
ed galectin-3, may be therapeutically valuable
without causing severe side effects.

CONCLUSIONS

Numerous data demonstrate that certain
alterations of cell surface carbohydrates and
lectins are associated with cancer progression
and metastasis. Here, we reviewed the expres-
sion of galectins, b-galactoside binding lectins,
in urological cancers. In contrast to other types
of cancers, expression of galectin-3 is down-
regulated in urological cancers, suggesting
that galectin-3 has a tumor suppressive role in
urological organs. The mechanism by which
galectin-3 promotes cancer progression have
been reported. However, little is known about
tumor suppressive functions of galectin-3. To
clarify the functions of galectins, assessment of
the natural functional galectins ligands on
tumor cells and stroma cells will be required.
Furthermore, it is important to investigate the
intracellular signaling caused by galectins.
Answering these questions should progress
our understanding of galectins as well as that
of cancer progression.

REFERENCES

Altman E, Harrison BA, Latta RK, Lee KK, Kelly JF,
Thibault P. 2001. Galectin-3-mediated adherence of
Proteus mirabilis to Madin–Darby canine kidney cells.
Biochem Cell Biol 79:783–788.

Avni O, Pur Z, Yefenof E, Baniyash M. 1998. Complement
receptor 3 of macrophages is associated with galectin-1-
like protein. J Immunol 160:6151–6158.

Bao Q, Hughes RC. 1995. Galectin-3 expression and effects
on cyst enlargement and tubulogenesis in kidney epithe-
lial MDCK cells cultured in three-dimensional matrices
in vitro. J Cell Sci 108:2791–2800.

Barondes SH, Cooper DN, Gitt MA, Leffler H. 1994. Galec-
tins. Structure and function of a large family of animal
lectins. J Biol Chem 269:20807–20810.

Bartolazzi A, Gasbarri A, Papotti M, Bussolati G, Lucante
T, Khan A, Inohara H, Marandino F, Orlandi F,

Nardi F, Vecchione A, Tecce R, Larsson O, Thyroid
Cancer Study Group. 2001. Application of an immuno-
diagnostic method for improving preoperative diagnosis
of nodular thyroid lesions. Lancet 357:1644–1650.

Castronovo V, VanDenBrule FA, Jackers P, ClausseN, Liu
FT, Gillet C, Sobel ME. 1996. Decreased expression of
galectin-3 is associated with progression of human breast
cancer. J Pathol 179:43–48.

Choufani G, Nagy N, Saussez S, Marchant H, Bisschop P,
Burchert M, Danguy A, Louryan S, Salmon I, Gabius HJ,
Kiss R, Hassid S 1999. The levels of expression of
galectin-1, galectin-3, and the Thomsen–Friedenreich
antigen and their binding sites decrease as clinical ag-
gressiveness increases in head and neck cancers. Cancer
86:2353–2363.

Cindolo L, Benvenuto G, Salvatore P, Pero R, Salvatore G,
Mirone V, Prezioso D, Altieri V, Bruni CB, Chiariotti L.
1999. Galectin-1 and galectin-3 expression in human
bladder transitional-cell carcinomas. Int J Cancer 84:
39–43.

Danguy A, Camby I, Kiss R. 2002. Galectins and cancer.
Biochim Biophys Acta 1572:285–293.

Danguy A, Rorive S, Decaestecker C, Bronckart Y, Kaltner
H, Hadari YR, Goren R, Zich Y, Petein M, Salmon I,
Gabius HJ, Kiss R. 2001. Immunohistochemical profile of
galectin-8 expression in benign and malignant tumors of
epithelial, mesenchymatous and adipous origins, and the
nervous system. Histol Histopathol 16:861–868.

Demetriou M, Granovsky M, Quaggin S, Dennis JW.
2001. Negative regulation of T-cell activation and auto-
immunity by Mgat5 N-glycosylation. Nature 409:733–
739.

Dettin L, Rubinstein N, Aoki A, Rabinovich GA, Maldonado
CA. 2003. Regulated expression and ultrastructural
localization of galectin-1, a proapoptotic beta-galacto-
side-binding lectin, during spermatogenesis in rat testis.
Biol Reprod 68:51–59.

Dunphy JL, Barcham GJ, Bischof RJ, Young AR, Nash A,
Meeusen EN. 2002. Isolation and characterization of a
novel eosinophil-specific galectin released into the lungs
in response to allergen challenge. J Biol Chem 277:
14916–14924.

Ellerhorst J, Nguyen T, Cooper DN, Estrov Y, Lotan D,
Lotan R. 1999. Induction of differentiation and apoptosis
in the prostate cancer cell line LNCaP by sodium buty-
rate and galectin-1. Int J Oncol 14:225–232.

Ellerhorst JA, Stephens LC, Nguyen T, Xu XC. 2002.
Effects of galectin-3 expression on growth and tumor-
igenicity of the prostate cancer cell line LNCaP. Prostate
50:64–70.

Francois C, Van Velthoven R, De Lathouwer O, Moreno C,
Peltier A, Kaltner H, Salmon I, Gabius HJ, Danguy A,
Decaestecker C, Kiss R. 1999. Galectin-1 and galectin-3
binding pattern expression in renal cell carcinomas. Am
J Clin Pathol 112:194–203.

Glinsky VV, Huflejt ME, Glinsky GV, Deutscher SL, Quinn
TP. 2000. Effects of Thomsen–Friedenreich antigen-
specific peptide P-30 on beta-galactoside-mediated homo-
typic aggregation and adhesion to the endothelium of
MDA-MB-435 human breast carcinoma cells. Cancer Res
60:2584–2815.

Gu M, Wang W, Song WK, Cooper DN, Kaufman SJ. 1994.
Selective modulation of the interaction of alpha 7 beta 1
integrin with fibronectin and laminin by L-14 lectin

122 Oka et al.



during skeletal muscle differentiation. J Cell Sci 107:
175–181.

Hadari YR, Arbel-Goren R, Levy Y, Amsterdam A, Alon R,
Zakut R, Zick Y. 2000. Galectin-8 binding to integrins
inhibits cell adhesion and induces apoptosis. J Cell Sci
113:2385–2397.

Hikita C, Vijayakumar S, Takito J, Erdjument Bromage H,
Tempst P, Al Awqati Q. 2000. Induction of terminal
differentiation in epithelial cells requires polymerization
of hensin by galectin-3. J Cell Biol 151:1235–1246.

Hsu DK, Dowling CA, Jeng KC, Chen JT, Yang RY, Liu FT.
1999. Galectin-3 expression is induced in cirrhotic liver
and hepatocellular carcinoma. Int J Cancer 81:519–526.

Hughes RC. 2001. Galectins as modulators of cell adhesion.
Biochimie 83:667–676.

Idikio H. 1998. Galectin-3 expression in human breast
carcinoma: Correlation with cancer histologic grade. Int
J Oncol 12:1287–1290.

Inohara H, Raz A. 1994. Effects of natural complex carbo-
hydrate (citrus pectin) on murine melanoma cell proper-
ties related to galectin-3 functions. Glycoconj J 11:527–
532.

Inohara H, Honjo Y, Yoshii T, Akahani S, Yoshida J,
Hattori K, Okamoto S, Sawada T, Raz A, Kubo T. 1999.
Expression of galectin-3 in fine-needle aspirates as a
diagnostic marker differentiating benign frommalignant
thyroid neoplasms. Cancer 85:2475–2484.

Iurisci I, Tinari N, Natoli C, Angelucci D, Cianchetti E,
Iacobelli S. 2000. Concentrations of galectin-3 in the sera
of normal controls and cancer patients. Clin Cancer Res
6:1389–1393.

John CM, Leffler H, Kahl-Knutsson B, Svensson I, Jarvis
GA. 2003. Truncated galectin-3 inhibits tumor growth
andmetastasis in orthotopic nudemousemodel of human
breast cancer. Clin Cancer Res 9:2374–2383.

Karsten U. 1997. Novel alphaGalNAc containing glycans
on cytokeratins are recognized in vitro by galectins with
type II carbohydrate recognition domains. J Cell Sci 110:
1585–1596.

Liu FT, Patterson RJ, Wang JL. 2002. Intracellular func-
tions of galectins. Biochim Biophys Acta 1572:263–
273.

Lotan R, Ito H, Yasui W, Yokozaki H, Lotan D, Tahara E.
1994. Expression of a 31-kDa lactoside-binding lectin in
normal human gastric mucosa and in primary and meta-
static gastric carcinomas. Int J Cancer 56:474–480.

Lotz MM, Andrews CW, Jr., Korzelius CA, Lee EC, Steele
GD, Jr., Clarke A, Mercurio AM. 1993. Decreased ex-
pression of Mac-2 (carbohydrate binding protein 35) and
loss of its nuclear localization are associated with the
neoplastic progression of colon carcinoma. Proc Natl
Acad Sci USA 90:3466–3470.

Lurisci I, Tinari N, Natoli C, Angelucci D, Cianchetti E,
Lacobelli S. 2000. Concentrations of galectin-3 in the sera
of normal controls and cancer patients. Clin Cancer Res
6:1389–1393.

Ma YQ, Geng JG. 2002. Obligatory requirement of sulfation
for P-selectin binding to human salivary gland carcinoma
Acc-M cells and breast carcinoma ZR-75-30 cells. J Im-
munol 168:1690–1696.

Menon RP, Strom M, Hughes RC. 2000. Interaction of a
novel cysteine and histidine-rich cytoplasmic protein
with galectin-3 in a carbohydrate-independent manner.
FEBS Lett 470:227–313.

Nagy N, Bronckart Y, Camby I, Legendre H, Lahm H,
Kaltner H, Hadari Y, Van Ham P, Yeaton P, Pector JC,
Zick Y, Salmon I, Danguy A, Kiss R, Gabius HJ. 2002.
Galectin-8 expression decreases in cancer compared with
normal and dysplastic human colon tissue and acts signi-
ficantly on human colon cancer cell migration as a sup-
pressor. Gut 50:392–401.

Nangia Makker P, Honjo Y, Sarvis R, Akahani S, Hogan V,
Pienta KJ, Raz A. 2000. Galectin-3 induces endothelial
cell morphogenesis and angiogenesis. Am J Pathol 156:
899–909.

Nangia-Makker P, Hogan V, Honjo Y, Baccarini S, Tait L,
Bresalier R, Raz A. 2002. Inhibition of human cancer cell
growth and metastasis in nude mice by oral intake of
modified citrus pectin. J Natl Cancer Inst 94:1854–
1862.

Nishiyama J, Kobayashi S, Ishida A, Nakabayashi I,
Tajima O, Miura S, Katayama M, Nogami H. 2000. Up-
regulation of galectin-3 in acute renal failure of the rat.
Am J Pathol 157:815–823.

Ochieng J. 2001. Galectin-3 mediates the endocytosis of
beta-1 integrins by breast carcinoma cells. Biochem Bio-
phys Res Commun 289:845–850.

Ohannesian DW, Lotan D, Lotan R. 1994. Concomitant
increases in galectin-1 and its glycoconjugate ligands
(carcinoembryonic antigen, lamp-1, and lamp-2) in cul-
tured human colon carcinoma cells by sodium butyrate.
Cancer Res 54(22):5992–6000.

Ohannesian DW, Lotan D, Thomas P, Jessup JM, Fukuda
M, Gabius HJ, Lotan R. 1995. Carcinoembryonic antigen
and other glycoconjugates act as ligands for galectin-3
in human colon carcinoma cells. Cancer Res 55:2191–
2199.

Pacis RA, Pilat MJ, Pienta KJ, Wojno K, Raz A, Hogan V,
Cooper CR. 2000. Decreased galectin-3 expression in
prostate cancer. Prostate 44:118–123.

Park JW, Voss PG, Grabski S, Wang JL, Patterson RJ.
2001. Association of galectin-1 and galectin-3 with
Gemin4 in complexes containing the SMN protein.
Nucleic Acids Res 29:3595–3602.

Paz A, Haklai R, Elad-Sfadia G, Ballan E, Kloog Y. 2001.
Galectin-1 binds oncogenic H-Ras to mediate Ras mem-
brane anchorage and cell transformation. Oncogene 20:
7486–7493.

Perillo NL, Marcus ME, Baum LG. 1998. Galectins: Versa-
tile modulators of cell adhesion, cell proliferation, and
cell death. J Mol Med 76:402–412.

Pienta KJ, Naik H, Akhtar A, Yamazaki K, Replogle TS,
Lehr J, Donat TL, Tait L, Hogan V, Raz A. 1995. Inhi-
bition of spontaneous metastasis in a rat prostate cancer
model by oral administration of modified citrus pectin.
J Natl Cancer Inst 87:348–353.

Platt D, Raz A. 1992. Modulation of the lung colonization of
B16-F1 melanoma cells by citrus pectin. J Natl Cancer
Inst 84:438–442.

Probstmeier R,MontagD, SchachnerM. 1995. Galectin-3, a
beta-galactoside-binding animal lectin, binds to neural
recognition molecules. J Neurochem 64:2465–2472.

Pugliese G, Pricci F, Leto G, Amadio L, Iacobini C, Romeo
G, Lenti L, Sale P, Gradini R, Liu FT, Di Mario U. 2000.
The diabetic milieu modulates the advanced glycation
end product-receptor complex in the mesangium by in-
ducing or upregulating galectin-3 expression. Diabetes
49:1249–1257.

Galectins and Urological Cancer 123



Pugliese G, Pricci F, Iacobini C, Leto G, Amadio L, Barsotti
P, Frigeri L, Hsu DK, Vlassara H, Liu FT, Di Mario U.
2001. Accelerated diabetic glomerulopathy in galectin-
3/AGE receptor 3 knockout mice. FASEB J 15:2471–
2479.

Ries LAG, Eisner MP, Kosary CL, Hankey BF, Miller BA,
Clegg L, Mariotto A, Fay MP, Feuer EJ, Edwards BK.
2003. SEER Cancer Stastitics Review, 1975–2000, http://
seer.cancer.gov/csr/1975–2000

Rosenberg I, Cherayil BJ, Isselbacher KJ, Pillai S. 1991.
Mac-2-binding glycoproteins. Putative ligands for a cyto-
solic beta-galactoside lectin. J Biol Chem 266:18731–
18736.

Sasaki S, Bao Q, Hughes RC 1999. Galectin-3 modulates
rat mesangial cell proliferation and matrix synthesis
during experimental glomerulonephritis induced by anti-
Thy1.1 antibodies. J Pathol 187:481–489.

Sato S, Hughes RC. 1992. Binding specificity of a baby
hamster kidney lectin for H type I and II chains, polylac-
tosamine glycans, and appropriately glycosylated forms
of laminin and fibronectin. J Biol Chem 267:6983–6990.

Schoeppner HL, Raz A, Ho SB, Bresalier RS. 1995. Expres-
sion of an endogenous galactose-binding lectin correlates
with neoplastic progression in the colon. Cancer 75:
2818–2826.

Schwarz G, Jr., Remmelink M, Decaestecker C, Gielen I,
Budel V, Burchert M, Darro F, Danguy A, Gabius HJ,
Salmon I, Kiss R. 1999. Galectin fingerprinting in tumor
diagnosis. Differential expression of galectin-3 and
galectin-3 binding sites, but not galectin-1, in benign
vs. malignant uterine smooth muscle tumors. Am J Clin
Pathol 111:623–631.

Seve AP, Hadj-Sahraoui Y, Felin M, Doyennette-Moyne
MA, Aubery M, Hubert J. 1994. Evidence that lactose
binding to CBP35 disrupts its interaction with CBP70 in
isolated HL60 cell nuclei. Exp Cell Res 213:191–197.

Shimamura T, Sakamoto M, Ino Y, Shimada K, Kosuge T,
Sato Y, Tanaka K, Sekihara H, Hirohashi S. 2002.
Clinicopathological significance of galectin-3 expression
in ductal adenocarcinoma of the pancreas. Clin Cancer
Res 8:2570–2575.

Su ZZ, Lin J, Shen R, Fisher PE, Goldstein NI, Fisher PB.
1996. Surface-epitope masking and expression cloning
identifies the human prostate carcinoma tumor antigen
gene PCTA-1 a member of the galectin gene family. Proc
Natl Acad Sci USA 93:7252–7257.

Symons A, Cooper DN, Barclay AN. 2000. Characterization
of the interaction between galectin-1 and lymphocyte
glycoproteins CD45 and Thy-1. Glycobiology 10:559–563.

Timmons PM, Rigby PW, Poirier F. 2002. The murine
seminiferous epithelial cycle is pre-figured in the Sertoli
cells of the embryonic testis. Development 129:635–
647.

Tsuchiyama Y, Wada J, Zhang H, Morita Y, Hiragushi K,
Hida K, Shikata K, Yamamura M, Kanwar YS, Makino
H. 2000. Efficacy of galectins in the amelioration of
nephrotoxic serum nephritis in Wistar Kyoto rats.
Kidney Int 58:1941–1952.

Van den Brule FA, Waltregny D, Liu FT, Castronovo V.
2000. Alteration of the cytoplasmic/nuclear expression
pattern of galectin-3 correlates with prostate carcinoma
progression. Int J Cancer 89:361–367.

Van den Brule FA, Waltregny D, Castronovo V. 2001. In-
creased expression of galectin-1 in carcinoma-associates
storma predicts poor outcome in prostate carcinoma
patients. J Pathol 193:80–87.

Wollina U, Schreiber G, Gornig M, Feldrappe S, Burchert
M, Gabius HJ. 1999. Sertoli cell expression of galectin-1
and -3 and accessible binding sites in normal human
testis and Sertoli cell only-syndrome. Histol Histopathol
14:779–784.

Xu XC, el-Naggar AK, Lotan R. 1995. Differential ex-
pression of galectin-1 and galectin-3 in thyroid tumors.
Potential diagnostic implications. Am J Pathol 147:815–
822.

Yamaoka A, Kuwabara I, Frigeri LG, Liu FT. 1995. A
human lectin, galectin-3 (epsilon bp/Mac-2), stimulates
superoxide production by neutrophils. J Immunol 154:
3479–3487.

Yang RY, Hsu DK, Liu FT. 1996. Expression of galectin-3
modulates T-cell growth and apoptosis. Proc Natl Acad
Sci USA 93:6737–6742.

Yoshii T, Fukumori T, Honjo Y, Inohara H, Kim HR, Raz A.
2002. Galectin-3 phosphorylation is required for its anti-
apoptotic function and cell cycle arrest. J Biol Chem 277:
6852–6857.

Young AN, AminMB, Moreno CS, Lim SD, Cohen C, Petros
JA, Marshall FF, Neish AS. 2001. Expression profiling
of renal epithelial neoplasms. Am J Pathol 158:1639–
1651.

Yu F, Finley RL, Jr., Raz A, Kim HR. 2002. Galectin-3
translocates to the perinuclear membranes and inhibits
cytochrome c release from the mitochondria. A role for
synexin in galectin-3 translocation. J Biol Chem 277:
15819–15827.

Zhou Q, Cummings RD. 1993. L-14 lectin recognition of
laminin and its promotion of in vitro cell adhesion. Arch
Biochem Biophys 300:6–17.

124 Oka et al.


