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Abstract

Purpose Galectin-3 has been implicated in advanced
stage of cancer disease. In the current study we examined
the possibility of urinary galectin-3 levels to stage cancer
disease and to follow up therapy.

Experimental design  Urine was collected from all types of
cancer patients at different stages including patients under-
going radio/chemotherapy. Galectin-3 level was determined
by anti-galectin-3 based ELISA and agglutination assays.
Immunoblotting and purification on lactosyl affinity column
further confirmed the presence of galectin-3.

Results Cancer samples exhibited stage dependent
expression of galectin-3 approx. ranging from 1.0 to 3.3,
44t054,54t024.7,13.1 to 31.9, 13.9 to 32.9 ng/mg C
(creatinine) for stage -V, respectively, at P ~ <0.05 level.
Galectin-3 levels were decreased by approx. threefolds
after 5th day of therapy.

Conclusions Sample collection being simple and non-
invasive, urinary galectin-3 may be used as a potential
diagnostic tool for monitoring or follow up of the stage of
cancer disease.
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Introduction

Galectin-3 is a member of a growing family of multifunc-
tional galactoside-binding proteins (Herrmann et al. 1993).
Members of this gene family share affinity for f3-galacto-
side-containing glycoconjugates (Barondes etal. 1994).
Galectin-3 is approx. 16-36 kDa protein composed of three
distinct structural domains: (a) a short NH, terminus that
controls its cellular targeting, (b) a repetitive collagen-like
sequence which serves as a substrate for matrix metallopro-
teinases, and (c) the COOH-terminal domain, a globular
structure encompassing the carbohydrate-binding site (Oda
etal. 1991; Raz et al. 1989). Galectin-3 is found in the cyto-
plasm, but depending on cell types and proliferative states, it
can also be detected on the cell surface (Davidson et al.
2002), within the nucleus (Van den Brule and Castronovo
2000) and in the extracellular compartment (Takenaka et al.
2002). In some human tumors, a direct relationship was
shown between galectin-3 levels and the stage of tumor pro-
gression (Nangia-Makker et al. 2000; Bresalier et al. 1997).
We have recently reported the expression of higher levels of
galectin-3 in metastatic cells as apposed to only insignificant
levels in normal cells (Sathisha et al. 2007). Immuno-histo-
logical studies conducted in our laboratory demonstrated
that only metastatic tissues showed higher levels of galectin-
3; while benign tissues express only marginally (unpub-
lished observation). The distribution of galectin was associ-
ated with stage III-V with cellular changes such as
dysplasia, cancer cells’ nest formation, breakage of base-
ment membrane, and infiltration of cells into a non-native
tissue origin etc., characteristic of stage III-V. Studies con-
ducted by Lotz et al. 1993 also reveal that galectin-3 expres-
sion is related to neoplastic transformation and progression
towards metastasis in colon carcinoma (Schoeppner et al.
1995). In gastric carcinoma, it was found that tissue levels of
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galectin-3 were higher in certain primary tumors and their
metastasis than in the adjacent normal mucosa (Miyazaki
et al. 2002). Down-regulation of galectin-3 expression by
colon carcinoma cells resulted in a significant decrease in
liver colonization ability, whereas up-regulation of galectin-
3 increased metastatic potential (Schoeppner et al. 1995). In
ovarian carcinoma, however, no correlation was observed
(Woynarowska et al. 1994). The introduction of r-galectin-3
into null-expressing non-tumorigenic BT-549 cells resulted
in the acquisition of anchorage-independent growth proper-
ties and tumorigenicity, suggesting a relationship between
galectin-3 expression and malignancy of human carcinoma
cell lines (Song etal. 2002). These findings imply an
involvement of galectin-3 in malignant progression of carci-
nomas. The biological functions of galectin-3 remain elu-
sive. Galectin-3 has been found to be associated with the
inhibition of apoptosis, proliferation, and the progression of
cancer (Nakahara et al. 2005), as well as a mediator of
inflammation (Robertson et al. 1990).

There has been a growing interest in proteome of human
urine that can be used for diagnosis and clinical monitoring.
Recently quantification of formaldehyde in urine was shown
to be a promising tool in the investigation of cancer, particu-
larly bladder cancer (Siemiatycki et al. 1994). Prostate can-
cer foundations detected 95% of cancers and reduced
unnecessary biopsies by 20% by testing for prostrate spe-
cific antigen in urine samples. Dr. Claims detected cancer
based on DNA methylation of selected genes in urine (Cott-
rell 2004). Urinary proteome has infinite potential for diag-
nosis and disease monitoring because of its non-invasive,
simple, and stress-free sampling from patients; while tumor
and tissue biopsies are not obtained as easily. Some peptides
originated from oncogene family proteins, have been docu-
mented as potential biomarker candidates related to certain
disease states (Hong and Kwon 2005). To date phosphog-
lucoisomerase enzyme (Baumann et al. 1990), 8 hydroxy
guanosine, a DNA degraded product (Kanabrocki et al.
2006), and other carcino embryonic antigen levels in the
urine have been shown to correlate with the cancer progres-
sion. However, they lack either specificity or quantitation.

In the current study therefore we analyzed the urine of
patients with cancers for galectin-3 that may be of value for
monitoring the disease status time to time and to monitor
the efficacy of the therapy. Since one can anticipate lots of
changes in the metabolism of cancer due to a fight between
normal cell and a cancer cell and also due to logistic sup-
pression of normal cells by cancer cells, the above study
was undertaken to determine galectin-3 in urine and its reli-
ability to consider it as a common metastatic marker.
Serum being difficult to obtain from cancer patients, a
detailed study in urine samples would throw some light on
the potential use of non-invasive tool for easy, reliable and
inexpensive determination of galectin-3.
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Materials and methods

Collection of urine from cancer patients and normal
controls

Urine samples were collected from patients who were being
monitored and tested for cancer in the oncology day—hospi-
tal—Bharath Hospital and Institute of Oncology at Mysore,
India. A total of 259 patients with histologically proven diag-
nosis of cancer and some being treated with chemo/radiother-
apy were included in this study (Table 1); 61 cervical cancer;
52 oesophageal carcinoma; 44 breast carcinoma; 16 ovary; 12
neck node and 63 miscellaneous including tongue; larynx;
non Hodgkin’s lymphoma; lymphnode; liver; vaginal; pha-
ryngeal; squamous cell carcinoma; peripheral lymphoma;
buccal mucosal; postcricoid; leukemia; colon scalp; pleural;
nasal; vertebrae; penis; osteogenic; adenocarcinomal and
multiple myeloma with different stages of cancers. In cancer
samples—both male and female patients with age group—
range 10-80 years were included. Approximately about 13,
30, and 56% of cancer patients were belonging to the age
group ranges—10-25, 2545, and >45-80%, respectively.

Approximately 60% of the patients were with epithelial
cancer having clinical evidence of metastases. Urine samples
were also collected from patients undergoing chemotherapy
as indicated above, 1-5 days of post-chemotherapy. All urine
samples were centrifuged at 5,000g for 10 min at 4°C fol-
lowed by storage of the supernatant at —20°C adding traces
of toluene to avoid microbial contamination until further use.
Samples were further filtered through Amicon ultra centrifu-
gal device (Millipore) with 5,000 Da cut off to remove inter-
fering substances and the concentrated (tenfold), filtered
samples were screened for galectin-3. Samples were also
obtained from 12 urine donors (normal) with a median age of
30 years (range 2545, one of 12 patients (8%) was 80 years-
old) to obtain normal values. Attention was paid in the con-
trol groups to select volunteers from group, who neither
attacked by the diseases nor taking drugs. Total protein con-
tent was determined by Folin-phenol method (Lowry et al.
1951), UV spectra between 400 and 200 nm was recorded in
a UV spectrophotometer (Smith et al. 1976). Urea and creati-
nine levels were estimated using a Monozyme (Monozyme
India Ltd., Secundarabad, India) kit method.

Measurement of galectin-3 by ELISA

Urine galectin-3 concentrations were assayed with a previ-
ously standardized ELISA procedure (Rajeshwari et al.
1998). The concentrated urinary proteins were immobilized
onto the Immuno ELISA plates (96 well micro titer plates,
Nunc—immunoplate maxisorp) by binding buffer (15 mM
Na,CO;, 35 mM NaHCO;, pH 9.6) and incubated at 4°C
overnight. Next day ELISA blocking buffer (20 mM
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Table 1 Comparative evaluation of galectin-3 levels in urine of cancer patients and healthy controls by ELISA; establishment of correlation
between the stage of the disease and galectin-3 levels

Diagnosis No. of Median 5th 95th Range P value
patients (ng/mg C) percentile percentile value
Healthy individuals 12 1.13 1.06 1.21 1.0-1.2
Cervical®
Stage I 11 2.40 1.18 3.16 1.0-3.3 0.0138
Stage II 12 4.91 4.66 5.17 44-54 0.003
Stage III 13 9.73 4.46 12.80 5.4-24.7 0.0003
Stage IV 10 15.51 13.10 24.02 13.1-31.9 0.11
Stage V 15 32.30 27.07 32.60 13.9-32.9 0.0009
Oesophagus®
Stage I 12 3.00 4.21 6.59 1.2-3.5 0.01
Stage IT 11 4.77 4.36 5.25 4.1-53 0.001
Stage III 14 22.21 18.91 21.2 15.5-23.3 0.034
Stage V 15 30.63 25.23 35.0 21.2-36.8 0.0007
Breast®
Stage I 15 2.72 2.42 2.76 2.12-2.8 0.0048
Stage II 08 4.01 3.70 4.44 3.6-43 0.0008
Stage I1I 09 12.3 15.20 16.92 12.5-18.6 0.005
Stage V 12 31.43 29.40 32.50 30.6-32.3 0.00009
Ovary?
Stage I 09 1.92 1.80 2.04 1.8-2.14 0.003
Stage I1I 07 10.62 9.80 11.01 9.8-11.5 0.008
Other cancers®
Stage I 16 2.70 1.80 3.63 1.7-3.8 0.003
Stage I 15 4.31 3.42 5.34 3.0-5.1 0.008
Stage III 14 8.32 6.01 10.57 59-11.4 0.0008
Stage IV 14 2091 13.52 28.31 12.0-32.1 0.001
Stage V 15 31.40 30.10 31.90 30.6-32.3 0.00009

Urine samples from various cancer patients at different stages and the samples collected from age matched healthy volunteers were analyzed by
ELISA using galectin-3 specific monoclonal anti-galectin-3 antibody

 Indicates the total number of samples collected in each types of cancers—cervical 61, oesophagus 52, breast 44, ovary 16, and other types of
cancers 74; 100 pL each of the above mentioned samples were loaded on to ELISA plate and ELISA was performed using monoclonal— human
anti-galectin-3 followed by alkaline phosphatase conjugated goat—anti mouse IgG. Absorbance at 410 nm was measured in microtitre plate reader
after incubating with 100 pL of 1 mg/mL of paranitrophenyl phosphate in 1% diethanolamine buffer of pH 9.8. Galectin-3 levels were determined
against calibration curve generated by standard galectin-3 using 0.02-0.1 pg/100 pL. Values are expressed as ng galectin-3/mg of Creatinine (C).
Range value and the level of significance were also determined

phosphate buffered saline, PBS, pH 7.4 with 5% skimmed
milk powder) was added to mask the non specific binding
sites of the antibody, incubated for 1 h at 37°C at room tem-
perature, followed by the addition of anti-human galectin-3
monoclonal antibody (Becton Dickinson Co., USA) and
rabbit anti-mouse IgG-alkaline phosphatase conjugate
(GENEI, Bangalore, India) at 1:1,000 and 1:10,000 (v/v)
dilution, respectively. After incubation for 1 h at room tem-
perature, 100 pl of paranitrophenyl phosphate-PNPP
(1 mg ml~") was added as substrate. Plates were washed
four times after each step using wash buffer (PBS contain-
ing 0.5% Tween-20). Absorbance was read at 410 nm in a
microplate ELISA reader (Molecular Devices, Spectramax

340, Germany). A calibration curve was generated using
20-100 ng ml~' of galectin-3 standard (Sigma chemical
co., USA, 99% pure). Values were equalized for creatinine
since there were no significant differences found between
healthy controls and those of cancer patients, except for
some samples under extreme conditions. ELISA was also
performed for urine samples from patients before and after
chemotherapy.

Hemagglutination assay

Microplate agglutination assay was performed for the evalu-
ation of galectin content as per the protocol of (Nowak et al.
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1976). The results were compared with ELISA. This attempt
was made particularly for its easiness to employ in even
common laboratories in developing countries. Briefly,
human erythrocytes were prepared from 10 mL of fresh
blood (collected in Alsever’s medium), washed four times
with five volumes of 0.15 M NaCl. A 4% erythrocyte sus-
pension in 0.02 M PBS, pH 7.4 containing 1 mg mL~" tryp-
sin was incubated for 1 h at 37°C. The trypsin treated cells
were washed with five volumes of 0.15 M NaCl and fixed in
five volumes of 0.02 M PBS pH 7.4 containing 1% glutaral-
dehyde for 1 h at room temperature. Glutaraldehyde fixation
was terminated by the addition of five volumes of 0.1 M gly-
cine in PBS, pH 7.4 at 4°C and the fixed erythrocytes were
employed for the hemagglutination assay. To the RBC thus
isolated, urine samples from the various cancer patients were
added at concentration of 200 pg equivalent of protein. The
sample containing higher galectin level agglutinates more
compared to less galectin concentration. The lower aggluti-
nation level was indicated as 1+ and the highest as 5+ units.

Electrophoresis and Western blotting

Randomly selected concentrated urine samples were
resolved by 12% SDS-PAGE. After, electrophoresis, the
proteins were transferred from gel to PVDF membrane
(Nangia-Makker et al. 2002), membrane was blocked with
1% BSA with TBS (0.5 M Tris base, 9% NaCl, pH 7.6), fol-
lowed by washing with wash buffer TBS with 0.05% Tween
20. Then added primary antibody—anti-human galectin-3 at
1:500 (v/v) dilutions and incubated for 1 h. Membrane was
washed with wash buffer (3x), prior to the addition of sec-
ondary antibody—goat anti-mouse IgG alkaline phosphatase
conjugate at 1:1,000 dilutions (v/v) followed by BCIP—
(5-bromo-4-chloro-3-indolyl phosphate) substrate. Upon reac-
tion of substrate with the bound antibody showed the pres-
ence of galectin-3 bands (~36 kDa) in the urinary proteins.

Purification of galectin-3 from urine samples

One of the concentrated urine samples containing higher
levels of galectin-3 in ELISA was allowed to run on lacto-
syl-sepharose 4B column (1 x 10 mm) and the bound pro-
teins were eluted with 0.2 ml of 0.1 M lactose in [20 mM
phosphate buffered saline (PBS), pH 7.4] (lurisci et al.
2000). Aliquots of the eluent were resolved by 12% SDS-
PAGE and immunoblot was performed as described above.
The membrane was observed for galectin-3 band in urine
samples from various cancer patients.

Statistical analyses

Because galectin-3 values were not normally distributed,
the 5th and 9th percentile values were chosen for data
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description. Differences between patient groups were tested
with the non-parametric Mann—Whitney U test. The corre-
lation between the agglutination activity, ELISA and stage
of cancer were performed. The normal and the cancer
patients’ galectin-3 levels were compared by one-way
ANOVA at P value of 0.05 level of significance using
Smith statistical package. Linearity of standard was estab-
lished using origin 6.1 of SPSS-10 statistical programme.
Regression analysis was performed for each types of can-
cers between the stage I-V with galectin-3 levels to under-
stand the significance of galectin-3 during advancement of
the disease.

Results

Galectin-3 measurement by ELISA in normal and cancer
subjects

The galectin-3 used to prepare the standard curve of
galectin-3 ELISA was >99% pure as per sigma standard-
galectin-3 and judged by SDS-PAGE. The dose-response
curve obtained with standard galectin was linear in the
range of 20-100 ng with the absorbance of 0.1-0.5 with
approx. fivefold increase in the signal over the blank for
the final concentration, indicating the sensitivity of the
assay (Fig. 1). When plates were probed with preimmune
mouse serum, no signal above background level was
observed suggesting the specific reactivity by the anti-
body.

Urine galectin-3 concentrations of healthy individuals
and cancer patients are depicted in Table 1. The levels of
galectin-3 in urine of 12 healthy controls varied between
1.0 and 1.2 ng/mg C (median 1.13 ng/mg C, 95th percentile
1.21 ng/mg C; Table 1). The 95th percentile of galectin-3
levels (1.20 ng/mg C) was arbitrarily taken as the upper
limit of normal. There was no correlation between urinary
galectin-3 concentration and age groups studied between 25
and 45. one sample out of 12 (8%) was from age approx.
80 years with the normal health condition and showed the
value (1.09 ng/mg C) within the normal range indicating
that galectin-3 has no significance in normal health condi-
tion irrespective of the age groups. Among all types of can-
cer patients, several cases showed an increase in galectin-3
levels in the urine and this increase was significantly higher
(P <0.003 to <0.0001) in metastatic patients than with
those of healthy individuals. In 109 patients with localized
tumors (stage I and II), the median galectin-3 concentration
in urine was 2.4 ng/mg C (ranging from 1.05 to 3.36 ng/
mg C) and 4.9 ng/mg C (ranging from 4.4 to 5.4 ng/mg C),
respectively. A total of 54 out of 63 (86%) of stage I and
all the 46 (100%) of stage II patients showed galectin-3
levels above upper limit of normal controls. Approximately
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Fig. 1 Calibration curve of standard galectin-3. Standard galectin-3
obtained from Sigma chemical co., USA was used as standard at the
range of 0.02-0.1 pg/100 pL and detected employing ELISA using
monoclonal anti-galectin-3 antibody as described under materials and
methods. >5-fold difference between the noise to signal ratio was ob-
served. Values are the mean value taken as average of triplicates with
three individual measurements, hence expressing as mean data with
standard deviation. Data validates the standard curve which showed a
linearity with a correlation coefficient—r of ~1.0, when analyzed us-
ing origin 6.1 version of SPSS-10 programme

2.7- and 4.2-fold increase in galectin-3 levels were observed
in upper limit samples of stage I and stage II patients,
respectively. In stage III 95th percentile value showed
approx. 10-25 ng/mg C with 10- to 20-fold higher than
normal and approx. twofold to fourfold higher than stage II
patients. One breast cancer stage III patient out of 9 (10%)
and 6 of 57 (10%) of stage III patients showed galectin-3
levels similar to upper limit value of stage II (4.5 ng/mg C).
However, studies on tissue pathology sections revealed that
they were actually of stage III. This reduction in galectin-3
levels may be associated with the degradation of galectin-3
that is not detectable by the antibody. However, 36 of 57
(63%) and 15 out of 57 (27%) stage 11 patients showed six-
to tenfold and 12- to 24-fold higher galectin-3 levels than
healthy controls. All oesophagus-14 of 14 (100%) showed
15- to 20-fold higher value with P ~ 0.034. In stage III,
migration of cancer cells is within the tissue but in second-
ary, tertiary locations. In stage IV patients six out of ten
(~60%) of cervical, 8 out of 14 (~57%) of other types of
cancer patients showed a median galectin-3 levels as
approx. 13 ng/mg C which is approx. 13-fold higher than
normal controls. Remaining 4 of 10 (40%) of cervical can-
cer patients and 6 of 14 (43%) of other types of cancer
patients showed a median levels of approx. 25 ng/mg C,
which is approx. 25-fold higher than healthy controls at

P ~ <0.001. 100% (12 of 12) of breast, oesophagus (13 of
14) and 90% of other types of stage V cancer patients
revealed a median galectin level of approx. 27 ng/mg C,
while only 1—ascending colon cancer patient, out of 15
(6%) of stage V cancer patients showed value matching
with stage II (5.5 ng/mg C). Indeed this individual was in
the last stage of his life, almost bed ridden and semicon-
scious. Renal failure was also reported. Hence the observed
lower galectin-3 value could be due to higher levels of cre-
atinine in the urine (~3 mg/mL) or due to leaky excretion
of several proteins that reduce the specific levels of galec-
tin-3. Overall 76% of cancer patients with metastatic stage
IIT and IV showed sixfold higher galectin-3 levels than
stage I and stage II indicating that majority of the tissues at
stage III express galectin-3. Although similar fold increase
was found in stage III patients, P value is more significant
(P<0.001) in stage IV than that of stage III patients
P ~0.034). As high as approx. 34-fold increase in galectin-
3 levels was observed in stage V cancer patients. Thus a
significant difference in urine galectin-3 was seen between
carcinoma patients with non metastatic and those with met-
astatic condition (P < 0.032).

Notably, maximum urine concentrations of galectin-3
occurred in patients with metastatic oesophageal carcinoma
(median 32 ng/mg C, range 20-37 ng/mg C; Table I).
Also, galectin-3 urine levels did not differ among the vari-
ous oesophageal cancer patients of similar neoplastic
conditions.

Further, in five each of cervical, oesophagus, and breast
carcinoma patients, urinary galectin-3 levels were mea-
sured before and 5 days after chemotherapy (Fig. 2). In four
of each cases (80%), urine galectin-3 level decreased drasti-
cally from 57 to 18.5 ng/mg C within 3-5 days after sur-
gery. The fifth patient might possibly require more number
of days to lower the level of galectin-3, indicating the
minor variation in responses of patients to treatments. In
one localized breast tumor patient there was only a normal
galectin-3 levels before and after surgery, while in
advanced breast cancer patient, approx. threefold decline in
galectin-3 level was observed after surgery. Data thus indi-
cate that galectin-3 level corroborates with advanced cancer
pathogenicity. Overall regression analysis (Fig. 3) between
stage I and stage V with galectin-3 levels indicated R value
of 0.93-1.0 with P <0.01 for all types of cancer patients
except for breast cancer samples which showed a P value of
approx. 0.5.

Hemagglutination assay
The presence of galectin-3 in urine samples was also con-
firmed by agglutination and inhibition of agglutination

assay by galactose. The agglutination level was very high
in advanced stage cancer patients, while only traces of
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Fig. 2 Urine galectin-3 concentrations in carcinomas before and after
treatment with chemotherapy. Urine galectin-3 concentrations were as-
sayed by ELISA in random cancer patients in oesophagus, cervical and
non-Hodgkin’s lymphoma cancer patients before and after 2-5 days of
chemotherapy. Decrease in galectin-3 levels noted were plotted.
Reduction in galectin-3 levels after therapy suggests that galectin-3 can
be a potent urinary marker for staging, diagnosing and follow up of the
disease. All the data are mean £ SD of three replicates
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Fig. 3 Correlation between the stage of the disease and galectin-3 lev-
els. Regression analysis was performed individually on each type of
cancers between galectin-3 levels as determined by ELISA with the
stage of the disease and regression coefficient-R and the level of signifi-
cance was obtained employing SPSS programme of Origin 6.1 statisti-
cal programme. Gradational increase in galectin-3 levels was observed
with the advancement of the stage of the disease irrespective of type of
cancer. R value calculated separately for different types of samples in
the similar programme is as follows: cervical—R —0.93, P ~ 0.019;
oesophagus—R —0.957, P ~ 0.042; breast—R —0.925, P ~ 0.247;
ovary—R —0.934, P ~ 0.012 and other types of cancers—R —0.952,
P ~ 0.01. All the data are mean £ SD of three replicates

agglutination was observed in patients with first stage, non-
metastatic cancer patients (Table 2). Increase in agglutina-
tion intensity reveals increased galectin-3 and is indicated
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Table 2 Determination of galectin-3 levels in urine of cancer patients
and healthy controls; establishment of correlation between the stages
of the disease with hemagglutination

Type of No. of Correlation Significant difference
cancer patients  b/w stage and between normal
hemagglutination and cancer P value
Cervical 61 0.8 0.00002
Oesophagus 52 0.8 0.00003
Breast 44 1.0 0.0038
Ovary 16 1.0 0.08
Other types 74 0.63 0.0005
of cancers

Various urine samples from cancer patients of different stages and that
of healthy volunteers were analyzed for galectin-3 activity by hemag-
glutination test. Agglutination intensity of 1 to 5+ was observed from
benign to metastatic patients. In each various types of cancers, the cor-
relation between galectin-agglutination activity and the stage of the
disease was determined. Data indicated the presence of galectin-3 in
advanced stages of all types of cancers revealing the universal involve-
ment of galectin-3 in metastasis

in grades as 1 to 5+. A good correlation was found between
agglutination activity and ELISA units, with a correlation
coefficient—r approx. 1.0 varying from 0.8 with a range of
P <0.00005 in cervical and oesophagus cancers; while r
value of 1.0 with P < 0.08 in ovary and <0.03 and 0.003 for
breast samples, respectively. In different types of cancer
samples, r value ~0.6 with P < 0.0005 was observed.

Western blotting

In order to confirm the presence of galectin-3 in the urine
sample, random samples were examined for protein profile
(Fig. 4) and western blot (Fig. 5) analysis. There were some
proteins excreted in various cancer patients. Results were
substantiated by western blot analysis. Similar approx. 36-
kDa band was observed in all tested samples irrespective of
the type of cancers, slight shifts were observed; however, it
is not clear whether, there are some minor changes in the
protein sequences. Attempt will be made to isolate and
purify them to determine their sequence for further under-
standing.

These data hence, suggest that galectin-3 can be an uni-
versal metastatic marker which has advantages over other
markers and assays in serum since sample collection is by
non-invasive method and also negatives, as encountered in
other immunological detection methods due to the narrow
specificity of immunological reagents for only certain cell/
tissue specific markers are minimized. Results were further
substantiated by its specific binding to galectin-specific lac-
tosyl sepharose affinity column followed by elution with
lactose.



J Cancer Res Clin Oncol (2009) 135:355-363

361

| L)  «—205kDa
— | *—98kDa
ase - @ <«—66kDa
e  —43kDa
~36 kDa—»

e <— 29kDa
—_— - . @ < 14kDa

Cl1 C2 C3 C4 C5 N M

Fig. 4 Protein profile in urine samples of cancer and normal subjects.
12% SDS-PAGE was performed loading cancer patient’s urine sam-
ples. Lane I C1 cervical-stage 1V, Lane 2 C2 oesophagus-stage V,
Lane 3 C3 stomach-stage V, Lane 4 C4 cervical-stage 111, Lane 5 C5
Breast-stage V and those of normal urine sample in Lane 6 (N). After
electrophoresis, gels were stained using silver nitrate staining reagent
for proteins. Lane 7 (M) shows the profile of molecular weight mark-
ers. Negligible proteins were found in normal urine samples; while
differential protein profiles were observed in the urine of advanced can-
cer patients
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Fig. 5 Western blot analysis of galectin-3 in urine samples of cancer
patients. 12% SDS-PAGE was performed loading cancer patient’s
urine samples. Lane 1 C1 cervical-stage IV, Lane 2 C2 oesophagus-
stage V, Lane 3 C3 stomach-stage V, Lane 4 C4 cervical-stage 111,
Lane 5 C5 breast-stage V and those of normal urine sample in Lane 6
(N). After electrophoresis, proteins were transferred to a nitrocellulose
membrane. Blots were probed with anti-human galectin-3 antibody
followed by alkaline phosphatase conjugated goat anti-mouse IgG.
BCIP (5-bromo-4-chloro-3-indolyl phosphate) was used to detect alka-
line phosphatase in western blot analysis. Bands were visualized by en-
zyme substrate reaction as described under materials and methods and
the molecular size was determined comparing to molecular markers
which were stained by silver nitrate staining. Gel documentation was
performed to understand differences in profile, in cancer samples

Discussion

In this study, we have determined urine galectin-3 concen-
trations in patients having various types of cancers and com-
pared with the data of that in healthy individuals. Urine
galectin-3 levels were significantly higher in sub-popula-
tions of patients having each type of tumor. In approx. 90%
of cancer patients irrespective of the type of cancer, the inci-
dence of supernormal levels of galectin-3 was elevated in

relation to tumor progression. Galectin-3 levels were signifi-
cantly higher in the urine samples of patients with metastatic
condition than in patients’ with localized tumors. This ten-
dency of increase in urine galectin-3 levels, and its associa-
tion with the occurrence of metastasis was also observed by
other investigators where galectin-3 levels were measured in
the serum of cancer patients (Iurisci et al. 2000).

Breast cancer samples showed moderately significant
value (P = 0.0038) in their first stage. But as the tumor pro-
gresses, the galectin-3 level was increased accordingly.
Enhancement of the metastatic potential of human breast
carcinoma-BT549 cells by galectin-3 provide additional
evidence to our observation.

The indication by the studies of Califice et al. 2004 that
dissociated cytoplasmic galectin-3 expression increases in
later phases of tumor progression reveal more and more
reduction in cytoplasm due to increased nuclear activity
which is predominantly found in tumor progression.
Increasing resistance often found during such tumor pro-
gression state and this could be due to the reactive nitrogen
and oxygen species such as NO and ONOO, most likely
through the bcl-2—Ilike anti-apoptotic function of galectin-
3 (Yang et al. 1996).

The biological role of galectin-3 remains elusive; galec-
tin-3 is found at elevated levels in a variety of neoplastic
cells, and several experimental observations suggest that it
is involved in tumor metastasis in vivo (Shimonishi et al.
2001; Raz et al. 1989). In majority of the cases galectin-3
of cancer cells appear to initiate the cascade of metastatic
events by interacting with extracellular matrix molecules of
normal cells, subsequently activating basement membrane
hydrolyzing enzymes—matrix metalloproteinases that in
turn may be responsible for the dissemination of tumor
cells into the circulation. The role of galectin-3 in enhanc-
ing proliferation and inhibition of apoptosis is also evident
and may add to its cause for aggressive metastatic events.

The results of the present study could imply that the met-
astatic spread of malignant tumors involve, among other
factors, higher levels of expression of galectin-3 in the cir-
culation in the early stages itself leading to its excretion
into the urine, which can be used as an efficient urinary
marker. As proposed by Takenaka et al. (2004) the changes
in the level of expression of galectin-3 may favor metasta-
sis by either one or all of the above-mentioned modalities
such as (a) enhancing the adhesive interactions between
tumor cells and the extracellular matrix, (b) promoting
tumor cell embolization through increased cell-cell adhe-
sion, and (c) conferring a selective survival advantage to
metastatic cells.

No significant changes in galectin-3 levels in urine of
cancer patients till day 2-3 after therapy may indicate the
removal of galectin-3 levels in the urine by collapsed can-
cer cells. Lowered levels after day 3-5 may indicate the
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successful elimination of galectin-3 expressing cancer cells
in the body. The levels of galectin-3 in urine of healthy
controls showed almost nil or trace amounts; there was a
significant difference between the localized (stage I) tumor
and the metastatic (stage III and V) cancer patients at P
value 0.005 level (Tables 1, 2); hence galectin-3 can be a
potential biomarker to monitor metastatic stage of cancer.

In conclusion, the data generated indicate the involve-
ment of galectin-3 in tumor invasion and spread of varieties
of cancers suggesting the universal role of galectin-3 in
metastasis. Indeed this may explain, how tumor cells can
get into metastasis with the similar pathogenicity irrespec-
tive of the tissue affected by cancer. Increased galectin-3
levels in the urine of cancer patients reflect biological
aspects of tumor cell behavior and its implications in its
association with a metastazing phenotype. The current data
together with our previous observations (Sathisha et al.
2007) on the antimetastatic ability of galectin-3 inhibitors
from the selected glycoconjugates not only imply the criti-
cal role of galectin-3 in tumor invasion and metastasis; but
provides a non-invasive sample collection that may favor
cancer victims, in terms of monitoring of the disease; if
need be a targeting molecule for prediction and prevention
of tumor metastasis.
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