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This research was done to examine the interaction of lectins with glycoconjugates expressed on 
Primary CNS tumors using lectins from marine algal Bryothamnion seaforthii (BSL) and seeds of 
Erythrina velutina (EVL) Fluorescein isothiocyanate (FITC)-labeled. Samples of different tumor types 
obtained from the Neurology Service of Sobral-Brazil were processed for histopathologic analysis. 
Samples were marked with complex lectin-FITC as follows: without any marking (G-I); or incubated with 
BSA-FITC (G-II), EVL-FITC (G-III), BSL-FITC (G-IV), EVL-FITC + 0.1 M galactose (G-V) or BSL-FITC 
denatured by heat (G-VI). The quantification of tumor marking was performed by fluorescence intensity. 
EVL-FITC became the images, more fluorescent than the negative control. There was difference (p < 
0.01) in fluorescence intensity between G-II/G-IV and G-III/G-V. Comparing G-III/G-IV, higher 
fluorescence was observed in G-IV (p < 0.01). There was no difference (p > 0.05) when comparing G-II/G-
V or G-IV/G-VI. These lectins have a potential as prognostic marker in primary central nervous system 
(CNS) tumor. 
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INTRODUCTION 
 
Changes in glycosylation of proteins are associated with 
many diseases and may be useful as markers of disease 
states. Both structure and the concentration of 
carbohydrate in a protein may present themselves 
changed during the course of a disease, which allows its 
use as diagnostic information (Chrostek et al., 2011).  

The expression of an oligosaccharide can for example, 
contribute to the metastatic behavior of a tumor cell, as 
observed when increased expression of GalNAc in 
hamster kidney cells (BHK) was induced by polyoma virus 
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The result of this change translates into large amount of 
tetra-antenary oligosaccharides, modifying considerably, 
the cell surface glycosylation (Yamashita et al., 1985). 

Lectins have become well established tools for under-
standing various aspects of cancer and metastasis, since 
several studies have demonstrated the modification of 
cell surface carbohydrates (Pinto et al., 2009; Blonski et 
al., 2007; Moisa et al., 2007). In oncology, the proposed 
application to lectins includes its use as diagnostic probes, 
biological response modifiers and cytotoxic drug carriers 
for target-directed (Frakking et al., 2006). In general, 
some factors contribute to the development of detection 
techniques using lectins, as they seem to have better 
results when compared to conventional immunological 
tests using antibodies as a tool (Lopes et al., 2005).  

The use of lectins in the therapy of many diseases  has 
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been discussed elsewhere (Mody et al., 1995; Ofek et al., 
2003) but this potential is still far from being fully 
exploited. On the other hand, these proteins have become 
well established means for understanding various 
aspects of cancer and metastasis, given that several 
studies have shown the modification of surface carbohy-
drates upon malignant transformation, tumor cell differen-
tiation, and metastasis (Lu and Chaney, 1993; Lu et al., 
1994), and lectins are, in several cases, good candidates 
for detecting such changes. 

In the present study, we use fluorescence microscopy 
to examine the interaction of lectins with glycoconjugates 
expressed on Primary central nervous system tumors, 
using lectins from marine algal B. seaforthii (BSL) and 
seeds of E. velutina (EVL) FITC-labeled, respectively. 
Bovine serum albumin (BSA) FITC-labeled was used as 
negative control in the assays. 
 
 
MATERIALS AND METHODS 
 
Lectins 

 
Purified BSL was obtained after ion exchange chromatography on a 
Diethylaminoethyl (DEAE)-cellulose column (Ainouz et al., 1995). 
EVL was obtained after affinity chromatography on a guar gun 
column (Moraes et al., 1996). The agglutinating fractions of each 
lectin were pooled, dialyzed and lyophilized. The purity was 
confirmed by 12.5% sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE). FITC-labeling (Molecular Probes, Inc) 
of the lectins was performed in 2.0 ml of 0.1 M carbonate/ 
bicarbonate buffer, pH 9.3, and ethylene glycol (3:1 v/v), using a 
lectin/FITC ratio of 1:100. The mixture was submitted to constant 
mixing for 5 h, at 4°C, in the dark. After incubation, the lectin-FITC 
complex was separated from non complexed FITC by molecular 
exclusion chromatography using a PD 10 column (Amersham 

Bioscience) equilibrated with water containing 5% N-butanol. The 
fractions containing the labeled-lectins were recovered, dialyzed 
and lyophilized. 
 
 
Histological processing of the tumors 
 
We studied 60 samples of five different tumor types: astrocytoma, 

oligodendroglioma, ependymoma, meningioma and 
medulloblastoma obtained from patients treated at the Neurology 
Service of Santa Casa de Misericordia de Sobral-Brazil. Samples 
were taken during surgery and fixed using formaldehyde. The tumor 
fragments were dehydrated with ethyl alcohol at 70, 80, 90 and 
100% (10:1/v:w). The clarification was made with xylene (3 times). 
The impregnation occurred with paraffin at 56°C. The tumor 
fragments contained in the paraffin blocks were placed in histo-
logical cassettes and finally processed in microtome. 
 
 
Marking of tumors with complex lectin-FITC 
 
After removal of paraffin, the slides containing samples of each 
tumor were incubated in phosphate buffer (PBS) 0.1 M, pH 7.4 
containing 0.1% BSA. After 10 min, the excess of PBS was 
removed on each slide. Sequentially, it was added over the entire 
length of each tumor fragment to a solution containing 10 g/ml 

lectin-FITC, which remained under constant stirring in shaker for 45  
min at 100 cycles/minute. After shaking, the slides were  washed   3 

 
 
 
 
times (5 min shaking each) in glass cell with 0.1 M PBS pH 7.4. 
After washing, the slides were covered with coverslip for further 
evaluation using a fluorescence microscope Zeiss Axioskop 40, 
coupled to the source MBQ52 with magnification of 40 and 100 
times. For negative control were obtained images of tumor frag-
ments without marking (in natura); incubated only with BSA-FITC, 
incubated with EVL-FITC diluted in a solution containing 0.1 M 
galactose and BSL-FITC heated in a water bath (100°C for 3 min). 
 
 
Quantification of tumor marking (fluorescence intensity) 

 
Images of tumor fragments in natura, incubated with BSA-FITC, 

EVL-FITC, EVL-FITC in 0.1 M galactose solution, BSL-FITC and 
BSL-FITC-denatured by heating, were used to determine the mean 
fluorescence intensity. First, the images were converted to 
grayscale range (8 bits) using the relationship described by 
Gonzalez and Wintz (1987): 
 
Gray(x, y) = 0.299 × Red(x, y) + 0.587 × Green(x, y) + 0.114 × 
blue(x, y) 
 

where, Gray (x, y) is the value of gray intensity (digital number from 
0 to 255) from the pixel coordinate xy image; Red (x, y) is the value 
of the intensity of red component (digital number from 0 to 255) 
from the pixel coordinate xy image; Green (x, y) is the intensity 
value of green component (digital number from 0 to 255) from the 
pixel coordinate xy image; Blue (x, y) is the value of intensity of blue 
component (digital number 0 to 255) from the pixel of the xy co-
ordinate of the image. By means of filters and mathematical 
operations of mean subtraction on the 8-bit, images were sub-

tracted from the background effects. The same parameters in the 
processing of images were kept to avoid artifacts in the 
fluorescence. 

The fluorescence of each 8-bit image was quantified by 
determining the arithmetic mean of the distribution of gray values 
within the fluorescent region, according to the equation: 
Fluorescence intensity = [∑y∑x Gray (y,x)] n

-1
, where n is the total 

number of pixels of the fluorescent region. The program Image J 

1.44o (Wayne Rasband, National Institute Health, USA) was used 
for the processing and calculation of fluorescence. 

 
 
Statistical analysis of fluorescence intensity 

 
For statistical analysis of fluorescence intensity measurements, the 
60 samples from 5 tumors were divided into six groups: Group I, 
two samples of each tumor fragments without any marking; Group 

II, two samples of each tumor fragments incubated with BSA-FITC; 
Group III, two samples of each tumor fragments incubated with 
EVL-FITC; Group IV, two samples of each tumor incubated with 
BSL- FITC; Group V, two samples of each tumor fragments incu-
bated with EVL- FITC with 0.1 M galactose and; Group VI, two 
samples of each tumor fragments incubated with BSL-FITC de-

natured by heat ( ).  
Kolmogorov-Smirnov and Shapiro-Wilks tests were used to 

determine the distribution pattern of the samples (normal or not). 
We used the nonparametric test Kruskal-Wallis test for determining 
the existence of significant differences between the means of the 
following sets: set 1 (Groups I, III and V) and set 2 (Groups II, IV 
and VI). 

The nonparametric Mann-Whitney test was applied for 
determining the existence of significant differences between the 
means of the following groups: Group I (in natura) and Group II 
(BSA-FITC); Group II (BSA-FITC) and Group III (EVL-FITC); Group 

II (BSA-FITC) and Group IV (BSL-FITC); Group II (BSA-FITC) and 
Group V (EVL + FITC-Gal 0.1 M); Group II (BSA-FITC)  and  Group 



 
 
 
 
VI (BSL-FITC + ); Group III (EVL-FITC) and Group V (EVL + FITC-

Gal); Group IV (BSL-FITC) and Group VI (BSL-FITC + ). All tests 
were performed with a significance level equal to 0.01 (α = 0.01). 

 
 
RESULTS 

 
The interaction between the lectin-FITC complex and the 
different tumor types evaluated in this study was des-
cribed in Table 1. It showed the values of fluorescence 
expressed in arbitrary units, obtained from fragments of 
Primary Tumors of Central Nervous System. The 
fluorescence intensity of the 60 tumor samples was 
assessed using the Kolmogorov-Smirnov and Shapiro-
Wilks tests, which revealed that the values of fluo-
rescence did not follow a normal distribution (p < 0.01), 
suggesting the use of nonparametric tests. Thus, the 
Mann-Whitney and Krukal-Wallis tests were used to 
evaluate the fluorescence intensity of the samples. There 
was no statistically significant difference between the 
negative controls: in natura and BSA-FITC (p > 0.05, with 
z = 0.454 and confidence interval between 2.576 and - 
2.576, Mann-Whitney). This finding revealed that there 
was therefore the difference between the fluorescence 
images of tumors with no tumor marker and exposure to 
BSA-FITC, which ensured the use of BSA as a standard 
negative control.  

Comparison (Mann-Whitney´s test) between the 
images of Groups II and III showed a statistically sig-
nificant difference (p < 0.01). EVL-FITC became the 
images of the tumor samples, which was more 
fluorescent than the negative control (BSA-FITC). 
Similarly, there was a statistical difference (p < 0.01, with 
z = -3.780 and confidence interval of 99% between 2.576 
and -2.576) between the groups II and IV (BSL-FITC). 
When comparing groups III and IV, higher fluorescence 
was observed in the latter group (BSL-FITC), with 
difference statistically significant (p < 0.01). 

In assessing the Group III and V (EVL-FITC solution 
with galactose), there was a statistically significant 
difference (p < 0.01) in fluorescence intensity. When 
comparing the negative control; Group II and V, non-
parametric Mann-Whitney did not show statistical 
difference (p > 0.05, with z = -0.529 and confidence 
interval between 1.960 and -1.960). Thus, the action of 
galactose in the samples of Group V made this group 
similar to the negative control (Group II), indicating that 
this sugar was able to block the binding of the lectin to 
the structures of tumor cells, strongly suggesting that the 
binding tumor-lectin was a biological activity. 

There was also a significant difference (p < 0.01) 
between the images of Group IV and Group VI (BSL-
FITC solution submitted to heat). However, there was no 
similarity between the negative control (Group II) and 
Group VI (p < 0.01), which could be explained by partial 
thermal inactivation. 

The Kruskal-Wallis’ test (KW) was significantly different 
(p < 0.01) between the mean fluorescence intensity of the 
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components of the following sets: Set 1 (Groups II, III and 
V) and set 2 (Groups II, IV and VI). 
 
 
DISCUSSION 
 
To the best of our knowledge, this report is the first full 
investtigation demonstrating composition differences in 
Primary Central Nervous System Tumor membranes de-
tected by agglutinating proteins from marine algae. In 
addition, according to our results, B. seaforthii (BSL), as 
well as E. velutina (EVL) exhibit distinct profiles for the 
tumor assayed. These differences could be due to the 
presence of distinct glyco-receptors, different levels of 
their expression on the cell surface, or even by dis-
crepancy in the affinity profile of these lectins for these 
receptors. 

Lectins are glycoproteins that can bind reversibly and 
specifically to carbohydrate structures present in the cell 
membrane. This property is essential for the identification 
and differentiation of a neoplastic cell, since the change 
of surface is directly proportional to genetic changes. 
Therefore, a tool capable of detecting one malignant cell  
with high sensitivity and specificity is presented as ideal 
test for the screening of neoplastic changes. 

Several methods of early detection of tumors are under 
development. There are currently, for clinical use, 
methods based on biochemistry, immunohistochemistry, 
MRI and more recently, nanotechnology. The exp-
erimental model using immunohistochemical plant lectins 
for the identification of glycoproteins and neoplastic 
change related to metastatic spread is under deve-
lopment in our laboratory (Pinto et al., 2009). Combined 
with this, the biodiversity of the flora is presented as a 
source of new lectins. This set of regional factors favored 
the development of a particular model of low cost and is 
highly promising. 

Immunohistochemistry allows accurate characterization 
and diagnosis of solid tumors, hematological 
malignancies and infections (Coleman and Tsongalis, 
1997). A growing number of antibodies directed against 
normal and abnormal cellular proteins, as well as in-
fectious agents, are available to diagnose different 
diseases. With this method, the products of genes are 
analyzed in tissue sections, allowing the characterization 
of tumor cell populations as benign or malignant, the de-
termination of cell line and to determine the nature of the 
molecular genetic changes, leading to a specific process. 
Despite the rapid development of molecular genetic 
techniques, immunohistochemistry remains the most im-
portant tool in the diagnosis of tumors, adjacent to the 
recognition of morphological features and clinical 
correlation (Heim-hall and Yohe, 2008). 

The immunohistochemical method may also     be  useful 
in the treatment of tumors. It was observed in a study 
using wheat germ lectin (WGA) and bean (PHA-L) coupled 

to agarose beads, that the tumorigenic cells were 

immobilized (Heinrich et al., 2005). There are descriptions 
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Table 1. Fluorescence values (expressed in arbitrary units) obtained from fragments of primary central nervous system tumors 
labeled with lectin-FITC. 
 

Tumor 
Group I Group II Group III Group IV Group V Group VI 

in natura BSA-FITC EVL-FITC BSL-FITC EVL-FITC + Gal BSL-FITC +  

Astrocytoma 
5.965 5.853 12.403* 19.621** 3.401*** 8.094

#
 

3.947 3.527 12.853* 22.466** 3.612*** 5.352
#
 

       

Oligodendroglioma 
3.016 3.543 19.120* 31.305** 3.005*** 7.677

#
 

2.795 3.145 16.206* 26.364** 3.842*** 6.783
#
 

       

Ependymoma 
3.190 3.199 16.425* 33.114** 4.144*** 7.218

#
 

4.098 4.057 13.509* 19.773** 3.744*** 14.208
#
 

       

Medulloblastoma 
2.116 2.776 19.903* 28.912** 3.486*** 9.485

#
 

2.102 2.893 11.981* 34.724** 3.245*** 12.122
#
 

       

Meningioma 
4.286 5.608 19.129* 31.853** 6.307*** 15.005

#
 

6.608 6.947 19.679* 37.825** 6.748*** 9.903
#
 

 

*p < 0.01 comparing Groups II and III; **p < 0.01 comparing Groups II and IV; ***p < 0.01 comparing Groups II and V; 
#
p < 0.01 

comparing Groups II and VI. 

 
 
 
of two ways in which lectins may interact: (1) using a non-
toxic lectin coupled to an anticancer drug or; (2) using an 
anticancer lectin (Banchonglikitkul et al., 2002). In both 
cases, lectin binds to carbohydrates on the cell surface 
as a first step. Therefore, cells devoid of carbohydrate 
residues to which the lectin can bind are not affected by 
the lectin (Goreli et al., 2001). 

The discussion on the use of lectins as recognition 
molecules and differentiation of glycoconjugates implies 
the ability of the lectin to recognize and interact with 
molecules on the surface and within cells, and 
physiological fluids. This interaction has been extensively 
studied in different disciplines, from basic science to 
clinical studies. This multidisciplinary corroborates the 
importance of developing new methods for studying 
lectin-saccharide interactions with potential diagnostic 
applications (Reuter and Gabius, 1999). 

In several studies (Fox and Flynn, 1992; Koizumi et al., 
1976; Strand, 1995) there is evidence of a biologically 
active role for albumin, as oxidation of lipids, for example. 
Comparing the anti-mutagenic effect of BSA, soy protein, 
total serum protein, the hydrolyzed casein and 
lactoglobulin, it was observed that only the hydrolyzed 
casein and BSA were able to protect against genotoxic 
compounds (Bosselaers et al., 1994). On the other hand, 
the model used in our study, there was no significant 
change in the intensity of fluorescence of the samples by 
the action of BSA. The results showed statistical similarity 
in fluorescence intensity between the tumor samples, 
without marking (Group I) and those incubated with BSA-
FITC (Group II). This finding validates the use of BSA-
FITC as a negative control for this model study. 

There was a significant difference (p < 0.001) related to 
fluorescence values between samples treated with BSA-
FITC and those treated with lectins conjugated to FITC. 
Between two lectins (BSL and EVL), BSL-FITC marked 
more intensely studied tumor fragments (p < 0.01), 
suggesting the presence of aberrant glycoproteins in the 
membranes of the tumors studied. Similar results were 
obtained by Pinto et al. (2009) who observed that the 
lectin BSL coupled to FITC was able to mark cell cultures 
of human colon cancer, which are rich in variety of Lewis 
antigens and mucin type O. 

Significant result was the reduction of fluorescence 
levels of tumor samples incubated with FITC-EVL in-
hibited by 0.1 M galactose. The addition of galactose, 
known inhibitor of EVL (Moraes et al., 1996), was able to 
inhibit its binding to the tumor, showing fluorescence 
values similar to control - BSA-FITC (Figures 1 and 2). 
This data suggests that more intense labeling of tumor 
fragments by Group III (EVL-FITC) is due to biological 
activity of the lectin, since the addition of its inhibitor 
reduced the intensity of fluorescence values similar to 
those observed for Group II (BSA-FITC). This outcome 
also suggests the expression in tumor cell surface, car-
bohydrate, glycoprotein which binds to EVL as galactose 
and N-acetylgalactosamine. The presence of glycol-
proteins containing these sugars was reported in breast 
cancer tumors (Osinaga et al., 2000). 

There is no known monosaccharide able to inhibit 
specifically the BSL, so heat treatment was performed in 
BSL-FITC solution to abolish the biological activity  of  the 
lectin. However, comparison of Group VI (BSL-FITC 
denatured  by heat)   with  Group II  (BSA-FITC)   showed 



 
 
 
 

 
 

Figure 1. Photomicrograph of medulloblastoma fragment 
incubated with EVL-FITC (10 μg/ml for 45 min); magnified by 
100×. 

 
 
 

 
 

Figure 2. Photomicrograph of medulloblastoma fragment 

incubated with FITC-EVL + 0.1 M Gal (10 μg/ml for 45 min); 
magnified by 100×. 

 
 
 
significant difference (p < 0.01). It is possible that the 
heat has not completely denatured BSL, remaining 
biologically active molecules, which is due to the ability of 
some proteins having to return to its initial structure after 
lowering the temperature, recovering thus its biological 
activity. It is known that biochemical inhibition with an 
antagonist, as occurred between the EVL and galactose 
is more specific, and results in effective inhibition by a 
physical agent such as increased temperature, in the case 
of BSL. 

According to data analyzed and discussed, it was found 
that there was a clear difference between the groups.  The 
lectin isolated from the marine algae B. seaforthii was 
able to interact with the tumor samples far more intensively 
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than the lectin extracted from seeds of E. velutina. The 
comparison between the fluorescence intensity of the 
Group V (EVL + FITC-Gal 0.1 M) and the Group II (BSA-
FITC) strongly suggests that there is an interaction 
between the lectin and structures present in the tumor 
membranes. 

Outcomes also show that thermal inhibition can be 
used an alternative to block/reduce the biological activity 
of BSL, since this lectin is not inhibited by simple sugars. 
However, it should be emphasized that the thermal in-
hibition of a protein depends on multiple variables, such 
as heating time and the presence of disulfide bonds. 
Even having two disulfide bonds in its structure was more 
appropriate to use the heating, since the use of reducing 
agents resulted in high turgor of the solution. 
 
 
Conclusion 
 
Results presented support the hypothesis of interaction 
between the tumor surface and the lectins studied. There 
is no record in the medical literature about this possible 
interaction of these lectins and the tumor types studied. It 
is an important step to be able to get the exact des-
cription of the molecular nature of ligand structure on the 
surface of tumor cells evaluated. This finding could lead 
to the development of new tools for the diagnosis of 
specific markers of primary tumors of the central nervous 
system. 
 
 
ACKNOWLEDGMENTS 
 
The authors are thankful for the financial support 
provided by National Counsel of Technological and 
Scientific Development (CNPq), CAPES and Cearense 
Foundation Support Scientific and Technological Deve-
lopment (FUNCAP).  
 
 
REFERENCES 
 

Ainouz IL, Sampaio AH, Freitas ALP, Benevides NMB, Mapurunga S 
(1995). Comparative study on hemagglutinins from the red algae 
Bryothamnion seaforthii and Bryothamnion triquetrum. Rev. Bras. 

Fisiol. Vegetal. 7:15-19. 
Banchonglikitkul C, Smart JD, Gibbs RV, Donovan SJ, Cook DJ (2002). 

An in vitro evaluation of lectin cytotoxicity using cell lines derived from 

the ocular surface. J. Drug Target 10:601-606. 
Blonski K, Milde-Langosch K, Bamberger AM, Osterholz T, Utler 

C, Berger J, Löning T, Schumacher U (2007). Ulex europeus 

Agglutinin-I Binding as a Potential Prognostic Marker in Ovarian 
Cancer. Anticancer Res. 27(4C):2785-2790.  

Bosselaers IE, Caessepens PW, Van boekel MA, Alink GM (1994). 

Differential effects of milk proteins, BSA and soy protein on 4NQO- or 
MNNG-induced SCEs in V79 cells. Food Chem. Toxicol. 32:905-909. 

Chrostek L, Cylwik B, Panasiuk A, Brodowska-Adamusiak D, 

Gruszewska E (2011). Lipid-bound sialic acid (LSA) in liver diseases 
of different etiologies. Ann. Hepatol. 10(2):150-154. 

Coleman WB, Tsongalis GJ (1997). Molecular Diagnostics for the 

Clinical Laboratorian (2nd Ed). St. Louis, Humana Press.  
Fox PF, Flynn A (1992). Biological properties of  milk  proteins.  Elsevier 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Blonski%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Milde-Langosch%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bamberger%20AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Osterholz%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Utler%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Utler%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Utler%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Berger%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22L%C3%B6ning%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schumacher%20U%22%5BAuthor%5D


26          J. Cancer Res. Exp. Oncol. 
 
 
 

Applied Science, New York. pp. 255-284. 
Frakking FN, van de Wetering MD, Brouwer N, Dolman KM, Geissler J, 

Lemkes B, Caron HN, Kuijpers TW (2006). The role of mannose-

binding lectin (MBL) in paediatric oncology patients with febrile 
neutropenia. Eur. J. Cancer 42:909-916. 

Gonzalez RC, Wintz P (1987). Digital Image Processing (2nd Ed). 

Addison-Wesley Publishing Company, Massachusetts. 
Goreli E, Galili U, Raz A (2001). On the role of cell surface 

carbohydrates and their binding proteins (lectins) in tumor 

metastasis. Cancer Metastasis Rev. 20:245-277. 
Heim-hall J, Yohe SL (2008). Application of immunohistochemistry to 

soft tissue neoplasms. Arch. Pathol. Lab. Med. 132:476-489. 

Heinrich EL, Welty LAY, Banner LR, Oppenheimer SB (2005). Direct 
targeting of cancer cells: A multiparameter approach. Acta 
Histochem. 107:335-344. 

Koizumi C, Wada S, Nonaka J (1976). Catalytic Function of Fish Muscle 
Extract in Linoleate Oxidation. Bull. Jpn. Soc. Sci. Fish. 42:497-505.  

Lopes FC, Cavada BS, Pinto VP, Sampaio AH, Gomes JC (2005). 

Differential effect of plant lectins on mast cells of different origins. 
Braz. J. Med. Biol. Res. 38:935-941. 

Lu Y, Chaney W (1993). Induction of N-acetylglucosaminyltransferase V 

by elevated expression of activated or proto-Ha-ras oncogenes. Mol. 
Cell. Biochem. 122:85-92. 

Lu Y, Pelling JC, Chaney WG (1994). Tumor cell surface beta 1-6 

branched oligosaccharides and lung metastasis. Clin. Exp. 
Metastasis 12:47-54. 

Mody R, Joshi S, Chaney W (1995). Use of lectins as diagnostic and 

therapeutic tools for cancer. J. Pharmacol. Toxicol. Methods 33:1-10. 
Moisa A, Fritz P, Eck A, Wehner HD, Mürdter T, Simon W, Gabius HJ 

(2007). Growth/Adhesion-regulatory Tissue Lectin Galectin-3: 

Stromal Presence but not Cytoplasmic/Nuclear Expression in Tumor 
Cells as a Negative Prognostic Factor in Breast Cancer. Anticancer 
Res. 27(4B):2131-2139. 

 
 
 
 

 
 

 
 

 

 

 

 

 
 
 
 

 

 

 

 

 

 

 

 
 

 
 
 

 
 
 

 
 
 

 
 
 
 
Moraes SM, Cavada, BS, Moreira RA, Roque-Barreira MC, Santos-de-

Oliveira R, Pinto VP, Oliveira JT (1996). Purification, physicochemical 
characterization and biological properties of a lectin from Erythrina 

velutina forma aurantiaca seeds. Braz. J. Med. Biol. Res. 29:977-985. 

Ofek I, Hasty DL, Sharon N (2003). Anti-adhesion therapy of bacterial 
diseases: prospects and problems. FEMS Immunol. Med. Microbiol. 

38:181-191. 
Osinaga E, Bay S, Tello D, Babino A, Pritsch O, Assemat K, 

Cantacuzene D, Nakada H, Alzari P (2000). Analysis of the one 

specificity of Tn-binding proteins using synthetic glycopeptide 
epitopes and a biosensor based on surface Plasmon resonance 
spectroscopy. FEBS Lett. 469:24-28. 

Pinto VPT, Debray H, Dus D, Teixeira EH, Oliveira TM, Carneiro VA, 
Teixeira AH, Cristino-Filho G, Nagano CS, Nascimento KS, Sampaio 
AH, Cavada BS (2009). Lectins from the Red Marine Algal Species 
Bryothamnion seaforthii and Bryothamnion triquetrum as Tools to 

Differentiate Human Colon Carcinoma Cells. Adv. Pharmacol. Sci. 
Article ID 862162, p. 6.  

Reuter G, Gabius HJ (1999). Eukaryotic glycosylation: whim of nature 
or multipurpose tool? Cell. Mol. Life Sci. 55:368-422. 

Strand J (1995). Primary prevention of insulin-dependent diabetes 

mellitus: Simple approaches using thermal modification of milk. Med. 
Hypotheses 42:110-114. 

Yamashita K, Kochibe SN, Ohkura T, Ueda I, Kobata OTA (1985). 

Fractionation of L-Fucose-containing Oligosaccharides on 
Immobilized Aleuria aurantia Lectin. J. Biol. Chem. 60:4688-4693. 

 
 
 

javascript:AL_get(this,%20'jour',%20'Acta%20Histochem.');
javascript:AL_get(this,%20'jour',%20'Acta%20Histochem.');
javascript:AL_get(this,%20'jour',%20'Acta%20Histochem.');
http://dx.doi.org/10.1016/1056-8719(94)00052-6
http://dx.doi.org/10.1016/1056-8719(94)00052-6
http://dx.doi.org/10.1016/1056-8719(94)00052-6
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moisa%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fritz%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Eck%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wehner%20HD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22M%C3%BCrdter%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Simon%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gabius%20HJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Growth%2FAdhesion-regulatory%20Tissue%20Lectin%20Galectin-3%3A%20Stromal%20Presence%20but%20not%20Cytoplasmic%2FNuclear%20Expression%20in%20Tumor%20Cells%20as%20a%20Negative%20Prognostic%20Factor%20in%20Breast%20Cancer
http://www.ncbi.nlm.nih.gov/pubmed?term=Growth%2FAdhesion-regulatory%20Tissue%20Lectin%20Galectin-3%3A%20Stromal%20Presence%20but%20not%20Cytoplasmic%2FNuclear%20Expression%20in%20Tumor%20Cells%20as%20a%20Negative%20Prognostic%20Factor%20in%20Breast%20Cancer
http://www.ncbi.nlm.nih.gov/pubmed?term=Growth%2FAdhesion-regulatory%20Tissue%20Lectin%20Galectin-3%3A%20Stromal%20Presence%20but%20not%20Cytoplasmic%2FNuclear%20Expression%20in%20Tumor%20Cells%20as%20a%20Negative%20Prognostic%20Factor%20in%20Breast%20Cancer
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moraes%20SM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cavada%20BS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moreira%20RA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roque-Barreira%20MC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Santos-de-Oliveira%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Santos-de-Oliveira%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pinto%20VP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Oliveira%20JT%22%5BAuthor%5D
http://dx.doi.org/10.1016/S0928-8244(03)00228-1
http://dx.doi.org/10.1016/S0928-8244(03)00228-1
http://www.sciencedirect.com/science/journal/03069877
http://www.sciencedirect.com/science/journal/03069877
http://www.sciencedirect.com/science/journal/03069877

