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significantly on human colon cancer cell migration as a
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Background and aims: Galectins are β-galactoside binding proteins. This ability may have a bear-
ing on cell adhesion and migration/proliferation in human colon cancer cells. In addition to galectins-1
and -3 studied to date, other members of this family not investigated in detail may contribute to modu-
lation of tumour cell features. This evident gap has prompted us to extend galectin analysis beyond the
two prototypes. The present study deals with the quantitative determination of immunohistochemical
expression of galectin-8 in normal, benign, and malignant human colon tissue samples and in four
human colon cancer models (HCT-15, LoVo, CoLo201, and DLD-1) maintained both in vitro as perma-
nent cell lines and in vivo as nude mice xenografts. The role of galectin-8 (and its neutralising antibody)
in cell migration was investigated in HCT-15, LoVo, CoLo201, and DLD-1 cell lines.
Methods: Immunohistochemical expression of galectin-8 and its overall ability to bind to sugar ligands
(revealed glycohistochemically by means of biotinylated histochemically inert carrier bovine serum
albumin with α- and β-D-galactose, α-D-glucose, and lactose derivatives as ligands) were quantitatively
determined using computer assisted microscopy. The presence of galectin-8 mRNA in the four human
colon cancer cell lines was examined by reverse transcriptase-polymerase chain reaction. In vitro, cel-
lular localisation of exogenously added galectin-8 in the culture media of these colon cancer cells was
visualised by fluorescence microscopy. In vitro galectin-8 mediated effects (and the influence of its neu-
tralising antibody) on migration levels of living HCT-15, LoVo, CoLo201, and DLD-1 cells were quanti-
tatively determined by computer assisted phase contrast microscopy.
Results: A marked decrease in immunohistochemical expression of galectin-8 occurred with
malignancy development in human colon tissue. Malignant colon tissue exhibited a significantly lower
galectin-8 level than normal or benign tissue colon cancers; those with extensive invasion capacities
(T3–4/N+/M+) harboured significantly less galectin-8 than colon cancers with localised invasion
capacities (T1–2/N0/M0). The four experimental models (HCT-15, LoVo, CoLo201, and DLD-1) had
more intense galectin-8 dependent staining in vitro than in vivo. Grafting the four experimental human
colon cancer models onto nude mice enabled us to show that the immunohistochemical expression of
galectin-8 was inversely related to tumour growth rate. In vitro, galectin-8 reduced the migration rate of
only those human experimental models (HCT-15 and CoLo201) that exhibited the lowest growth rate in
vivo.
Conclusions: Expression of galectin-8 correlated with malignancy development, with suppressor activ-
ity, as shown by analysis of clinical samples and xenografts. In vitro, only the two models with low
growth rates were sensitive to the inhibitory potential of this galectin. Future investigations in this field
should involve fingerprinting of these newly detected galectins, transcending the common focus on
galectins-1 and -3.

Plant lectins and monoclonal antibodies have been instru-

mental in detecting alterations in the profiles of glycans

in cell glycoconjugates on malignant transformation. Ini-

tially of phenomenological value, detection of glycan-epitope

specific proteins (lectins) in tumour cells indicated the

presence of a productive protein-carbohydrate recognition

system.1 2 With the ensuing elaboration of the structural and

functional aspects of mammalian lectins it has become possi-

ble to thoroughly explore correlations between lectin expres-

sion and tumour features based on the hypothesis of glycan

functionality.3–5 Owing to their spatial accessibility,

β-galactosides at the termini of N- and O-glycan antennae

offer suitable docking sites for endogenous lectins. Indeed, one

family of lectins—the galectins6–13—is devoted to interacting

with such sites. To date, 12 members of the galectin family

have been classified based on the presence of invariant
sequence motifs. These proteins share a common topology of
the carbohydrate recognition domain (CRD) with high

sequence homology scores in intermammalian comparisons,

secretion via a non-classical pathway, and interaction with the

extracellular glycans laminin and fibronectin, α1β1 and α7β1

integrins, and other cell surface components such as CD2,

CD3, CD4, CD7, CD43, CD45, gastrointestinal mucins, and dis-

tinct neutral glycolipids or ganglioside GM1 (for review,
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see6–13). In addition to mediation of cell contacts, galectin
binding has been shown to affect cell growth with cell type
dependent modulation of proliferation and induction of apop-
tosis in studies using an exogenous supply of galectin and
genetically defective mice. Cyto- and histochemical investiga-
tions have also directed attention to the nuclear and cytoplas-
mic localisation of galectin-1 and -3 in various cell types, such
as fibroblasts or chondrocytes in vitro and in vivo.6–13 With
respect to colon tumour biology, the presence of galectins-1
and -3 has so far been investigated histopathologically using
different methods and with conflicting results.8 14 Two recent
reports underscore the potential relevance of galectin-3 for
colon cancer progression and metastasis.15 16 Once there is an
awareness of the functional redundancy and antagonism in

the galectin family—for example pro- and antiapoptotic

activities of galectins-1/-9 versus galectin-3—to monitor can-

cer specimens it becomes crucial to extend beyond the two

galectins analysed so far to obtain valid conclusions, an

approach previously referred to as galectin fingerprinting.17 18

To this end, we carried out this study on colon cancer in vitro

and in vivo using a new member of the galectin family.

We recently cloned a new mammalian galectin (designated

galectin-8) from a rat liver cDNA expression library.19 It

belongs to the subclass of tandem repeat type galectins with

two CRDs connected by a 32 amino acid linker with structural

homology to galectin-4. At the nucleic acid level, galectin-8 is

50% homologous to galectin-4 while at the amino acid level,

these two galectins share 34% identity.19 20 However, several

important features distinguish galectin-8 from galectin-4: (i)

unlike galectin-4, but similar to galectins-1 and -2, galectin-8

contains four Cys residues; (ii) the link peptide of galectin-8 is

unique, with no similarity to galectin-4 or -6 or the

metalloproteinase sensitive tandem repeats of galectin-3; and

(iii) the N-terminal carbohydrate binding region of galectin-8

contains an unusual W-G-E-I motif instead of the consensus

W-G-E-R/K motif involved in sugar binding in all other

galectins.19 20 The similarity also extends to galectin-6, another

member of the tandem repeat type subgroup with marked

expression in the gastrointestinal tract, which has 83% amino

acid identity with galectins-4 and -6.19–22 Whereas galectin-4 is

expressed in about equal levels in the colon and small

intestine, but much less so in the stomach,20–23 galectin-6 is

expressed in approximately equal amounts throughout the

mouse gastrointestinal tract.22 Northern blot analysis revealed

that galectin-8 is expressed in rat gastrointestinal tract tissue

and also in the kidneys, cardiac muscle, lungs, and the

brain.19

Interestingly, expression of insoluble galectin-4, also de-

scribed as an adherent junction protein, has previously been

shown to decrease during the development of malignancy in

colon tissue from 18 patients.20 In contrast with galectin-4,

galectin-8 is soluble and secreted, in common with galectins-1

and -3, without the requirement for a signal peptide. To date,

no studies on the cellular functions of this galectin in colon

cancer have been carried out.

The aim of the present study was to investigate whether

galectin-8 plays a significant role in the biology of human

colon cancers. Firstly, we quantitatively determined immuno-

histochemical expression of galectin-8 in normal, dysplastic,

and cancerous human colon tissue obtained after surgical

resections or endoscopy. We then used four in vitro human

colon cancer cell lines (HCT-15, LoVo, DLD-1, and CoLo201) in

which we assessed the presence of galectin-8 mRNA by

reverse transcriptase-polymerase chain reaction (RT-PCR).

Immunocytochemical and histochemical galectin-8 expres-

sion in the four in vitro colon cancer cells and four cell lines

xenografted in vivo into nude mice was determined by

computer assisted microscopy. As a role for galectin-4 in cell

adhesion and/or cell motility has been intimated by cyto-

chemical data in the human T84 colon cancer model, which

was subsequently questioned because of its position exclu-

sively on the apical surface of enterocytes,24 25 we also charac-

terised the influence of galectin-8 on the motility (migration)

level of the HCT-15, LoVo, DLD-1, and CoLo201 in vitro models

using a computer assisted phase contrast microscope ap-

proach, as previously described.26 27

MATERIALS AND METHODS
Histopathological grading and clinical staging
The clinical series of 41 human colon tissue specimens

consisted of five controls, 10 adenomas, and 26 carcinomas.

The normal control samples were from routine biopsies of

colorectal areas without any signs of clinical abnormalities

and were carried out in patients undergoing colonoscopy for

examination or screening purposes. The 10 adenomas

Figure 1 Morphological illustration (G×400) of immunohistochemical expression of galectin-8 in glandular tissue from a normal colon (A),
adenoma (B), locally invasive carcinoma (C), and an extensively invasive carcinoma (D).
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included five cases with low dysplasia and five with severe

dysplasia. Dysplasia grading was carried out according to a

procedure previously described.28

Cancer staging was performed according to the conven-
tional cancer staging system.29 The 26 cancers included four
T1, five T2, nine T3, and eight T4 cases. Of these 26 cancers, 14
exhibited node invasions, and of these 14 node positive
colorectal cancers, eight had additional liver metastases.

All specimens were fixed in buffered formalin before being
further processed for paraffin embedding.

Cell lines, culture media, and nude mice grafting
procedure
The four human colon cancer cell lines were obtained from the

American Type Culture Collection (ATCC, Manassas, Virginia,

USA). These four lines included the HCT-15 (ATCC code

CCL225), LoVo (ATCC code CCL229), CoLo201 (ATCC code

CCL224), and DLD-1 (ATCC code CCL221) models. We have

previously detailed the cell kinetics of these four cell lines in

addition to their growth sensitivity towards various hormones

and/or growth factors30 31 and five plant lectins.32

Cells were cultured at 37°C in sealed (airtight) Falcon plas-
tic dishes (Nunc, Gibco, Belgium) containing Eagle’s minimal
essential medium (Gibco) supplemented with 10% fetal calf
serum. All media were supplemented with a mixture of 0.6
mg/ml L-glutamine (Gibco), 200 IU/ml penicillin (Gibco), 200
IU/ml streptomycin (Gibco), and 0.1 mg/ml gentamycin
(Gibco). Fetal calf serum was heat inactivated for one hour at
56°C.

In vivo nude mice xenografts were obtained from the HCT-15,

LoVo, CoLo201, and DLD-1 in vitro cell lines using a procedure

described previously with respect to grafting of human colon

cancers into this type of nude mouse.33 Briefly, one million cells

from each of the four cell lines were subcutaneously grafted into

eight week old female nu/nu mice (21–23 g; Iffa Credo, IFFA

Credo, Arbresle, France). Five nude mice were grafted for each

of the four cell lines. At the 28th day post graft, the mice were

sacrificed and the tumours removed. The size of each tumour

was determined using calipers, thus enabling the two largest

perpendicular diameters of each tumour to be measured.

Tumour size was thus expressed as an “area” (mm2).34 Each

tumour was also weighed and we obtained a level of statistical

significance of p<0.000001 (Kendall Tau=0.88) between

tumour size expressed as an area and tumour weight (data not

shown). Once the measurements and weighings had been car-

ried out, each tumour was fixed in buffered formalin (4%) for

four days, dehydrated, and embedded in paraffin wax.

Histochemical procedures for revealing the presence of
galectin-8, and binding sites for carrier immobilised
α-galactose, β-galactose, α-glucose, and lactose
residues
Even when working with cell lines, we applied histochemical

procedures throughout the study to avoid problems of

membrane permeabilisation that may occur with cytochemi-

cal procedures. Thus with respect to the four cell lines cultured

in vitro, we made cell pellets by centrifuging 10 million cells

from each of the four cell lines for 10 minutes at 800 g. These

pellets were then fixed in buffered formalin (4%) for four days,

dehydrated, and embedded in paraffin wax. Three pellets were

available for each of the four cell lines. All histochemical pro-

cedures were carried out as detailed previously.28 33 Briefly,

5 µm thick sections were taken from each cell line pellet,

xenograft, and clinical sample. Incubation with the various

antibodies or synthetic probes was carried out at 25±1°C for 60

minutes with minimal background staining and at the

dilutions described below for each antibody. The extent of the

specifically bound antibodies or probes was visualised by

avidin-biotin-peroxidase complex (ABC) kit reagents (Vector

Labs, Burlingame, California, USA), with diaminobenzidine/

H2O2 as the chromogenic substrate. The antigalectin-8

polyclonal antibody, which was raised in a rabbit against the

recombinant rat protein (80% homology to human protein),

was produced and purified as described previously19 and used

at a dilution of 1:500. Control tissue sections were incubated

with the corresponding preimmune sera, with the second

antibody only, or with the polyclonal antigalectin-8 antibody

preabsorbed with recombinant galectin-8. The specificity of

each antibody was checked by western blotting using

galectins-1, -3, -4, and -7 as probes to detect any cross reactiv-

ity (data not shown). The control reactions for the biotinylated

neoglycoproteins included competitive inhibition to ascertain

Figure 2 The 41 cases under study were grouped according to
different histopathological and clinical variables, and galectin-8
concentration in epithelial tissue (measured as mean optical density)
was thus quantitatively determined. (A) Data obtained for the normal
(N), dysplastic (D), locally invasive (T1 or T2 and N0 and M0
variables of the TNM staging system), and extensively invasive
cancer (T3 or T4 and N+ and M+) cases. (B) Quantitative
determination of the extent of galectin-8 expression in epithelial
tissue analysed in four human colon cancer cell lines cultured in vitro
or grafted subcutaneously into nude mice. Five distinct in vitro cell
populations (obtained from five distinct in vitro passages) and five
distinct in vivo xenografts were analysed for each of the four models
(HCT-15, LoVo, DLD-1, and CoLo201). Ten microscope fields
(G×200) were analysed for each tumour. All fields analysed for a
given colon model were grouped together. For each of the four
models under study, the “x”_vt symbol on the x axis represents the in
vitro cell line and the “x”_vv is its corresponding in vivo xenograft.
All data are presented as means (black squares), SEM (open
rectangles), and SDs (bars).
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Figure 3 Galectin-8 gene expression by human colorectal
carcinoma cell lines (HCT-15, LoVo, DLD-1, and CoLo201). Reverse
transcriptase-polymerase chain reaction analysis revealed the
presence of two galectin-8 specific bands in all four cell lines.
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sugar specificity, and omission of the incubation step with a

labelled marker served to exclude any staining by the binding

of kit reagents such as the mannose rich glycoproteins horse-

radish peroxidase and avidin.34 The neoglycoconjugates were

synthesised and biotinylated, as described previously.35 Coun-

terstaining was carried out with haematoxylin.

Computer assisted microscopy for quantitative
histochemistry
Two variables were computed for each marker (a biotinylated

neoglycoprotein or an antibody) using a SAMBA 2005

computer assisted microscope system (UNILOG, Grenoble,

France) with a 20× (aperture 0.50) magnification lens. The

labelling index (LI) refers to the percentage of tissue area spe-

cifically stained by a histochemical probe. Mean optical

density (MOD) denotes staining intensity. The computer

assisted system used to quantify histochemical staining is

detailed elsewhere.36 The computer assisted microscope and

related quantitative analyses were standardised as follows. A

negative histological control slide (which was not exposed to

either the biotinylated neoglycoprotein or the primary

antibody) was analysed for each of the probes mentioned

above, and for each type of biological sample under

study—that is, the cell line pellets, xenografts, and clinical

samples. The software used in the computer assisted

microscope automatically subtracted the LI and MOD values

of the negative control sample from each corresponding posi-

tive value. Special software was used to assist the microscope

in checking any inherent shading in the coupled charge device

(CCD) camera based systems, the glare phenomenon, and the

level of precision of the linearity. Shading and glare were

checked each week. Monitoring carried out by our computer

assisted microscope showed that shading, glare, or linearity

did not significantly alter our results (data not shown).

Ten areas of between 60 000 and 120 000 µm2 were scanned

for each of the biological specimens (that is, the 41 clinical

Figure 4 Morphological illustration (G×400) of immunohistochemically detected galectin-8 expression in the four human colon cancer cell
lines cultured in vitro and in their corresponding in vivo xenografts. (A) In vitro HCT-15 cell line; (B) in vivo HCT-15 xenograft; (C) in vitro
CoLo201 cell line; (D) in vivo CoLo201 xenograft; (E) in vitro LoVo cell line; (F) in vivo LoVo xenograft; (G) in vitro DLD-1 cell line; and (H) in
vivo DLD-1 xenograft.

Galectin-8 expression in human colon cancers 395

www.gutjnl.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.50.3.392 on 1 M

arch 2002. D
ow

nloaded from
 

http://gut.bmj.com/


samples, triplicate in vitro pellets, and the five in vivo

xenografts available for each cell line) under study with each

marker investigated here. Only epithelial tissue was analysed,

and a computer mouse linked to the software on the compu-

ter assisted microscope enabled all non-epithelial tissue to be

removed from the video control before digitising the

histological field to be analysed.

RT-PCR technique for galectin-8 mRNA detection in the
four human colon cancer cell lines
Cells were grown to subconfluence in Petri dishes and lysed by

addition of Tris-Pure isolation reagent (Roche Diagnostics,

Mannheim, Germany). Total RNA was prepared according to

the manufacturer’s recommendation, and 2.5 µg of RNA were

used as a template for cDNA synthesis. Prior to first strand syn-

thesis, RNA was incubated with DNAse I (10 U/µl; Roche Diag-

nostics, Mannheim, Germany) for 30 minutes at 37 °C. The

enzyme was heat inactivated at 75°C for 10 minutes. Reverse

transcription was performed for 60 minutes at 37°C in RT buffer

(50 mM Tris/HCl, pH 8.3, 75 mM KCl, 3 mM MgCl2), 10 mM

DTT, dNTPs (1 mM each), random hexamer primers (30 ng/µl),

and 20 U M-MLV reverse transcriptase (Gibco, Karlsruhe,

Germany). The reaction was terminated by incubation for 10

minutes at 95°C. The integrity of cDNA was confirmed by

β-actin specific PCR analysis, as previously described.37

The following primers were used for the RT-PCR analysis:
galectin-8 sense 5′ GTT GTC CTT AAA CAA CCT ACA G 3′ and
galectin-8 antisense 5′ TAA CGA CGA CAG TTC GTC CAG 3′. All
PCR analyses were carried out in a 20 µl reaction medium con-
taining 2 µl cDNA, 0.5 U Taq polymerase (MWG, Munich,

Germany), 50 mM KCl, 10 mM Tris/HCl (pH 9.0), 0.01%

Triton-X 100, 1.5 mM MgCl2, dNTPs (50 µM each), and 0.1 µM

of both sense and antisense primers. Amplification was

performed as follows: 94°C for four minutes, followed by 36

cycles at 94 °C for one minute, 60°C for one minute, and 72°C for

two minutes. After a final extension period of 10 minutes at

Figure 5 Morphological illustration (G×400) of glycohistochemically detected binding sites for four distinct oligosaccharide moieties in the
HCT-15 human colon cancer model. (A) (in vitro specimen) and (B) (in vivo specimen) relate to the α-Gal-neoglycoconjugate, (C) (in vitro
specimen) and (D) (in vivo specimen) to the β-Gal-neoglycoconjugate, (E) (in vitro specimen) and (F) (in vivo specimen) to the
β-Glu-neoglycoconjugate, and (G) (in vitro specimen) and (H) (in vivo specimen) to the Lac-neoglycoconjugate.
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72°C, the amplified products were separated by gel electrophore-

sis in 2% TAE gels and visualised by ethidium bromide staining

under UV light.

Quantitative determination of in vitro cell motility
The influence of galectin-8 0.15 µg/ml/cm2 coated onto cell

culture supports precoated with Matrigel (Becton Dickinson,

Meylan, France), and of 100 ng/ml antigalectin-8 antibody

added to the culture media for 48 hours (in comparison with

control conditions) on migration of living HCT-15, LoVo,

CoLo201, and DLD-1 cells was quantitatively determined by a

computer assisted phase contrast microscope (Olympus, Ant-

werp, Belgium) equipped with a CCD camera (Hitachi Denshi,

Japan). The technical procedure is detailed elsewhere.26 27

Briefly, our software enabled each HCT-15, LoVo, CoLo201, or

DLD-1 cell in the colony to be distinguished automatically on

the basis of distinct morphological characteristics that in turn

enabled them to be identified against the background (in the

present case, the plastic Falcon dishes).26 27 Thus automatic

distinction of a cell from its background was followed by a

process that enabled the coordinates of its centre of gravity

(centroid) to be computed. As this operation was performed

every four minutes, the trajectory of each cell centroid could

be computed by interpolation. Two motility descriptors were

then determined from these trajectories for each of the human

colon cancer cells subjected to the computer assisted video

microscopy procedure. The first descriptor was related to the

average speed of the cells (the quantitative AS variable).26 27 The

second consisted of the maximum relative distance to the origin
(the quantitative MRDO variable) of the cells.26 27 This latter

variable was the greatest linear distance found between the

original and subsequent positions of each cell, divided by the

duration of observation.26 27 At the beginning of the experi-

ment (t=0 hours), 20–45 malignant colon cells were present

in the field of the phase contrast microscope and were thus

computed by the CCD camera. At the end of the experiments

(t=48 hours), trajectories of 130–420 malignant cells had

been analysed in each experimental condition; these analyses

were carried out in triplicate. The culture media used were

identical to those described above.

Statistical analyses
Statistical comparisons of the data were carried out using the

Fisher F test (one way variance analysis for more than two

groups) or the Student’s t test (for two groups) after checking

for variance using the Levene test and for normal distribution

of the data using the χ2 test. When these conditions were not

satisfied, the non-parametric Kruskall-Wallis (for more than

two groups) or the Mann-Whitney (for two groups) tests

were carried out. Rank correlation statistical analyses were

performed with the Kendall test. All statistical analyses were

carried out using the Statistica software package (Statsoft,

Tulsa, Oklahoma, USA).

RESULTS
Galectin-8 expression in human colon tissue samples
and in pellets from in vitro cultured human colon
cancer cell lines and their corresponding in vivo nude
mice xenografts
Figure 1 shows that immunohistochemical expression of

galectin-8 appeared to be higher in normal cases (fig 1A) and

adenomas (fig 1B) than in carcinomas, regardless of whether

tumours were locally (T1N0M0; fig 1C) or extensively

(T4N2M+; fig 1D) invasive. Figure 1 also shows that while

galectin-8 was located in both the cytoplasm and nuclei of

normal and benign colon tissue, it was located exclusively in

the cytoplasm of malignant colon cells.

Each of the 41 human colon tissue samples was subjected to

a computer assisted microscope analysis that enabled the per-

centage of galectin-8 immunopositive cells (LI variable) and

galectin-8 concentration per monitored cell (MOD) to be

quantitatively determined. Ten distinct fields were analysed

for each of the 41 samples, with only epithelial cells being

taken into account. Connective tissue was positive for

galectin-8 but no statistically significant differences were

observed across the various histopathological groups (data not

shown). Almost all cases (except No 3) exhibited 90–100%

galectin-8 immunopositive epithelial cells, regardless of

histopathological group (data not shown). In contrast,

galectin-8 concentration was lower in malignant than in non-

malignant (including normal and dysplastic) colon cases

Figure 6 The presence of galactose, glucose, and lactose binding sites in the in vitro versus in vivo human HCT-15, LoVo, DLD-1, and
CoLo201 colon cancer models was revealed by glycohistochemical probes containing α-galactose (A), β-galactose (B), α-glucose (C), and
lactose (D) residues covalently attached as ρ-aminophenyl derivatives to biotinylated otherwise histochemically inert carrier protein. See legend
to fig 2B for abbreviations.
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(data not shown). Consequently, for the statistical analyses,
we grouped together all cases in the same histopathological
group and considered only MOD (fig 2A) as LI was not
discriminatory.

Figure 2A summarises the data and shows that galectin-8
expression increased from the normal to dysplastic stage, and
then decreased markedly from these non-malignant cases to
the locally (T1 and T2/N0 and M0 cases) and extensively (T3
and T4/N+ and M+) invasive carcinomas.

As cell lines offer the chance of extending our analysis to bio-
logical cell assays, we investigated four human colon cancer
models. Figure 3 illustrates the data obtained using a specific
primer set for RT-PCR analysis. In addition to the expected
product of 608 bp, additional signals for insertional isoforms
were invariably present (fig 3). Detailed restriction analysis and
sequencing for another tandem repeat type galectin had already
revealed that an extended transcript codes for a galectin-9 iso-
form with a 32 amino acid extension of the link peptide.38

Figure 4 illustrates the morphological patterns of histo-
chemical galectin-8 staining in the four human in vitro
HCT-15, CoLo201, LoVo, and DLD-1 colon cancer cells lines (fig
4A, C, E, G) and their corresponding in vivo xenografts (fig 4B,
D, F, H). These morphological illustrations suggest a decrease

in immunohistochemical galectin-8 expression in the in vivo

models compared with those in vitro from which they were

derived.

Figure 2B illustrates the data obtained from the in vitro cell

lines (the “x”_vt symbols on the x axis) versus the

corresponding in vivo cell lines (the “x”_vv symbols on the x

axis). While significant variations were observed for galectin-8

in epithelial tumours in all models, marked decreases in the

extent of galectin-8 expression occurred systematically when

the in vivo models were compared with those in vitro from

which they were derived (fig 2B).

Immunohistochemical expression of the binding sites
for α-galactose, β-galactose, α-glucose, and lactose
residues in in vitro human colon cancer cell lines and
their corresponding in vivo xenografts
As we observed that the level of galectin-8 expression

decreased markedly in in vivo compared with in vitro human

colon cancer models, we investigated whether this feature was

specific to galectin-8 or whether it occurred with other α- and

β-galactoside, α-glucose, or lactose binding proteins. To reveal

the presence of any type of galactoside, glucoside, or lactoside

binding protein in these in vitro as opposed to in vivo human

colon cancer models, we used glycohistochemical probes con-

taining an α-galactose, β-galactose, α-glucose, or a lactose

derivative covalently attached to a biotinylated and histo-

chemically inert carrier (that is, bovine serum albumin) which

Figure 7 Illustration of galectin-8 binding pattern on human colon
cancer cells. Galectin-8 was revealed by fluorescence microscopy
with the antigalectin-8 antibody used throughout the study. The four
figures on the left (CT panel) illustrate galectin-8 binding patterns in
the four cell lines in the culture media to which no exogenous
galectin-8 was added. In contrast, the four figures on the right (Gal-8
10 ng/ml panel) correspond to experimental conditions in which 10
ng/ml galectin-8 was added 30 minutes before its visualisation by
means of the fluorescent antigalectin-8 antibody.

Figure 8 Data obtained by quantitative video microscopy to
compute the maximum relative distance from the point of origin
(MRDO variable (A)) and the rate of migration (determined as the
average speed (AS) variable (B)) on living HCT-15, LoVo, DLD-1,
and CoLo201 human colon cancer cells. The migration levels of
these four cell lines were quantitatively assessed in control (arbitrarily
defined as “0%” and corresponding to culture supports coated with
Matrigel) compared with galectin-8 treated conditions in which
galectin-8 was coated onto Matrigel coated culture supports. The
potential neutralisation of the biological effects induced by galectin-8
was assayed by adding an antigalectin-8 antibody to the culture
media at a concentration of 100 ng/ml. The experiments lasted 48
hours. Data are presented as means (SEM).
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enabled the binding capacity to be assessed in situ for these

ligands. Galectins can bind α- and β-galactose at the level of

the anomers of the monosaccharide and β-linked disaccha-

rides with galactose at the non-reducing end. Figure 5

illustrates the histochemical binding patterns of four neogly-

coconjugates in the human HCT-15 colon cancer cell line. Fig-

ure 5A, 5C, 5E, and 5G relate to the in vitro pellets, while fig

5B, 5D, 5F, and 5H refer to the nude mice xenografts. Figures

5A and 5B relate to the α-Gal-neoglycoconjugate, and fig 5C

and 5D to the β-Gal-neoglycoconjugate. Figure 5E and 5F

consider the β-Glu-neoglycoconjugate, and fig 5G and 5H the

Lac-neoglycoconjugate. The data illustrated in fig 6 clearly

indicate that the number of α-galactoside (fig 6A),

β-galactoside (fig 6B), α-glucoside (fig 6C), and lactoside (fig

6D) binding sites decreased dramatically in the in vivo human

colon cancer xenograft compared with levels observed in the

corresponding in vitro models. Thus the in vitro to in vivo pas-

sage involving a marked decrease in galectin-8 expression was

not restricted to galectin-8 (fig 2B) but affected binding abili-

ties of these other ligands (fig 6).

Extracellular binding of galectin-8 on human colon
cancer cells
Figure 7 illustrates the patterns of binding and staining inten-

sity for galectin-8 in the four colon cancer cell lines. The pres-

ence of galectin-8 was revealed (under fluorescence micros-

copy) by the antigalectin-8 antibody used throughout our

study. The experimental conditions are detailed in the legend

to fig 8. The data reported here clearly indicate that galectin-8

binds significantly to human colon cancer cells. These

observations validate the fact that we added exogenously

galectin-8 (by coating it onto the culture supports) in our

experiments on cell motility (see fig 8).

Galectin-8 induced modifications to the in vitro
migration levels of the human HCT-15, LoVo, DLD-1,
and CoLo201 colon cancer cell lines
When coated onto a Matrigel culture support, galectin-8 mark-

edly decreased migration levels (in comparison with culture

supports also coated with Matrigel but devoid of galectin-8) in

the HCT-15 and CoLo201 human colon cancer cell lines but not

in the LoVo and DLD-1 cell lines (fig 8). The galectin-8 induced

influence on HCT-15 and CoLo201 cells was apparent in both the

greatest distance covered by the cells (MRDO variable, fig 8A)

and migration rate (AS variable, fig 8B). Addition of the

antigalectin-8 antibody used to immunohistochemically detect

galectin-8 in the in vitro (fig 4A, C, E, G, and fig 8) and in vivo

(fig 4B, D, F, H) colon cancer models partially neutralised but

did not abolish the biological effect induced by galectin-8 (fig

8). These results strongly suggest that the galectin-8 induced

decrease in HCT-15 and CoLo201 cell migration actually relates

to galectin-8. The fact that the antigalectin-8 antibody did not

totally eliminate galectin-8 induced effects may be due, at least

in part, to the fact that the dose of antigalectin-8 antibody used

was too low. The reason for this may relate to effect of the anti-

body on cell kinetics. While at the 100 ng/ml concentration the

antigalectin-8 antibody did not significantly modify HCT-15 or

CoLo201 cell growth kinetic (data not shown), at higher doses it

did (data not shown). In these experiments, we wished to

deliberately limit ourselves to antigalectin-8 antibody concen-

trations acting on cell migration features only. Non-immune

serum was used as a control for the cell motility experiments

with the antigalectin-8 antibody. No significant modifications to

colon cancer cell motility were observed with this non-immune

serum (data not shown).

Relationship between immunohistochemical galectin-8
expression in human colon cancer xenografts and their
growth rate
Galectin-8 caused a marked reduction in migration levels in

the HCT-15 and CoLo201 models while having no apparent

effect on LoVo or DLD-1, even though the four models

uniformly produced galectin-8 mRNA (fig 4) and galectin-8

protein (figs 4, 7). In addition to cell motility, growth rate was

examined for correlations with galectin-8 expression. Indeed,

levels of galectin-8 expression were related significantly and

inversely to the growth rate of these four models when

xenografted in vivo into nude mice: both the percentage of

immunopositive epithelial cells (fig 9A) and galectin-8

concentration in these epithelial tumour cells (fig 9B) were

significantly higher in the slowly growing HCT-15 and

CoLo201 colon cancer models than in the rapidly growing

LoVo and DLD-1 cell lines. Thus galectin-8 significantly

reduced the migration rates in the HCT-15 and CoLo201 mod-

els only and not in the LoVo and DLD-1 models (fig 7),

indicating a sensitivity related to the growth rate of these

colon cancer models (fig 9).

DISCUSSION
In this study we found that a marked decrease in immuno-

histochemical galectin-8 expression occurred with the devel-

opment of malignancy in human colon tissue. Malignant

colon tissue exhibits a significantly lower galectin-8 concen-

tration than normal or benign tissue within colon cancers, and

those with an extensive invasion capacity (T3–4/N+/M+)

harbour significantly less galectin-8 than colon cancers with a

localised invasion capacity (T1–2/N0/M0). The four experi-

mental models (HCT-15, LoVo, CoLo201, and DLD-1) showed

more intense galectin-8 dependent staining in vitro than in

vivo. Grafting the four experimental human colon cancer

models into nude mice enabled us to show that the immuno-

histochemical expression of galectin-8 was inversely related to

the growth rate of the tumours. In vitro, galectin-8 reduced

the migration rate of only those human experimental models

(HCT-15 and CoLo201) which exhibited the lowest growth rate

in vivo.

To date, analysis of galectins in tumour biology has almost

exclusively focused on galectin-1 and galectin-3. To fully

Figure 9 Percentage of immunopositive galectin-8 epithelial colon
cancer cells (A) and immunohistochemically detected galectin-8
concentration in epithelial colon cancer cells (B) in relation to growth
rate in the HCT-15, CoLo201, LoVo, and DLD-1 human colon cancer
cell lines grafted into nude mice.
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understand the protein (lectin)-carbohydrate interaction, it is
essential to analyse the presence and functional aspects of the
other family members. At present, only three reports relate to
galectin-8, with initial cloning work of rat and human
proteins,19 21 39 and binding to the α3β1 integrin has been
shown.40 As detailed in the introduction, galectin-8 resembles
galectin-4 and galectin-6 in many respects but it also has sev-
eral unique features. Interestingly, our PCR data for the four
human colon cancer cell lines revealed the presence of
additional bands in the gels (see fig 3), corroborating earlier
observations on the presence of an additional isoform, the
related tandem repeat type galectin-9.38

In contrast with the rather insoluble galectin-4, galectin-8
stays in solution and is secreted by a non-classical pathway
acting as an extracellular effector. It also binds extracellularly
to human colon cancer cells, as illustrated in the present study
(see fig 7). This is why we characterised the influence of
galectin-8 on migration of human colon cancer cells by
coating the cell culture support with galectin-8.

Our data showed that galectin-8 coated on the culture sup-
ports of HCT-15 and CoLo-201 cells remained active and
markedly decreased migration levels of these two human
colon cancer models for at least 48 hours (see fig 8). Addition
of an antigalectin-8 antibody to the culture media of these
HCT-15 and CoLo-201 cell lines significantly neutralised (but
did abolish) the galectin-8 induced decrease in HCT-15 and
CoLo-201 cell migration. In contrast, neither galectin-8 nor
antigalectin-8 antibody significantly modified migration
levels of the two other human colon cancer models (LoVo and
DLD-1) at the concentrations tested (see fig 8).

The subcutaneous grafting procedure of the four human
colon cancer cell lines onto nude mice revealed that LoVo and
DLD-1, the two rapidly growing models, exhibited signifi-
cantly lower amounts of galectin-8 than HCT-15 and CoLo201
(see fig 9), the two slowly growing models. Thus comparing
these in vivo data with the abovementioned in vitro data it
appears that on the basis of an as yet unknown mechanism,
galectin-8 exerts an inhibitory influence on the migration of
slowly growing human colon cancer cells only, and not on that
of rapidly growing ones. One reason for the differential sensi-
tivity could relate to the action of proteases on ligand sites
which may include the extracellular matrix proteins laminin
or fibronectin, and certain integrins.

These observations concerning both the in vitro and in vivo
experimental models are corroborated by clinical data. Indeed,
quantitative determination of the immunohistochemical
expression of galectin-8 in the series of clinical specimens
clearly shows that the extensively invasive colon cancers
(associated with a high TNM level) exhibited significantly less
galectin-8 than locally invasive ones (associated with a low
TNM level) (see fig 2). Colon cancers associated with a high
TNM level are thought to express significantly higher MMP
levels than colon cancers associated with a low TNM level.41–44

The in vivo decrease in galectin-8 expression compared with
the in vitro situation has a precedent in the case of murine
P388D1 cells and galectin-1.45 Similarly, the exclusively
cytoplasmic localisation with no further nuclear presence has
been observed in later phases of colon tumour progression for
galectin-3.46 To infer an overall capacity to bind sugar ligands,
we used glycohistochemical probes and noted a decrease,
arguing in favour of loss of binding capacity. This modulation
should be considered in functional analyses of the in vitro and
in vivo data for the same cell type. Galectin-8 will most likely
home in on β-galactosides as a first step to elicit biological cell
activities. Interestingly, neither galectin-1 nor galectin-3 (for
review see André and colleages47) inhibited 1299 cell adhesion,
indicating differential selection of target molecules and/or
affinity among galectins. For galectin-8, blotting revealed α3,
α6, and β1 integrins as key cell components.40 Moreover, its
design, with two carbohydrate recognition domains in one
molecule, is evocative of that of homodimeric galectin-1

whose binding to ganglioside GM1 and cross linking have

been involved in the negative growth regulation of cultured

human neuroblastoma cells.48 A further comment pertains to

our previous observations that plant lectins binding α- or

β-galactose residues significantly modify the growth level in

HCT-15 and LoVo in vitro models.32 However, as recently shown

histochemically for VAA, RCA, and galectin-1 in large intestine

tissue,49 the precise specificity of plant and mammalian lectins

may differ despite the same monosaccharide target. These

observations and our present study indicate that an endog-

enous lectin can serve as instructive guidelines for detecting

functional protein (lectin)-glycan recognition systems.

In conclusion, the present study illustrates the importance

of extending our research beyond galectin-1 and -3 in tumour

biology. We showed that the level of galectin-8 expression

decreased markedly during tumorigenesis in human colon

tissue. While assessing cell migration, galectin-8 significantly

reduced these processes in slowly growing human colon can-

cers. In summary, the present study highlights the fact that

the diagnostic and/or prognostic value of galectins in colon

tissue cannot be restricted to galectin-1 and galectin-3.
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