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The immune system recognizes diverse melanoma

antigens. However , tumors can evade the immune

response, therefore growing and progressing. It

has been reported that galectin-3 and galectin-1 can

induce apoptosis of activated lymphocytes. How-

ever , there is strong evidence indicating that the

regulation of galectins function in the human tu-

mor microenvironment is a complex process that is

influenced by diverse biological circumstances.

Here , we have investigated 33 biopsies (eight pri-

mary and 25 metastases) from 24 melanoma pa-

tients (15–72 years old) and describe the correlation

between the expression of galectin-3 or galectin-1 and

the level of apoptosis of tumor-associated lymphocytes

using immunohistochemistry and an in situ nick trans-

lation assay. The range of galectin-3-positive tumor cells

varied between 0% and 93% and that of galectin-1-pos-

itive tumor cells varied between 5% and 97%. In addi-

tion, 23 � 27% of tumor-associated lymphocytes were

apoptotic. Although our results show a correlation be-

tween galectin-3 expression and apoptosis of tumor-

associated lymphocytes, we could not find such corre-

lation with galectin-1. Considering the complex process

of cancer immunoediting, various interacting factors

must be considered. (Am J Pathol 2006, 168:1666–1675;

DOI: 10.2353/ajpath.2006.050971)

Malignant melanoma is the cancer with the fastest grow-

ing incidence,1 and the survival of patients with visceral

metastases is often less than 1 year. The use of chemo-

therapy in this disease is quite deceiving, because

mostly short-lived partial responses are obtained. Be-

cause melanoma is an immunogenic tumor, the use of

immunotherapy has attracted considerable interest in re-

cent years. It is well known that melanoma cells elicit a

specific effector activity by generating T-cell clones that

recognize melanoma-associated antigens in a major his-

tocompatibility complex context.2–4 However, human

melanoma cells have also developed survival strategies

that allow their growth and invasion in a hostile microen-

vironment to be monitored by the immune system. Thus,

the tumor relies on several mechanisms of immune es-

cape such as down-regulation of major histocompatibility

complex context molecules, insufficient antigen expres-

sion,5 and production of local immunosuppressive fac-

tors, such as Fas ligand6,7 or interleukin-10.8 We and

others have recently demonstrated in experimental mel-

anoma that galectin-1 (gal-1) may also contribute to tu-

mor immune escape.9

Galectins are carbohydrate-binding proteins that

share a constant recognition domain for �-galactosides

and are involved in cell adhesion, migration, differentia-

tion, angiogenesis, proliferation, mRNA splicing, and apo-

ptosis.10–12 We and others have shown a pro-apoptotic

activity for secreted soluble gal-1 and galectin-3 (gal-3)

on T lymphocytes.9,13–15 However, sensitivity to galectin-
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mediated lymphocyte apoptosis in human melanoma

may be regulated by several factors, such as cytoplas-

mic anti-apoptotic gal-3,16,17 expression of proteases

that cleave gal-3 in the tumor microenvironment,18,19 and

the absence of adequate glycan ligands in the surface of

target cells.20

Because any chance of success for immunotherapy

appears to require that cytotoxic viable CD8� and/or

CD4� T lymphocytes enter the tumor and lyse tumor

cells, we have investigated the expression of gal-3 and

gal-1 in human melanoma biopsies. We provide here

evidence that gal-3 expression correlates with T-cell

apoptosis. The presence of other local or systemic pro-

apoptotic factors may influence apoptosis at the tumor

site.

Materials and Methods

Patients and Melanoma Biopsies

Samples were obtained from melanoma patients who

were enrolled in several clinical trials authorized by the

Institutional Review Board of the Instituto Alexander Flem-

ing and who gave informed consent. A total of 33 biop-

sies from 24 patients (15 to 72 years old) were studied. In

seven patients the primary tumors were unknown. Eight

biopsies corresponded to primary tumors, 13 to lymph

node metastasis, 10 to cutaneous metastasis, and 2 to

lung metastasis. According to the histopathological re-

ports, all tumors were epithelioid cell melanoma. The

patients are listed below in Table 1. In three patients both

primary tumors and metastases could be analyzed. Two

patients (NB and GZ) had Stage IIB melanoma, and

therefore only the primary tumors were analyzed.

Specimens were fixed in 10% neutral buffered formalin

and embedded in paraffin. Consecutive 4-�m tissue sec-

tions were cut, placed onto silane-coated microscope

slides, and processed for histopathological examination,

as well as for in situ nick translation (ISNT) and immuno-

histochemistry (IHC).

Immunohistochemistry

Tissue sections were deparaffinized, rehydrated, and

placed in a pressure cooker with citrate buffer, pH 6.0, for

1 minute after reaching boiling temperature to retrieve

antigenic sites masked by formalin fixation. The tissue

sections were then placed in 3% hydrogen peroxide for 5

minutes to inactivate endogenous peroxidase, blocked

for 20 minutes with normal horse serum (Vectastain Elite

ABC Kit; Vector Laboratories, Burlingame, CA), and sub-

sequently incubated overnight at 4°C with 1:200 gal-1

monoclonal mouse anti-human antibody or 1:200 gal-3

monoclonal mouse anti-human antibody (clones 25C1

and 9C4, respectively; Novocastra Laboratories Ltd.,

Newcastle, UK). As a negative control stain, IgG1-� from

murine myeloma (clone MOPC 21; Sigma-Aldrich Inc., St.

Louis, MO) was used. The slides were then treated with

biotinylated secondary antibody for 30 minutes at room

temperature, followed by avidin- biotin complex reagent

for 1 hour and peroxidase substrate (VECTOR NovaRed

Substrate Kit; Vector Laboratories, Burlingame, CA) for 8

minutes. Counterstaining was performed with 10% hema-

toxylin. To detect gal-1-sensitive activated lymphocytes,

a monoclonal mouse anti-human CD45RO antibody

(clone UCHL1; DakoCytomation, Glostrup, Denmark) at

1:50 was used, and subsequent steps were as above.

For Ki-67 staining, once tissue sections were blocked

for endogenous peroxidase activity, primary monoclonal

mouse anti-human Ki-67 antibody (clone MIB-1; DakoCy-

tomation) was incubated for 10 minutes at room temper-

ature. The sections were then treated with biotinylated

secondary antibody (Universal LSAB2 Kit; DakoCytoma-

tion) for 10 minutes, followed by 10-minute incubation

with streptavidin-horseradish peroxidase and 3,3�-diami-

nobenzidine solution for another 10 minutes at room

temperature. Tissue sections were counterstained with

hematoxylin.

A polyclonal antibody for human cleaved poly-(ADP-

ribose) polymerase (Cell Signaling Technology Inc., Bev-

erly, MA) was used following the recommended manu-

facturer’s protocol.

In Situ Nick Translation

To identify nuclei with DNA strand breaks as a marker of

apoptosis, ISNT was performed according to the protocol

described by Koji et al21 with modifications. Tissue sec-

tions were deparaffinized with xylene and rehydrated in

serial ethanol solutions. After extensive washing with

phosphate-buffered saline, the sections were treated with

1 �g/ml proteinase K (Fermentas Life Sciences, Vilnius,

Lithuania) in phosphate-buffered saline at 37°C for 15

minutes, washed with phosphate-buffered saline, and

immersed in 50 mmol/L Tris-HCl, pH 7.5. Afterward, DNA

synthesis was performed on the slides for 3 hours at 37°C

in 100 �l of medium containing 50 mmol/L Tris-HCl, pH

7.5, 10 mmol/L MgCl2, 0.1 mmol/L dithiothreitol, 50 �g/ml

bovine serum albumin, 100 U/ml DNA polymerase I (New

England Biolabs Inc., Beverly, MA) and 20 �mol/L each

of dATP, dGTP, and dCTP (Invitrogen, Carlsbad, CA) and

biotin-11-dUTP (Fermentas Life Sciences). dTTP (Invitro-

gen) was used as a negative control instead of biotin-11-

dUTP. After repeated washes, sections were placed in

3% hydrogen peroxide in methanol for 5 minutes to inac-

tivate endogenous peroxidase, washed with phosphate-

buffered saline, and then incubated for 30 minutes with

avidin-biotin complex reagent (Vectastain Elite ABC Kit;

Vector Laboratories) at room temperature. The horserad-

ish peroxidase-labeled sites were visualized by incubat-

ing for 2 minutes with peroxidase substrate (VECTOR

NovaRed Substrate Kit, Vector Laboratories). Counter-

staining was performed in 10% hematoxylin. All materials

and reagents were sterile or autoclaved to avoid nucle-

ase contamination and thus undesirable breaks on DNA

strands.

Western Blots

Extracts were prepared from tissues of melanoma biop-

sies that were preserved at �80°C. Tissues were thawed,

Galectin-3 and Apoptosis of TALs 1667
AJP May 2006, Vol. 168, No. 5



pulverized with liquid nitrogen, treated for 30 minutes at

4°C with lysis buffer (50 mmol/L Tris-HCl, pH 7.5, 1%

Nonidet P-40, 150 mmol/L NaCl, 5 mmol/L ethylenedia-

mine tetraacetic acid, and 1 mmol/L phenylmethylsulfonyl

fluoride) and centrifuged at 4°C during 30 minutes at

10,000 � g. The supernatant was aliquoted and frozen at

�20°C. The protein concentration was measured accord-

ing to Bradford.22

The extracts were run in a 15% polyacrylamide gel

electrophoresis gradient after seeding 30 �g of protein

per lane. The gel was then transferred to a nitrocellulose

membrane (0.45-�m pore; Sigma). The membranes were

blocked with 3% bovine skim milk (Molico, Argentina)

and then incubated overnight at 4°C with 1:100 diluted

anti-gal-3 or anti-gal-1 monoclonal antibodies. As a load-

ing control, a monoclonal antibody against the constitu-

tively expressed glyceraldehyde-3-phosphate dehydro-

genase was also incubated (clone 6C5; Ambion Inc.,

Austin, TX). As standards, 2.5 �g of recombinant gal-1

and gal-3 (PeproTech, Rocky Hill, NJ) was used. After

several washings, filters were incubated with alkaline

phosphatase-conjugated goat Ig anti-mouse IgG (Jack-

son ImmunoResearch, West Grove, PA) and visualized

with nitro blue tetrazolium-5 and bromo-4-chloro-3-indolyl

phosphate (Promega Corp., Madison, WI).

IHC Quantitative Staining Analysis

Homologous areas of serial sections were searched and

analyzed for gal-3, gal-1, and ISNT staining using histo-

logical landmarks, in which both lymphocytes and mela-

noma cells were present. The data were obtained by

evaluating the percentage of positive cells in at least ten

�400 random fields using an optical light microscope

(Olympus Microscope System BX40; Olympus, Tokyo,

Japan). Apoptotic cell morphology was confirmed at

�1000 magnification.

Statistical Analysis on IHC

The data were analyzed by calculating the nonparametric

Spearman correlation and Wilcoxon rank sum test, using

Statistix software version 8.0 (Analytical Software, Talla-

hassee, FL). P � 0.05 was considered statistically signif-

icant. To associate ISNT(�) lymphocytes with gal-3(�) or

gal-1(�) neoplastic cells, the Spearman correlation test

was used in a total of 323 homologous fields.

The 323 fields were classified as gal3(�)/gal1(�),

gal3(�)/gal1(�), gal3(�)/gal1(�), and gal3(�)/gal1(�)

and further analyzed with the Wilcoxon rank sum test for

significant differences on the level of ISNT(�) tumor-

associated lymphocytes. A field was considered positive

for gal-1 or gal-3 when �5% of the cells were stained.

Apoptosis Assay

A mechanically dissociated cutaneous melanoma metas-

tasis preserved in liquid nitrogen was thawed in serum-

free lymphocyte medium (AIMV; Gibco, Grand Island,

NY) medium and incubated for 2 hours at 37°C and 5%

CO2. An aliquot was incubated with monoclonal mouse

anti-human CD3-PerCP antibody (clone SK7; BD Bio-

sciences, San Jose, CA) to trace T lymphocytes. In a

forward scatter/side scatter plot, the CD3(�) population

was gated for further cell sorting. The selected gate was

used to sort the remaining 1 �106 nonincubated cells

with a FACSCalibur (BD Biosciences). A total of 2 � 105

sorted cells was then incubated with 20 �mol/L recom-

binant gal-3 (kindly provided by Dr. M.T. Elola, Fundación

105 Instituto Leloir, Buenos Aires, Argentina) in 200 �l of

RPMI 1640 medium in the presence or absence of 100

mmol/L lactose for 5 hours at 37°C and 5% CO2. Apo-

ptotic cells were measured by annexin-V binding and

propidium iodide permeability (BD Pharmingen, Basel,

Switzerland) and analyzed using a FACSCalibur and

CellQuest software (BD Biosciences).

Because the presence of apoptotic tumor-associated

lymphocytes (TALs) in the biopsy caused by the freeze-

thaw process and/or pro-apoptotic stimuli from tumor

microenvironment was certain, fresh specific gp-100 cy-

totoxic T lymphocyte to line (G154: KTWGQYWQV, gift

from Dr. C. Yee, Fred Hutchinson Cancer Research Cen-

ter, Seattle, WA) was used to set zero. The fold increase

of annexin-V positivity rate was determined as follows:

percentage of annexin-V-positive cells treated with gal-3

alone/percentage of annexin-V-positive nontreated cells.

Results

Expression of gal-3 and gal-1 in Human

Melanoma Biopsies

The characteristics of the patient population analyzed in

this study are indicated in Table 1. There were 15 women

and nine men, with ages ranging from 15 to 72 years

(44 � 16 years). To determine whether gal-3 and gal-1

were expressed in human melanoma, IHC determination

was performed separately in consecutive sections of 33

biopsies. Positive staining of both galectins was detected

in the cytoplasm and occasionally (7/33) in the nucleus.

Membrane expression of gal-3 and gal-1 was observed

in 6/33 and 14/33 samples, respectively. The expression

of galectins was heterogeneous even in the same biopsy;

the range of gal-3-positive cells varied between 0% and

93%, and the range of gal-1-positive cells varied between

5% and 97% (Table 1). For this reason, and considering

that proteins used for Western blot also derived from

normal cells negative for these galectins, the protein

amount as determined by Western blots did not always

match the IHC positivity (Figure 1, A and B). We also

confirmed the specificity and absence of cross-reactivity

between anti-human gal-3 and anti-human gal-1 mono-

clonal antibodies, which was done by Western blots

using recombinant gal-3 and gal-1 as standards

(Figure 1C).

As shown in Table 2, no significant differences in the

expression of gal-3 and gal-1 were found when all of the

data were analyzed (323 fields). Only in primary tumors

there was a significant difference between the expression

of gal-1 and gal-3 (Wilcoxon rank sum test P � 0.008).
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Skin and lung metastasis expressed greater percentages

of gal-3 and gal-1 than lymph node metastasis (Wilcoxon

rank sum test, P � 0.005).

Validation of in Situ Nick Translation as an

Apoptotic Marker

ISNT has become a common histological technique to

analyze the occurrence of DNA single strand breaks in

apoptosis. Despite the evidence of ISNT as a selective

apoptotic marker,23,24 and as single strand breaks have

also been implicated in the regulation of cell prolifera-

tion,21 we performed IHC for the cell proliferating antigen

Ki-67 on a lymph node with follicular hyperplasia and six

melanoma biopsies, to discard false-positive staining.25

Discrimination of false-positive staining is more straight-

forward in lymph nodes with follicular hyperplasia, be-

cause apoptosis and proliferation are common features

and their histoarchitecture allows differentiation of them.

As an example, a lymph node with follicular hyperplasia

stained with ISNT and Ki-67 is shown in Figure 2. In a

germinal center many lymphocytes stained with Ki-67

(Figure 2A) but not with ISNT (Figure 2C). Apoptotic

bodies were Ki67(�)/ISNT(�) as shown in Figure 2 (B

and D). In addition to this, apoptotic morphology sup-

ported ISNT technique in those areas in which ISNT-

positive lymphocytes were found (Figure 2, inset). Distri-

bution of ISNT(�) cells and Ki-67(�) cells was not

coincident. Furthermore, IHC for cleaved-poly-(ADP-ri-

bose) polymerase, another apoptosis marker, was per-

formed on 12 of 33 cases, including a lymph node with

follicular hyperplasia, and the staining distribution pattern

was quite similar to that of ISNT (data not shown).

Correlation between gal-3 and gal-1 Expression

and Apoptosis of TALs

Because a large proportion of our samples were meta-

static lymph nodes, we prefer to use the term TALs rather

than tumor-infiltrating lymphocytes. ISNT was performed

on consecutive sections to those used for galectins de-

termination. The mean � SD of ISNT(�) TALs in the whole

sample was 21 � 27% (Table 2). No significant differ-

ences of these values were observed when the biopsies

were grouped as primary tumors, lymph node metasta-

ses, and skin or lung metastases.

To evaluate whether gal-3 and/or gal-1 are correlated

with apoptotic TALs in melanoma biopsies, IHC for gal-3,

gal-1, and ISNT were analyzed. Correlation analysis was

more straightforward in primary tumors and in cutaneous

or visceral metastasis, because it may be assumed that

lymphocytes are present there as a response to the tu-

Table 1. Patient Population and Biopsies: Ages, Gender, and Clinical Stages of Patients

Patient Age Gender Biopsy Stage M%ISNT M%gal-1 M%gal-3

AS 33 F LNM IV 54 � 25 41 � 22 40 � 32
34 F CM IV 32 � 23 57 � 23 67 � 23

CS 27 F LNM IV 0 6 � 6 19 � 21
FM 38 F PT III 77 � 20 30 � 26 49 � 23
GQ 36 F LNM IV 32 � 27 62 � 35 37 � 38
GZ 32 M PT IIB 13 � 15 26 � 35 11 � 5
HD 70 M CM IV 20 � 16 5 � 3 12 � 18
HDS 20 M LNM IV 16 � 9 34 � 17 4 � 5
HJ 67 F LNM III 26 � 15 55 � 36 47 � 31
HS 68 M LNM IV 2 � 3 18 � 16 15 � 10
IL 29 M PT III 5 � 4 13 � 12 43 � 20

32 M CM III 48 � 36 29 � 29 84 � 19
MAF 15 F LNM III 33 � 25 6 � 12 59 � 40
MB 21 M PT IV 0 56 � 27 42 � 10

23 M LM IV 5 � 9 55 � 15 14 � 21
MF 48 F PT III 26 � 20 15 � 26 76 � 23
MFE 33 M LNM III 8 � 12 42 � 22 48 � 21
MFR 48 F LNM III 1 � 2 11 � 13 0
MG 33 F LNM III 16 � 26 64 � 38 78 � 28
DM 72 F CM III 5 � 9 70 � 18 17 � 15

72 F CM III 34 � 27 37 � 26 93 � 9
NB 45 F PT IIB 0 9 � 7 11 � 8
ED 60 F LNM III 59 � 32 41 � 36 40 � 36
OL 54 M PT IV 33 � 18 16 � 20 18 � 14

55 M CM IV 32 � 42 68 � 21 12 � 11
56 M CM IV 4 � 7 33 � 22 70 � 21

PB 24 M PT IV 8 � 14 77 � 9 78 � 10
MCRC 45 F LNM III 22 � 27 23 � 23 24 � 25

45 F CM III 41 � 27 56 � 25 85 � 9
45 F CM III 16 � 14 27 � 11 67 � 21

ASS 54 F CM IV 14 � 27 17 � 18 58 � 39
54 F LM IV 6 � 7 97 � 4 17 � 15

SVN 54 F LNM III 58 � 20 60 � 23 28 � 30

The percentages and standard deviations of positive ISNT lymphocytes and gal-1- and gal-3-positive tumor cells were determined as described in
Materials and Methods. M, mean percentage of 10 fields of each biopsy; LNM, lymph node metastasis; CM, cutaneous metastasis; PT, primary tumor;
LM, lung metastasis.
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mor. The situation is more complex in lymphoid organs,

where lymphocytes are the normal residents and tumor

cells are the invading elements. Therefore, in lymph node

metastases, only lymphocytes that were completely sur-

rounded by tumor cells were analyzed. As an example of

the analysis performed, a lymph node infiltrated by mel-

anoma cells is shown in Figure 3, presenting strong,

heterogeneous gal-3 staining (Figure 3A) and weak, het-

erogeneous gal-1 staining (Figure 3B). Enclosed lympho-

cytes are ISNT(�) at a high percentage (Figure 3, C

and D).

The percentages and standard deviations of ISNT(�)

TALs and neoplastic cells expressing gal-3 and gal-1

were obtained from 323 homologous fields. Standard

deviations showed heterogeneity between the 33 biop-

sies and still within the same sample (Table 1). Due to

this, and considering the absence of evidence for long

distance apoptotic effect of galectins, the statistical anal-

ysis was performed by evaluating discrete fields where

lymphocytes encounter neoplastic cells.

To correlate gal-3 expression with apoptosis, the 323

pairs of data were analyzed using the nonparametric

Spearman test, and a positive correlation was found with

a high significance (P � 0.001). To correlate gal-1 ex-

pression and apoptosis, data were treated equally, and

no correlation was found (P � 0.9).

To discriminate more precisely the effect of gal-3 and

gal-1 on lymphocyte apoptosis, the fields were classified

by their level of galectins expression as follows: gal3(�)/

gal1(�); gal3(�)/gal1(�) (Figure 4) and gal3(�)/gal1(�);

gal3(�)/gal1(�) (Supplemental Figure 1, A and B, see

http://ajp.amjpathol.org), and additional statistical analy-

sis was performed.

A significant difference on the percentage of ISNT(�)

TALs was found between gal-3-positive fields and gal-3-

negative fields (Wilcoxon test P � 0.01). When the Spear-

man test was applied to gal-3(�) fields a positive corre-

lation with apoptotic lymphocytes was found (P � 0.03).

On the contrary, no differences were observed in apo-

ptosis of lymphocytes when gal-1 was present or absent

(Wilcoxon test), and no correlation was observed (Spear-

man test, P � 0.46) between gal-1 expression and apo-

ptotic lymphocytes on these selected gal-1(�) areas.

Furthermore, we have analyzed the differential apopto-

tic effect in “pure areas” of gal-3 [gal3(�)/gal1(�)] or

gal-1 [gal3(�)/gal1(�)] expression (Figure 4, A and B),

and significant differences were found in the level of

apoptotic lymphocytes (P � 0.005, Wilcoxon rank sum

test).

Because lymphocytes may be sensitive to gal-1 apo-

ptotic stimuli through the interaction with CD45RO, we

determined the presence of CD45RO(�) lymphocytes

within ISNT(�)/gal-1(�) areas and found them to be pos-

itive for this receptor (data not shown). Illustrating the

complexity of the interrelationship between the interac-

Figure 1. Correlation between expression of gal-1 and gal-3 as determined
by IHC and Western blots. IHC of different biopsies and their corresponding
Western blots were performed as described in Materials and Methods. Lanes
represent patients as follows: lane 1, HS; lane 2, HJ; lane 3, MFE; lane 4, AS;
lane 5, CS; and lane 6, MG. A: Anti-glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) and anti-gal-3 (Gal-3). B: Anti-glyceraldehyde-3-phosphate
dehydrogenase and anti-gal-1. C: Antibodies anti-gal-1 and anti-gal-3 react
specifically with recombinant gal-1 and gal-3. A total of 2.5 �g of recombi-
nant gal-1 (lane 1) and gal-3 (lane 2) was electrophoresed, and Western blots
with monoclonal antibodies anti-gal-1 (left) or anti-gal-3 (right) were per-
formed as described in Materials and Methods. Original magnification of IHC:
�200.

Table 2. Mean Percentage and Standard Deviation of Total ISNT(�) Lymphocytes and gal-1 or gal-3 Expression in Neoplastic
Cells

Biopsies
Fields

examined
% ISNT

(�) TALs % gal-1(�) NC % gal-3(�) NC

Primary melanoma 78 20 � 28 30 � 30 42 � 30
Lymph node metastasis 130 23 � 27 35 � 32 33 � 34
Cutaneous and lung metastasis 115 20 � 26 49 � 31 47 � 37
Total sample 323 21 � 27 39 � 32 40 � 34

ISNT, in situ nick translation; TALs, tumor-associated lymphocytes; NC, neoplastic cells.
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tion of pro-apoptotic factors and lymphocyte apoptosis,

we observed several fields in which apoptotic lympho-

cytes were detected despite the absence of gal-3- and

gal-1-expressing tumor cells (data not shown).

Gal-3 Induces Apoptosis of TALs

To confirm our findings with in vitro data, we performed a

5-hour assay with TALs and recombinant gal-3 in the

presence or absence of lactose. A mechanically disso-

ciated cutaneous metastasis with abundant lymphocyte

infiltration was chosen, and T cells were traced by flow

cytometry with an anti-CD3 antibody. Gated cells were

91% CD3(�) (Figure 5B). Using the selected region, a

total of 1 � 106 cells were sorted on a forward-side

scatter plot (Figure 5A) and incubated with recombinant

gal-3 in the presence or absence of lactose (see Materi-

als and Methods). The treatment of sorted TALs with 20

�mol/L recombinant gal-3 induced a 3.4-fold increase of

annexin-V-positive cells. As shown in Figure 5C, non-

treated TALs were 21.8% annexin-V-positive, whereas

TALs treated with gal-3 were 74.4% positive (Figure 5D).

Figure 5E shows no significant increase in annexin-V

binding when cells were incubated in the presence of

gal-3 and lactose. Lactose treatment alone had no effect

on cell apoptosis (data not shown).

Discussion

The tumor surveillance concept, initially introduced by Sir

Macfarlane Burnet in 1950 and then largely abandoned,

has been recently revisited and rebaptised as “tumor

immunoediting,” which proposes that the organism is

initially able to cope with incipient tumors,26 although in

some cases neoplastic cells eventually escape immune

destruction allowing tumor growth and progression. This

escape may be achieved either by hiding target anti-

gens, ie, down-regulating HLA-I molecules, or through

the inactivation of attacking lymphocytes. There are sev-

eral mechanisms involved in this process of “tumor coun-

terattack,” and galectins expression by tumor cells is one

of them. We and others have shown that melanoma B16

clones in which gal-1 expression was knocked down by

transfection with gal-1 antisense DNA9 were rejected by

the host. However, this evidence, obtained in experimen-

Figure 2. Validation of the ISNT technique. Reactive follicular hyperplasia of a non-metastatic lymph node. A and B: Ki-67 immunohistochemistry at 100� and
1000�, respectively. C and D: biotin-11-dUTP labeled in situ nick translation at 100� and 1000�, respectively. The arrows indicate Ki-67-negative (B) and
ISNT-positive (D) apoptotic bodies. Inset: Apoptotic morphology is seen in ISNT-positive lymphocytes, while ISNT-negative lymphocytes show conserved nuclei.
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tal systems, has not yet been demonstrated in the human

setting, even when we have previously shown that human

metastatic melanoma expresses gal-1.9 Although a func-

tional correlation between galectin expression and lym-

phocyte apoptosis in vivo in humans is not possible

through the analysis of biopsies, it might be inferred from

circumstantial evidence. Therefore, we have performed a

detailed analysis of the correlation between expression of

gal-3, gal-1, and TAL apoptosis in primary and metastatic

melanoma. We have found that gal-3 expressed by tumor

cells correlates with TAL apoptosis. To contrast our find-

ings with in vitro data, TALs from cryopreserved cutane-

ous metastasis from a melanoma patient were treated

with recombinant gal-3 with or without lactose to ascer-

tain the apoptotic effect of gal-3. Annexin-V binding was

augmented 3.4-fold in gal-3-treated cells, and no in-

creased annexin-V binding was observed in the gal-3/

lactose sample. These results demonstrate that gal-3

mediates TAL apoptosis.

It should be noted that the variability of the data ob-

tained by immunohistochemistry, as shown in Tables 1

and 2, is most probably due to differential expression of

galectins by tumor cells within each biopsy (Figure 3), an

event that remains to be understood. This same variability

could partially explain the heterogeneity in the ISNT data.

Validation of the ISNT procedure was done by performing

serial determinations in normal hyperplastic lymph

nodes. The high reproducibility of the ISNT values (data

not shown) discarded the possibility that the variability of

TAL apoptosis in tumor samples was due to the method-

ology used. Taking into consideration the heterogeneity

in galectins and ISNT positivity within tumors, we decided

to perform the statistical analysis by evaluating discrete

fields, rather than focusing on the mean percentages of

the different tumors analyzed.

Although histochemistry data support a pro-apoptotic

role previously described for gal-3,14 there were gal-3(�)

areas in which no apoptotic TALs were found. There is

vast evidence demonstrating that regulation of galectins

function is a complex process that depends on a variety

of microenvironmental factors produced by cancer and

immune cells, as well as matrix components. For in-

stance, metalloproteinases �2, �9, and �13, which are

up-regulated in cancer cells,19,27 modify gal-3 by cleav-

ing the Ala62-Tyr63 bond.18 This would result in the loss of

its apoptotic effect14 when gal-3 is released into the

extracellular medium. On the other hand, recent studies

have demonstrated an anti-apoptotic role of cytoplasmic

Figure 3. Gal-3, gal-1, and ISNT in a metastatic lymph node corresponding to patient MAF. A: gal-3 IHC at 100�. B: gal-1 IHC at 100�. C and D: In Situ Nick
Translation at 100� and 1000�, respectively. n, neoplastic cells; l, lymphocytes.
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gal-3 in human cancer cell lines16,17; this activity is reg-

ulated by its phosphorylation.17,28 Gal-3 was also de-

scribed to be pro-apoptotic when it resides in the nucle-

us29; therefore, opposite effects have been described for

intracellular gal-3. Moreover, a cross-talk model has been

suggested in which apoptosis induced by secreted sol-

uble gal-3 is blocked by cytoplasmic gal-3.14

How to explain that only a minority of human melanoma

areas show positive correlation between gal-1 expres-

sion and TAL apoptosis? There is extensive evi-

dence13,15,30,31 for the apoptotic role of gal-1 in thymo-

cytes and activated lymphocytes expressing the required

glycosyltransferases that modulate the modification of

CD45 core 2-O-glycans.32 However, the lack of correla-

tion found in this report was not due to the absence of

sensitive lymphocytes, because most TALs were

CD45RO(�), suggesting that they were indeed resistant

to the gal-1 apoptosis signal. He and Baum33 have re-

cently demonstrated that stromal cells may synthesize

gal-1 that deposits in tumor stroma and kills T cells at a

Figure 4. Correlation between gal-3 or gal-1 expression and lymphocytes
apoptosis. Lymphocytes apoptosis was determined in areas with expression
of gal-3 but not gal-1 (above) and in areas with expression of gal-1 but not
gal-3 (below), as described in Materials and Methods. IHC for gal-3 (A and
D), IHC for gal-1 (B and E), and ISNT (C and F). Original magnification:
�200.

Figure 5. Gal-3-mediated apoptosis of tumor-associated lymphocytes from a
cutaneous metastasis. TALs were traced and sorted in a forward/side scatter
plot (A) according to CD3 positivity (B). Annexin-V binding of sorted
nontreated cells is 21.8% (C). The sorted cells treated with 20 �mol/L
recombinant gal-3 show a 74.4% annexin-V binding (D), which is inhibited
in the presence of 100 mmol/L lactose (E).
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10-fold lower concentration (45 �g/ml) than the concen-

tration required when gal-1 is in soluble form. Because

epithelioid cell melanoma tumors tend to grow as solid

sheets with scarce stroma formation, this could explain

why gal-1 production by tumor cells is in most fields

incapable of T-cell killing. More studies are necessary to

elucidate this issue. These results point to the presence

of other factors associated to the T-cell apoptosis path-

way or to the functional status of gal-1 itself and/or to

microenvironment interactions.

We have also found ISNT(�)/gal-1(�)/gal-3(�) areas,

suggesting that other factors could also be inducing TAL

apoptosis. It has been reported that Fas ligand expres-

sion in melanoma enable cancer cells to deliver death

signals to activated Fas(�) lymphocytes,6,7 APO2L has

also been involved in apoptosis of lymphocytes,34 and

interleukin-10 expressed by melanoma cells or by abnor-

mal CD4�/CD8� tumor-infiltrating lymphocytes is a puta-

tive immunosuppressive factor.8,35 In the whole, only

�23% of the TALs were found to be apoptotic, indepen-

dent of the cause. The viability of most TALs would ex-

plain why they may be expanded from tumor biopsies

and give rise to CD8�/CD4� populations that, when re-

infused to the patient, are able to induce clinical regres-

sions.5 There is a dialogue between tumor cells and the

immune system that remains unclear. Galectins could be

implicated in the apoptotic process of TALs, but this

activity might be regulated by other defined and yet

not defined microenvironmental components, the eluci-

dation of which will be helpful in understanding tumor

escape mechanisms, giving rise to further therapeutic

approaches.
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