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Increased resistance to apoptosis promotes lymphomagenesis with aberrant expression of cell survival proteins such as BCL-2 and c-MYC occurring in
distinct lymphoma subtypes. Galectin-3 is an antiapoptotic protein that protects T cells, macrophages,
and breast carcinoma cells from death triggered by a
variety of agents. We have found high levels of galectin-3 protein expression in a subset of B-cell neoplasms including diffuse large B-cell lymphoma (DLBCL), primary effusion lymphoma (PEL), and
multiple myeloma (MM), in both cell lines and patient
samples. However, we failed to detect galectin-3 in
Burkitt lymphoma (BL), follicular lymphoma (FL),
marginal zone lymphoma (MZL), MALT lymphoma or
B-small lymphocytic lymphoma (B-SLL) cell lines or
patient samples. To determine whether galectin-3 expression protects B cells from apoptosis, galectin-3negative BL cells were transfected with a galectin-3
expressing plasmid, which resulted in markedly increased resistance to anti-Fas-induced cell death. In
contrast, galectin-3-positive PEL cells transfected with
an amino-terminal truncated galectin-3 vector
showed increased sensitivity to anti-Fas induced apoptosis. During normal B-cell development, galectin-3
expression was lowest in germinal center and plasma
B cells, from which DLBCL, PEL, and MM derive, and
highest in long-lived naı̈ve and memory B cells. This
pattern of expression suggests that aberrantly increased galectin-3 levels in specific B-cell populations
may yield a protective advantage during transformation and/or progression of certain B-cell neoplasms.
(Am J Pathol 2004, 164:893–902)

AIDS, develop NHL, usually of B-cell origin (B-NHL).
While B-NHL is a common malignancy, transformation of
peripheral B cells at different stages of development
results in biologically and morphologically distinct B-NHL
subtypes. In addition, tumor heterogeneity in B-NHL is
further enhanced by accumulation of genetic and epigenetic alterations during malignant progression.1–3 Successful treatment of B-NHL varies widely, depending on
the subtype of lymphoma and stage of tumor progression. For example, only about 40% of patients with diffuse
large B-cell lymphoma (DLBCL) respond well to current
therapy, while 50% to 85% of patients with follicular lymphoma (FL) are disease-free 5 years following treatment.4
The variable response to therapy in B-NHL likely reflects
the distinct etiology and genetic heterogeneity of the
different subtypes of lymphomas that comprise the disorder.
Heterogeneous responses to lymphoma therapy occur
since B-NHL is typically classified according to morphology alone, and lymphomas that are morphologically similar may contain distinct molecular abnormalities. Recent
advances in gene expression profiling have allowed an
improved classification of lymphomas beyond morphological appearance; this approach may more closely reflect the distinct biological characteristics and treatment
outcomes observed within and between categories. For
example, gene expression profiling has resulted in the
subdivision of morphologically indistinguishable DLBCL
into germinal center (GC) B-like DLBCL and activated
B-like DLBCL.5 These newly identified subtypes of DLBCL have different cellular origins, different responses to
therapy, and distinct clinical outcomes and prognoses. Alternatively, the gene grouping strategy for DLBCL by Shipp
et al, 6 correlated gene expression profiles with disease
outcome, independent of morphological categorization.
These and other gene profiling strategies have identified
genes involved in distinct biological processes that promote
Supported by the Lymphoma Research Foundation (to J.W.S. and
M.A.T.), the American Foundation for AIDS Research and CMISE, NASA
URETI Institute (to M.A.T.), the National Neurological AIDS Bank (to
J.W.S.) and by NIH Grants T32CA090056 (to K.K.H.), AI20958 and
AI39620 (to F.T.L.), GM63281 (to L.G.B.) and CA90571 and CA107300 (to
M.A.T.).
M.A.T. is a Scholar of the Leukemia and Lymphoma Society.
Accepted for publication November 14, 2003.

Non-Hodgkin lymphoma (NHL) is the fifth most common
cancer in the United States. Ten to twenty percent of
immune-compromised individuals, such as those with
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lymphomagenesis, including genes involved in cellular proliferation, metastasis, and resistance to apoptosis.
Increased resistance of cells to apoptotic stimuli appears to be essential to the transformation process. One
of the earliest examples that increased cell survival plays
an important role in lymphomagenesis was the discovery
of the anti-apoptotic protein BCL-2 and the increased
expression of BCL-2 in FL (reviewed in7–10). Virtually all
cases of Burkitt lymphoma (BL) contain translocations of
c-MYC; the c-MYC protein normally regulates proliferation and cell survival, but when aberrantly expressed
causes increased cell cycle progression.11,12 In addition,
60% to 80% of BL contain mutations in the p53 tumor
suppressor gene, thereby inactivating p53-dependent
apoptosis.13 It is becoming apparent that specific lymphoma subtypes are associated with alterations of specific regulators of apoptosis. However, factors that contribute to apoptotic resistance in B-lymphoma subtypes
other than FL and BL are mainly lacking.
The galectins are a family of multifunctional proteins that
regulate apoptosis (reviewed in14,15). Galectins bind oligosaccharide ligands on cell surface glycoproteins and glycolipids and are defined by a canonical carbohydrate recognition domain. Galectins have a number of extracellular
(signaling, adhesion) and intracellular (signaling, transcription) functions.16,17 Several galectin family members, including 1, 7, 8, 9, and 12, promote apoptosis.18 –22 In contrast, galectin-3 is the only member of the galectin family
that has an anti-apoptotic function. Over-expression of galectin-3 in Jurkat T cells protected the cells from Fas- and
staurosporine-induced cell death23 and galectin-3 overexpression in breast carcinoma cells protected the cells from
apoptosis induced by cis-platin, cyclohexamide, nitric oxide, and UV treatments.24 –28 In addition, decreased survival
of peritoneal macrophages in galectin-3 null mice has been
observed.29
Studies from several laboratories have suggested a role
for galectin-3 in epithelial cell proliferation, malignant transformation and metastases.30 –32 Galectin-3 also has diverse
roles in T-cell, macrophage, and eosinophil activities, but it
is not clear what role(s) galectin-3 plays in B-cell biology or
transformation.14 Using a gene array approach, Shipp et al6
detected higher galectin-3 mRNA expression in DLBCL
compared to low-grade FL. However, the increased expression of galectin-3 protein in DLBCL that would correlate with
increased galectin-3 gene expression has not been demonstrated,33,34 nor has a functional role for galectin-3 in
B-lymphoma cell survival been addressed. To determine a
potential role for galectin-3 in B-cell transformation, we surveyed broad panels of transformed B-cell lines and primary
B-NHL, along with normal B-cell subsets, for galectin-3
expression and evaluated the ability of galectin-3 to protect
B cells from apoptosis.

Materials and Methods
Cell Lines
Cell lines were maintained at 37°C in 5% CO2 and grown
in RPMI 1640 supplemented with 2 mmol/L L-glutamine

and 15% fetal bovine serum. BL and DLBCL cell lines
2F7, E, R, and RRBL were kind gifts from B.
Bonavida35,36; BL cell line P3HR-1 was from O. MartinezMaza; BL cell lines BL41, BL41/B95– 8, BJAB and BJABB1, along with primary effusion lymphoma (PEL) lines
BCBL-1, BC-1, BC-3 and KS-1 were provided by R. Sun;
and DLBCL cell line KS-2 was from J. Said (UCLA School
of Medicine, Los Angeles, CA). BL cell line Akata A1.5
was kindly provided by J. T. Sample (University of Tennessee Health Sciences Center, Memphis, TN). The BL
cell lines Ramos and Raji were purchased from ATCC.
The following DLBCL cell lines were purchased from A.
Epstein (University of Southern California, Norris Cancer
Center, Los Angeles, CA): NU-DHL-1, SU-DHL-6, SUDHL-8, SU-DHL-9. Multiple myeloma (MM) cell lines
AF-10 and H929 were gifts from M. Kuehl (National Cancer Institute, Genetics Branch, Bethesda, MD).

Transfection of B-Cell Lines
Purified plasmids pMH-galectin-3-neo (containing a fulllength galectin-3 cDNA) and pMH-neo were linearized
using NdeI.23 Plasmids pEF1-galectin-3C-neo (containing an amino-terminus truncated version of galectin-3)
and pEF1-neo were linearized with HindIII.23 Linearized
DNA was used to transfect B-cell lines by electroporation.37,38 Transfected clones were generated by limiting
dilution and selected by culturing with 1 mg/ml of G418.
Expression of galectin-3 and galectin-3C was verified by
Western blot analysis (data not shown).

Patient Tumor Samples and
Immunohistochemistry
B-NHL were characterized by histology and immunophenotype, grouped according to the World Health Organization classification system39 and retrieved from the files
of the Surgical Pathology Division of the Anatomical Pathology Department at UCLA. Paraffin sections were examined for galectin-3 expression using the biotin-streptavidin method (DAKO, Carpinteria, CA) as previously
described.33,40 Briefly, formalin-fixed tissue sections
were deparaffinized, blocked, and incubated overnight at
4°C with affinity-purified polyclonal rabbit anti-galectin-3
antiserum at 8.6 g/ml. Galectin-3 antiserum was generated as previously described.41 Evaluation of each immunostained histological section was performed independently by two pathologists.

B-Cell Isolation from Human Tonsil
Hyperplastic tonsils were obtained from the Human Tissue Resource Center at UCLA with adherence to established guidelines for the protection of human subjects.
B-cell subsets were isolated as previously described.42,43 Briefly, tonsils were minced in PBS, passed
through a 40-m filter, and lymphocytes were isolated by
centrifugation on a Ficoll-Paque Plus cushion (Amersham
Pharmacia Biotech, Piscataway, NJ). B cells were frac-
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tionated using a magnetic activated cell sorting (MACS)
system (Miltenyi Biotec, Auburn, CA) according to the
manufacturer’s instructions. Isolated populations were
analyzed by flow cytometry to determine percentage purity. Naı̈ve B cells (CD3⫺/CD27⫺/IgD⫹) were ⬎90%
pure. GC B cells (CD3⫺/CD10⫹/IgD⫺) were ⬎85% pure.
Memory B cells (CD3-/CD10⫺/CD27⫹/IgD⫺) were
⬎90% pure, and verified by additional staining and flow
cytometry with anti-CD19 antibody (FITC-CD19, leu-12;
BD PharMingen, San Diego, CA) and anti-CD20 antibody
(FITC-CD20, leu-16; BD PharMingen). Plasma cells
(CD3⫺/CD138⫹) were isolated as previously described.44

Western Blot Analysis
Cells were washed twice with PBS then lysed as previously described in NP-40 lysis buffer containing protease
inhibitors.43 Protein concentrations were determined using the Bio-Rad protein assay (Bio-Rad, Hercules, CA).
Ten micrograms of total protein for each sample was
separated by SDS-PAGE and electroblotted to a nitrocellulose membrane (Hybond; Amersham Pharmacia Biotech). Membranes were blocked in Tris-buffered saline
containing 0.1% Tween (TBST) and 5% dry milk for 1
hour, followed by an incubation with polyclonal rabbit
anti-galectin-3 serum (diluted 1:15,000) in TBST overnight at 4°C. Membranes were then washed 4 times in
TBST then incubated in anti-rabbit IgG HRP-linked antiserum (diluted 1:10,000; New England Biolabs, Beverly,
MA) in TBST for 1 hour, followed by 6 washes in TBST.
Immuno-positive bands were visualized using an enhanced chemiluminescence kit (Amersham Pharmacia
Biotech). Densitometric analysis was performed using
the ChemiImager 5500 with AlphaEaseFC software (Alpha Innotech, San Leandro, CA).

Apoptosis Induction and Analysis
For apoptosis assays, pMH-galectin-3-neo, pMH-neo,
pEF1-galectin-3C-neo, and pEF1-neo transfected Raji
(galectin-3-negative) or BCBL-1 (galectin-3-positive) B
cells (1 ⫻ 106 cells/ml) were treated with 50 ng/ml of
mouse monoclonal anti-human Fas (clone CH-11, Upstate, Lake Placid, NY) for 24 hours at 37°C in 5% CO2.
Cell death was measured by Annexin V binding and
propidium iodide permeability according to the manufacturer’s instructions (BD PharMingen). Flow cytometry was
performed on a Coulter Elite (Beckman Coulter, Miami,
FL) and the data analyzed using FCS Express v2.0 (DeNovo Software, Thornhill, ON, Canada).

Table 1. Galectin-3 Expression in Primary B-NHL
Lymphoma type

Histogenesis

Gal-3⫹ tumor/
total

Follicular lymphoma
Burkitt lymphoma
Diffuse large B-cell
lymphoma
Marginal zone
lymphoma
MALT/BALT
lymphoma
B-small lymphocytic
lymphoma
Multiple myeloma

GC B
GC B
GC (or post-GC) B

0/17
0/15
21/32

Post-GC B

0/8

Post-GC B

0/9

Memory B

0/8

Plasma B

4/16

Formalin-fixed, paraffin-embedded tissues were immunostained with
galectin-3 antiserum. Lymphomas were grouped according to the WHO
classification.39
MALT, mucosa-associated lymphoid tissue; BALT, bronchusassociated lymphoid tissue; GC, germinal center; Gal-3⫹, galectin-3
positive, as determined by immunohistochemistry.

(Table 1 and Figure 1). We observed moderate to strong
cytoplasmic and/or nuclear galectin-3 expression in 21 of
32 (66%) DLBCL patient samples (Figure 1). DLBCL
samples lacking galectin-3 expression in tumor cells nevertheless contained moderate to abundant galectin-3 expression in surrounding macrophage and dendritic cells
(Figure 1). None of the FL (0 of 17) or BL (0 of 15)
samples tested showed expression of galectin-3 in tumor
cells, but interspersed macrophage and dendritic cells
were galectin-3 positive (data not shown). These results
demonstrate abundant galectin-3 protein in tumor cells
from a majority of primary DLBCL, but not in the other
GC-derived lymphomas (BL and FL) surveyed.
We also examined lymphoid neoplasms that arise specifically from post-GC and terminal stages of B-cell differentiation for galectin-3 expression. Galectin-3 was detected in tumor cells in 4 of 16 (25%) MM samples (Table
1 and Figure 1). Twenty-five additional post-GC-derived
B-cell lymphomas, including nodal and extranodal marginal zone lymphomas (MZL), MALT/BALT lymphomas
and B-small lymphocytic lymphomas (B-SLL), were all
negative for tumor cell immunostaining with galectin-3
(Table 1). Overall, we observed significant galectin-3
protein expression in tumor cells from 66% of DLBCL and
25% of MM patient samples and no expression from 57
additional mature B-cell tumor subtypes. However, interspersed nonmalignant macrophage and dendritic cells
contained within all tumor samples expressed moderate
to abundant galectin-3, as expected,14 providing a positive control to assess expression in tumor cells and a
potential extracellular source of galectin-3.

Galectin-3 Expression in Transformed B-Cell
Lines
Results
Galectin-3 Expression in Primary B-NHL
Samples
We assessed galectin-3 expression in a total of 64 GCderived FL, BL, and DLBCL by immunohistochemistry

To examine the consistency of galectin-3 expression between patient samples and cell lines, we next evaluated
galectin-3 protein content in multiple B-cell lines. Galectin-3 expression was detected in 6 of 8 DLBCL cell lines
by Western blot analyses (Table 2 and Figure 2). Five
lines demonstrated moderate to high levels of galectin-3
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lectin-3 expression in 9 of 9 GC-derived BL cell lines
assessed by Northern analysis (data not shown) and
Western blotting (Table 2 and Figure 2). The lack of
galectin-3 expression in all nine BL cell lines tested is
consistent with the lack of detectable galectin-3 expression in 15 primary BL samples (Table 1).
We next examined cell lines derived from B-NHL corresponding to post-GC stages of B-cell development.
Galectin-3 was expressed, at low levels, in 2 of 2 plasma
cell-derived MM cell lines (Figure 2 and Table 2). Also, 4
of 4 PEL cell lines, derived from liquid suspension B-cell
tumors that occur primarily in AIDS patients, were
strongly galectin-3 positive (Figure 2 and Table 2). Similar
to MM, PEL is also likely derived from a plasma cell or
plasma cell-like stage of B cell differentiation.46,47 Overall, these data show that most DLBCL cell lines tested
expressed moderate to high levels of galectin-3, in contrast to the observed lack of expression in BL lines,
despite the typically common origin of both tumor types
from GC B cells. This pattern is in agreement with the
expression pattern seen in DLBCL and BL patient samples. Furthermore, galectin-3 was expressed in cell lines
from two types of plasma cell-derived B lymphomas, PEL
and MM, with levels in PEL as high as that observed for
certain DLBCL lines.

c-MYC and Epstein-Barr Virus Do Not Affect
Galectin-3 Expression

Figure 1. Galectin-3 immunostaining of representative B-NHL. BL (A and B)
and FL (C and D) tumor cells are negative for galectin-3. DLBCL (E and F)
and MM (G and H) tumor cells express high levels of galectin-3. Macrophages and dendritic cells, when present within the lymphoma (D), are
positive for galectin-3, serving as an internal control for staining.49 Hematoxylin counterstain. Original magnification: A, C, E, G, ⫻200; B, D, F, ⫻400;
H, ⫻1000.

protein, while one line (NU-DHL-1) expressed very low
levels of galectin-3. Gene expression profiling demonstrated that moderate galectin-3-expressing SU-DHL-6 is
a BCL-6-positive, GC B-like DLBCL,45 while the cellular
origins of the other DLBCL are from GC or possibly
post-GC B cells. The expression of galectin-3 in 6 of 8
(75%) DLBCL cell lines parallels the expression of galectin-3 in 21 of 32 (66%) primary DLBCL (Table 1). This
pattern contrasts sharply with the lack of detectable ga-

As BL are strongly associated with c-MYC dysregulation,
we examined whether c-MYC expression levels correlated with galectin-3 expression. One possibility was that
elevated c-MYC expression could repress galectin-3 levels, potentially providing an explanation for the difference
in galectin-3 expression between and within BL and DLBCL subtypes. All galectin-3-expressing and non-expressing B-cell lines tested expressed c-MYC mRNA at
variable levels (data not shown). The different levels of
c-MYC mRNA expression did not correlate with galectin-3
mRNA or protein levels, strongly suggesting that galectin-3 expression is not positively or negatively influenced
by c-MYC dysregulation.
Several reports have indicated that galectin-3 is upregulated by viral proteins in other cell types, such as in
T cells and in breast carcinoma cells.24,34 We therefore
compared galectin-3 expression with Epstein-Barr Virus
(EBV) status since B cells and B-cell malignancies such
as BL are frequently infected by EBV. We found that
expression of galectin-3 in the B-cell lymphoma lines
tested did not correlate with EBV infection status (Figure
2 and Table 2). In addition, galectin-3 expression did not
vary with EBV status in the DLBCL cell lines. All endemic
and sporadic BL cell lines failed to express galectin-3
regardless of EBV infection, including the EBV-negative
cell lines BJAB and BL41, and their EBV-infected clones
BJAB-B1 and BL41/B95– 8. Overall, these data show that
galectin-3 mRNA and protein levels do not correlate with
EBV status.
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Table 2.

Galectin-3 Expression and EBV Status in B-NHL Cell Lines

Cell line

Type

Galectin-3

EBV

Cell line

Type

Galectin-3

EBV

Akata A1.5
BJAB
BJAB-B1
BL41
BL41-B98/8
P3HR-1
Raji
Ramos
2F7
E
KS-2
NU-DHL-1

BL
BL
BL
BL
BL
BL
BL
BL
BL
DLBCL
DLBCL
DLBCL

⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫹
⫹
(⫹)

⫹
⫺
⫹
⫺
⫹
⫹
⫺
⫺
⫹
nd
⫹
⫺

R
RRBL
SU-DHL-6
SU-DHL-8
SU-DHL-9
AF10
H929
BC-1
BC-3
BCBL-1
KS-1

DLBCL
DLBCL
DLBCL
DLBCL
DLBCL
MM
MM
PEL
PEL
PEL
PEL

⫹
⫹
⫹
⫺
⫺
(⫹)
(⫹)
⫹
⫹
⫹
⫹

⫹
nd
⫺
⫺
⫺
⫺
⫺
⫹
⫺
⫺
⫺

B-cell lines examined for galectin-3 expression by Western blot, including EBV status.
(⫹), low-level expression detected; ⫹, moderate- to high-level expression; nd, not determined.

Galectin-3 Expression During B-Cell
Development
Since we detected moderate to high level galectin-3 expression in DLBCL, PEL, and MM cell lines and patient
samples, but not in other B-NHL, we next determined if
galectin-3 expression levels correlated with the stage of
B-cell development from which these lymphomas arose.
To define galectin-3 expression during normal B-cell development, B-cell populations from human tonsil were
isolated by MACS and analyzed for galectin-3 protein
expression by Western blot. Remarkably, galectin-3 expression levels varied widely among specific B-cell developmental stages (Figure 3). Notably, the lowest level
of galectin-3 expression was observed in GC B cells
(CD10⫹/IgD⫺). The GC is composed of dividing centroblasts and non-dividing centrocytes undergoing antigendriven selection. Many of these GC B cells also undergo
apoptotic death during this period. Therefore, the low
level of galectin-3 expression in sorted GC B cells may be
due either to a relatively low number of galectin-3 moderate to high-expressing B cells present in the GC, or
because all or most GC B cells express a very low level
of galectin-3. To distinguish between these two possibilities, we assessed galectin-3 expression in tonsil by immunostaining. The majority of lymphocytes in the light
and dark zone of tonsil GC lacked detectable galectin-3
expression (Figure 4), although there appeared to be rare
scattered lymphocytes within the GC that expressed variable levels of galectin-3.48 The largest population of galectin-3-positive cells within the GC was the dendritic

Figure 2. Galectin-3 protein expression in B-cell lines. A total of 23 B-NHL
cell lines were examined. All 8 DLBCL examined are shown, along with
representative lines for BL, PEL, and MM. The EBV status for each line is
noted below the Western blot, with the lymphoma subtype listed above. No
correlation between EBV status and galectin-3 expression level was observed.

reticular cells, as expected.49 Therefore, the low level of
galectin-3 expression observed in the sorted GC B-cell
population is probably due to galectin-3 expression in
only a small subset of GC B cells, in agreement with
Western blot analyses (Figure 3).
In contrast to GC B cells, galectin-3 expression was
high in naı̈ve (CD27⫺/IgD⫹) and memory B cells
(CD10⫺/CD27⫹/IgD⫺). Naı̈ve B cells reside in the mantle zone of secondary follicles and in the interfollicular
zone between follicles awaiting T-dependent or T-independent antigenic stimulation. Curiously, most mantle
zone B cells appear negative for galectin-3 expression by
immunohistochemistry (Figure 4). Naı̈ve B cells of the
mantle and non-recruited interfollicular B cells arriving in
the tonsil, lymph node, or spleen (eg, T1, T2, and MZ B
cells, for example) show scattered mantle zone and interfollicular staining for galectin-3. These cells likely account for the robust naı̈ve B-cell galectin-3 expression
seen on Western blot at this developmental stage. It must
be noted that immunohistochemical and Western blot

Figure 3. Galectin-3 protein levels at distinct stages of B-cell development.
Western blot analysis of MACS isolated B-cell populations from human tonsil
probed with galectin-3 antiserum. The levels of galectin-3 expression were
determined by densitometry and normalized to the densitometry-determined
tubulin expression level (data not shown) for each population. Equal protein
loading was confirmed with a Coomassie Brilliant Blue gel stain (data not
shown). Negative and positive controls are galectin-3-negative Raji BL cells
and a galectin-3 expressing Raji BL transfectant clone, respectively. Sorted
phenotypes of the B-cell populations under study were naı̈ve (CD3⫺/
CD27⫺/IgD⫹), GC (CD10⫹/IgD⫺), memory (CD10⫺/CD27⫹/IgD⫺) and
plasma (CD138⫹) B cells.
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Figure 4. Galectin-3 expression in tonsil. (A to C) GC follicle showing galectin-3 immunostaining with a hematoxylin counterstain. Positive cells within the GC
consist primarily of dendritic reticular cells. The arrows in C indicate scattered, non-dendritic reticular cells staining positive for galectin-3. D: Rare lymphocytes
within the GC stain positive for galectin-3. Magnifications: ⫻100 (A), ⫻200 (B), ⫻400 (C), ⫻600 (D).

procedures are variably sensitive and dependent on the
antibody or antiserum used. It is possible that the immunohistochemical detection of galectin-3 in mantle zone
cells is not as sensitive as the detection of galectin-3 from
these cells by Western blot. Also, long-lived, predominantly non-dividing memory B cells expressed the highest level of galectin-3 protein, from which galectin-3 negative B-chronic lymphocytic leukemia (and, by extension,
B-SLL) originates (Table 1).50,51 Plasma cells (CD138⫹)
expressed low levels of galectin-3, perhaps comparable
to the low level of expression detected in the two MM cell
lines tested. These data demonstrate a stage-specific
regulation of galectin-3 expression during B-cell development, with the lowest galectin-3 expression levels in
GC B cells undergoing antigenic selection and apoptosis, and in terminally differentiated, antibody-secreting
plasma cells.

Galectin-3 Protects B Cells from Anti-FasInduced Apoptosis
The robust expression of galectin-3 in long-lived B-cell
subsets, such as memory B cells, suggested that galectin-3 expression might contribute to apoptotic resistance
in B cells. We therefore directly examined whether galectin-3 protects B cells from apoptosis by treating these
cells with anti-Fas antibody, a cell-surface initiator of cell
death.52,53 Previous studies showed that galectin-3 protected Jurkat T cells from anti-Fas- and staurosporineinduced apoptosis, and also protected breast carcinoma
cells from apoptotic stimuli.23,25 We expressed galectin-3

in galectin-3-negative Raji BL B cells (for example, see
Figure 3, positive control lane). Raji cells expressing fulllength galectin-3 demonstrated a 41% decrease in antiFas-induced apoptosis, compared to cells transfected
with a control vector alone (Figure 5). In addition, galectin-3-expressing BCBL-1 B cells were transfected with a
plasmid expressing an amino-terminal truncated version
of galectin-3 containing only the carboxy-terminal domain
(galectin-3C).37 The amino-terminal portion of galectin-3
is required for protection from apoptosis and has been
shown to inhibit galectin-3 chemoattractant activity, suggesting that galectin-3C may act potentially as a dominant-negative form of galectin-3.54,55 In addition, galectin-3C inhibited breast cancer tumor growth and
metastasis.56 Remarkably, we observed a 90% to 95%
increase in anti-Fas-induced apoptosis of galectin-3 expressing PEL cells expressing transfected galectin-3C
compared to cells transfected with a control neo-vector
alone (Figure 5). Importantly, expression of galectin-3C in
galectin-3-negative Raji BL cells did not alter the viability
or sensitivity of these cells to anti-Fas treatments compared to vector control-transfected cells (data not
shown), indicating that galectin-3C acts in a dominantnegative role to block galectin-3 B-cell survival without
intrinsic pro-apoptotic activity. The cloned galectin-3 and
galectin-3C transfectants were cultured in the presence
of G418 throughout their selection and experimental use.
Western blotting demonstrated that the clones expressed
moderate levels of galectin-3 and galectin-3C (data not
shown). The robust bio-responses seen in protecting or
failing to protect B cells from Fas-induced cell death
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Figure 5. Galectin-3 protects B cells from Fas-induced apoptosis. A: Flow
cytometry analysis of annexin V and propidium iodide-stained galectin-3positive BCBL-1 PEL cells transfected with a galectin-3C-expressing or vector
control construct (left four panels) and galectin-3-negative Raji BL cells
transfected with a galectin-3-expressing or vector control construct (right
four panels) before or after treatment with anti-Fas antibody for 24 hours. B:
Summary of cell death data, shown as the percent change in apoptosis
between untreated and anti-Fas-treated cells when stably transfected with
galectin-3, galectin-3C, and vector control expression constructs. Data are
mean ⫾ SD of triplicate samples and is representative of three independent
experiments.

(Figure 5) would not be expected if only a minority of cells
in the clone populations expressed galectin-3 or galectin3C. Furthermore, the neomycin selection marker is linked
to the cDNAs for galectin-3 and galectin-3C. The physical
linkage and continued G418 selection argues for maintaining an open chromatin configuration and neomycin
expression at the integrated locus expressing galectin-3
or galectin-3C. Combined with Western blotting and alterations in sensitivity to Fas-induced death, a majority, if
not all, cells in the drug-selected clones co-express galectin-3 or galectin-3C at moderate levels. Together,
these data demonstrate a strong role for galectin-3 in
protecting B cells from Fas-induced cell death.

Discussion
Dysregulation of normal apoptotic mechanisms appears
critical for tumorigenesis. In this study we have shown
that galectin-3 behaves as an anti-apoptotic protein in B
cells and is highly expressed in a majority of DLBCL
samples and cell lines. Galectin-3 was also highly expressed in all PEL cell lines tested and was variably
expressed in MM cell lines and patient samples. It is
intriguing that GC-derived BL and FL have well-characterized mechanisms for protection from apoptosis, via
c-MYC and BCL-2 respectively, while comparable mechanisms for protecting GC-derived DLBCL or plasma cellderived MM and PEL from apoptosis have not yet been

identified. In contrast, we did not detect galectin-3 expression in memory B-cell-derived B-SLL patient samples, despite the high level of galectin-3 expression in
normal memory B cells. Down-regulation of galectin-3
during or before transformation and progression, or
transformation of galectin-3-negative memory B cells,
coupled to yet another distinct cell survival mechanism(s)
may occur in B-SLL.
Galectin-3 expression in DLBCL (and in PEL and MM)
may occur through several mechanisms. As shown in
Figure 3, GC B cells had the lowest galectin-3 level of all
B-cell populations. This suggests that galectin-3 may be
up-regulated in DLBCL during or after transformation,
independent of c-MYC expression levels. Alternatively,
DLBCL may arise from rare galectin-3 high-expressing
GC B cells that retain expression at this level during
lymphoma progression. In the latter case, protection from
apoptosis via abundant galectin-3 expression may be a
critical pre-condition for the development of certain DLBCL.57–59 Increased galectin-3 expression has been
shown to correlate with neoplastic transformation, metastatic potential, and with increased aggressiveness of
hepatocellular carcinoma,60 astrocytomas,61 pancreatic
cancer,62 and colon cancer.63 The mechanism of galectin-3 overexpression in these tumors is not yet understood. While T cells transfected with HIV Tat protein or
infected with human T lymphotrophic virus increase expression of galectin-3,24,34,64 we observed that galectin-3 expression in transformed B-cell lines was not associated with, nor affected by, EBV infection. Thus, viral
transformation is unlikely to be a general mechanism
leading to galectin-3 up-regulation in B cells. However,
we did observe high levels of galectin-3 expression in 4
of 4 PEL cell lines examined, suggesting that up-regulation of galectin-3 expression by KSHV/HHV-8 can possibly contribute to lymphomagenesis in AIDS patients.46
Although the mechanism(s) of transformation and protection from apoptosis in DLBCL, PEL and MM is largely
unknown, galectin-3 may play a prominent role in protecting these B-NHL from cell death. Previous studies
suggest that galectin-3 protects cells from apoptosis
through interactions with BCL-2, by blocking alterations
in mitochondrial membrane potential, and by reducing
the formation of reactive oxygen species.23–25,54 In addition, transfection of T cells with galectin-3 increases proliferation of these cells,65 while transfection of breast
carcinoma cells with galectin-3 anti-sense constructs decreases cellular proliferation.66 Both protection from apoptosis and increased proliferation, functions of galectin-3, could be linked to the lymphomagenesis of DLBCL,
PEL, and MM. The cell protective role of galectin-3 could
safeguard emerging DLBCL within the extensively apoptotic GC, while a proliferative advantage conferred by
galectin-3 expression would allow the transformed cells
to expand within and beyond the GC. A similar role could
protect and stimulate senescent plasma cells during or
after transformation to PEL and MM.
Supporting the notion that galectin-3 expression protects transformed B cells from apoptosis, we have shown
that galectin-3 non-expressing BL cells transfected with a
galectin-3 expression construct are significantly less sen-
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sitive to anti-Fas-induced apoptosis than control vector
transfectants (Figure 5). Furthermore, galectin-3 expressing PEL cells transfected with the galectin-3 carboxyterminal domain (galectin-3C) show a 90% to 95% increase in anti-Fas-induced apoptosis. It is known that
galectin-3 can self-associate through interactions that are
dependent on the amino- and carboxy-terminal domains,37 so that dimerization and multimerization may be
important for the anti-apoptotic activity of galectin-3.
Phosphorylation of serine-6, located at the amino-terminus of galectin-3, is required for the anti-apoptotic effects
of galectin-3.54 Galectin-3C lacks the serine-6 residue in
the amino terminus and therefore would not be phosphorylated. The increased sensitivity to Fas-induced apoptosis observed after galectin-3C transfection of PEL cells
may result from the association of galectin-3C with endogenous galectin-3. This would reduce the availability of
normal galectin-3 dimers by the creation of abnormal
galectin-3/galectin-3C dimers, resulting in decreased
serine-6 phosphorylation that is required for cell protection. Alternatively, galectin-3C may act alone as monomers or multimers to directly inhibit the protection from
apoptosis afforded by intact galectin-3 as a competitive
inhibitor. The lack of a measurable effect for galectin-3C
in the absence of galetin-3 in Raji BL cells (data not
shown) argues against a role for galectin-3C in directly
promoting apoptosis in B cells.
Our galectin-3 immunohistochemical staining results,
showing frequent moderate- to high-level galectin-3 protein expression in DLBCL patient samples is in agreement with studies of global RNA levels using gene expression profiling.6 Galectin-3 mRNA levels were shown
to be among the best genetic discriminators between
DLBCL and FL in a large panel of primary patient tumor
samples. Importantly, galectin-3 is able to promote tumor
cell survival by either intracellular or extracellular expression,23–26 suggesting that abundant galectin-3 in the surrounding stromal tissues may also have a more general
role in promoting B-cell lymphomagenesis. In this regard,
most if not all GC-based tumor samples examined here
express high levels of galectin-3 from surrounding stromal cells (data not shown).
In contrast to DLBCL, both BL and FL have well-characterized means of protection from apoptosis. BL often
harbor p53 mutations which, when combined with dysregulated c-MYC expression, can lead to inactivation of
apoptosis and cell cycle signaling.13,67 Although BCL-2
is normally undetectable in GC B cells,68 BCL-2 is overexpressed by most FL, due primarily to a chromosomal
translocation juxtaposing the BCL-2 gene to the immunoglobulin heavy-chain regulating elements.69,70 Although
BCL-2 protects FL from apoptosis, expression of BCL-2 is
usually absent in BL and has been observed in only a
subset of DLBCL.71,72 This suggests that the three major
types of GC-derived B-NHL, BL, FL, and DLBCL, each
have unique molecular mechanisms to evade apoptosis.
Galectin-3 may play this role for specific DLBCL.
Strikingly, in non-transformed lymphocytes, we found
that GC B cells have the lowest level of galectin-3 expression. This population of B cells undergoes extensive
apoptosis during selection. We suggest that weak or

absent galectin-3 expression in the GC may facilitate
apoptosis in those cells that fail to receive appropriate
selection signals. In contrast, high expression of galectin-3 in naı̈ve (pre-GC) and memory (post-GC) B cells
serves to protect these cells for extended periods of time,
while the reduction in galectin-3 expression in plasma
cells may help limit the lifespan of these terminally differentiated effector cells.
In summary, we have shown that many DLBCL, PEL,
and MM lines and patient samples express abundant
galectin-3 protein. Galectin-3 expression is protective
from Fas-induced death, a major source of B-cell elimination in vivo. Elucidation of the role that galectin-3 plays
in evasion from apoptosis in these mature B-cell-derived
lymphomas, as described for non-lymphoid malignancies, may improve clinical management and patient outcome in some types of lymphoma. Molecular therapies
targeted to circumvent the anti-apoptotic effects of galectin-3 could ameliorate the progression of selected lymphomas and synergize with existing treatments.
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