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Abstract

Galectin-1 (Gal-1) is one of 15 evolutionarily conserved B-galactoside-binding proteins that
display biologically-diverse activities in pathogenesis of inflammation and cancer. Gal-1 is
variably expressed on immune cells and endothelial cells, though is commonly found and secreted
at high levels in cancer cells. It induces apoptosis in effector T cells through homodimeric binding
of N-acetyllactosamines on membrane glycoproteins (Gal-1 ligands). There is also compelling
evidence in models of cancer and autoimmunity that recombinant Gal-1 (rGal-1) can potentiate
immunoregulatory function of T cells. Here, we review Gal-1’s structural and functional features,
while analyzing potential drawbacks and technical difficulties inherent to rGal-1’s nature. We also
describe new Gal-1 preparations that exhibit dimeric stability and functional activity on T cells,
providing renewed excitement for studying Gal-1 efficacy and/or use as anti-inflammatory
therapeutics. We lastly summarize strategies targeting the Gal-1 — Gal-1 ligand axis to circumvent
Gal-1-driven immune escape in cancer and boost anti-tumor immunity.
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2. Overview of Galectins

Galectins are a family of 15 carbohydrate-binding proteins (lectins) highly conserved
throughout animal species [1]. Most galectins are widely distributed, though galectin
(Gal)-5, -10 and -12 show tissue-specific distribution [2]. While galectins are variably
expressed by all immune cells, they are upregulated in activated B and T cells, inflammatory
macrophages, decidual natural killer (NK) cells, and FoxP3™" regulatory T cells [3; 4].

Galectins contain a variety of structural arrangements, but a relatively conserved
carbohydrate recognition domain (CRD). The majority of galectins display a single CRD,
and are biologically active as monomers (Gal-5, -7 and -10) [5], or require
homodimerization for functional activity (Gal-1, -2, -11, -13, -14 and -15) [5]. Alternatively,
tandem-repeat-type galectins (Gal-4, -8, -9, and -12) contain two CRDs separated by a short
linker peptide, while Gal-3 (chimeric type) has a single CRD fused to a non-lectin domain
that can be complexed with other Gal-3 monomers to form an oligomeric pentamer [5].

Galectins lack signal sequences required for conventional secretion. Nevertheless, many of
them are soluble cytokine-like molecules secreted by an alternative pathway that resembles
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the Na*/K* ATPase pump [6]. Galectins bind multiple glycoconjugates bearing the basic
core disaccharide N-acetyllactosamine (LacNAc) found in O-linked and/or N-linked glycans
[7; 8]. Importantly, carbohydrate-binding specificity within the galectin family is conferred
by minor modifications in the lactosamine backbone, such as the extent of N-glycan
branching, the multiplicity of LacNAc units, and terminal sialylation or fucosylation [9; 10].
Of note, some galectins, such as Gal-10, bind to mannose-containing glycans, suggesting
other relatively unexplored functions like pathogen-recognition [11].

Cumulative evidence suggests a major role for galectins as mediators of inflammatory
resolution phases by virtue of their pro-apoptotic activities on activated leukocytes [8; 12;
13]. However, under certain circumstances, galectins, notably Gal-3, have been shown to
amplify pro-inflammatory responses [14; 15], suggesting that galectin-mediated effects
depend on multiple factors that include mono/multivalency and concentrations in
experimental conditions, the extracellular environment, and the target cell assayed.

Gal-1 (Galaptin or LGALSL) is a ~14kDa protein that was the first described galectin family
member and, due to the abundance of cysteine residues (sulfhydryl groups), is referred to as
an S-type lectin [16]. Gal-1 is widely expressed in tissues of many vertebrate and
invertebrate organisms, where upon secretion, requires rapid binding to extracellular ligands
in order to maintain activity and stability [17]. In general, Gal-1-mediated activities/effects
can be divided into two cellular contexts: (a) T-cell-related (apoptosis and cell turn-over
[18; 19], immunoregulation [20; 21] and cancer immune evasion [22]), and (b) Non-T cell
related (cell adhesion [23], B cell development [24], mMRNA splicing [25], angiogenesis
[26], and nerve and muscle differentiation/homeostasis [27; 28], among others). Gal-1
activities influencing T cell fate, immunoregulation, and formation of immune-privileged
sites in cancer are the focus of this report and will be discussed in more detail in the
following sections.

3. Structural Biochemistry of Galectin-1 Binding

Gal-1’s structure is influenced by 2 anti-parallel B-sheets with a conserved topology of the
CRD among other members of the galectin family [29]. Gal-1’s CRD avidly recognizes and
binds LacNAc-bearing structures via van der Waals interactions and hydrogen bond
formation [29]. These activities are mediated by key amino acids that include His45, Asn47,
Arg49, Val60, Asn62, Trp69, Glu72, and Arg74 [29].

Gal-1 is a pleotropic molecule, wherein its function is dictated by its cellular location and
concentration thereof. Intracellular Gal-1 is predominantly monomeric, and mediates cell
growth regulation via protein-protein interactions with cytoplasmic RAS [30]. Gal-1’s lectin
activity, to the contrary, is based on B-galactoside interactions predominantly found on the
extracellular compartment [31].

Secreted Gal-1 spontaneously dimerizes, inducing autocrine and/or paracrine activities
through engagement of LacNAc-bearing structures on O-linked and/or N-linked glycans
[31]. Glycan structures decorate membranes of most cell types, as a result of synchronized
activities of glycan-modifying enzymes; glycosyltransferases and glycosidases. However,
for creation of Gal-1-binding determinants, cell activation triggers 3 important post-
translational events: (1) enhancement of core 2 N-acetylglucosaminyltransferase 1
(C2GNT1) activity and synthesis of core 2 O-glycans, commonly found as the backbone of
Gal-1 ligands [32], (2) suppression of glycosyltransferase a2,6-sialyltransferase 1 (ST6Gall)
activity, which catalyzes the transfer of o 2,6 neuraminic acid to terminal LacNAc,
abrogating Gal-1 binding [33], and (3) branching of Asn-linked complex N-glycans by N-
acetylglucosaminyltransferases (Mgat genes) [34; 35]. Notably, dimeric Gal-1 binds more
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avidly to multiple LacNAc units (poly-LacNAc) than to a single Type 1 (GalB1-3GIcNAc)
or Type 2 (Galp1-4GIcNAc) LacNAc unit.

Dimeric Gal-1 binds to numerous glycoproteins on activated leukocytes, including CD4,
CD7, CD43 and CD45 [8; 36; 37; 38], and to extracellular matrix glycoproteins, such as
laminin, fibronectin and vitronectin [17; 39]. Among its well characterized functions, Gal-1
mediates homotypic and heterotypic cell aggregation, cell adhesion to the extracellular
matrix, and induces pro-apoptotic activity on activated leukocytes [17]. All of these
activities are important for tumor nucleation, invasion into surrounding tissues, and immune
escape; therefore, Gal-1 has become an important biomarker for disease progression in
cancer, and a speculative target for the development of novel chemotherapeutic agents.

4. Galectin-1 and the Regulation of T cell Survival

Dimeric Gal-1 is universally recognized as a negative regulator of immune responses.
Initially, Gal-1 had been described as a pro-adhesive molecule, mediating cancer cell
interactions with components of the extracellular matrix [23]. Nevertheless, previous
pioneering studies on electrolectin, a Gal-1 homologue purified from the fish Electrophorus
electricus, suggested pro-apoptotic effects mediated by B-galactoside interactions [40].
Years later, Perillo et al. demonstrated that Gal-1 presence in the thymic stroma induces
deletion of autoreactive immature thymocytes, and experimentally validated their findings
using rGal-1 to induce apoptosis on human activated T cells and leukemic cell lines [8]. In
addition, they show that Gal-1 engagement to extracellular glycoconjugates on the surface of
leukemic and primary human T cells triggered clustering and polarization of CD7, CD43,
and CD45 microdomains, followed by signaling and transcriptional activation that, despite
many efforts, still remain controversial [38; 41]. Initial reports of Gal-1-driven apoptosis
suggested a direct involvement of caspase-8 and caspase-3 activation with subsequent
mitochondrial amplification mediated by cytochrome c release [42; 43]. Conversely, Hahn et
al. demonstrated that Gal-1-mediated T cell death occurs independent of caspase activation
through nuclear translocation of mitochondrial endonuclease G that is not accompanied by
cytochrome c release [44]. Furthermore, a third group has recently challenged the Gal-1
apoptosis paradigm [45]. Using T cell leukemic lines treated with rGal-1 in the absence of
DTT, exposure of phosphatidylserine residues (early sign of apoptosis) became evident 4h
post-rGal-1 incubation, but significantly reversed within the next 24h, with no changes in
mitochondrial potential or nuclear morphology [45]. These data offered 2 important insights
into Gal-1/T cell biology: (1) DTT added to preserve functionality in Gal-1 preparations is
itself able to induce pro-apoptotic changes [45] and (2) Gal-1-driven exposure of
phosphatidylserine residues in vivo, leads to opsonization and further phagocytic removal,
unveiling a new mechanism of cell turnover [45].

A thorough description of the glycan repertoire in mouse and human T helper (Th) subsets
revealed that Gal-1 selectively induces apoptosis on pro-inflammatory Thl and Th17 cell
subsets, but not on naive, Th2 or regulatory FoxP3* T cells[10]. In a comprehensive
analysis, Toscano et al. suggested that the susceptibility to undergo Gal-1-mediated cell
death is dictated by 3 elements: (1) expression of core-2 O- glycan epitopes; (2) presence of
large amounts of peanut agglutinin (PNA)-reactive asialocore-1 O-glycans; and (3)
expression of Sambucus nigra agglutinin (SNA)-reactive N-acetylneuraminic acid a2,6-
galactose residues on their cell surfaces [10]. In addition, their data show that Th2 binding
and susceptibility to Gal-1-mediated apoptosis can be greatly enhanced after treatment with
C. perfringens a2,6 sialidase, but not with S. thyphimurium « 2,3 neuraminidase [10].

Although the use of rGal-1 has offered valuable mechanistic data in regards to Gal-1
biology, Gal-1-mediated mechanisms of T cell death still remain inconclusive due to
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variations among targeted cell types, concentrations used, and inclusion of reducing agents,
which themselves, induce pro-apoptotic activities. Nevertheless, recently described Gal-1
preparations with constitutive dimerization, either by leucine-zippered domains [46], Gal-9
peptide linkers [31], or through fusion via hFc immunoglobulin domains (Gal-1hFc) [47;
48], have shown enhanced stability in the absence of reducing agents and have overcome
monomer-dimer equilibrium problems, representing novel valuable tools to study Gal-1-
mediated biological effects.

5. Gal-1 and its T cell Inmunomodulatory Signature

Over the past 10 years, T cell immunologists have centered their attention on particular Th
subsets that prevent autoimmunity and efficiently suppress inflammatory responses.
Regulatory CD4* T cells (Tyeg) co-expressing high levels of CD25 and the transcription
factor FoxP3, represent approximately 5% of murine circulating T cells in homeostatic
conditions [49]. A similar phenotype and percentage of Tyeqs have also been found in human
peripheral blood and promote immunosuppression and facilitate cancer progression as well
[50; 51; 52; 53]. The relevance of mouse and human naturally-occurring Tyegs mediating
peripheral tolerance is well established, but their mechanisms of action still remain
inconclusive. Although in vivo data suggest that IL-10 and transforming growth factor-§
(TGF-B) are important mediators of Tyeq suppressive activity; regulatory effects in vitro are
cytokine-independent and thought to be mediated by contact-dependent mechanisms [54].
As a result of transcriptomic and proteomic analyses to identify Tyeg-specific
immunosuppressive molecules, Gal-1 was found to be significantly expressed and secreted
by mouse and human activated Tyegs [20]. In fact, Garin et al. showed that Tyeq
immunosuppressive activity is blocked by the use of anti-Gal-1 neutralizing antibodies in
vitro [20]. Although Tyeq cell numbers in Gal-17/~ mice are similar to wt mice, their
suppressive potential ex vivo is significantly compromised [20]. Interestingly, recent evident
shows that Tyeq cell immunosuppressive potential might also be facilitated by the expression
of another member of the galectin family, Gal-10 [55].

In contrast to naturally-occurring Tyeq cells that emerge directly from the thymus, there are
peripheral mechanisms that support the development of other types of regulatory Th subsets.
Regulatory type 1 (Trl) cells, and TGF-p—producing, Th3 cells, are 2 relatively new cell
subsets induced by antigen stimulation in the presence of tolerogenic signals [56]. Tr1 cells
phenotypically express high levels of IL-10, show limited proliferative capacity, express low
levels of IL-2, variable amounts of TGF-, and no IL-4 [57]. In vivo, IL-10, and IL-27
significantly induce the production of Tr1 cells [58]. Notably, fully-differentiated Th1 and
Th2 cell subsets can become Tr1 cells upon chronic stimulation, impairing T cell function in
patients with asthma [59]. Recent reports also demonstrate that stimulation of human CD4*
T cells with anti-CD46 mAbs can efficiently induce synthesis of Tr1 cells [60]. In addition,
it has been shown that CDA45 ligation through specific anti-carbohydrate CD45RO/RB mAbs
can regulate the formation of Tr1 cells in vitro, representing a promising and potent form of
immunomodulation [61]. Alternatively, Trl cells can be generated in vitro, using exogenous
IL-10 and IFN-y [62], IL-27 [63], IL-21 [64], vitamin D3 and dexamethasone [65], or by
repetitive stimulation with immature APCs [66]. Recently, Ilarregui et al. suggested that
Gal-1 can significantly enhance the synthesis of Trl-like IL-10* T cells via the generation of
tolerogenic APCs [21]. Upon Gal-1 engagement of CD43, APCs generate IL-27, which in
turn, binds to the IL-27 receptor on Th cells, favoring the synthesis of 1L-10 (Figure 1a)
[21]. These Gal-1-generated Tr1 cells efficiently suppress inflammation in murine models of
autoimmunity, and are thought to favor tumor growth and immune evasion in syngeneic
mouse cancer models [21]. Similarly, two independent groups have shown direct Gal-1
influence on de novo synthesis of 1L-10-expressing T cells, using genetically-engineered
forms of Gal-1 that constitutively dimerize [46; 47; 48]. These data suggest that dimeric
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Gal-1 binding to activated Th cells might be able to directly promote Tr1 differentiation,
although the precise mechanism and Gal-1 ligands involved in this process still remain
unknown and are subject of ongoing investigation (Figure 1b).

Th3 cells are another regulatory Th subset by means of their high expression of TGF-p [67].
These cells efficiently suppress antigen-specific immune responses, and have an important
role of the establishment of tolerogenic environments by favoring induction of other
regulatory Th cells [68]. At present, Gal-1-mediated induction of TGF-p, or expression
levels of Gal-1 on Th3 cells have not been addressed.

6. Galectin-1in T cell-Mediated Inflammation and Establishment of Cancer
Immune Evasion

Gal-1 modulates T cell-mediated immune responses by virtue of its pro-apoptotic effect on
pro-inflammatory Th subsets, induction of IL-10 synthesis, and Th2 cytokine skewing. In
fact, expression of Gal-1 at the site of inflammation is most abundant from the peak through
the resolution phases of autoimmune conditions, mirroring the expression of other
regulatory molecules such as programmed death 1 (PD-1) and its ligand, PD-1L [21].
Therefore, inflammatory phenotypes of Gal-1~/~ mice in models of autoimmunity tend to be
more severe than in wt mice [21]. Importantly, rGal-1 has been used to ameliorate acute and
chronic inflammation in different models of disease. In early 1990s, Offner et al. showed
prevention and milder forms of autoimmune encephalomyelitis (EAE) in Lewis rats treated
with rGal-1 [69]. Years later, Rabinovich et al. found that daily rGal-1 treatments in a mouse
model of collagen-induced arthritis, shifted the cytokine milieu from a Th1 towards a Th2
response [70]. Similarly, rGal-1 treatments have been shown to prevent liver injury in a
model of concanavalin A-induced hepatitis [71], and efficiently decrease T cell infiltration
in models of hapten-mediated inflammatory bowel syndrome [72], and experimental
autoimmune uveitis [73]. Moreover, rGal-1 treatment has been shown to delay the onset of
murine Type-1 diabetes [74] via induction of high levels of 1L-10, and prevent graft-versus-
host disease, through suppression of IL-2 synthesis [75]. More recently, the use of a
chimeric mouse Gal-1-human immunoglobulin-Fc fusion protein revealed amelioration of
afferent and efferent phases of hapten-driven contact dermatitis [47], cementing the potential
use of stable Gal-1 dimers as therapeutic options in inflammatory conditions.

In a similar fashion, Gal-1 has been shown to play a pivotal role in cancer, promoting the
formation of immune-privileged sites. Cumulative evidence shows that Gal-1 expression is
correlated with aggressive phenotypes in many types of tumors [22; 76; 77]. Experimental
abrogation of tumor-derived Gal-1 favors tumor rejection, derived from enhanced anti-tumor
T cell proliferation and greater levels of IFN-y [22]. Similarly, Gal-1, highly expressed in
Reed Stemberg’s cells of Hodgkin’s lymphoma, has shown to promote Th2-prone
environments, featured by elevated levels of IL-4, IL-13 and I1L-10, and accompanied by
increased numbers of Tyeqs that prevent effective anti-tumor immune responses (Figure 2a)
[78]. As a result, novel cancer therapeutics that interfere with Gal-1 immunological
activities (e.g. Gal-1 neutralizing antibodies [79], competent inhibitors of Gal-1-binding [80;
81], and metabolic modifiers of LacNAc synthesis [23; 48; 82]) (Figure 2b), are currently
under investigation, as they may enhance anti-tumor immune responses and longer periods
of sustained remission. In fact, we have found that treatment with a fluorinated analog of N-
acetylglucosamine, 2-acetamido-1,3,6-tri-O-acetyl-4-deoxy-4-fluoro-D-glucopyranose (4-F-
GIcNAC), in mice bearing syngeneic tumors, accentuates anti-tumor immunity by disrupting
the synthesis of Gal-1-binding determinants on anti-tumor immunocytes [48]. 4-F-GIcNAc-
treated mice exhibit significantly smaller tumors than control-treated mice through elevated
levels of IFN-y-producing T cells and tumor-specific cytotoxic T cells, and decreased
synthesis of 1L-10 [48].
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Gal-1 is a cytokine-like molecule with promising therapeutic potential for inflammatory
disorders, and a candidate target for cancer therapy. Due to its lack of post-translational
modifications, Gal-1 can be easily synthesized in recombinant bacteria and purified by
lactosyl sepharose columns [83]. Nonetheless, research using recombinant Gal-1 (rGal-1)
has numerous drawbacks and limitations inherent to the nature of the molecule itself, and to
confounding effects mediated by chemicals used to stabilize Gal-1 preparations.

Gal-1, as many other galectins, contains numerous sulfhydryl groups that mediate
intermolecular and intra-molecular disulfide bonding [84]. Consequently, its rapid oxidation
conditions oligomerization and abnormal folding of the CRD, restricting rGal-1’s
functionality in culturing conditions to less than 8h [45].

To avoid oxidative inactivation, rGal-1 preparations are commonly supplemented with
reducing agents, such as dithiothreitol (DTT) [85]. Although inclusion of DTT stabilizes
Gal-1 preparations, Gal-1 concentrations >7uM are necessary in order prevent dissociation
into monomeric forms that have weaker binding capacity [17; 86; 87]. Moreover, DTT itself
has been shown to induce apoptosis, independent of the B-galactoside activity mediated by
Gal-1 [45]. In fact, recent data using rGal-1 treatments in HL-60 promyeloid leukemic cells
and MOLT-4 leukemic T cell cultures have failed to demonstrate full apoptotic activity in
the absence of DTT [85]. Initial phosphatidylserine exposure observed 4h after rGal-1
treatment is reversible after 24h, and not accompanied by further changes in the
mitochondria or nucleus suggestive of apoptosis [45]. Other approaches to overcome
oxidative inactivation include the mutation of a key sulfhydryl in the cysteine-2 position for
serine-2 (C2S Gal-1 variant) [17], alkylation of Gal-1 preparations with iodoacetamide
(iGal-1) [88], and a genetically engineered variant with pan-deletion of all cysteine residues
(CS Gal-1) [84].

Additionally, many investigators have questioned the use of >7uM Gal-1 as a physiological
concentration. Indeed, most rGal-1 assays use concentrations ranging from 10-30uM in
order to preserve a functional dimeric structure; however, this methodology has precluded
the study of other immunomodulatory activities independent of apoptosis that have been
attributed to Gal-1 in vivo. To this end, investigating Gal-1-mediated cytokine induction on
Th cells in vitro using currently available tools has been technically challenging;
nonetheless, the use of constitutively dimeric Gal-1 preparations, via leucine-zipper [46],
Gal-9 linker peptides [31], or hFc immunoglobulin domains [47; 48], have already shown its
potential to study these understudied Gal-1 properties experimentally.

Elucidating the identity of Gal-1 ligands has also posed a major challenge in the Gal-1 field.
Currently, rGal-1 is biotinylated and used as a probe in flow cytometry. In addition,
biotinylated rGal-1 can be coupled to sepharose beads in order to precipitate ligands from
cell lysates; however, this is a complicated procedure that requires high amounts of Gal-1
and cell lysate. In addition, biotinylated Gal-1 is not suitable for use in Western blot, due to
the presence of avidin and streptavidin non-specific reactive proteins. However, a recently
described Gal-1hFc fusion protein [47; 48; 82], has demonstrated Gal-1 ligand probing by
multiple approaches including Western blot and immunofluorescence (Figure 3), potentially
solving this long-standing problem in the field of immunoglycobiology.
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8. Future directions of Gal-1 research in T cell immunity

Multiple drawbacks inherent to the nature and biology of native and rGal-1 have precluded
their therapeutic use, and have obscured conclusions about the precise mechanisms of Gal-1-
mediated effects on T cells. Nevertheless, there is a growing number of reports describing
novel approaches to enhance Gal-1’s dimeric structure, with concomitant increased stability
and long-lasting biological effects [31; 46; 47]. The use of these constitutively dimeric Gal-1
preparations will help overcome mechanistic caveats, and due to their enhanced
functionality, might perhaps become promising therapeutic options for treating autoimmune
and inflammatory T cell-mediated conditions.

In addition, to counteract Gal-1-driven immunoregulatory effects in cancer, where Gal-1
over-expression often marks poor prognosis and advanced disease, neutralization of Gal-1
binding via blocking antibodies [79], competitive binding inhibition [80; 81], or
modification of T cell Gal-1 binding determinants using fluorinated sugar analogs [23; 48;
82], are remarkable approaches with enormous potential to boost anti-tumor T cell
immunity.

In summary, while Gal-1 research in the past encountered many limitations, new methods to
detect Gal-1 ligands and to enhance Gal-1 stability without perturbing its biological
properties have recently been reported. They represent valuable advancements in Gal-1
research, which will likely help clarify cell death paradigms, offer mechanistic insights into
Gal-1-mediated cytokine regulation, and hopefully translate into effective therapies for
inflammatory disorders.
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Figure 1. Gal-1 induces the synthesis of 1L-10* T cells through direct and indirect mechanisms
(a) Gal-1 binding to poly-LacNAc glycans (blue antennae) on the surface of antigen
presenting cells (APCs) triggers the release of IL-27, which in turn, binds to the IL-27
receptor (IL-27r) on T cells, favoring the synthesis of 1L-10. (b) Alternatively, stably
dimeric Gal-1 preparations directly induce T cells to synthesize IL-10, though the Gal-1
inducing mechanism is still unclear and under intense investigation.
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Figure 2. Targeting the Gal-1 — Gal-1 ligand axis in tumors abrogates Gal-1-mediated immune
privilege

(a) Tumor-derived Gal-1 induces apoptosis on anti-tumor immunocytes, and skews the
cytokine milieu towards a Th2 profile, promoting tumor growth. (b) Novel approaches to
interfere with the Gal-1-Gal-1 ligand axis include competitive inhibition with
thiodigalactoside (TDG), a lactose-based polysaccharide; neutralization with anti-Gal-1
monoclonal antibodies and metabolic inhibition of Gal-1 ligands through fluorinated sugar
analogs (e.g. fully acetylated 4-fluoro-glucosamine).
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Figure 3. Gal-1-binding N-acetyllactosamines are abundantly expressed in para-cortical T cell
zones in a DNFB-induced model of T cell activation

(a) Lymph nodes (LNs) draining dinitrofluorobenzene (DNFB)-sensitized skin were
harvested and embedded in paraffin, and 4um sections were stained with rabbit 1gG anti-
mouse CD3 (1:2000) (Abcam, San Francisco, CA) and Gal-1hFc2 (green) (20ug/ml) for 1h
and counterstained with Cy-3 (red) anti-rabbit IgG (1:200) (Invitrogen, Carlsbad, CA) and
rabbit anti-human IgG (1:2000) (Abcam, San Francisco, CA), followed by a 30 min
incubation with Cy-5 anti-rabbit 1gG (1:200) (Invitrogen, Carlsbad, CA). Note the absence
of Gal-1hFc2 staining on B cell zones (dotted lines), and the clustering pattern of T cells
decorated with Gal-1 ligands, suggestive of clonal expansion (inset). Representative
microphotographs taken at 4X (upper and middle panels) and 10x (lower panel) are shown
(Inset = 40x) (bars =100um). (b) B-galactoside-specific Gal-1 ligand recognition on
activated T cells is validated by using anti-CD3 (red) and a non-binding mutant form of
Gal-1hFc2, dmGal-1hFc2 (green). Representative microphotographs from 3 experiments are
shown (bars =200um).
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