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Introduction

Summary

It has been well established that CD45 is a key receptor-type protein tyro-
sine phosphatase (PTPase) regulating Src-family protein tyrosine kinase
(Src-PTK) in T and B lymphocytes. However, precisely how CD45 exerts
its effect in these lymphocytes remains controversial. We recently reported
that Jacalin, an o-O-glycoside of the disaccharide Thomsen—Friedenreich
antigen-specific lectin from jackfruit seeds, caused marked T-cell activa-
tion in response to T-cell receptor ligation and CD28 costimulation by
binding to CD45. On extending the reported research, we found that
CD45 and isoforms are major Jacalin receptors on B lymphocytes, and
that the glycosylation of CD45 is involved in the interaction of Jacalin
with the PTPase. In contrast to Jacalin-stimulated T-cell activation, we
found that Jacalin induced human B-lymphocyte apoptosis, resulting in
calcium mobilization and calpain activation, suggesting that the calcium—
calpain pathway may mediate the Jacalin-induced apoptosis. Importantly,
the apoptosis was effectively blocked by a specific CD45 PTPase inhibitor,
indicating that Jacalin induces human B-lymphocyte apoptosis through
CD45 triggering. Furthermore, we found that Jacalin significantly
increased the C-terminal inhibitory tyrosine (Tyr507) phosphorylation of
Src-PTK Lyn, one of the major substrates of CD45 PTPase, and this effect
was also observed on incubation of B lymphocytes with the specific CD45
PTPase inhibitor, suggesting that Jacalin stimulation results in increasing
C-terminal tyrosine phosphorylation of the kinase through inhibition of
CD45 tyrosine phosphatase activity in human B lymphocytes. Therefore,
the down-modulation of Lyn kinase may play a role in the regulation of
B-lymphocyte viability.
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substrates can affect immune functions by creating or
masking ligands for endogenous and extraneous lectins.”

Glycosylation of cell surface proteins controls critical lym-
phocyte processes, including lymphocyte homing, thymo-
cyte selection, the amplitude of an immune response,
lymphocyte activation and cell death." The roles of glyco-
sylation in these functions are specific, i.e. different func-
tions require specific sugars on specific glycoprotein
acceptors.” Regulated glycosylation of specific acceptor

Plant lectins have long been used as surrogates for
authentic lymphocyte activational or inhibitory stimuli.
These carbohydrate-binding proteins activate or inhibit
lymphocytes by cross-linking many lymphocyte cell sur-
face glycoproteins, including some that contribute to the
immunological synapse.” Although a number of observa-
tions have suggested that lectin—glycan interactions

Abbreviations: GalB1-3GalNAc, galactose B1-3 N-acetylgalactosamine; GAPDH, glyceraldehyde-3-phosphate dehydrogenase;
Me-a-Gal, methyl-a-galactose; PARP, poly (ADP-ribose) polymerase; PTK, protein tyrosine kinase; PTPase, protein tyrosine

phosphatase; RPTP, receptor-type protein tyrosine phosphatase.
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contribute to immune system functions, nonetheless, it is
still difficult to attach any physiological significance to or
to propose any molecular basis for plant lectin-dependent
activation events.

Jacalin is highly specific for the a-O-glycoside of the
disaccharide Thomsen—Friedenreich antigen (GalPl-3Gal-
NAc, T-antigen, and its sialylated form), and is a tetra-
meric two-chain lectin (molecular mass, 66 000)
comprising a heavy o chain of 133 amino acid residues
and a light B chain of 20 amino acid residues.? Jacalin
was first described as a general T-cell mitogen, however,
little is known about the molecular basis.” Recently, we
isolated CD45, a type I receptor protein tyrosine-phos-
phatase (RPTPase), and identified it as one of the major
Jacalin targets in both the CD4" and CD8" T-cell subsets
through affinity chromatography and mass spectrometry.®
Consequently, we found that the lectin induced signifi-
cant T-cell activation in response to T-cell receptor
(TCR) ligation and CD28 costimulation in a CD45-posi-
tive Jurkat T-cell line (JE6.1) and primary T cells, and
that the effect was blocked completely by a specific CD45
protein tyrosine phosphatase (PTPase) inhibitor. How-
ever, Jacalin-induced T-cell activation did not occur in a
CD45-negative Jurkat T-cell line (J45.01). Furthermore,
we also observed that glycosylation-dependent interaction
of Jacalin with CD45 on T cells elevates TCR-mediated
signalling, thereby up-regulating the T-cell activation
threshold and T helper type 1 (Th1)/Th2 cytokine secre-
tion.°

CD45 is highly glycosylated and has been estimated to
comprise up to 10% of the surface areas of nucleated hae-
matopoietic cells and their precursors.” The molecule
undergoes complex alternative splicing in the extracellular
domain, and different patterns of CD45 splicing are asso-
ciated with distinct functions. In particular, CD45 has
been shown to play an essential role in signal transduc-
tion via the B-cell antigen 1receptor.8’9 Therefore, we
inferred that Jacalin may modulate the viability of B lym-
phocytes through CD45 signal initiation. In the present
study, we identified CD45 and isoforms as Jacalin major
receptors on human B lymphocytes and suggested that
the glycosylation of CD45 is involved in the interaction of
Jacalin with the PTPase. Consequently, the binding of Jac-
alin to CD45 induces human B-lymphocyte apoptosis
(programmed cell death) in a dose-dependent manner,
and this effect is significantly blocked by a specific CD45
PTPase inhibitor. Furthermore, in an attempt to better
elucidate the mechanism of Jacalin-induced B-lymphocyte
apoptosis through triggering of CD45, which has been
known to selectively associate with Lyn, one of the Src
family protein tyrosine kinases (PTKs), we here provide
original data regarding the CD45-mediated signal trans-
duction through control of the tyrosine phosphorylation
of Lyn in human B-lymphocyte apoptosis induced by
Jacalin.
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Materials and methods

Reagents and antibodies

Jacalin, fluorescein isothiocyanate (FITC) -conjugated Jac-
alin and agarose-conjugated Jacalin were purchased from
USBiological (Swampscott, MA). A PTPase CD45 inhibi-
tor, N-(9,10-dioxo-9,10-dihydro-phenanthren-2-yl)-2,2-
dimethyl-propionamide, was obtained from Calbiochem
(La Jolla, CA). Polyclonal antibodies against human
nuclear poly (ADP-ribose) polymerase (PARP), Lyn and
phospho-Lyn (Tyr507) were purchased from Cell Signal-
ing Technology (Beverly, MA). Anti-human phospho-Lyn
(Tyr396) and anti-human glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) monoclonal antibodies (mAbs)
were purchased from Epitomics (Burlingame, CA) and
Abcam (Cambridgeshire, UK), respectively. Phycoerythrin
(PE) -conjugated anti-human pan-CD45 mAb was
obtained from Beckman Coulter (Fullerton, CA). The
FITC-conjugated anti-human immunoglobulin D (IgD)
mAb and anti-human CD45RA, CD45RB and CD45RO
mAbs were obtained from BD PharMingen (San Diego,
CA). FITC-conjugated anti-human pan-CD45 mAb was
purchased from Immunotech (Marseille, France) and
Chemicon (Temecula, CA). Alexa546-conjugated anti-
mouse IgG secondary antibody and an intracellular Ca®*
indicator, fluo-3-acetoxymethylester (Fluo-3-AM), were
obtained from Molecular Probes (Eugene, OR). The cal-
pain inhibitor Z-LLY-FMK and caspase inhibitor negative
control Z-FA-FMK were purchased from Calbiochem
(San Diego, CA). A protease inhibitor cocktail and several
kinds of monosaccharides were obtained from Nacalai
Tesque (Kyoto, Japan). All chemicals for gel electrophore-
sis and Western blotting were purchased from ATTO
(Tokyo, Japan), Bio-Rad (Hercules, CA), Pierce (Rock-
ford, IL) or Zymed (South San Francisco, CA).

Cell line, cell culture and cell stimulations

The human B-lymphoma cell line, Raji, was obtained
from the American Type Culture Collection (ATCC;
Rockville, MD). The Raji B cells were cultured at 37°
under 5% CO, in RPMI-1640 containing 10% fetal calf
serum, 2 mM glutamine and 50 pg/ml kanamycin. For
B-cell stimulation, cells were diluted to 1 x 10° cells/ml
and then incubated in the medium alone or with the
specified additions for the times indicated.

Preparation of membrane fractions and affinity
chromatography

Raji B cells were resuspended in ice-cold Dounce buffer
[10 mm Tris—HCI (pH 7-6), 0-5 mm MgCl, and protease
inhibitor cocktail], and then homogenized with a Dounce
homogenizer. Tonicity restoration buffer [10 mm Tris—
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HCl (pH 7-6), 0-5 mm MgCl,, 0-6 M NaCl and protease
inhibitor cocktail] was added to the homogenized cells to
give 150 mm NaCl (final concentration), and then the
homogenate was centrifuged at 500 g for 5 min at 4° to
remove cell debris and nuclei. The supernatant was cen-
trifuged at 150 000 g for 45 min at 4°. The resulting total
membrane pellet was solubilized with lysis buffer
[150 mm NaCl, 20 mm Tris—HCI (pH 7-6), 1 mm ethylen-
ediaminetetraacetic acid, 1% Nonidet P-40 (NP-40), and
protease inhibitor cocktail] for 60 min on a rotary shaker
at 4°, and then centrifuged at 10 000 g for 20 min at 4°.
The supernatant was saved as the Raji B-cell membrane
proteins and was applied to a Jacalin-agarose affinity col-
umn. After washing the column with TBS buffer (pH 7-6)
containing 20 mm CaCl, and 0-1% NP-40, the proteins
bound to the column were eluted with TBS buffer (pH
7-6) containing 100 mm Me-o-Gal and 0-1% NP-40. The
eluted proteins were resolved on a 5-20% Tris—HCI gra-
dient gel (ATTO), followed by Western blot and lectin
blot detection using anti-human pan-CD45 antibody and
Jacalin, respectively.

Separation and culture of human primary B lymphocytes

Peripheral blood lymphocytes were isolated from healthy
donors by Ficoll-Paque Plus (Amersham Biosciences,
Piscataway, NJ) density gradient centrifugation at 1500 g
for 25 min. CD19" B lymphocytes were purified by posi-
tive selection with anti-human CD19 antibody-coated
magnetic beads according to the manufacturer’s instruc-
tions (Miltenyi Biotec GmbH, Bergisch Gladbach,
Germany). Flow cytometry of the resulting cell population
indicated that more than 95% of the remaining cells
expressed CD19. The separated cells were incubated in a
similar medium to that for Raji B cells. For stimulation,
cells were diluted to 1 x 10° cells/ml and then incubated
in the medium alone or with the specified additions for
the times indicated.

Flow cytometry

Cells were washed once in phosphate-buffered saline
(PBS) and pelleted, and then viable cells were resus-
pended in fluorescence-activated cell sorting (FACS) buf-
fer (PBS containing 2% fetal calf serum). To assess
human CD19, pan-CD45, CD45 isoforms and Jacalin
receptor surface expression on B lymphocytes, 20 pl of
FITC/PE-conjugated antibodies specific to the respective
CDs or FITC-conjugated Jacalin were added to 1-0 x 10°
cells in a volume of 200 ul for 1 hr, followed by three
washes in FACS buffer. All incubations were conducted
on ice to prevent receptor internalization. After 1 hr on
ice, the cells were washed once with FACS bulffer, pelleted
by centrifugation, and finally suspended in 500 pl FACS
buffer before analysis with a FACScan (Becton Dickinson,
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San Jose, CA) flow cytometer equipped with the vrysis II
software program. The double receptor expression on the
surface of primary CD19" B cells or Raji B cells was
determined by two-colour flow cytometry using anti-
human pan-CD45-PE antibodies and Jacalin-FITC.

Confocal laser scan microscopy

This experiment was carried out on two-well chamber
glass slides. Human primary CD19" B cells and Raji B
cells were incubated overnight at 37° and monitored
under a confocal microscope (FV1000; Olympus, Tokyo,
Japan). For double immunofluorescence, the B cells were
stained with FITC-conjugated Jacalin and anti-human
CD45 mAb in the presence or absence of 100 mm
Me-a-Gal, a strong inhibitor of Jacalin—glycan inter-
actions, followed by Alexa546-conjugated anti-mouse
IgG1 polyclonal antibody.

Western blotting and lectin blotting

One per cent NP-40 lysis buffer cell extracts were boiled
with the sample buffer. Samples were resolved on a
4-20% gradient sodium dodecyl sulphate—polyacrylamide
gel electrophoresis (SDS-PAGE) gel (ATTO), and then
transferred to nitrocellulose membranes, followed by
immunoblot or lectin-blot detection. For visualization, a
SuperSignal West Pico Chemiluminescent kit (Pierce) was
used with horseradish peroxidase-conjugated second
antibody (Zymed) or horseradish peroxidase-conjugated
Jacalin (US Biological, Swampscott, MA).

Apoptosis assay

Apoptosis was analysed by means of a nuclear PARP
cleavage assay. Primary B lymphocytes and Raji B cells
were treated with Jacalin at the indicated concentrations
in the presence or absence of 1 pum specific CD45 PTPase
inhibitor, calpain inhibitor Z-LLY-FMK and caspase
inhibitor negative control Z-FA-FMK, respectively, for
3 days. The cells were harvested and subjected to analysis
of PARP cleavage by Western blotting as reported previ-
ously.'® For preparation of a positive apoptosis control,
primary B or Raji B cells were exposed to ultraviolet
(UV) irradiation at 254 nm for 15 min, and then cultured
in RPMI-1640 containing 10% fetal calf serum for 3-5 hr
at 37° in 5% CO,. The UV-exposed cells served as a posi-
tive control.

Calcium mobilization

Live Raji B cells (1-0 X 10° in culture medium were
labelled with 10 pm Fluo-3-AM, an intracellular Ca**
indicator (Molecular Probes), at 37° for 30 min. The cells
were washed and resuspended in culture medium.
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Intracellular Ca" signals were recoded for 45 seconds by
a flow cytometer without any stimuli. After 45 seconds,
stimuli were added and Ca®* fluxes were measured for a
total of 5 min. Intracellular Ca®" signals were recoded on
a FACSCalibur.

Tyrosine phosphorylation of Src-family PTKs

For tyrosine phosphorylation of Lyn, one of the Src-
family PTKs, Raji B cells were serum-starved overnight
and then stimulated with or without 50 pg/ml Jacalin in
the presence or absence of 1 um specific CD45 PTPase
inhibitor for the indicated stimulation periods. Cells in
the medium alone were used as a negative control.
Whole cell lysates were analysed by Western blotting
with specific antibodies for human Lyn, phospho-
Lyn (Tyr507) (Cell Signaling Technology), phospho-Lyn
(Tyr396) (Epitomics) or GAPDH (Abcam), followed
with the horseradish peroxidase-conjugated relative
second antibody (Zymed).

Results

Jacalin receptors are expressed on both human
peripheral B cells and Raji B cells

To obtain an insight into the expression profile of Jacalin
receptors on B lymphocytes, human peripheral CD19" B
cells (Fig. 1a) and the human Raji B-cell line (Fig. 1b)
were stained with FITC-conjugated Jacalin and then anal-
ysed by flow cytometry. As shown in Fig. 1, both periph-
eral CD19" B cells and Raji B cells exhibited high levels
of Jacalin receptor expression. Based on these binding
data, we investigated whether Jacalin binding to the
surface of B cells is dependent upon carbohydrate inter-
actions. We examined the ability of several free monosac-
charides to competitively block the interaction of Jacalin
with B cells. The addition of 50 mm methyl-a-galactose

CD19* B cells
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Jacalin binding
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=

Counts

(Me-0-Gal) significantly abrogated Jacalin binding to
peripheral CD19" B cells as well as to Raji B cells. In con-
trast, glucose (Glc) and galactose (Gal), at a concentration
of 50 mm, exhibited substantially less inhibition of the
binding of Jacalin to B cells (Fig. 1). This competitive
inhibition by free monosaccharides is consistent with the
carbohydrate recognition specificity of Jacalin previously
reported.* The data suggest that the glycans expressed on
B cells may mediate the biological function of Jacalin
induction through interaction between the glycans and
Jacalin.

Carbohydrates mediate the colocalization of Jacalin
receptors with CD45 on both human peripheral B
cells and Raji B cells

To investigate the expression and localization of Jacalin
receptors and CD45 on B lymphocytes in detail, both
human peripheral CD19" B cells and human Raji B cells
were analysed by dual-colour flow cytometry. As shown
in Fig. 2a, there was a very strong correlation between
CD45 and Jacalin staining on both peripheral CD19" B
cells (Fig. 2a) and Raji B cells (Fig. 2b). Next, we investi-
gated whether CD45 can be directly stained by Jacalin
and whether carbohydrates could mediate the colocaliza-
tion of Jacalin receptors with CD45 on the B-cell surface.
When we examined B lymphocytes by confocal micro-
scopy, we observed that CD45 was substantially co-
localized with FITC-conjugated Jacalin (green) and
anti-human pan-CD45 mAb followed by Alexa546-conju-
gated second antibody (red) in both primary B (Fig. 2c)
and Raji B (Fig. 2d) cell membranes in the absence of
Me-a-Gal; however, the colocalization was completely
inhibited by 100 mm Me-o-Gal. Collectively, the results of
flow cytometry and confocal microscopy suggest that
CD45 may be a major Jacalin target expressed in the
B-cell membrane, and that the carbohydrates on CD45
mediate the colocalization of Jacalin receptors with CD45.

° Raiji B cells
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Figure 1. Expression of Jacalin receptors on the surfaces of human primary CD19" B cells and Raji B cells. CD19" B cells from healthy human

peripheral blood lymphocytes were separated with a QuadroMACS separation unit. The separated CD19" B cells (a) and Raji B cells (b) were

stained with fluorescein isothiocyanate-labelled Jacalin, and then analysed by flow cytometry, respectively. The cells were prepared and labelled as

described in the Materials and methods. As a negative control, the autofluorescence of the cells was measured (purple area). As shown in each his-

togram, the sugar specificity of the binding of Jacalin to primary CD19" B and Raji B cells was analysed in the presence of 50 mm Gal (pink),

Glc (blue), or Me-a-Gal (orange), respectively.
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tion of Jacalin receptors with CD45 on human FL1-H FL1-H

primary CD19" B cells and Raji B cells. (a, b)
Expression of Jacalin receptors and CD45 on
human CD19" B and Raji B cells. The (©
separated human CD19" B cells (a) and Raji B
cells (b) were analysed by two-colour flow
cytometry using fluorescein isothiocyanate CD19" B cells
(FITC) -labelled Jacalin and phycoerythrin
(PE) -labelled anti-human pan-CD45. The
proportions of costained primary CD19" B
cells and Raji B cells are indicated in the
upper-right portions of the histograms. The CD19" B cells
results are representative of three independent +
experiments. (¢, d) Costained primary CD19" Me-o-Gal
B cells and Raji B cells with Jacalin-FITC and
pan-CD45-Alexa546. Human primary CD19" (d)

B cells (c¢) and Raji B cells (d) were costained

with FITC-conjugated Jacalin and anti-human

pan-CD45 monoclonal antibodies, followed by Raiji B cells

Alexa546-conjugated second antibody, in the

absence (upper panels) and presence (lower

panels) of 100 mm Me-o-Gal, respectively, and

then monitored by confocal microscopy. The

yellow fluorescence shows the combined fluo- Raji B cells

rescence of FITC (green) and Alexa546 (red). *
Me-o-Gal

The magnified views of colocalization are
shown in right panels.

Glycosylation-dependent interaction of Jacalin with
CD45 and its isoforms on Raji B cells

Next, to determine whether CD45 and its isoforms are
the Jacalin receptors expressed on B lymphocytes, we
isolated the Jacalin receptors from a Raji B-cell mem-
brane fraction as described in the Materials and meth-
ods. The Raji membrane proteins were applied to an
affinity column of Jacalin—agarose and the bound pro-
teins were eluted with 100 mmM Me-a-Gal. The eluted
proteins were separated by SDS-PAGE, and then identi-
fied by Western blotting with anti-human pan-CD45
mAb and by lectin blotting with Jacalin, respectively.
As shown in Fig. 3(a,b), the results of CD45 Western
blotting corresponded to those of Jacalin blotting, as
the major receptor bands appeared in the molecular
of 150 000-250 000, particularly higher
molecular mass forms, under reducing conditions. Fur-
thermore, the proportion and density of CD45 isoform

mass range

© 2008 Blackwell Publishing Ltd, Immunology, 127, 477-488

Jacalin binding

Jacalin-FITC

Jacalin binding

CD45-Alexa546 Merge Magpnified view

bands detected by CD45 Western blotting and Jacalin
blotting were quite different, suggesting that Jacalin
may bind to CD45 isoforms with different affinities.
CD45 is known to be expressed as multiple isoforms,

which are generated through complex alternative splic-
ing at exons 4 (A), 5 (B), and 6 (C), in the extracellu-
lar domain of the According to the
molecular mass of Jacalin major receptors, the isoform
containing all exons (CD45RABC) appears to be the
predominant form on B cells, which is consistent with

molecule.’

previous findings.” Importantly, the proportion and
expression of CD45 and its isoforms as Jacalin recep-
tors on Raji B cells are significantly different from
those of the lectin receptors on Jurkat T cells.® In addi-
tion, to further examine the expression of CD45 iso-
forms on Raji B cells, we performed flow cytometry
using specific antibodies against CD45RA, CD45RB and
CD45RO0, respectively. As shown in Fig. 3(c), CD45RA
and CD45RB, but not CD45RO, were present at high
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levels on Raji B cells. Taken together, these data indi-
cated that CD45 and its isoforms are Jacalin major
receptors on B lymphocytes, and that the glycans
expressed on CD45 are involved in the interaction of
Jacalin with CD45 and its isoforms. Future studies will
analyse the differences of composition and glycosylation
of CD45 isoforms and quantify the binding affinities
between Jacalin and CD45 isoforms.
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Jacalin induces apoptosis in human peripheral B
lymphocytes

Signalling through the B-cell receptor (BCR) is required for
peripheral B-lymphocyte maturation, activation, mainte-
nance and silencing.® CD45 is the major PTPase on the sur-
face of B lymphocytes, and functions as both a positive and
a negative regulator of BCR signalling.® In mature B cells,
the antigen receptor normally consists of two isotypes,
membrane IgD and IgM. With our recent finding that Jaca-
lin induces T-lymphocyte activation and Th1/Th2 cytokine
secretion through binding to CD45,° we hypothesized that
CD45 might also play a promotive role in the modulation
of the B-lymphocyte differentiation or maturation initiated
by Jacalin stimulation in a similar way to in T lymphocytes.
To determine whether the Jacalin-CD45 interaction
affected the alteration in B-cell morphology, we first
observed that, after Jacalin treatment, primary CD19" B
cells underwent morphological changes characteristic of
apoptosis, such as membrane blebbing and cell shrinkage,
whereas the B cells did not show a change in morphology
with no Jacalin treatment (Fig. 4a). This suggests that Jaca-
lin may induce apoptosis selectively in B lymphocytes. To
verify this possibility, we next examined the Jacalin-
induced B-lymphocyte apoptosis characterized by the pro-
teolytic cleavage of PARP, which is one of the substrates of
activated caspase-3.'" As shown in Fig. 4(b), Western blot
analysis apparently indicated that Jacalin treatment resulted
in an 89 000 molecular weight apoptosis-related cleavage
fragment in primary B lymphocytes. UV treatment was
used as a positive control for apoptotic cells. Collectively,
these results clearly demonstrated that Jacalin induces
apoptosis in primary B lymphocytes.

Jacalin induces Raji B-cell apoptosis in a
dose-dependent manner

To further examine Jacalin-induced apoptosis in detail,
human Raji B cells were treated with Jacalin at the indi-

Figure 3. Purification and detection of CD45 and its isoforms as
Jacalin receptors on Raji B cells. (a, b) Purification and detection of
Jacalin receptors by affinity chromatography, and Western and lectin
blotting. Jacalin receptors were purified from human Raji B-cell
membrane proteins on a Jacalin-agarose affinity column and
fractionated on a 5-20% reducing gradient sodium dodecyl sul-
phate—polyacrylamide gel electrophoresis gel, and then transferred to
nitrocellulose membranes, followed by pan-CD45 Western blot
(a) and Jacalin lectin blot (b) detection. The arrows indicate the
purified Jacalin receptors on Raji B cells. The molecular weight
markers are shown on the left. (c) Expression of CD45 isoforms on
Raji B cells revealed on flow cytometry analysis. Raji B cells were
stained with fluorescein isothiocyanate-conjugated anti-human
CD45RA, CD45RB and CD45RO monoclonal antibodies, respec-
tively, and then analysed by flow cytometry. As a negative control,
the autofluorescence of the cells was measured (grey area).

© 2008 Blackwell Publishing Ltd, Immunology, 127, 477-488
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Figure 4. Effects of Jacalin-stimulated human primary B lympho-
cytes. (a) Differential morphological changes of Jacalin-stimulated
human primary B lymphocytes. The separated human CD19" B cells
were stimulated without (upper panels) or with (lower panels) Jaca-
lin at 50 pg/ml for 24 and 72 hr, respectively. Photographs were
taken after 24 and 72 hr stimulation using an Olympus microscope.
(b) Determination of Jacalin-induced human primary B-lymphocyte
apoptosis. The separated human CD19" B cells were incubated with-
out or with Jacalin at 50 pg/ml for 72 hr, followed by assessment of
apoptosis. Poly (ADP-ribose) polymerase (PARP) cleavage was analy-
sed by Western blot for apoptosis detection. The arrows indicate
116 000 PARP (upper bands) and 89 000 apoptosis-related cleavage
fragment (lower bands). As a positive apoptosis control, primary B
cells were exposed to ultraviolet irradiation at 254 nm for 15 min.

cated concentrations and then analysed using a PARP
cleavage assay. It is interesting that, as shown in Fig. 5,
the level of the 89 000 molecular weight apoptosis-related

Jacalin (pug/ml) 0 0
UV treatment (15 min) ~ + - -

Jacalin-induced human B-cell death via CD45 binding

cleavage fragment increased with the increase in the Jaca-
lin concentration, suggesting that Jacalin induced apopto-
sis in a dose-dependent manner in Raji B cells. UV
treatment was used as a positive control for apoptotic
cells, and GAPDH expression was examined as a control
for protein loading.

Jacalin induces human B-lymphocyte apoptosis
through CD45 triggering

Next, to determine the role of CD45 signalling in B-lym-
phocyte apoptosis triggered by Jacalin induction, we
incubated Raji B cells with a specific PTPase CD45
inhibitor, N-(9,10-diox0-9,10-dihydro-phenanthren-2-yl)-
2,2-dimethyl-propionamide,”'" at 1 um during 50 pg/ml
lectin stimulation. As shown in Fig. 6, the Jacalin-induced
apoptosis was effectively blocked in the presence of the
specific PTPase CD45 inhibitor compared with in its
absence. These results indicate that Jacalin induces
B-lymphocyte apoptosis through CD45 triggering, sug-
gesting that the level of signalling achieved on initiation
of CD45 signalling is intimately associated with the
induction of B-lymphocyte apoptosis.

Calcium—calpain pathway may mediate Jacalin-
induced human B-lymphocyte apoptosis

It has been reported that calcium mobilization is
impaired in CD45-deficient B cells and CD45 expression
is required for calcium mobilization through BCR trig-
gering.'>"? Calcium signalling is originated with intra-
cellular and extracellular calcium flux. To examine
whether calcium influx is required for Jacalin-induced
B-cell apoptosis, we performed a calcium mobilization
assay in Raji B cells. The Raji B cells incubated with
10 um Fluo-3-AM, an intracellular Ca®* indicator, were
stimulated by Jacalin in the presence or absence of
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Figure 5. Dose-dependent Raji B-cell apoptosis induced by Jacalin. Raji B cells were treated with Jacalin at various concentrations, as indicated

above, for 72 hr, followed by assessment of apoptosis. Poly (ADP-ribose) polymerase (PARP) cleavage was analysed by Western blotting for
apoptosis detection. The arrows indicate 116 000 PARP (upper bands) and the 89 000 apoptosis-related cleavage fragment (lower bands). As a

positive apoptosis control, Raji B cells were exposed to ultraviolet irradiation at 254 nm for 15 min. GAPDH is shown as a control for protein

loading (bottom). The results are representative of three independent experiments.
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Figure 6. CD45-mediated Jacalin-induced Raji
B-cell apoptosis. Raji B cells were treated with
Jacalin at 50 pg/ml in the absence or presence
of the PTPase CD45 inhibitor for 72 hr, fol-
lowed by assessment of apoptosis. PARP cleav-
age was analysed by Western blotting for
apoptosis  detection. The arrows indicate
116 000 PARP (upper bands) and the 89 000
apoptosis-related cleavage fragment (lower
bands). As a positive apoptosis control, Raji B
cells were exposed to ultraviolet irradiation at
254 nm for 15 min. GAPDH is shown as a
control for protein loading (bottom). The
results are representative of three independent

experiments.
CD45 inhibitor, and then the intracellular calcium sig- influx was partially suppressed by CDA45 inhibitor, sug-
nals were recoded on a FACSCalibur. As shown in gesting that Jacalin—-CD45 interaction results in calcium
Fig. 7(a), Jacalin stimulation increased intracellular cal- influx and this calcium influx may be required for Jaca-
cium concentration in Raji B cells and the calcium lin-induced B-cell apoptosis.
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Figure 7. Calcium—calpain pathway may medi-
ate Jacalin-induced Raji B-cell apoptosis.
(a) Jacalin-induced calcium mobilization. Raji
B cells were loaded with 10 pm Fluo-3-AM fol-
lowing treatment without or with Jacalin
labelled with Jacalin treatment (50 pg/ml) in
the presence or absence of 1 pm CD45 inhibi-
tor for the indicated time above, and then
intracellular Ca®* concentrations were recoded
on a FACSCalibur. (b) Calpain activation is
involved in Jacalin-induced Raji B-cell apopto-
sis. Raji B cells were incubated with a calpain
inhibitor or a caspase inhibitor negative
control at 1 pm and 10 pm, respectively, in the
presence of 50 pg/ml Jacalin for 72 hr,
followed by assessment of apoptosis. Poly
(ADP-ribose) polymerase (PARP) cleavage was
analysed by Western blotting for apoptosis
detection (upper panel). The arrows indicate
116 000 PARP and the 89 000 apoptosis-
related cleavage fragment as indicated above.
The relative percentage of the apoptosis was
determined by comparing the decreases in the
89 000 apoptosis-related cleavage fragment in
the absence and presence of calpain inhibitor
or caspase inhibitor negative control (middle
panel). The 89 000 apoptosis-related cleavage
bands were scanned by laser densitometry.
GAPDH is shown as a control for protein
loading (lower panel). The results are represen-
tative of three independent experiments.
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Since calpain, a calcium-dependent protease, and cal-
cium influx are required for downstream proteases of the
calcium—calpain apoptosis pathway, we next examined
whether calpain activation is involved in Jacalin-induced
apoptosis in Raji B cells. We incubated Raji B cells with a
calpain inhibitor or a caspase inhibitor negative control at
1 um and 10 pM, respectively, during stimulation with
50 pg/ml Jacalin. The results in Fig. 7(b) show that Jaca-
lin-induced B-cell apoptosis was significantly suppressed
by the calpain inhibitor at 10 pm compared with by the
caspase inhibitor negative control. Taken together, these
data indicate that Jacalin induces B-lymphocyte apoptosis
following Jacalin—-CD45 interaction, resulting in calcium
mobilization and calpain activation, which suggests that
the calcium—calpain pathway may mediate Jacalin-
induced B-lymphocyte apoptosis. It would be an impor-
tant and critical next step to demonstrate the molecular
mechanism underlying Jacalin-induced B-cell death
through CD45 triggering.

Jacalin increases the C-terminal tyrosine
phosphorylation of Lyn kinase through inhibition of
CD45 tyrosine phosphatase activity in human B
lymphocytes

Stimulation of B lymphocytes by a stimulator, antigen or
anti-BCR antibodies is associated with a rapid increase in
intracellular protein tyrosine phosphorylation.® As the
BCR complex does not exhibit any intrinsic kinase activ-
ity, the induction of protein tyrosine phosphorylation
must involve the participation of cytoplasmic tyrosine
kinases. Accordingly, there is accumulating evidence that
Lyn and Syk are responsible for the initiation of BCR-
induced signalling."* Lyn, one of the major Src-PTKs,
plays both stimulatory and inhibitory roles in B lympho-
cytes.® The regulation of Lyn kinase by phosphorylation is
complex in that there are two identified tyrosine phos-
phorylation sites: C-terminal phosphorylation (Tyr507) is
inhibitory and autophosphorylation (Tyr396) is stimula-
tory.® Recent studies have shown that Lyn is one of the
major substrates of CD45 tyrosine phosphatase in B lym-
phocytes,'* and that CD45 inhibits Lyn kinase activity
through dephosphorylation of the C-terminal tyrosine
(Tyr507) of Lyn, and negatively regulates BCR-initiated
effector phenomena such as growth arrest and apoptosis.®
To further investigate CD45-regulated B-cell apoptosis
after Jacalin stimulation and to correlate BCR signalling
with Jacalin induction, we analysed the CD45-mediated
tyrosine phosphorylation of Lyn kinase upon Jacalin
treatment in Raji B cells in the absence and presence of
the specific PTPase CD45 inhibitor. As shown in Fig. 8,
Jacalin significantly increased the C-terminal negative reg-
ulatory residue (Tyr507) phosphorylation of Lyn after
3 hr stimulation compared with the non-Jacalin stimula-
tion control, and the same levels of the positive regulatory
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Figure 8. Enhancement of C-terminal negative regulatory residue
(Tyr507) phosphorylation of Lyn kinase by Jacalin through inhibi-
tion of CD45 protein tyrosine phosphatase (PTPase) activity in Raji
B cells. Raji B cells were treated with Jacalin at 50 pg/ml in the
absence or presence of the PTPase CD45 inhibitor (1 pum) for 3 hr,
followed by assessment of tyrosine phosphorylation of Lyn kinase.
The levels of Lyn phosphorylated at tyrosine 507 and 396 and total
56 000 Lyn were determined by Western blotting with specific anti-
bodies against phospho-Lyn (Tyr507), phospho-Lyn (Tyr396) and
total Lyn, respectively. The arrows indicate phospho-Lyn (Tyr507)
(upper panel), phospho-Lyn (Tyr396) (middle panel) and total
56 kDa Lyn (lower panel). GAPDH expression was examined as a
loading control (bottom panel). The results are representative of
three independent experiments.

residue (Tyr396) phosphorylation and equal amounts of
total 56 000 molecular weight Lyn kinase were observed
in the cell lysates obtained for the experiment groups.
The effect of Jacalin-increased Lyn-Tyr507 phosphoryla-
tion was also observed on incubation of Raji B cells with
the specific CD45 PTPase inhibitor both with and with-
out Jacalin stimulation (Fig. 8), suggesting that Jacalin-
induced CD45 ligation results in increasing C-terminal
negative regulatory tyrosine (Tyr507) phosphorylation of
Lyn kinase through inhibition of CD45 tyrosine phospha-
tase activity in B lymphocytes, and that the positive regu-
latory residue (Tyr396) is autophosphorylated before
Jacalin stimulation. Therefore, the down-modulation of
Lyn kinase, as an initiating step for Jacalin—-CD45 inter-
action-induced signal transduction, may contribute to the
regulation of B-lymphocyte viability.

Discussion

Protein tyrosine phosphorylation is a key mechanism for
nearly every aspect of cell regulation, ranging from cell
survival and proliferation to apoptotic cell death in multi-
cellular eukaryotes. Tyrosine phosphorylation itself is reg-
ulated through the concerted actions of PTKs and PTPs.
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CD45 is the prototypic member of the RPTPase family
and plays essential roles in immune functions. Although
the requirement of invariant cytoplasmic domains with
intrinsic PTPase activity has been documented, no data
are available concerning the function of the CD45 extra-
cellular domain in lymphocyte signal transduction.
Recently, we showed that CD45 and its isoforms are
major Jacalin receptors expressed on CD4" and CD8" T
lymphocytes, and that Jacalin induced significant inter-
leukin-2 (IL-2) production by both a CD45-positive Jur-
kat T-cell line (JE6.1) and primary T lymphocytes, but
not by a CD45-negative Jurkat T-cell line (J45.01).°
Moreover, we also observed that Jacalin caused a striking
increase in IL-2 secretion in response to TCR ligation and
CD28 costimulation, and contributed to Th1/Th2 cyto-
kine secretion, both actions that were completely blocked
by a specific CD45 PTPase inhibitor, suggesting that Jaca-
lin induces T-cell activation through CD45 triggering.®
Since CD45 is a heavily glycosylated haemopoietic cell-
specific two-domain tyrosine phosphatase essential for
efficient T and B cells, we therefore hypothesized that
Jacalin may also interact with CD45 expressed on B lym-
phocytes and modulate the viability of B lymphocytes
through the Jacalin-CD45 interaction.

In this study, we have identified, by affinity chromato-
graphy, and Western and lectin blot experiments, that
CD45 and its isoforms are major Jacalin targets on the
membranes of B lymphocytes (Fig. 3). Importantly, the
proportions and expression of CD45 and its isoforms as
Jacalin receptors on B cells are significantly different from
those of the lectin receptors on T cells as determined in
our previous report.® CD45 exists as several isoforms
because of alternative splicing at three consecutive exons
(4, 5 and 6, designated as A, B and C) in the extracellular
domain. The difficulty of working with cells expressing
many isoforms has led to efforts to detect convincing dif-
ferences in the functions of individual CD45 isoforms,
and the altered combinations of isoforms might influence
the CD45 function by affecting segregation into lipid
rafts, dimerization or interactions with other molecules.'’
Moreover, the putative O-glycosylation sites are clustered
in the domains encoded by exons 4-6, and these domains
contain more sialylated O-linked sugar chains with the
core 2 structure.” Since Jacalin predominantly binds to
O-linked glycoproteins containing carbohydrate moieties
such as GalNAc, Galfl1-3GalNAc, Neu5Aca2-3GalNAc,
GalB1-3(Galp1-4GlcNAcB1-6)GalNAc, and GlcNAc1-
3GalNAc,*'*1° we hypothesize that Jacalin may bind to
these Jacalin epitopes, which are present on the CD45
extracellular domains encoded by exons 4-6.° It was pre-
viously reported that the ligation of CD45 on human T
or B cells by certain mAbs induces cell death.'”'® How-
ever, until now the putative physiological inducer of
CD45 ligation remained unknown. In the present work,
our observations evidently indicate that Jacalin induces
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B-lymphocyte apoptosis in a carbohydrate-dependent
manner through the CD45-Jacalin interaction.

Apoptosis is an important regulatory process in the
immune system, and is essential for the balanced cellular
homeostasis needed to maintain immune responsiveness,
and to avoid the aberrations of immunodeficiency, au-
toimmunity and cancer. In addition, the induction of
apoptosis is usually an active process, accompanied by
distinct morphological and biochemical events, although
these vary in different cell types and also depend on the
apoptosis-inducing stimulus.'® Several groups have shown
that galectins, a family of highly conserved B-galactoside-
binding lectins that are expressed in a wide variety of
mammalian tissues, induce the death of various cell types
including T and B lymphocytes, eosinophils, keratino-
cytes, adipocytes and tumour cells.’*° However, the
death pathways induced by galectins in these cells are still
poorly understood. Cell death in many cell types is a
complex process, involving multiple death signals and
several parallel death pathways.”’~*° The complexity of
cell death pathways reflects a requirement for tight con-
trol of the death process, while redundancy is ensured by
the overlapping of cell death inducers and effectors. In
this study, we found that Jacalin induces human B-lym-
phocyte apoptosis following Jacalin—-CD45 interaction,
resulting in calcium mobilization and calpain activation,
suggesting that the calcium—calpain pathway may mediate
Jacalin-induced human B-lymphocyte apoptosis. Although
it is clear that CD45 phosphatase plays a key role in the
life and death of lymphocytes, the great conundrum
regarding CD45 is what the extracellular domain does.
Equally intriguing is what role the alternative splicing
plays in regulation of phosphatase activity. Recent human
and animal data have revealed extensive polymorphism in
the extracellular domain and some CD45 isoforms affect
alternative splicing with different glycosylation, which
changes during lymphocyte differentiation, activation and
cell death.”**?" Cell-specific glycosylation of CD45 could
provide a mechanism for influencing various immuno-
logical pathways, including TCR and BCR signalling. Here
our results suggest that Jacalin binds to CD45 isoforms
with different affinities through lectin—glycan interactions
and induces B-lymphocyte apoptosis, which may provide
an opportunity to investigate the effects of changes in the
CD45 extracellular domain, and to determine the impor-
tance of CD45 polymorphisms in immune functions and
diseases. Given the potential for glycosylation changes to
affect the binding of lectin ligands to CD45, dimerization
and other protein—protein interactions, we need to under-
stand the glycobiology of CD45 much better.

The cytoplasmic region of CD45, like those of many
other RPTPases, contains two homologous PTPase
domains, active domain 1 (D1) and catalytically impaired
domain 2 (D2). To date, all the functions attributed to
CD45 are inherently coupled to its phosphatase activity.
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For instance, the regulation of lymphocyte antigen recep-
tor signalling is mediated through the dephosphorylation,
and hence activation, of Src-PTKs by CD45.%*>* Stimula-
tion of the TCR results in the activation of a series of
PTKs and culminates in a variety of distal events that
include transcriptional activation of the IL-2 gene.** Costi-
mulation through T-cell surface CD28 increases the stabil-
ity of phosphorylated proteins,” thereby amplifying TCR
signalling and facilitating T-cell activation. It is clearly
established that CD45 is required for TCR signalling and
this appears to be caused by the up-regulation of kinase
activity in p56Lck (also probably p59Fyn,”® and CD45
may be required to act dynamically during the very early
stages of TCR signalling.”” To date, the best described bio-
action for CD45 is as an activator of the Src-PTKs Lck
and Lyn in TCR and BCR complexes, respectively. Our
recent findings demonstrated that Jacalin causes a marked
increase in IL-2 secretion in response to TCR ligation and
CD28 costimulation, and the ability of the lectin to act as
a positive inducer of the TCR signalling threshold to mod-
ulate CD45 PTPase, which results in activation of the
mitogen-activated protein kinase cascade leading to up-
regulation of the T-cell response.® On the other hand, sig-
nal transduction via the BCR complex is regulated
through changes in the tyrosine phosphorylation of several
proteins. The equilibrium between tyrosine phosphoryla-
tion and dephosphorylation is regulated by the combined
actions of PTKs and PTPs. In particular, CD45 has been
shown to play an essential role in signal transduction via
the BCR and to selectively associate with Lyn kinase as its
major PTPase substrate in B lymphocytes."* Whether Lyn
promotes or inhibits immune cell activation depends on
the stimulus and the developmental state, meaning that
the consequences of Lyn activity are context-dependent.
Moreover, the cascades of signalling induced by CD45
ligation have not been fully elucidated. The experiments
reported here indicate that Jacalin stimulation results in
increasing C-terminal negative regulatory residue (Tyr507)
phosphorylation of Lyn kinase through inhibition of
CD45 tyrosine phosphatase activity in B lymphocytes
(Fig. 8), suggesting that the intracellular signalling events
associated with B-cell viability may be triggered by the
CD45-Jacalin interaction. Our results are in agreement
with previous findings of Katagiri ef al. and Yanagi
et al.;?®* who reported that Lyn can be activated through
dephosphorylation of the C-terminal regulatory tyrosine
by CD45 in B cells. Understanding the molecular mecha-
nisms involved in the immunoregulatory functions of Jac-
alin might help to delineate novel therapeutic targets
based on lectin—glycan interactions for autoimmune dis-
eases and chronic inflammatory disorders. Accumulating
evidence indicates that Lyn is the predominantly expressed
Src-SFK in B cells, and that it plays both positive and neg-
ative regulatory roles in BCR-induced signal transduc-
tion.>'* The positive functions of Lyn after BCR ligation
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are probably context-dependent, such that Lyn can be
substituted by other SFKs depending on the nature of the
stimulation.'* The irreplaceable function of Lyn in B cells is
to set the threshold of negative feedback control of signal-
ling after BCR ligation, and this is achieved through multi-
ple mechanisms that may act synergistically and
independently.>'* In this context, the data presented here
constitute evidence of the involvement of a signal transduc-
tion pathway, initiated through inhibition of the tyrosine
kinase activity of Lyn, in Jacalin-stimulated B lymphocytes.
Intriguingly, understanding of the pathway of Jacalin-
induced B-lymphocyte apoptosis is critical for the deve-
lopment of new approaches for regulating cell viability.
Our findings may well contribute not only to our know-
ledge of B-cell biology but also to the development of
pharmaceutical reagents for better management of human
diseases that may involve dysregulated Lyn-related path-
ways as contributing or causative factors. Further elucida-
tion of the Jacalin-induced B-lymphocyte apoptosis
mechanism will facilitate identification of target cells sus-
ceptible to this type of death, and the design of agents to
therapeutically manipulate the death pathway.
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