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CD22 is arecycling receptor that can shuttle cargo between the
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Abstract

CD22 is a member of the sialic acid-binding Ig-like lectin (Siglec) family that is known to be a
regulator of B cell signaling. Its B cell-specific expression makes it an attractive target for
immunotoxin-mediated B cell depletion therapy for the treatment of B cell lymphomas and
autoimmune diseases. Although CD22 is well documented to be an endocytic receptor, it is
believed that following internalization it is targeted for degradation. We show here that CD22 is
instead constitutively recycled to the cell surface. We also find that glycan ligand—based cargo is
released from CD22 and accumulates intracellularly as CD22 recycles between the cell surface
and endosomal compartments. In contrast, antibodies to CD22 do not accumulate, but remain
bound to CD22 and recycle to the cell surface. The results have implications for development of
agents that target CD22 as an endocytic receptor for delivery of cytotoxic cargo to B cells.
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Introduction

CD22 is a member of a family of sialic acid-binding, immunoglobulin-like lectins (siglecs),
that are involved in regulation of cellular activation receptors and cell-cell adhesion (1,2).
The primary function of CD22 is to regulate the B cell receptor (BCR) through recruitment
of the phosphatase Shpl upon antigen stimulation (3-6). Contributing to this function in
ways that are not completely understood, CD22 also binds to sialoside ligands both on the
surface of the same cell, in cis, and on other cells, in trans (4,7-10). CD22 resides in
clathrin-coated pits, undergoing constitutive clathrin-mediated endocytosis (11-13). Upon
antigen stimulation, the BCR migrates to detergent-insoluble activation rafts, and from there
engages clathrin in a Src-kinase dependent manner (13,14). Although CD22 is excluded
from rafts, it ultimately co-localizes with the BCR in fused raft/clathrin domains prior to
endocytosis, suggesting that the endocytic function of CD22 is related to its
immunomodulatory effects (15-17). In fact, there is evidence that CD22 may regulate the
rate of BCR endocytosis (17).

There are six tyrosines within the intracellular domain of CD22, three of which are within
immunoreceptor inhibitory tyrosine motifs (ITIMSs) that are involved in regulation of its
functions. Mutations of both tyrosines in the fifth and sixth ITIM motifs (Y843 and Y863)
of CD22 to alanine result in significant reduction in endocytosis of anti-CD22 antibody
(aCD22) (11). Mutating one or the other of these tyrosine residues had only minor effects,

Corresponding author: James C. Paulson, Address: 10550 North Torrey Pines Road, MEM L71, La Jolla, CA, 92037,
jpaulson@scripps.edu Phone: 1-858-784-9634 FAX: 1-858-784-9690.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

O‘Reilly et al.

Page 2

consistent with the ability of either one of these motifs to bind the adaptor protein AP50.
Another report suggested that tyrosine motifs can be removed without a major impact on
uptake of aCD22. However, removal of the cytoplasmic domain abolished endocytosis, and
two glutamine residues in a membrane proximal motif were shown to be crucial
determinants (18).

Although endocytosed aCD22 colocalizes with the transferrin receptor in recycling
compartments (12), the existing model holds that CD22 is degraded following endocytosis,
and not recycled back to the cell surface (19). Although the amount of aCD22 internalized
by the cell can be up to 2-3 times the amount of CD22 on the cell surface, this has been
attributed to aCD22-induced release of intracellular pools of CD22 to the cell surface (20).

As an alternative to using antibodies, we have employed multivalent glycan ligands of CD22
to study the mechanism of endocytosis, and the utility of glycan ligand-based platforms to
deliver therapeutic cargo to B cells (21-24). While endocytosis of ligand-bearing nano-
particles has been demonstrated (12,21,22), little is known about the subsequent fate of
CD22 or its cargo. We recently reported one such platform, which employs anti-NP 1gM
(aNP) as a decavalent scaffold to present a heterobifunctional CD22 ligand, BPCNeuAc-NP,
comprising a high-affinity CD22 ligand coupled to the hapten, nitrophenol (NP).(24) In
effect, aNP and BPCNeuAc-NP assemble to display the high-affinity CD22 ligand in a
multivalent fashion that competes with cis ligands and achieves stable binding to CD22 on
the native B cell surface. When using this system to examine endocytosis, we observed a
dramatic accumulation of the aNP complex inside the cell. These observations led us to the
discovery that CD22 is a recycling receptor, and that the glycan ligand is released at the low
pH of endosomes. This behavior accounts for the accumulation of ligand-based cargo in the
cell as CD22 cycles between the cell surface and intracellular compartments. In contrast,
while aCD22 was efficiently endocytosed, it did not accumulate due to lack of release at low
pH, instead recycling to the cell surface with CD22.

Because of its B cell-restricted expression and endocytic function, targeting of
immunotoxins to CD22 for the treatment of B cell lymphoma and autoimmune diseases is
being actively investigated in clinical trials.(22,25-31) We have recently shown that
doxorubicin-loaded liposomes targeted to B cells with glycan ligands of CD22 are also
effective in prolonging life in a murine model of B cell lymphoma (21). The results
presented here suggest that the efficacy of the ligand-targeting approach may be facilitated
by the ability of CD22 to recycle and accumulate ligand-decorated cargo intracellularly.

Materials and Methods

Antibodies and reagents

Anti-NP IgM (aNP) was produced from the B1-8 hybridoma, purified by affinity
chromatography, and labeled with Alexafluor488 as described previously.

(24) BPANeu5Gca2,6Galp1,4GIctNACB-SpNH-PAA-Biotin (BPANeuGc-PAA) was prepared
as described previously (22). RFB4 aCD22 was obtained from Abcam. Streptavidin-
conjugated agarose beads were purchased from Thermo. Rabbit polyclonal H-221 aCD22
was purchased from Santa Cruz Biotechnology, Inc and used for western blotting. Rabbit
aV5 was purchased from Sigma-Aldrich and used for western blotting. ReliaBlot HRP-anti-
rabbit was used for secondary detection of western blots. Myg13 aCD22 was purchased
from Santa Cruz Biotechnology, Inc. and used as an unlabeled primary antibody for flow
cytometry with FITC-labeled anti-mouse 1gG (Jackson Immunoresearch, 115-096-072) for
detection. FITC-labeled anti-mouse 1gG+IgM (Jackson Immunoresearch, 115-096-068),
FITC-labeled mouse 1gG4 (BD, 349041), and FITC-labeled BL-CAM anti-CD22 (BD,
555424) were also used for flow cytometry. Streptavidin-conjugated magnetic beads were
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purchased from Invitrogen. HBSS/B is Hank’s Buffered Saline Solution containing 5 mg/
mL bovine serum albumin.

cDNA constructs

The cDNA encoding murine CD22.2 was a generous gift from Dr. Edward A. Clark
(Primate Center, University of Washington, Seattle, WA).(5) To generate specific CD22
mutants, the GeneTailor Site-Directed Mutagenesis System from Invitrogen (Carlsbad, CA)
was used, as directed by the manufacturer, to introduce changes into the CD22 cDNA within
the pcDNAS3.1 vector (Invitrogen). The intracellular membrane distal motifs containing
Y843 and Y863 were mutagenized either singly or in tandem to change the tyrosine residues
to alanine, phenylalanine, or aspartate. The intracellular membrane proximal motifs
containing R737, S738, Q739 and R737/Q739 were mutagenized to alanine. The mutations
were confirmed by sequencing (data not shown).

Mouse and cell lines

Burkitt’s human lymphoma BJAB cells (32) were maintained in RPMI containing 10% heat-
inactivated fetal bovine serum (BSA) and 50 uM 2-mercaptoethanol (2-ME). Reh cells were
purchased from ATCC. Daudi and Reh cells were maintained in in RPMI containing 10%
FBS. CHO cells were maintained in 1:1 F12:DMEM containing 10% FBS and either zeocin
for wild-type cells or hygromycin as a selection marker for CHO cells stably transfected
with a plasmid encoding full-length hCD22(12). The mCD22—/— J2-44 B cell line (33) was
kindly provided by Dr. Henry H. Wortis (Tufts University School of Medicine, Boston,
MA). The cells were maintained in RPMI 1640 media (Invitrogen) supplemented with 10%
FBS, 2 mM glutamine, 100 U/ml penicillin, 100 pg/ml streptomycin sulfate, 0.1 mM
nonessential amino acids, 20 mM HEPES, and 50 uM 2-ME (SIGMA\). For transfection, the
cDNA mutants were subcloned into pQCXIP Retroviral Vector (Clontech, Mountain View,
CA). Retrovirus was produced through introducing CMV/MSV/mCD22/IRES/Pur" and
ecotropic packaging constructs into 293 cells (Clontech) by calcium phosphate transfection
(Invitrogen). To infect J2-44 cells, 1 ml of retrovirus supernatant was used by spinoculation
(2500 % g, 1 h, 25°C) with the presence of 1:1000 lipofectamine (Invitrogen). To generate
stable expressing cell lines, 1 pg/ml puromycin was used to select the positive clones.
Transfected mCD22/J2-44 cell lines were maintained in complete culture media with 0.5 pg/
ml puromycine. C57BL/6J mice were obtained from TSRI in-house breeding program. All
mice used in this study were between 6-12 weeks of age and housed in a specific pathogen-
free facility according to TSRI IACUC guidelines. After obtaining single-cell suspensions of
splenocytes, RBCs were lysed by incubation in 0.15M NH4CI, 10mM KHCO3, and 0.1 mM
EDTA (pH7.2) for 5 minutes followed by washing with HBSS/B.

Flow cytometry binding and internalization assay—For cargo internalization
following pre-binding at 4 °C, 100-uL aliquots of BJAB cells (2 x 105/mL) were incubated
with 2 pg Alexa488-labeled aNP and 2 uM NP or BPCNeuAc-NP ligand in RPMI/10%FBS/
50 uM 2-ME media at 4° C for 1.5 hr. Cells were then washed and resuspended in media
containing 100 nM ligand (2 x 10%/mL). Ligand was added to a concentration of 2 uM to
maintain the complex, and cells were warmed to 37 °C to enable internalization. For
continuous internalization without pre-binding, aNP and NP or BPCNeuAc-NP were added
to cells as above but were immediately warmed to 37 °C. Following internalization for the
indicated times, cells were pelleted and either washed with HBSS/B (pH 7) for the
measurement of total aNP (neutral wash), or resuspended in 40 pL-aliquots of 0.133 M
citric acid, 0.0666 M sodium carbonate, pH 3.3 to 5 x 108/mL and incubated at 25 °C for 4
min (acid-wash). All cells were washed with HBSS/B and analyzed by flow cytometry
(FACSCalibur, BECTON DICKINSON) and CellQuest software. The same protocol was
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carried out to test aCD22 binding. 10-pL aliquots of either FITC-labeled mouse 1gG; or
FITC-labeled mouse aCD22 (BL-CAM) were added instead of glycan-based cargo.

Mutant CD22 internalization assays were performed by using J2-44 mouse B cells that had
been transfected with either the wild-type or a mutant form of murine CD22. Comparable
expression levels of CD22 on J2-44 cell lines was assessed using immunofluorescence
staining with flow cytometry(data not shown). 1 x 108 cells were incubated with 5 pg/mL
anti-CD22-PE antibody (SouthernBiotech, Birmingham, AL) on ice for 45 min, washed with
1 mL of ice-cold HBSS/B or left in solution with antibody, and then incubated at 37°C or on
ice for 60 min. Following incubation, cells were washed with RPMI 1640 at either pH 2.15
or neutral pH. After a final wash with 1 mL of HBSS/B, the cells were analyzed by flow
cytometry (FACSCalibur, BECTON DICKINSON) and Flowjo software (Treestar).

To measure binding under hypertonic conditions, BJAB cells (2 x 105/mL) were incubated
for 15 minutes at 37 °C in alphaMEM/10% FBS containing 0.45 M sucrose. Cells were
washed twice at 4 °C and resuspended to 2 x 108/mL, all with the same media. Alexa488-
labeled aNP (2 pg) and 2 uM NP or BPCNeuAc-NP were added to 100-pL aliquots of cells
and incubated at 4 °C or 37 °C for 1.5 hours. Following incubation, cells were washed with
200-puL aliquots of HBSS/B containing 100 nM ligand and then analyzed by flow cytometry.
For inhibition of subsequent intracellular trafficking, cells were pre-incubated at 37 °C for
45 minutes in media containing 0.5 uM Bafilomycin A.

CD22 internalization assay with polyacrylamide glycan probe in primary murine B cells

To analyze mCD22 internalization, 106 mouse spleen cells were incubated with 0.125 pg of
the biotinylated polyacrylamide probe, BPANeuGc-PAA, in a total volume of 100uL HBSS/
B on ice for 2 hours. Cells were either washed with 1mL HBSS/B, or left in the presence of
excess unbound probe, and then incubated with 0.25 ng streptavidin-PE (eBioscience) on ice
for 45 minutes. Following incubation, cells that had been washed were washed again with 1
mL HBSS/B, and cells that had not been washed were left with unbound probe in solution.
Cells were warmed up to 37 °C or kept on ice for 1 hour. Following incubation, cells were
washed with 400 pl of RPMI 1640 (pH2.5) or normal RPMI 1640, followed by two washes
of ImL HBSS/B. Finally, B cells were stained with 0.25 pg of PerCP-Cy5.5 anti-B220
(Biolegend) in a volume of 100 pL on ice for 45 minutes. All flow cytometric data were
acquired on FACSCalibur (BECTON DICKINSON) and analyzed using Flowjo program
(Treestar).

Fluorescence detection of recycled CD22-bound aCD22

Aliquots of 2 x 10° BJAB cells in 100 uL DPBS/5%FBS were incubated with 2 ug of
unlabeled aCD22 (Myg13), isotype control mouse IgGy, or aNP +/— BPCNeuAc-NP (2 uM)
for 60 minutes at 37 °C. Cells were then washed with neutral DPBS/5%FBS at 4 °C, or acid-
washed in 40 pL 0.133 M citric acid, 0.0666 M sodium carbonate, pH 3.3 for 4 minutes at
25 °C. Acid-washed cells were neutralized by adding 20X volume of DPBS/5%FBS,
pelleted, and then acid-washed a second time. Pelleted, acid-washed cells were resuspended
in 100 uL. RPMI11640/10%FBS/2uM 2-ME and either kept on ice or warmed to 37 °C for 30
minutes. Both 4 °C and 37 °C incubated cells were either washed with DPBS/5%FBS or
acid-washed once as above. After a final wash with DPBS/5%FBS, cells treated with
aCD22 or isotype control were stained with a 1:100 dilution of anti-mouse 1gG (FITC),
while cells treated with aNP were stained with a 1:100 dilution of anti-mouse 1gG+IgM
(FITC), for 30 minutes on ice. Cells were washed twice with cold HBSS/B and analyzed by
flow cytometry.
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Sensitivity of antibody and ligand binding to low pH

Protein A-coated magnetic beads bound to CD22-Fc chimera were incubated with 2 pg
isotype control mouse 1gG (FITC), 2 ug aCD22 (FITC), 2 ug aNP (Alexa488) alone, or 2 ug
aNP with 2 pM BPCNeuAc-NP in 100 pL phosphate/citrate buffer containing 5 mg/mL
BSA, at pH 5, 6, or 7 for 3 hours at 37 °C. Beads were then washed twice with 0.2-mL
aliquots of HBSS/B. For BPCNeuAc-NP containing samples, 100 nM ligand was included in
the wash buffer. Beads were then analyzed by flow cytometry.

Endocytosis assay—Endocytosis assays were carried out using published procedures.
(34,35) Briefly, BJAB or Daudi cells were harvested and resuspended in 0.5 mL ice-cold
DPBS to 2 x 107/mL, and incubated with 2 mg/mL sulfoNHS-SS-biotin (Thermo) at 4 °C
for 1 hour with end-over-end rotation. Cells were pelleted and washed twice with 1-mL
aliquots of DPBS containing 5% FBS and 25 mM lysine, then once containing only DPBS/
5% FBS. All steps were carried out at 4°C unless otherwise indicated. Internalization was
induced by incubation at 37 °C in a water bath. Cells were then pelleted and treated three
times with 1-mL aliquots of 100 mM sodium 2-mercaptoethanesulfonate (MESNa) in 50
mM Tris-Cl, 100 mM NacCl, pH 8.5, with a 10-minute incubation between each exhange.
Control cells were washed with this buffer in the absense of MESNa. Cells were then
washed twice with 1-mL aliquots of DPBS containing 5 mg/mL iodoacetimide to quench
residual MESNa, once with DPBS, and finally lysed by resuspending pellets in 1-mL
aliquots of 50 mM Tris-Cl, 150 mM NaCl, 1% Triton X-100, pH 7.4 containing protease
inhibitors (Calbiochem cocktail I11) for 30 minutes. After pelleting cell debris, the
supernatant was transferred to Streptavidin agarose beads (25 pL slurry washed with lysis
buffer) and incubated overnight with end-over-end rotation. Streptavidin beads were then
washed five times with lysis buffer before heating to 70 °C for 5 min in reducing loading
dye and analyzing by 10% Bis-Tris SDS-PAGE and western blotting. H221 (a«CD22) was
used for detection of CD22 from B cell lines, while aV5 was used for detection of CD22 and
Siglec-F transfectants in CHO cells.

Recycling assay with double MESNa treatment

Biotinylation was carried out as in the endocytosis assay. Cells were then pelleted,
resuspended in 1-mL aliquots of DPBS/5%FBS/25mM lysine, and incubated at 4 °C with
end-over-end rotation for 30 minutes. Cells were then pelleted, resuspended in 1-mL
aliquots of DPBS/5%FBS, and incubated at 37 °C for 30 minutes. After returning to 4 °C,
cells were pelleted and resuspended in 1-mL aliquots of 50 mM Tris-Cl, pH 8.5, 100 mM
NaCl either with or without 50-100 mM MESNa. Following 30 minutes of end-over-end
rotation at 4 °C, cells were pelleted and resuspended in DPBS containing 5 mg/mL
iodoacetimide for MESNa-treated samples, then incubated for 15 minutes with end-over-end
rotation at 4 °C. Cells were pelleted and resuspended in 1-mL aliquots of DPBS/5%FBS,
then warmed to 37 °C for the indicated periods of time for recycling. After returning cells to
4 °C, samples were treated with MESNa (or mock treated) and quenched with iodoacetimide
as above. Cells were then lysed and biotinylated proteins captured with streptavidin-agarose
as described for the internalization assay.

Recycling assay with magnetic bead capture—To measure recycling, the
endocytosis assay was performed with the following modifications. Following biotinylation
and washing, cells were warmed to 37 °C in a water bath for 30 minutes to allow
internalization to reach equilibrium. Following MESNa treatment and iodoacetimide
washing, a second 37 °C incubation step was added to allow externalization of internalized
biotinylated proteins. To capture externalized proteins, 100 uL of magnetic streptavidin
beads (Invitrogen, Dynal M-280) were incubated with cells in DPBS/5% FBS in a total
volume of 500 pL. Beads were first washed and resuspended in DPBS/5% FBS to the

J Immunol. Author manuscript; available in PMC 2012 February 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

O‘Reilly et al.

Results

Page 6

original density. Incubation of beads with cells proceeded for 1 hour on ice with occasional
mixing, then 8.2 pmol of free biotin was added from an aqueous solution to quench
remaining binding sites and the incubation continued for 30 minutes. Samples were pelleted
and resuspended in lysis buffer containing protease inhibitors and 1 pg/mL free biotin. Lysis
was allowed to proceed for 30 minutes, then samples were exposed to a magnet to isolate the
beads, which were subsequently washed three times with lysis buffer, five times with 1 %
SDS, and once more with lysis buffer (1 mL/wash). After heating the beads for 5 minutes at
70 °C in reducing loading buffer, proteins were separated by SDS-PAGE and analyzed by
western blotting as described for endocytosis.

Release of CD22 from intracellular compartments—BJAB or Reh cells (1 x 105)
were incubated for 1 hour at 37 °C in 1 mL RPMI/10% FBS/50 pM 2-ME alone (control), or
with either 40 ug aNP (plus or minus 2 uM BPCNeuAc-NP), 8 ug murine 1gG isotype
control, or 8 ug RFB4 aCD22. After washing twice with cold DPBS at 4 °C and
resuspending in 0.5 mL cold DPBS, cell surface proteins were labeled with an amine
reactive biotin reagent (6 mg/mL) for 1.5 hours at 4 °C. Cells were washed three times with
25 mM lysine in DPBS/5% FBS (1 mL/wash) at 4 °C, incubated in lysis buffer (250 pL/
sample) for 30 minutes, and then biotin-tagged surface proteins were isolated using 25-uL
aliquots of streptavidin-agarose beads. Immunoprecipitation proceeded overnight at 4 °C
with end-over-end rotation, and then beads were centrifuged at the highest speed for 5
minutes at 4 °C. Supernatant was collected and saved as intracellular CD22, since it was
protected from biotinylation. Beads were washed five times with lysis buffer (1 mL/wash)
and then, in order to normalize volumes of the supernatant and the biotinylated proteins,
beads were resuspended in 308 uL of reducing loading buffer before heating to 70 °C for 10
minutes. Supernatants were analyzed by SDS-PAGE and western blotting as described
above.

Internalization and accumulation of CD22 ligand-targeted cargo, but not aCD22 in B cells

CD22 endocytosis was first investigated by a flow cytometry assay monitoring uptake of
fluorescently labeled aCD22 or ligand-targeted cargo by B cells. The ligand-targeted cargo
is anti-nitrophenol IgM (aNP), a multivalent scaffold for the heterobifunctional CD22
ligand, BPCNeuAc-NP that assembles as a complex with CD22 on B cells (24). Through
direct conjugation of aNP with AlexaFluor 488, BFCNeuAc-NP-mediated uptake of aNP-
CD22 complexes at 37 °C could be monitored using flow cytometry. To assess the kinetics
of ligand endocytosis, complex formation was allowed to proceed at 4 °C for 60 minutes,
after which cells were washed to remove unbound ligand and then warmed to 37 °C. Total
cell surface-bound plus internalized aNP was measured by the total cellular fluorescence,
while internalized ligand was detected after a brief acid-wash (Fig. 1A, Pre-Bind/Wash). In
order to assess cargo uptake in a manner more closely resembling physiological conditions,
ligand and aNP were added to cells at 37 °C, and binding and endocytosis were allowed to
proceed continuously. Under these conditions, the amount of aNP accumulated within the
cell was an order of magnitude greater than the amount that associated with the cells at 4°C
(Fig. 1A, Continuous). Moreover, even after 5 minutes, the majority of the aNP is inside the
cell, and the amount on the surface decreases as a fraction of the total over time.

To evaluate whether aCD22 would demonstrate the same time-dependent accumulation
inside B cells, a fluorescently-labeled antibody to CD22 was incubated with BJAB cells
using both the pre-bind/wash conditions and the continuous conditions as were used with the
aNP. In contrast to the 10-fold greater association of aNP with the cells at 37 °C compared
to 4 °C, there was less than a 2-fold difference in the amount of «CD22 association at the
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two temperatures (Fig. 1B). In contrast to aNP uptake, internalization of aCD22 quickly
reached a maximum with less than 50% inside the cell and then remained at that level
throughout the course of the experiment. The modest increase in aCD22 association at 37 °C
under continuous conditions is consistent with the binding of aCD22 to intracellular pools of
CD22 brought to the cell surface as previously suggested (20). Cells pre-bound with aCD22
and then washed exhibit a slow decrease in cell-associated fluorescence upon 37 °C
incubation. This phenomenon is not seen with the aNP, and may be related to the fact that a
fraction of the antibody is localized on the cell surface throughout the time course of the
experiment and may slowly dissociate from CD22.

To demonstrate the generality of this phenomenon we tested an alternative glycan ligand
platform for its ability to be endocytosed by primary murine B cells. This ligand comprised
a multivalent polyacrylamide polymer with pendant high-affinity ligands for murine
CD22, BPANeuGc-PAA. As reported earlier, the BPANeuGc-PAA probe has been shown to
compete with cis ligands to achieve stable binding to CD22 on native B cells (22). Like the
aNP cargo, BPANeuGc-PAA accumulates intracellularly, resulting in a 10-fold higher
association with the cell upon continuous binding and internalization at 37 °C (Fig. 2B)
relative to washing prior to internalization (Fig. 2A). Thus, the release and intracellular
accumulation of ligand-bound cargo is seen with two completely different platforms
targeting human and murine CD22.

CD22 antibody is not released intracellulary and recycles to the cell surface

The lack of accumulation of «CD22, and the observation that less than 50% of aCD22 was
internalized, suggested that «CD22 may not be released intracellularly, and that both CD22
and aCD22 recycle back to the cell surface following endocytosis. As precedence, recycling
of antibody bound to the thyrotropin receptors was observed during investigation of its
trafficking to intracellular compartments (36). To test this possibility, unlabeled aCD22 was
used with a labeled secondary antibody for detection. Unlabeled aCD22 was bound and
internalized by the cells, and the labeled secondary antibody was used to detect only residual
cell surface aCD22. Fig. 3A shows aCD22 remaining on the cell surface following 37 °C
incubation (thick trace), and its subsequent removal with acid (thin trace). Intracellular
aCD22 would not be detected under these conditions. Acid-treated cells were then warmed a
second time to 37 °C allowing endocytosed aCD22 to recycle to the cell surface, as detected
by the labeled secondary antibody (Fig. 3C, thick trace). Following treatment of the cells a
second time with acid, the recycled aCD22 was removed from the cell surface (Fig. 3C thin
trace). As a control, reappearance of aCD22 was not observed if the cells were left on ice
instead of warming to 37 °C in the second incubation (Fig. 3B). As expected, aNP does not
re-appear on the cell surface under the same conditions, in agreement with its observed
intracellular accumulation, and an isotype control of aCD22 verifies specificity
(Supplemental Fig. 1).

Differential pH sensitivity between antibody and glycan ligand binding to CD22

We next investigated the possibility that aNP accumulation may relate to the ability of
CD22 to release ligand-based cargo in endosomes. Accordingly, the pH dependence of
antibody or glycan ligand binding to CD22 was determined using Protein A-conjugated
magnetic beads coated with CD22-Fc fusion protein. Following incubation of beads with
labeled aCD22 or labeled aNP and BPCNeuAc-NP at 37 °C in pH 5, 6, or 7 buffer for 3
hours, beads were washed and analyzed by flow cytometry. As shown in Fig. 4, aCD22 is
similar at all pH values tested, while aNP complexation is attenuated at pH 6, and largely
abolished at pH 5. These results suggest that ligand—decorated cargo, but not aCD22, may
be released at the reduced pH of intracellular compartments.
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Insight into the role of CD22 intracellular motifs in endocytosis

To clarify the role of the cytoplasmic domain in CD22 endocytosis, a panel of mutants of
murine CD22 were prepared and used to transfect the CD22-deficient J2-44 murine B cell
line (Fig. 5A). Wild-type and mutant cells were incubated with fluorescently-labeled aCD22
at 4 °C for one hour, then either left at 4 °C or warmed to 37 °C for one hour. To measure
internalized antibody, cells were washed with a low-pH buffer capable of removing surface-
associated antibody. Consistent with the results in Fig. 1, warming the wild-type cells in the
presence of antibody leads to a similar proportion of bound to internalized aCD22 (Fig. 5B
and C). CD22 mutant Y843F is defective in its ability to internalize a«CD22 antibody,
although Y863F has less of an effect (Fig. 5B). While the effect of Y863F is modest by
itself, the double mutant has a more dramatic effect than Y843F alone, suggesting that Y863
may have a compensatory effect in the Y843F mutant. Alanine and aspartate mutants of
these tyrosines were also tested (Supplemental Fig. 2). Fig. 5C addresses the membrane
proximal motif in which two glutamine residues in the human sequence were found to be
crucial for antibody uptake by CD22(18). Mutation of the corresponding residues in the
murine CD22 sequence (R737 and Q739) also attenuates internalization of aCD22 in
agreement with the previous study. The single mutants, which were not tested previously,
extend the understanding of this motif by revealing a more pronounced effect in the Q739A
mutant. With the knowledge that CD22-bound antibodies are recycled back to the cell
surface, these results suggest that the mutations in both motifs either block internalization, as
suggested previously, or, alternatively, lead to a redistribution of CD22 favoring localization
on the cell surface.

Accumulation of aNP occurs by clathrin-dependent endocytosis and requires recycling

Based on evidence that CD22 endocytosis is clathrin-mediated, and that CD22 recycles to
the cell surface following endocytosis (Fig. 3B), we used conditions known to perturb
clathrin-mediated endocytosis to test the possibility that aNP accumulation results from
CD22 shuttling cargo from the cell surface to intracellular compartments. As shown in Fig.
6A, endocytosis and accumulation of aNP was blocked by incubating the cells in hypertonic
media containing 0.45 M sucrose, which disrupts the formation of clathrin-coated pits (37).
The degree of aNP association is similar to that seen at 4° C, where endocytosis is disabled
by low temperature. This result demonstrates that accumulation of aNP at 37 °C is not due
to enhanced binding of aNP to CD22 on the cell surface at 37 °C, but requires endocytosis.

To assess the effect of blocking more downstream processes, cells were pre-treated with
Bafilomycin A (Baf), a potent proton pump inhibitor that is responsible for vesicular
acidification and inhibits recycling of endocytosed receptors (34,35,38,39). Accumulation of
aNP was blocked by Baf, consistent with a requirement for acidification of endosomes and
recycling of CD22 for accumulation of aNP inside the cell (Fig. 6A). Fig. 6B depicts a
graphical representation of the data.

Constitutive endocytosis and recycling of CD22

To determine if CD22 also undergoes constitutive recycling, we employed a reversible
biotin-tagging strategy that monitors CD22 directly to detect endocytosis and recycling as
illustrated in Fig. 7 (34,35). Specifically, lysines of cell surface proteins are labeled at 4 °C
with disulfide-linked biotin using the cell impermeable labeling reagent, sulfoNHS-SS-
Biotin (sulfosuccinimidyl 2-(biotinamido)-ethyl-1,3-dithiopropionate (Fig. 7-A). This
modification is reversible by treatment with the cell-impermeable reducing agent sodium 2-
mercapto-ethanesulfonate (MESNa; Fig. 7-B). At any time, biotinylated CD22 is readily
assessed by lysing the cells, capturing biotinylated proteins with streptavidin-agarose beads,
and analyzing by SDS gel electrophoresis and Western blotting with an antibody to CD22.
Endocytosis can then be detected by warming the cells to 37 °C for various times, and after
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cooling again to 4 °C, treating with MESNa to removed cell surface biotin. Thus, biotin only
remains on proteins that have been endocytosed (Fig. 7-C). By adding a second warming
step following MESNa treatment but prior to lysis, recycling can be monitored either by
MESNa removal of the biotin tag from CD22 that has reappeared on the cell surface (Fig. 7-
E) or by exposing intact cells to streptavidin beads before lysis to capture only the cell
surface biotinylated-CD22 (Fig. 7-F).

A key assumption in this strategy is that the biotin-labeling is stable once internalized. To
verify this assumption, the level of biotinylated CD22 isolated from cells was compared at 4
°C and 37 °C. If the biotin disulfide is unstable upon internalization, less CD22 should be
isolated with streptavidin beads. However, no decrease in streptavidin-isolated CD22 was
observed, even after 90 minutes of 37 °C incubation (Supplemental Fig. 3).

Using this strategy, endocytosis of CD22 was assessed in several cell lines including two B
cell lines, and CHO cells expressing CD22 (Fig. 8). In BJAB cells, CD22 endocytosis
reaches a maximum around 15 minutes, while in Daudi cells, no further endocytosis is
observed beyond 5 minutes. Using this assay, we found that the presence of aNP

and BPCNeuAc-NP does not accelerate the rate of CD22 internalization (Supplemental Fig.
4). Siglec-F, which has a distinct endocytic mechanism from CD22, was included for
comparison.

To determine if the biotinylated CD22 subsequently recycles, MESNa-treated cells were
warmed to 37 °C for various times then treated with or without MESNa at 4 °C (as
illustrated in Fig. 7-C,D,E). As shown for BJAB, Daudi, and Reh cells (Fig. 9A), relative to
the total amount of labeled endocytosed CD22 (- MESNa), none is sensitive to MESNa
treatment at 0 time. With increasing time at 37 °C, the majority of labeled CD22 becomes
re-sensitized, demonstrating recycling to the cell surface.

To assess recycling using an alternative approach with a positive read-out, the second
MESNa treatment was not performed. Rather, following the second warming step, magnetic
streptavidin beads were added to intact cells prior to cell lysis to capture only biotinylated
CD22 that reappeared on the cell surface (e.g. Fig. 7-F). After adding excess biotin to
quench remaining biotin binding sites on streptavidin, CD22 was probed by Western
blotting. Using BJAB, Daudi, and transfected CHO cells, Fig. 9B shows that biotinylated
CD22 re-emerges on the cell surface in a time-dependent manner. Notably, the kinetics of
recycling were quite different for the different cell lines examined. Re-emergence of
endocytosed Siglec-F is not observed, which is consistent with the demonstration that
endocytosed Siglec F moves to lysosomal compartments (12).

Redistribution of CD22 to the cell surface by ligation with aCD22, but not by ligand-based

cargo

The distribution of CD22 between the cell surface and intracellular compartments in BJAB
and Reh B cell lines was evaluated by biotinylating the cell surface proteins at 4 °C and then
separating biotinylated from unlabeled (intracellular) CD22 using streptavidin-coated
magnetic beads prior to analysis by Western blotting. This was done following pre-
incubation of the cells at 37 °C alone, or with either aCD22 or aNP + BPCNeuAc-NP. In the
absence of either aCD22 or ligand-based cargo, BJAB cells have more CD22 expressed on
the surface than in intracellular compartments, while the opposite is the case with Reh cells
(Fig. 10). This observation Is consistent with the Reh being derived from a pre-B cell
leukemia-derived cell line, and previous studies showing that pre-B cells have an increased
proportion of intracellular CD22 (40). As reported by others (20), aCD22 induces
redistribution of CD22 to the cell surface in both cell lines, with the effect being particularly
evident in Reh cells. In contrast, ligand-based cargo does not produce a significant change in
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distribution in either cell line (Fig. 10). To confirm, distribution of CD22 in the presence or
absence of ligand was repeated in triplicate, with no significant difference in the ratio of
extra- to intracellular CD22 (data not shown). These data also support the conclusion that
the intracellular accumulation of glycan ligand-targeted cargo is accounted for by recycling
of CD22 and not redistribution of intracellular pools to the cell surface.

Discussion

Here we demonstrate that CD22 is an endocytic receptor that efficiently recycles to the cell
surface. The conclusion that CD22 recycles to the cell surface is in contrast to previous
reports that had suggested CD22 was not recycled following endocytosis (19,20). In a
pivotal early study, Shan and Press used an elegant neuraminidase-shift assay that was
similar in concept to the biotin labeling assay used here (19). Cell surface 125|-labeled CD22
subjected to isoelectric focusing revealed numerous bands that were collapsed to less acidic
species by treatment with neuraminidase. Endocytosis to intracelluar compartments
protected the acidic bands from neuraminidase treatment. However, in a recycling
experiment, the endocytosed CD22 exhibited little increased sensitivity to neuraminidase
over 60 min, while endocytosed transferrin, used as a control, exhibited slight sensitivity
after 30 min, and significant sensitivity by 60 minutes. While it was concluded that CD22
does not recycle, we believe that these results are not inconsistent with our observations. We
find that the kinetics for recycling is relatively slow, and varies considerably from cell line
to cell line (Fig. 9). Moreover, we have previously documented that the kinetics of CD22
endocytosis are significantly delayed from transferrin endocytosis (12), so it would not be
surprising if the kinetics of recycling relative to transferrin were also delayed.

As we observed (Fig. 1B), and a consistent finding of various groups, endocytosis of aCD22
plateaus at a fraction (30-80%) of the total bound (18,19,25). This has been interpreted by
some investigators as the result of two pools of cell surface CD22 with distinct
internalization Kinetics, which may be related to its association with the BCR (15,19). In
light of our finding that CD22 is a recycling receptor, we believe that the residual cell
surface aCD22 is the result of an equiibrium between the intracellular and cell surface pools
of CD22, and that antibody, once bound to CD22, is recycled to the cell surface along with
CD22 (Fig. 3B).

The demonstration that CD22 is a recycling receptor provides additional perspective on the
importance of regulatory motifs in the cytoplasmic domain that affect CD22 endocytosis.
One report demonstrated that tyrosines 843 and 863 of two ITIM motifs are important for
antibody-induced endocytosis of CD22, using an assay that monitored loss of CD22 from
the cell surface(11). Another study used a different CD22 construct and an assay involving
endocytosis of a cytotoxin to demonstrate the importance of a motif with two membrane
proximal glutamine residues(18). The experiments reported here compare mutants of these
sequences on the same murine CD22 construct expressed in a CD22-deficient B cell line,
using the same assay, and demonstrate that both sets of sequences are indeed important in
endocytosis of aCD22. For the ITIM motifs, the Y843F mutant and double mutant
Y843/863F mutant exhibit over 10-fold reduced endocytosis of aCD22 compared to wild
type, while the Y863F mutant show little deficiency (Fig. 5B). For the membrane proximal
motif, residues R737 and Q739 in murine CD22 were confirmed to be crucial for
endocytosis (Fig. 5C). The previous study did not address the two residues individually. Of
these two mutations, we found that Q739A is more deleterious, while the double mutant has
an even more severe defect. Based on our finding that antibody is recycled with CD22, it is
formally possible that the mutations do not affect endocytosis, but instead affect the
distribution of CD22 between the cell surface and intracellular compartments. The fact that
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the membrane proximal motifs abrogated cytotoxicity to conjugated saporin(15) provides
evidence that this is not the case for those mutants.

Antibody ligation is accompanied by an increase in the ratio of CD22 on the cell surface
compared to intracellular pools of CD22 (Fig. 10), as also reported by others (20). We found
that the constitutive cell surface CD22 as a fraction of the total differed significantly in
BJAB (~60%) and Reh cells (~25%). However, in both cell lines, ligation with RFB4
aCD22 significantly increased the ratio of CD22 on the cell surface to intracellular CD22,
which was particularly evident in Reh cells. In contrast, CD22 ligand-based cargo did not
confer a change in CD22 distribution. While the mechanism of the altered distribution is not
yet completely understood, antibody ligation can influence phosphorylation of ITIM
motifs(41), which may in turn alter endocytosis and recycling. However, it is important to
note that effects on CD22 endocytosis and distribution may be antibody dependent. Indeed,
it has been reported that an aCD22 that blocks the ligand-binding site led to phosphorylation
of CD22 and increased B cell proliferation, while non-blocking antibodies did not (41-43).
Moreover, ligand-blocking antibodies in mice had in vivo effects, including depletion of
normal and malignant B cells, that were not seen with non-blocking antibodies (44,45).

In contrast to our results with «CD22, ligand-decorated cargo accumulated in the cell over
time, and as a result, the amount of cargo left on the cell surface decreases relative to the
total amount in the cell over time, until there is little if any cargo on the surface (Fig. 1A) .
Since recycling occurs constitutively, and the rate of endocytosis is not affected by glycan
ligands (Supplemental Fig. 4), we believe that ligand-based cargo is carried passively to
endosomal compartments once bound to CD22. Our results suggest that the accumulation is
a result of release of the ligand-based cargo in the low pH endosomal compartments, freeing
up CD22 to return back to the cell surface and shuttle additional cargo into the cell. The
accumulation of ligand-based cargo was independent of the ligand platform used (e.g.
antibody scaffold or polyacrylamide polymer), and was observed with cell lines and primary
cells expressing both human and murine CD22. This conclusion that ligand is reseased in
acidic endosomal compartments is supported by the kinetics of the accumulation of CD22
ligand, the pH sensitivity of ligand binding to CD22, and the blocking of the intracellular
accumulation of ligand—based cargo by inhibition of intracellular vesicle re-acidification
with the proton pump inhibitor, Baf A. Since Baf A treatment is known to inhibit recycling
by interfering with the transport of internalized receptors back to the cell
surface(34,35,38,39), the dramatic blocking of intracelluar accumulation may be the result
of both blocking release of the cargo, and inhibiting recycling.

In several respects, the pH dependent release of ligands by CD22 is reminiscent of the
behaviour of other well-known recycling receptors. We had previously documented that
CD22 is endocytosed to the same compartment as the transferrin receptor (12), which is
known to result in a pH dependent release of iron from transferrin, while transferrin is
recycled to the surface of the cells and released at neutral pH (46). Even more analogous is
the situation with the asialoglycoprotein receptor, which binds glycoproteins containing
galactose-terminated glycans, and releases the glycoprotein in acidic lysosomal
compartments (47).

The relevance of CD22 endocytosis and recycling to its in vivo function is still somewhat of
an enigma. Although other siglecs on immune cells have been implicated in the binding and
internalization of sialylated pathogens,(12,48-50) no such function has yet been ascribed to
CD22 on B cells. However, its constitutive localization to clathrin-coated pits is relevant to
its function in B cell receptor (BCR) signaling. The BCR activation complex moves to
clathrin domains within minutes of BCR ligation(15,16), and thereby is brought into
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proximity with CD22. Thus, it is possible that the primary effect of CD22 recycling is
connected to its function as a regulator of cell signaling.

CD22 has long been viewed as an attractive target for immunotherapy of B cell
malignancies due to its restricted expression on B cells, and because it is an endocytic
receptor that can be exploited as a trojan horse for delivery of drugs intracellularly (27,51).
Several aCD22 constructs in human clinical trials are immunotoxins that rely on the
endocytic activity of CD22 to deliver conjugated toxin into the cell. These include CM544,
an IgG conjugated to calicheamycin, as well as BL22 and its mutated version HA22, which
are conjugated to Pseudomonas exotoxin (20,26,28-30,52-62). In the case of BL22, ligation
with CD22 correlated with a decrease in intracellular CD22 and stoichiometric association
of BL22 with total CD22, suggesting a mobilization of CD22 to the cell surface. These
observations are consistent with results obtained with RFB4 a.CD22 studied here and further
suggest that BL22 is not released, but recycles between the cell surface and endosomal
compartments. Because CD22 is a recycling receptor, the efficacy of therapeutic CD22
immunotoxins might be improved by optimization of a cleavable linker between the toxin
and antibody (29,63), or by using antibodies that exhibit pH-dependent binding to CD22 and
are released in the endosome..

As an alternative approach to targeting lymphoma cells in vivo we have demonstrated that
doxorubicin-loaded liposomal nanoparticles decorated with CD22 ligands provide prolonged
survival in a murine model of B cell lymphoma (21). Like the ligand-targeted platforms
examined in this report, the CD22-targeted liposomes accumulate intracellularly in
endosomal and lysosomal compartments over time (21). In principle, the release and
accumulation of cargo in endosomal compartments as CD22 recycles to the cell surface
offers an advantage for the glycan ligand-based targeting approach for cell-directed
immunotherapy.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. CD22 efficiently internalizes aNP and aCD22 at 37 °C

Native BJAB cells were incubated with (A) aNP +/— BPCNeuAc-NP, or (B) aCD22/isotype
control, under two different sets of conditions. Pre-Bind/Wash: Cells were pre-incubated
with aCD22/isotype control, or aNP +/— BPCNeuAc-NP, at 4° C to allow binding to occur.
After washing to remove unbound reagents, cells were warmed to 37 °C to enable
internalization. Continuous: aCD22/isotype control, or aNP +/— BPCNeuAc-NP were added
to cells at 37 °C without pre-incubation, allowing binding and internalization to proceed
continuously. At the indicated time points, cells were treated with pH 3.3 buffer (solid line)
to measure internalized aNP or pH 7 buffer (shaded and dotted) to measure total aNP and
read by flow cytometry. Grey filled histograms represent aNP without BPCNeuAc-NP (A) or
isotype control (B). Dotted traces are total antibody binding, and solid traces are internalized
antibody.
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Figure 2. BPANeuGc-PAA internalization in mouse primary B cells
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Primary murine B cells were incubated with biotinylated BPANeuGc-PAA and streptavidin-
PE at 4 °C, and either (A) washed to remove unbound BPANeuGc-PAA prior to warming to
37 °C; or (B) not washed before warming to 37 °C. Shown is cell-associated BPANeuGc-
PAA for acid washed cells following the initial 4 °C incubation (thin grey line); total cell

associated BPANeuGc-PAA after warming to 37°C (thin black line), and

internalized BPANeuGc-PAA resistant to an acid wash (thick black line). Filled grey trace

represents background fluorescence of the cells with no BPANeuGc-PAA.
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Figure 3. aCD22 recycles back to the cell surface following endocytosis

(A) Unlabeled aCD22 was allowed to bind and internalize in BJAB cells at 37 °C. Cells
were then cooled to 4 °C and were stained with a labeled secondary antibody after a neutral
wash (thick line) or acid wash (thin line) to detect residual cell surface bound aCD22. (B)
As a control, cells acid-washed cells from panel A were subjected to a further incubation at
4 °C and re-stained with labeled secondary antibody, showing that no aCD22 had returned
to the cell surface. (C) Acid-washed cells from the first step were warmed again to 37° C to
allow aCD22 to be recycled back to the cell surface. Antibody re-appearing on the surface
of the cell is detected by staining the cells with labeled secondary antibody (thick line),
which is eliminated by stripping with an acid wash (thin line).
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Figure 4. Differential pH dependence for aCD22 binding and BPCNeuAc-NP mediated aNP
binding CD22

CD22-Fc loaded Protein A magnetic beads were incubated with aCD22 or aNP +/

— BPCNeuAc-NP at pH values 5-7 at 37 °C for three hours, then washed and analyzed by
flow cytometry. Black traces are aCD22 (left panels) and aNP with BPFCNeuAc-NP (right
panel). Grey filled traces are isotype control (left panel) and aNP alone (right panel).
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Figure 5. Mutations in the mCD22 cytosolic domain diminish internalization of aCD22
mCD22—/— J2—-44 murine B cell lines transfected with wild type and mutant mCD22 were
tested for internalization of fluorescently labeled aCD22 antibody: (A) single and double
CD22 mutations of Y843F and Y863F; and (B) single and double mutants of R737A and
Q739A. Cells were incubated at 4 ° C with antibody and then washed (thin line) or not
washed (dotted line) prior to the 37 °C incubation. Cells that were not washed prior to 37° C
incubation were also acid-washed following the warming step to reveal internalized
antibody (thick line). Cells that were acid-washed following the 4 °C incubation were
included as control (filled curve).
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Figure 6. aNP accumulation requires endocytosis and recycling pathways

A. BPCNeuAc-NP-mediated binding and uptake of aNP (Alexa448) was monitored using
BJAB cells in media alone (Untreated), in media containing 0.45 M sucrose to create
hypertonicity and block clathrin-dependent endocytosis (Hypertonic Media), or in media
containing Bafilomycin A to block recycling by inhibiting re-acidification of intracellular
vesicles and trapping internalized CD22 in early endosomes (Bafilomycin A). Analysis was
carried out as in Fig. 1, using the conditions for continuous binding and uptake. Filled grey
traces are oNP without BPCNeuAc-NP, black traces are total «NP association, and red traces
are internalized aNP. B. Graphical representation of the mean channel fluorescence derived
from the histograms in A. Black bars represent untreated, grey bars are cells in hypertonic
media, and white bars are Baf A treated cells.
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Figure 7. Schematic summary of internalization and recycling assays with biotinylated CD22
Endocytosis Assay: A) Cells are labeled with a cell-impermeable, reversible biotinylating
reagent (sulfoNHS-SS-biotin) at 4° C. B) Cells are warmed to 37° C to induce endocytosis.
C) At 4° C, cells are treated with the cell-impermeable reducing agent,
mercaptoethanesulfonic acid (MESNa), to remove surface biotinylation. Cells can be lysed,
immunoprecipitated with streptavidin-agarose, and analyzed by western blotting at this stage
to measure internalization. Recycling Assay to detect the return of MESNa-sensitive CD22:
D) Cells are warmed a second time to allow return of recycling proteins to the cell surface.
E) Cells are treated a second time with MESNa to remove biotin from recycled proteins,
then are lysed, immunoprecipitated with streptavidin-agarose beads, and analyzed by
western blotting. Loss of signal following second MESNa treatment indicates recycling.
Recycling Assay Using Cell Surface Capture: F) After the second warming step, instead of a
second MESNa treatment, cell surface biotinylated proteins (recycled) are isolated by
streptavidin-coated magnetic beads at 4 °C. After quenching excess binding sites with
biotin, cells are lysed, and bead-bound proteins are analyzed by western blotting. Recovery
of the signal indicates recycling.
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Figure 8. Endocytosis of biotinylated CD22

Shown are endocytosis experiments measuring increasing amounts of MESNa-resistant
biotin signal. Steps A-C from Fig. 7 were carried out to measure endocytosis of CD22 in
BJAB and Daudi cells, and transfected CD22 or Siglec-F in CHO cells. Western blots were
developed with aCD22 (H221) for all B cell lines, and with a5 for the CHO cell lines.
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Figure 9. Recycling of biotinylated CD22
Shown are recycling experiments under two protocols. A. Recycling detected by increased
sensitivity of endocytosed biotinylated-CD22 to MESNa treatment over time. This assay
was conducted on BJAB, Daudi, and Reh cells as illustrated by Steps C-E in Fig. 7. The
difference in intensity between MESNa treated and untreated samples after recycling
indicates the extent of recycling. B. Recycling detected by capture of recycled biotinylated
CD22 with streptavidin magnetic beads prior to lysis. BJAB, Daudi, and transfected CD22
or Siglec-F in CHO cells were tested as illustrated in Steps C,D, and F from Fig. 7. Western
blots were developed with aCD22 for all B cell lines, and with a5 for the CHO cell lines.
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Figure 10. Redistribution of CD22 to the cell surface by aCD22 but not by CD22 ligand-based
cargo

BJAB or Reh cells were incubated alone or in the presence of either aCD22, isotype control,
or aNP (+/— BPCNeuAc-NP) at 37 °C. Following incubation, cells were biotinylated at 4 °C
and lysed. Surface CD22 was isolated with streptavidin beads, while the supernatant was
saved to analyze non-biotinylated, intracellular CD22. Volumes applied from bead capture
(Ex; external CD22) or lysis supernatant (In; internal CD22) were normalized prior to
western blot analysis to represent an equivalent aliquot of the total sample.
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