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Abstract

CD22 and Siglec-G are members of the Siglec (sialic-acid-binding immunoglobulin-like lectin) 

family of inhibitory co-receptors expressed on B cells that participate in enforcement of peripheral 

B cell tolerance. We have shown previously that when a B cell receptor (BCR) engages its cognate 

antigen on a cell surface that also express Siglec ligands, B cell Siglecs are recruited to the 

immunological synapse, resulting in suppression of BCR signaling and B cell apoptosis. Since all 

cells display sialic acids, and CD22 and Siglec-G have distinct yet overlapping specificities for 

sialic acid-containing glycan ligands, any cell could, in principle, invoke this tolerogenic 

mechanism for cell surface antigens. However, we show here that C57BL/6J mouse RBCs are 

essentially devoid of CD22 and Siglec-G ligands. As a consequence, RBCs that display a cell 

surface antigen, membrane-bound hen egg lysozyme (mHEL), strongly activate antigen-specific B 

cells. We reasoned that de novo introduction of CD22 ligands in RBCs should abolish B cell 

activation toward its cognate antigen on the surface of RBCs. Accordingly, we employed a glyco-

engineering approach wherein synthetic CD22 ligands linked to lipids are inserted into the 

membrane of RBCs. Indeed, insertion of CD22 ligands into RBC cell surface strongly inhibited B 

cell activation, cytokine secretion, and proliferation. These results demonstrate that the lack of 

Siglec ligands on the surface of murine RBCs permits B cell responses to erythrocyte antigens, 

and shows that Siglec-mediated B cell tolerance is restricted to cell types that express glycan 

ligands for the B cell Siglecs.
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Introduction

CD22 and Siglec-G (Siglec-10 in humans) are members of the Siglec (sialic acid-binding 

immunoglobulin-like lectins) immunoglobulin family, serve as inhibitory co-receptors of the 

B cell receptor (BCR), and play important roles in tolerance induction (1). Using polymers 

or liposomes decorated with both antigen and high affinity CD22 or Siglec-G ligands, we 

and others demonstrated that a tolerance mechanism is induced by co-ligating CD22 or 

Siglec-G and the BCR, which stems from inhibited BCR signaling and induction of a pro-

apoptotic pathway in antigen-specific B cells (2–5).

Based on the concept that enforced ligation of CD22 or Siglec-G with the BCR leads to B 

cell tolerance, we have also reported that endogenous sialic acid ligands presented on cells 

bearing a cognate antigen for a B cell can induce a similar tolerogenic program in antigen-

specific B cells through recruiting CD22 or Siglec-G into the immunological synapse (6). 

Since all mammalian cells have a dense array of sialic acids on their cell surface, we 

wondered if this mechanism of tolerance is broadly applicable to other cell types displaying 

a cell surface autoantigen or alloantigen, in particular erythrocytes - the most abundant cell 

type in the blood. Motivation for investigating whether a Siglec-dependent mechanism is at 

play for inducing immunological tolerance to red blood cells (RBCs) comes from several 

perspectives. First, several groups detected glycan ligands of CD22 on human 

erthrythrocytes (7–9). Second, foreign antigen immobilized on the surface of RBCs induces 

robust antigen-specific immunological tolerance (10–13). Work by Hubbell and co-workers 

showed that RBCs accumulate in hepatic immune cells, where attached antigens induce 

antigen-specific T cell tolerance by either deletion of antigen-specific T cells (14, 15) or 

generation of regulatory T cells (16). However, tolerance induction by RBCs appears to be a 

complex mechanism, since tolerance is not acquired in all patients receiving blood 

transfusions (17, 18) and tolerance to RBC antigens is abrogated under conditions of 

inflammation in mice (11). Moreover, in patients with sickle cell disease, the pro-

inflammatory state at the time of transfusion is suggested to favor the development of 

alloantibodies (19). Accordingly, these results imply that mechanisms of tolerance to 

antigens on the surface of RBCs are not fully understood. In contrast to the effects of RBC 

antigens on T cells that has been investigated, less is known about the impact of antigens 

displayed multivalently on the surface of RBCs, which have the potential of strongly 

activating B cells. Interestingly, one recent report demonstrated that RBCs with a dense 

array of cell surface antigens are less likely to be tolerogenic in mice, leading to antibody 

production toward the antigen (20).

Here, we investigate the extent to which B cell Siglecs play a role in regulating B cell 

responses to an antigen expressed on the cell surface of RBCs. We observe that mouse RBCs 

are essentially devoid of CD22 and Siglec-10 glycan ligands, with the consequence being 

that antigens expressed on the cell surface of RBCs cannot invoke the tolerogenic 

mechanism mediated by Siglecs. Instead, they induce strong B cell activation both in vitro 
and in vivo. We further demonstrate that B cell activation to RBC membrane antigens can be 

suppressed by insertion of CD22 ligands into the membrane of RBCs to strongly inhibit 

BCR signaling.
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Materials and Methods

Animal studies

The Scripps Research Institute IACUC approved all experimental procedures involving 

mice. C57BL/6J-CD22−/− mice were obtained from L. Nitschke (University of Erlangen). 

C57BL/6J-ST6Gal-1-deficient mice (ST6Gal1−/−) were generated as described (21). 

C57BL/6J-MD4 and C57BL/6J-KLK4 mice were obtained from Jackson laboratories. WT 

C57BL/6J mice were obtained from the TSRI rodent breeding colony. All mice were 

maintained in pathogen-free conditions at TSRI breeding facility.

Red blood cell isolation

Blood was collected by cardiac puncture using a 1 mL syringe and a 22-gauge needle within 

10 μL of heparin (1 U/μL). To remove leukocytes, 1 mL of blood was mixed with 1 mL of 

Hank’s buffered salt solution (HBSS) and gently layered on top of a 2-layer Percoll PLUS 

(GE Healthcare) gradient (72% and 65% in HBSS, 3 mL of each layer), and then centrifuged 

at 1200 xg for 35 min at 22 °C. Percoll gradients were prepared after osmolality adjustment 

of Percoll PLUS by adding 9 parts of Percoll PLUS to 1 part of PBS 10x. Mononuclear and 

polymorphonuclear cells accumulated at the top of the 65% layer and at the interface 

between the 72% and 65% layers, respectively, and were discarded, RBCs pelleted within 

the 72% layer. Cells were washed twice with HBSS and >99% of the cells were erythrocytes 

as determined by a CD45−Ter-119+ staining pattern by flow cytometry (FACS) (Figure 1A). 

FACS analysis of isolated RBCs with anti-CD41, a marker of mouse platelets, marker) 

showed that the RBCs did not have bound platelets (>0.03% of CD41+Ter-119+ cells, data 

not shown). FACS data were obtained on an LSR-II (BD Biosciences) and analyzed using 

FlowJo software.

Probing cells with lectins and Siglecs-Fc

Total splenocytes or isolated RBCs were re-suspended in phosphate-buffered saline (PBS) 

with calcium and magnesium (Gibco) and incubated with mouse Fc-block (anti-CD16/32, 

Biolegend) for 30 min at 4 °C, washed and stained for 30 min, 4 °C with FITC conjugated 

Sambucus nigra lectin (SNA-I) from elderberry bark (Vector Laboratories), biotinylated 

Maackia amurensis lectin II (MAA-II) (Vector Laboratories), mCD22-Fc or Siglec-10-Fc. 

Cells were washed twice with PBS (containing Ca+2/Mg+) and incubated with Ter-119-PE 

(Biolegend) and anti-human IgG1-APC (Jackson ImmunoResearch) or streptavidin-FITC. 

For staining of the B cells, CD19-PE (Biolegend) and anti-human IgG1-APC or streptavidin-

FITC (Biolegend) were used.

Culture of Chinese hamster ovary (CHO) cells expressing mCD22-Fc or Siglec-10-FC

Expression of mCD22-Fc or Siglec-10-Fc from stably transfected CHO cells were described 

previously (22–24). Briefly, CHO cells were maintained in Dulbecco’s modified Eagle’s 

medium/F-12 medium supplemented with 10% fetal bovine serum and 500 μg/mL 

hygromycin B (Roche Applied Science). Supernatants of CHO cells were collected after 

approximately 10 days of culture, and were used in FACS assays.
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Insertion of high affinity CD22 ligand into RBCs

The preparation of the high affinity CD22 ligand (6′BPANeu5Gc-PEG-DSPE) has been 

described previously (1, 4). 6′BPANeu5Gc-PEG-DSPE (BPANeu5Gc) or PEG-DSPE (PEG, 

as a control) were incubated with RBCs (1×107 cells/mL) in HBSS buffer at a concentration 

of 6.3 μM for one hour at 37 °C. Cells were washed twice and used immediately in the 

assays.

B cell isolation

Mouse IgMHEL B cells (CD19+CD45.1+IgMa+) from MD4 mice and B-cells from KLK4 

mice were isolated from spleen by negative selection using magnetic beads (Miltenyi 

Biotec).

In Vitro B Cell Assays

CD45.1+ WT or CD22−/− splenocytes (0.4×106 cells) containing IgMHEL B cells were 

plated in U-bottom 96-well culture plates. B cells or RBCs isolate from CD45.2+ KLH4 

mice - described as mHEL B cells and mHEL-RBCs, respectively - were added to 

splenocytes at different ratios and co-cultured at 37 °C, 5% of CO2 for 24 h. Dead cells were 

gated out with 1 μg/mL of propidium iodide (PI). The activation marker (CD86) was 

analyzed on PI− IgMHEL B cells (CD45.1+CD19+IgMa+) by FACS. The activation of 

isolated IgMHEL B cells (0.2×106 cells/well) was also evaluated for cytokine secretion 

following by co-culture of mHEL B cells or mHEL-RBCs at 37 °C, 5% of CO2 for 24 h. 

ELISA kits (Biolegend) were used to measure mouse IL-2, TNF, IL-6 and IL-10 in culture 

supernatant.

In vivo B cell Assays

Following RBC lysis of splenocytes from CD45.1+ MD4 mice (containing IgMHEL B cells), 

cells were fluorescently labeled with 1 μM Cell Trace Violet (CTV; Invitrogen) in HBSS for 

7 min at room temperature. Cells were washed twice with PBS and resuspended at 5×106 

cells/mL. The CTV-labeled splenocytes (1×106, 200 μl) were injected into host mice via the 

tail vein. The following day, PBS, 2×106 or 50×106 of mHEL-RBCs were injected via the 

tail vein. Host spleens were harvested on the 4th day, stained with PI and antibodies against 

CD45.1, CD19 and IgMa, followed by FACS analysis.

Results

Murine RBCs express low levels of CD22 ligands

Motivated to understand whether B cell tolerance though the B cell Siglecs contributes the 

tolerance induce to cell surface antigens we examined the levels of sialic acid-containing 

glycans on murine RBCs using several lectins. Specifically, we used SNA and MAA-II, 

which recognize sialic acids in the Siaα2-6Gal and Siaα2-3Gal linkages, respectively. These 

linkages of sialic acid to the underlying glycan are among the most common found on 

mammalian cells outside of the nervous system, and also the linkages accommodated by the 

B cell Siglecs, CD22 and Siglec-G, respectively (3, 25–29). Lectin binding was assessed by 

flow cytometry to examine staining of erythrocytes (Ter-119+) and B cells (CD19+) in 
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parallel (Figure 1A and 1B, respectively). While SNA and MAA-II showed high binding to 

B cells, only MAA-II bound the RBCs (Figure 1C). These results suggest that sialic acid 

residues on mouse RBCs are predominantly in the Siaα2-3Gal glycosidic linkage. We next 

stained cells with Fc-chimera of murine CD22 (mCD22), which is specific for 

Neu5Gcα2-6Gal sialosides, a sialic acid produced by most mammals including mice, but not 

by humans that instead produce Neu5Ac (30, 31). We also used Siglec-10-Fc, the human 

ortholog to Siglec-G, which is specific for both Siaα2-3Gal and Siaα2-6Gal linkages (32). 

We find that both mCD22-Fc and Siglec-10-Fc display only weak binding to murine RBCs, 

yet bind to B cells at >100-fold higher levels (Figure 1D). The weak binding of mCD22-Fc 

to WT RBCs was indistinguishable from binding to RBCs from ST6Gal1−/− mice that lack 

the key sialyltransferase responsible for the biosynthesis of mCD22 ligands (Figure 1E), 

suggesting that weak binding over the unstained cells in Figure 1D represents background 

staining, or staining to non-sialic acid dependent ligands. Although non-sialic acid 

dependent ligands have been proposed for CD22, they were not implicated in regulation of 

BCR signaling (33).

RBCs with membrane antigen induce strong activation of antigen reactive B cells

The lack of Siglec ligands on RBCs is relevant to the role of Siglecs in B cell tolerance, 

since Siglecs are recruited to the immunological synapse if ligands are present on the 

antigen bearing cell, resulting in suppression of BCR signaling (1, 4, 6). To investigate 

whether Siglecs are involved in B cell responses to a membrane antigen on RBCs, we 

isolated RBCs or B cells from mice (CD45.2+) expressing membrane HEL (mHEL) (34), 

and examined their ability to activate B cells isolated from mice with a BCR specific for hen 

egg lysozyme (HEL) (IgMHEL B cells, CD45.1+) (35). Accordingly, IgMHEL B cells were 

co-cultured with mHEL B cells or mHEL-RBCs for 24 h, followed by analysis of CD86 

expression as a marker of activation on the live (PI−) IgMHEL B cells (CD45.1+CD19+; 

Figure 2A). As shown in Figure 2B, mHEL-RBCs induced strong activation of IgMHEL B 

cells, as measured by upregulation of CD86, whereas mHEL B cells induced very weak 

activation of the IgMHEL B cells. The latter results are consistent with our previous reports 

documenting that ligands of CD22 and Siglec-G on mHEL B cells suppress BCR mediated 

activation of IgMHEL B cells. Conversely, the strong activation of cognate B cells by mHEL-

RBCs is consistent with the absence of Siglec ligands on these cells, permitting the 

activation of IgMHEL B cells.

De Novo introduction of CD22 ligands into RBCs suppress B cell activation

If the absence of Siglec ligands permitted mHEL-RBCs strong activation of IgMHEL B cells, 

we hypothesized that insertion of CD22 ligands into the membrane of mHEL-RBCs should 

suppress B cell activation. We and others have demonstrated that bioactive glycolipids can 

be readily inserted into membranes of living cells (6, 36–39). Moreover, we have routinely 

used high affinity and selective CD22 ligands linked to lipids, called BPANeu5Gc-PEG-lipid 

(9-N-biphenylacetyl-Neu5Gcα2-6Galβ1-4GlcNAc) for formulation of liposomes, to target 

murine B cells in vivo (6, 40). Accordingly, BPANeu5Gc-PEG-lipid, or a corresponding 

control lipid without the CD22 ligand (PEG-lipid), were inserted into RBCs. Successful 

incorporation of ligands into the cell membrane was evaluated by staining with mCD22-Fc, 

SNA, and MAA-II by FACS, which clearly showed that CD22 ligands were successfully 
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introduced into RBCs (Figure 3A). We similarly engineered mHEL-RBCs and incubated 

cells with and without CD22 ligands with IgMHEL B cells to test for activation. While 

mHEL-RBCs treated with the control PEG lipid strongly activated IgMHEL B cells in line 

with results described above, but mHEL-RBCs with the lipid linked CD22 ligands inserted 

into their membrane failed to activate IgMHEL B cells (Figure 3B). The inhibition of B cell 

activation in cells engineered to contain CD22 ligands was fully CD22-dependent, since 

these engineered cells induced strong activation of CD22−/− IgMHEL B cells (Figure 3C). To 

investigate this CD22-dependent inhibition in a more quantitative manner, WT or CD22−/− 

IgMHEL B cells were co-cultured with different numbers of mHEL-RBCs (2×103 – 4×107) 

(inserted graphs on Figure 3B,C). Compared to control mHEL-RBCs, insertion of CD22 

ligands into mHEL-RBCs increased the number of RBCs required to achieve half-maximal 

activation (CD86 up-regulation) of cognate B cells by 50-fold. On the other hand, no 

difference in half-maximal activation between mHEL-RBCs with and without CD22 ligands 

was observed in CD22−/− IgMHEL B-cells, again highlighting the CD22-dependent 

mechanism of inhibition.

Inserted CD22 ligands suppress mHEL-RBC cytokine production by B cells

B cells are traditionally recognized as antibody producers and antigen presenting cells (41). 

However, recent studies have shown that BCR activation also promotes release of cytokines, 

such as IL-2, IL-6, TNF, and IL-10 (42, 43). Therefore, we evaluated the cytokine 

concentration in supernatants of IgMHEL B cells co-cultured with BPANeu5Gc modified or 

control mHEL-RBCs for 24 h. In accordance to the results described above for CD86 

expression, as a proxy to B cell activation, the concentrations of IL-2, IL-6, and TNF, but not 

IL-10, increased in supernatant of IgMHEL splenocytes co-cultured with control mHEL-

RBCs, but not from co-cultures with mHEL-RBCs containing CD22 ligands (Figure 4).

Inserted CD22 ligands suppress mHEL-RBC induced B cell proliferation in vivo

Encouraged that B cell activation toward an antigen on the surface of RBCs can be inhibited 

by introduction of CD22 ligands into the RBCs, we sought to determine if impairing the 

initial events of B cell activation in vitro translates in vivo. To this end, we tested the ability 

of mHEL-RBCs - with or without CD22 ligands - to induce in vivo proliferation of 

adoptively transferred IgMHEL B cells in a host mouse. To do so, CTV-labeled CD45.1+ 

IgMHEL B cells were adoptively transferred into WT CD45.2+ hosts, followed by a second 

adoptive transfer of 2×106 (Figure 5A) or 50×106 (Figure 5B) BPANeu5Gc modified or 

control (PEG) mHEL-RBCs the following day. The proliferation of IgMHEL B cells, as 

determined by CTV dilution, was analyzed on day 4 after administering the mHEL-RBCs. 

IgMHEL B cells proliferated robustly in response to PEG-mHEL-RBCs, however, the 

mHEL-RBCs with CD22 ligands inserted failed to induce significant proliferation of the 

IgMHEL B cells, as demonstrated visually by the representative histograms (Figure 5A,B) 

and more quantitatively based on the calculated the division index (Figure 5C). Taken 

together, these results demonstrate that RBCs displaying a B cell antigen on their surface 

induce robust B cell responses, but that such strong B cell activation, cytokine production, 

and proliferation can be inhibited by the insertion of CD22 ligands into RBCs.
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Discussion

The well-documented abundance of sialic acid on RBCs (44–48) motivated us to 

hypothesize that sialic acid containing ligands to B cell Siglecs may induce tolerance to 

antigen on the surface of RBCs in a manner similar to that we reported for antigen on the 

surface of B cells (6). However, to our surprise, mouse erythrocyte lack CD22 and Siglec-

G/10 ligands and, consequently, induced strong B cell activation. This result is in stark 

contrast to cell surface antigens on lymphocytes, which do not induce B cell activation 

because of the presence of ligands for B cell Siglecs (6). We conclude that the specificities 

of B cell Siglecs (CD22 and Siglec-G) are not broad enough to recognize sialic acid 

containing glycans on murine erythrocytes as ligands. Thus, despite the fact that all cell 

types contain sialic acid-containing glycans, Siglec-mediated induction of tolerance to cell 

surface antigens may be restricted to cell types that express Siglec ligands, such as B and T 

cells, and not cell types with sialic acid-containing glycans that are not recognized as 

ligands, such as murine erythrocytes (6).

With regards to immune responses to antigen expressed on RBCs, previous findings have 

demonstrated that transfusion of membrane-bound human glycophorin A antigen (hGPA)- or 

mHEL-RBCs into naïve mice produced low or undetectable levels of anti-hGPA or anti-HEL 

antibodies with subsequent tolerance to antigen-specific challenge. However, this tolerance 

could be broken if RBCs were transfused together with an agonist of TLR3 (poly(I:C)), 

suggesting that the inflammatory response is an important component to alloantibodies 

appearance on blood transfusions (11). We also observed that intravenous administration of 

mHEL-RBCs into C57BL/6 naïve mice induced a week immune response (data not shown). 

The density of antigen on RBCs also could be critical to induction of antigen-specific 

immune response and tolerance. A recent study nicely demonstrated that while low density 

of antigen on RBCs drives tolerance induction, high density fails to induce robust tolerance 

and can even induce alloantibody responses (20). Although the mechanisms of 

immunological tolerance to antigens expressed on RBCs are not fully understood, several 

studies suggest that it is mediated through the T cell compartment (10, 12, 14–16) and also 

involve the engagement of the RBCs surface CD47 to the polymorphic signal regulatory 

protein alpha (SIRPα) on DCs (49). Moreover, activation of B cells by type 1 interferons 

seems to be critical to alloantibody response to RBCs antigens (50). Our results are 

congruent with these studies, showing that: (1) if tolerance induction does occur, it is likely 

not primarily at the level of B cells since they do become activated and (2) the absence of 

inhibition by the B cell Siglecs toward cell surface antigens on mouse RBCs may allow for 

alloantibody responses.

Accounting for the differential B cell response to antigens displayed on RBCs versus 

lymphocytes is the type of sialic acids expressed on the cell surface. Based on positive 

staining of RBCs with MAA, and negative staining with SNA and mCD22-Fc, our results 

agree with previous studies showing that instead of Siaα2-6-Gal, the preferred linkage for 

CD22, Siaα2-3Gal is the major form of sialic acid on mouse RBCs (44, 45, 51, 52). 

Interestingly, it was shown many years ago that CD22 expressed on the surface of COS-7 

cells was capable of forming rosettes with human RBCs, indicating that human RBCs do 

express some level of CD22 ligands (7, 8). Moreover, a recently study showed that human 
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RBCs are stained by SNA, a specific lectin that recognizes Siaα2-6-Gal, qualifying sialic 

acids on human RBCs as ligands for CD22 as well as for others Siglecs as demonstrated by 

binding on Siglec-9 (53). Thus, there are sialic acid species-specific differences between 

humans and mice, which determine the ability of RBCs to bind on CD22. Indeed, another 

study revealed that binding of human CD22 to mouse RBCs is extremely weak and 

negligible compared to its binding to B cells or human RBCs (9). Potentially accounting for 

some of these species-specific differences in sialic acid between mouse and man is that 80–

90% of sialic acids on mouse RBCs are 9-O-Neu5Ac (44, 48, 54, 55). This modification to 

sialic acid generally blocks recognition by Siglecs (56, 57). Thus, even though mouse RBCs 

have an abundance of Siaα2-3Gal, which have the potential to serve as ligands for Siglec-G, 

binding of such glycans to Siglec-G may be impaired by the 9-O-acetylation modification. 

Another potential contributing factor to the lack of B cell Siglec ligands on murine RBC that 

the majority of sialic acids are Neu5Ac, where CD22 and Siglec-G both have a preference 

for Neu5Gc (48). Clearly a better understanding of the specificities of the Siglecs for natural 

sialioside receptors are needed to fully understand their functions though recognition of 

ligands on other cells.

In the biochemical complementation strategy described herein, we inserted lipid-linked 

glycan ligands into the membrane of RBCs to inhibit B cell activation and proliferation. We 

had employed this methodology in our previous work investigating cell surface antigens on 

lymphocytes, where we showed that first destroying CD22 ligands, by treating the mHEL B 

cells with neuraminidase, followed by reintroducing lipid-linked CD22 ligands fully restored 

CD22-dependent inhibition of B cell activation (6). The modified RBCs support our 

previous findings that CD22 ligands presented on the same surface as antigen have a 

profound effect in inhibiting B cell activation (4, 6). We suggest that such engineered cells 

could, in principle, be used therapeutically to prevent alloantibody responses, which is 

relevant in the context that a significant percentage of patients receiving blood transfusions 

mount alloantibody response (17, 18) – a finding that is recapitulated in mice (20, 58). In 

attempting to induce tolerance with the engineered RBCs, B cell responses were indeed 

blunted as expected from the in vitro studies, but we found that the lipid-linked CD22 

ligands were lost from the surface of the cells, which did not induce lasting tolerance (data 

not shown). Further studies are needed to determine whether exploiting the function of 

CD22 as an inhibitory receptor as application in this area.

In summary, the results presented here demonstrate that lack of CD22 or Siglec-G ligands on 

RBCs prevent recruitment of Siglecs to the BCR of B cells that recognize cell antigens (e.g. 

mHEL) resulting in activation/proliferation of the B cells. Although we had previously 

hypothesized that Siglecs would mediate B cell tolerance to membrane antigens on any cell 

(6), the data provided here show that this is not the case for murine erythrocytes, and the 

extent to which it applies to other cells will depend on the recognition of their sialic acid 

containing glycans by B cell Siglecs.
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Figure 1. FACS analysis reveals MAA-II binding to erythrocytes surface, but not SNA, mCD22-
Fc or Siglec-10-Fc
Isolated mouse red blood cells (RBCs) or total splenocytes were stained with SNA-FITC, 

biotinylated MAA-II, mCD22-Fc plus anti-human IgG1-APC or Siglec-10-Fc plus anti-

human IgG1-APC. RBCs were also stained with TER 119-PE and CD45.2-FITC and 

splenocytes with CD19-PE. (A) Contour plots of SSC vs FSC and TER 119-PE vs CD45.2-

FITC of RBCs. (B) Contour plots of SSC vs FSC and CD19-PE vs SSC-H of splenocytes. 

(C) Representative histograms of WT RBCs (TER 119+/CD45.2−) and WT B cells (CD19+) 

are showing the staining profiles for lectins SNA (black line), MAA-II (gray line) or 

unstained cells (filed gray lines). (D) Representative histograms of WT RBCs and WT B 

cells of unstained cells (filed gray lines), stained with mCD22-Fc (gray line) or Siglec-10-Fc 

(black line). (E) RBCs or B cells from WT (black lines) or ST6Gal1−/− (gray lines) mice 

were stained with mCD22-Fc; filed gray line represent unstained cells. SNA = Sambucus 
nigra; MAA-II = Maackia amurensis II. These experiments were independently performed 3 

times in triplicate.
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Figure 2. mHEL-RBCs induce strong activation of IgMHEL B cells
Isolated IgMHEL B cells (0.2×106 cells) were co-culture for 24 h with medium, 0.2×107 of 

splenocytes-containing mHEL B cells (CD45.2+,) or 0.2×107 of isolated mHEL-RBCs. (A) 

Gate strategy of flow cytometry analysis is showing the contour plots of SSC vs FSC of the 

co-cultured cells after RBCs lysis. Dead cells were gated out with 1 μg/mL of propidium 

iodide (PI) and IgMHEL B cells (CD45.1+CD19+) were gated to analyze the expression of 

CD86. (B) Histogram of the expression of CD86. This experiment was independently 

performed 2 times in triplicate.
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Figure 3. Insertion of BPANeu5Gc on mHEL-RBCs impaired the activation of IgMHEL B-cell
(A) Representative histograms of mHEL-RBCs inserted with 6′BPANeu5Gc-PEG-DSPE 

(BPANeu5Gc-mHEL-RBCs) or with PEG-DSPE (PEG-mHEL-RBCs) stained with mCD22-

Fc plus anti-human IgG1-APC, SNA or MAA-II. (B) WT or (C) CD22−/− splenocytes-

containing IgMHEL B cells (0.4×106 cells) were co-cultured with medium, 0.2×104, 0.2×105, 

0.2×106, 0.2×107 or 2×107 of BPANeu5Gc-mHEL-RBCs or PEG-mHEL-RBCs for 24 h. 

Representative histogram of the flow cytometry analysis of CD86 expression on live 

IgMHEL B cells (CD45.1+CD19+) co-cultured with medium or 0.2×107 RBCs. We used the 

same gate strategy described in Figure 2. Inserted in this figure are graphic representation of 
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MFI of CD86 expression on WT or CD22−/− IgMHEL B cells vs the different numbers of 

RBCs. These experiments were independently performed 3 times in triplicate.
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Figure 4. BPANeu5Gc-mHEL-RBCs avoided the increased of TNF, IL-6 and IL-2 levels in the 
supernatant of the culture
WT splenocytes-containing IgMHEL B cells (0.4×106 cells) were co-cultured for 24 h with 

medium, 0.2×104, 0.2×105, 0.2×106, 0.2×107 or 2×107 of BPANeu5Gc-mHEL-RBCs or 

PEG-mHEL-RBCs. Levels of IL-2, TNF, IL-10 or IL-6 were evaluated on supernatant of the 

culture by ELISA. This experiment was independently performed 2 times in triplicate.
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Figure 5. BPANeu5Gc-mHEL RBCs inhibited the IgMHEL B cells proliferation in vivo
2×106 splenocytes-containing IgMHEL B cells (CD45.1+) was adoptive transferred into 

CD45.2+CD45.1− host mice. The following day, 2×106 (A) or 50×106 (B) BPANeu5Gc-

mHEL-RBCs, PEG-mHEL-RBCs or PBS were adoptively transferred into the same host 

mice. Then, three days after RBCs administration (4th Day), the spleens of host mice were 

analyzed for HEL-reactive B cells (CD19+CD45.1+). We used the same gate strategy 

described in Figure 2 to analyze the proliferation of CTV-stained IgMHEL B cells. (C) 

Quantitative analysis of IgMHEL B cells proliferation represented by the division index, n=3. 

For each condition, 1×106 total splenocytes were analyzed. This experiment was 

independently performed 3 times in triplicate.
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