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ABSTRACT 43 

Background: Sialic acid-binding immunoglobulin-like lectin (Siglec)-8 is a cell-surface protein 44 

expressed selectively on human eosinophils, mast cells, and basophils, making it an ideal target 45 

for the treatment of diseases involving these cell types. However, the effective delivery of 46 

therapeutic agents to these cells requires an understanding of the dynamics of Siglec-8 surface 47 

expression.  48 

 49 

Objective: To determine whether Siglec-8 is endocytosed in human eosinophils and malignant 50 

mast cells, identify mechanisms underlying its endocytosis, and demonstrate whether a toxin can 51 

be targeted to Siglec-8–bearing cells to kill these cells. 52 

 53 

Methods: Siglec-8 surface dynamics were examined by flow cytometry using peripheral blood 54 

eosinophils, mast cell lines, and Siglec-8–transduced cells in the presence of inhibitors targeting 55 

components of endocytic pathways. Siglec-8 intracellular trafficking was followed by confocal 56 

microscopy. The ribosome-inhibiting protein saporin was conjugated to a Siglec-8–specific 57 

antibody to examine targeting of an agent to these cells through Siglec-8 endocytosis. 58 

 59 

Results: Siglec-8 endocytosis required actin rearrangement, tyrosine kinase and PKC activities, 60 

and both clathrin and lipid rafts. Internalized Siglec-8 localized to the lysosomal compartment. 61 

Maximal endocytosis in Siglec-8–transduced HEK293T cells required an intact immunoreceptor 62 

tyrosine-based inhibitory motif. Siglec-8 was also shuttled to the surface via a distinct pathway. 63 

Sialidase treatment of eosinophils revealed that Siglec-8 is partially masked by sialylated cis 64 
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ligands. Targeting saporin to Siglec-8 consistently caused extensive cell death in eosinophils and 65 

the human mast cell leukemia cell line HMC-1.2.  66 

 67 

Conclusion: Therapeutic payloads can be targeted selectively to eosinophils and malignant mast 68 

cells by exploiting this endocytic pathway. 69 

 70 

Key messages: 71 

• Siglec-8 is internalized in human eosinophils and mast cells and trafficked to the 72 

lysosomal compartment 73 

• The intracellular ITIM, actin rearrangement, tyrosine kinase and PKC activities, clathrin, 74 

lipid rafts, and sialylated cis ligands control Siglec-8 endocytosis 75 

• Antibody-toxin targeting via Siglec-8 effectively kills human eosinophils and mast cell 76 

leukemia cells in vitro 77 

 78 

Capsule summary: Our findings demonstrate that Siglec-8 can be exploited as an endocytic 79 

receptor to deliver drugs or toxins to kill human eosinophils and mast cells. This approach holds 80 

promise to treat diseases involving these cell types. 81 

 82 

Key words: Siglec-8, endocytosis, eosinophil, mast cell, allergic diseases, chronic eosinophilic 83 

leukemia, systemic mastocytosis, immunotoxin, targeting. 84 

 85 

Abbreviations used 86 

BIM:  bisindolylmaleimide I 87 
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BCR:  B cell receptor 88 

CME:  clathrin-mediated endocytosis 89 

ITIM:  immunoreceptor tyrosine-based inhibitory motif 90 

ITSM:  immunoreceptor tyrosine-based switch motif 91 

PI3K:  phosphatidylinositol 3-kinase 92 

PTP:  protein tyrosine phosphatase 93 

SAMP: self-associated molecular pattern 94 

SAP:  saporin 95 

SFK:  Src family kinase 96 

siglec:  sialic acid-binding immunoglobulin-type lectin 97 

SR-A:  scavenger receptor A 98 

RIP:  ribosome-inactivating protein 99 

WT:  wild-type  100 
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INTRODUCTION 101 

 102 

Eosinophils, basophils and mast cells contribute to host defense responses against parasitic 103 

infections, but are also involved in allergic disorders including asthma and certain 104 

myeloproliferative disorders.1, 2 Currently, there are no therapies that selectively and directly 105 

target these cells. Sialic acid–binding immunoglobulin-type lectin (Siglec)-8 is a human glycan-106 

binding receptor expressed selectively on eosinophils, mast cells, and basophils.3 Notably, 107 

Siglec-8 is expressed at normal levels on eosinophils and basophils from patients diagnosed with 108 

hypereosinophilic syndrome, chronic eosinophilic leukemia, or chronic myeloid leukemia as well 109 

as on bone marrow mast cells from patients diagnosed with indolent systemic mastocytosis.4 110 

Consistent with the presence of a cytoplasmic immunoreceptor tyrosine-based inhibitory motif 111 

(ITIM) in the protein,5 Siglec-8 acts as an inhibitory receptor. Ligation of Siglec-8 on eosinophils 112 

using a primary antibody and a secondary crosslinking antibody leads to cell death.6 Priming 113 

eosinophils with IL-5, GM-CSF, or IL-33 potentiates this cell death function of Siglec-8 and 114 

eliminates the requirement for a secondary crosslinking antibody to achieve consistently high 115 

levels of cell death.6, 7 In contrast, Siglec-8 ligation on mast cells does not cause cell death but 116 

rather inhibits FcεRI-mediated Ca2+ flux and prostaglandin D2 and histamine release.8 There are 117 

no published data regarding the function of Siglec-8 on basophils. No specific endogenous ligand 118 

for Siglec-8 has yet been defined, but high molecular weight O-linked Siglec-8 sialoglycoproteins 119 

ligands have been detected in extracts of human trachea and cultured tracheal gland cells.9 120 

 121 

In addition to its ligand-induced inhibitory functions, Siglec-8 may represent a target via which 122 

to deliver toxins, chemotherapeutic agents, corticosteroids or other drugs selectively into Siglec-123 

8–expressing cells to treat a variety of diseases involving eosinophils, mast cells, and basophils 124 
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and achieve the selectivity that is currently lacking. However, the delivery of therapeutic 125 

payloads to these cell types requires knowledge of the endocytosis of Siglec-8, which has not 126 

been determined. 127 

 128 

In this report, we examine the endocytosis of Siglec-8, identify the pathway and proteins 129 

involved, and determine whether this process can be leveraged to deliver a toxic payload to kill 130 

human eosinophils and malignant mast cells. Our findings reveal unique ways in which Siglec-8 131 

endocytosis may be modulated and leveraged to selectively target eosinophils and mast cells. 132 

Finally, we demonstrate that the dynamics of Siglec-8 cell surface expression are well suited for 133 

the targeting of therapeutic payloads to Siglec-8–expressing cells. 134 

  135 
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METHODS 136 

Human eosinophil isolation and culture 137 

Written informed consent for blood donation was obtained using an institutional review board–138 

approved protocol. Eosinophils from blood donors were purified from peripheral blood using 139 

density gradient centrifugation, erythrocyte hypotonic lysis, and immunomagnetic negative 140 

selection with CD16 beads (Miltenyi Biotec, Bergisch Gladbach, Germany) as described.10 141 

Purity and viability were consistently greater than 95% as determined by Siglec-8 staining and 142 

DAPI exclusion. Cells were cultured in RPMI 1640 medium supplemented with 10% fetal calf 143 

serum (FCS) and 1% penicillin/streptomycin (all from Gibco, Grand Island, NY) as well as up to 144 

30 ng/ml rhIL-5 (R&D Systems, Minneapolis, MN) as previously described.6 Experiments were 145 

performed with eosinophils only from a single donor; samples were not pooled for any analysis.  146 

 147 

Mast cell lines and culture conditions 148 

The human mast cell leukemia cell line HMC-1.2 was generously provided by P. Valent of the 149 

Medical University of Vienna (Vienna, Austria).11 HMC-1.2 cells were cultured in IMDM 150 

medium supplemented with 25 mM HEPES, 3.024 g/L sodium bicarbonate, 10% FCS, 1% L-151 

glutamine, 1% penicillin-streptomycin, and 0.1% β-mercaptoethanol (all from Gibco). The 152 

LUVA human mast cell line was generously provided by J. Steinke and L. Borish of The 153 

University of Virginia School of Medicine (Charlottesville, VA).12 LUVA cells were cultured in 154 

StemPro-34 serum-free medium supplemented with the StemPro-34 nutrient supplement, 1% L-155 

glutamine, and 1% penicillin/streptomycin.  156 

 157 

Flow cytometric analysis of Siglec-8 surface expression 158 
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The expression and internalization of Siglec-8 was assessed with a delayed secondary staining 159 

method, whereby the Siglec-8 initially present on the cell surface was bound by an unlabeled 160 

mouse IgG1 anti-Siglec-8 mAb (clone 2C4 or 1H10, the latter generously provided by Dr. Nenad 161 

Tomasevic, Allakos, Inc., San Carlos, CA) or isotype-matched control mAb (clone MOPC-21; 162 

Tonbo Biosciences, San Diego, CA) at 2.5 µg/ml at 4°C, the excess unbound antibody was 163 

washed off, and the cells were incubated at 37°C for various durations to permit internalization. 164 

The antibody remaining at the surface was detected by addition of a FITC-labeled secondary 165 

anti-mouse IgG1 antibody (BioLegend, San Diego, CA). Siglec-8 that had been shuttled or 166 

recycled to the surface during the incubation at 37°C was detected with a directly Alexa Fluor 167 

647–conjugated 2C4 mAb after staining with the secondary antibody and extensive washing. To 168 

address the possibility of Siglec-8 shedding, surface Siglec-8 was bound by Alexa Fluor 647–169 

conjugated 2C4 mAb, and fluorescence was detected after the cells were incubated at 37°C for 170 

various durations to permit internalization. This method was designed to measure both surface 171 

and intracellular Siglec-8; loss of fluorescence would indicate shedding of Siglec-8. Cells were 172 

analyzed using a BD LSR II flow cytometer (BD Biosciences, San Jose, CA), and FlowJo 173 

software version 10 (Tree Star, Ashland, OR). Mean fluorescence intensity (MFI) of isotype 174 

control samples was subtracted from experimental MFIs to obtain adjusted MFIs, which were 175 

used in further calculations. The calculation of loss of Siglec-8 from the cell surface was based 176 

on the loss of fluorescence relative to fresh cells kept on ice that had not been incubated at 37°C 177 

(t=0): %����	��	�		
� =

��������	–	
��������


��������
 . The same formula was used to assess shedding of 178 

Siglec-8 from the cell surface.  179 

 180 
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Assessing the effects of Siglec-8 intracellular motifs on endocytosis in Siglec-8–transduced 181 

HEK293T cells 182 

Tyrosine residues in the cytoplasmic signaling motifs (Y447 of the ITIM, Y470 of the ITSM) of 183 

Siglec-8 were mutated to phenylalanine residues using a QuikChange II XL Site-Directed 184 

Mutagenesis kit (Agilent Technologies, Santa Clara, CA). Full-length Siglec-8 and the mutant 185 

versions were separately cloned into the MCS of a pCDH-CMV-EF1-GFP-PURO lentiviral 186 

vector and lentiviral particles were produced by the DNA/RNA Delivery Core at Northwestern 187 

University. The lentiviral particles were used to transduce HEK293T cells generously provided 188 

by N. Lu of Northwestern University (Chicago, IL). Total loss of Siglec-8 from the cell surface 189 

and any potential shedding of Siglec-8 at 120 min were measured by flow cytometry following 190 

delayed secondary staining and, in parallel, detection of Siglec-8 with an Alexa Fluor 647-191 

conjugated anti-Siglec-8 mAb (2C4) in the transduced (GFP+) population as described above. 192 

Endocytosis calculations accounted for the loss of Siglec-8 from the cell surface due to shedding 193 

after normalization to initial levels of surface Siglec-8: 194 

%������8
��� ���
!�� =	%������8����	" �		�# "�$� −	%������8�&��. 195 

 196 

Confocal microscopy 197 

The cells were incubated in the presence or absence of DQ Green BSA, a self-quenched dye 198 

conjugate of BSA that fluoresces when the BSA is cleaved by proteases and the quenching is 199 

relieved (10 µg/ml; Thermo Fisher Scientific, Carlsbad, CA) for 120 min at 37°C to mark 200 

lysosomes either prior to labeling of Siglec-8 on the cell surface or following Siglec-8 labeling 201 

that would lead to the visualization of internalized Siglec-8. Eosinophils were incubated with 202 

Alexa Fluor 647–conjugated anti-Siglec-8 mAb (2C4) or Alexa Fluor 647–conjugated isotype-203 
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matched control mAb (MOPC-21; both at 2.5 µg/ml) during a 20-minute incubation at 4°C. The 204 

eosinophils were cytospun onto glass slides and fixed with 4% paraformaldehyde (Affymetrix, 205 

Santa Clara, CA) for 15 min at room temperature. Slides were mounted using Fluoromount-G 206 

mounting medium (Electron Microscopy Services, Hatfield, PA) and imaged using a Nikon 207 

A1R+ confocal laser microscope (Tokyo, Japan) using a 100×/1.45 NA oil-immersion objective 208 

lens and 488- and 640-nm lasers with a 1.5-AU pinhole. Images were acquired and analyzed 209 

using Nikon Elements software.  210 

 211 

Siglec-8 targeting and assessment of cell death 212 

Eosinophil cell death was assessed after 18−24 h of incubation with 2C4 mAb or isotype control 213 

(MOPC-21; both at 2.5 µg/ml) or equimolar concentrations of saporin-conjugated 2C4 or 214 

MOPC-21 (produced for us by Advanced Targeting Systems, San Diego, CA) in the presence or 215 

absence of 15 ng/ml rhIL-5. Cell death was assessed with annexin V (BD Biosciences)/DAPI 216 

(Thermo Fisher Scientific) staining. Cell death induction in the HMC-1.2 human mast cell line 217 

was assessed after 7–13 d (unless otherwise indicated) of culture in medium containing 0.78 218 

µg/ml of the non-ionic surfactant saponin (Sigma) following a 10-min incubation at 4°C with 219 

1.25 µg/ml of 2C4 or MOPC-21 mAbs or equimolar concentrations of their saporin-conjugated 220 

counterparts and extensive washing.  221 

 222 

Statistical analysis 223 

Data are presented as means ± standard deviations unless otherwise indicated. Statistical 224 

significance was determined by ANOVA and either a Dunnett or Tukey multiple comparisons 225 

test, as appropriate, using GraphPad Prism version 6.0e for Mac OS X (La Jolla, CA). When 226 
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appropriate, single outliers were identified and removed from the data using a Grubbs’ outlier 227 

test. Statistical differences were considered significant at p < 0.05.228 
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RESULTS 229 

Siglec-8 is internalized in human eosinophils and mast cell lines 230 

Because Siglec-8 endocytosis has not been studied previously, we first sought to confirm that 231 

Siglec-8, like other siglecs, is indeed internalized following its engagement. To measure Siglec-8 232 

endocytosis, cell-surface Siglec-8 was bound by an unlabeled anti-Siglec-8 mAb and, following 233 

incubation at 37°C to permit endocytosis, any mAb remaining at the cell surface was detected 234 

using a labeled secondary antibody. Upon antibody engagement of the receptor on primary 235 

human eosinophils, Siglec-8 was slowly internalized—about half of the initial pool of Siglec-8 236 

surface molecules was internalized by about 90 min—and about 20% of this pool remained even 237 

after extended incubations (Fig 1, A). Because soluble forms of Siglec-8 have been detected in 238 

patient sera,13 the possibility that Siglec-8 shedding from the cell surface contributed to these 239 

measures of Siglec-8 endocytosis was examined. In order to assess Siglec-8 shedding, we 240 

detected Siglec-8 directly with a fluorescently labeled mAb and incubated the cells at 37°C as 241 

before. This staining protocol measures total cell-associated Siglec-8 (i.e., both cell-surface and 242 

internalized). No loss of signal was detected throughout this time course, demonstrating that the 243 

loss of signal in the previous experiment was indeed due to receptor endocytosis rather than 244 

shedding from the cell surface (Fig 1, B). Internalization of surface Siglec-8 was also measured 245 

on the human mast cell leukemia cell line HMC-1.2 in a similar fashion (Fig 1, C). As with the 246 

eosinophils, no Siglec-8 shedding from the HMC-1.2 cells was detected (Fig 1, D), indicating 247 

that the loss from the cell surface was the result of endocytosis in these cells as well. To extend 248 

these findings, the internalization of Siglec-8 was also confirmed in the LUVA human mast cell 249 

line (Fig E1). To explore the possibility that the clone of anti-Siglec-8 mAb used in these 250 

experiments (2C4) is unique in its ability to induce endocytosis, we examined the ability of 251 
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another clone (1H10) recognizing a distinct epitope on a different extracellular domain 252 

(unpublished observations) to induce Siglec-8 endocytosis. As shown, both clones cause Siglec-8 253 

endocytosis on eosinophils (Fig E2).  254 

 255 

Mechanisms of Siglec-8 endocytosis 256 

Receptors may be internalized via a variety of pathways, including those mediated by clathrin or 257 

lipid rafts/caveolae as well as phagocytosis. The dependence of Siglec-8 internalization on each 258 

of these endocytic pathways was investigated on the basis of the sensitivities of each of these 259 

pathways to pharmacological or chemical inhibition. Hypertonic sucrose has been shown to 260 

impede clathrin-coated pit formation and has been used to disrupt clathrin-mediated endocytosis 261 

(CME).14-16 Solutions made hypertonic by the addition of sucrose (at 500 mM, but not at 250 262 

mM or lower concentrations) significantly prevented Siglec-8 endocytosis (Fig 2, A). However, 263 

hypertonic sucrose solutions may also disrupt other endocytic pathways.17 Therefore, more 264 

selective inhibitors of each of the endocytic pathways were utilized. Amantadine inhibits the 265 

formation of clathrin-coated vesicles and thereby prevents CME.18-21 Treatment of eosinophils 266 

with 500–1000 µM amantadine significantly decreased Siglec-8 endocytosis (Fig 2, B). 267 

Dynasore is a noncompetitive inhibitor of dynamin activity, which is required for clathrin-coated 268 

pit formation and CME.22, 23 Treatment with dynasore also inhibited Siglec-8 endocytosis, 269 

suggesting a role for dynamin in this process (Fig 2, C). The polyene antibiotic nystatin has been 270 

shown to inhibit lipid raft/caveolae–dependent endocytosis by sequestering cholesterol from 271 

these membrane domains.24, 25 Interestingly, 50 µM nystatin treatment decreased Siglec-8 272 

endocytosis, suggesting that Siglec-8 may be internalized via a hybrid pathway or parallel 273 

pathways (Fig 2, D). However, treatment of eosinophils with LY2940002, a PI3K inhibitor 274 
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shown to prevent both pinocytosis and phagocytosis,25, 26 exerted no effect on Siglec-8 275 

internalization, indicating that these pathways play no role in the internalization of the receptor 276 

(Fig 2, E). 277 

 278 

The Siglec-8 ITIM is necessary for maximal Siglec-8 endocytosis 279 

It is presumed that Siglec-8 signaling through its intracellular immunoreceptor tyrosine-based 280 

inhibitory and switch motifs (ITIM and ITSM, respectively) leads to the internalization of the 281 

receptor. However, the motif and signaling molecules that are necessary for this process have not 282 

been identified. In order to examine the contributions of each motif on receptor endocytosis, we 283 

introduced Siglec-8 or mutated versions in which the tyrosine residues in the motifs have been 284 

replaced by phenylalanine residues into the HEK293T cell line by transduction (Fig 3, A). We 285 

observed that the replacement of the tyrosine in the ITIM (Y447F) significantly reduced Siglec-8 286 

endocytosis (Fig 3, B; Y447F vs. WT, Y447/470F vs. Y470F). However, there was no effect on 287 

Siglec-8 endocytosis associated with replacement of the tyrosine in the ITSM (Y470F; Y470F 288 

vs. WT, Y447/470F vs. Y447F). Together, these data suggest that the ITIM—and not the 289 

ITSM—is responsible for receptor endocytosis upon ligation.  290 

 291 

Siglec-8 is shuttled to the cell surface via a pathway distinct from that underlying its 292 

endocytosis 293 

By employing pharmacological inhibitors and disruptors of various signaling molecules and 294 

cytoskeletal elements, we investigated the roles of these molecules in Siglec-8 surface expression 295 

dynamics. Treatment with the actin monomer–sequestering agent latrunculin B or the actin 296 

polymerization–inducing agent jasplakinolide potently inhibited Siglec-8 endocytosis, indicating 297 
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that Siglec-8 is internalized in a manner dependent on actin rearrangement (Fig 4, A). In contrast, 298 

nocodazole, which prevents microtubule polymerization, exerted no inhibitory effect. To identify 299 

signaling molecules that may be involved in this endocytic pathway, we pharmacologically 300 

inhibited PKC, tyrosine kinases, Src family kinases (SFKs), and protein tyrosine phosphatases 301 

(PTPs). Treatment with the PKC inhibitor bisindolylmaleimide I (BIM) also prevented 302 

endocytosis of the receptor. In addition, treatment with the tyrosine kinase inhibitor genistein 303 

significantly blocked Siglec-8 endocytosis. Based on the canonical molecular mediators of ITIM 304 

signaling,27 we expected to find that Src family kinases (SFKs) and protein tyrosine phosphatases 305 

(PTPs) were involved in Siglec-8 endocytosis; however, no effect was observed with the SFK 306 

inhibitor PP1 or the PTP inhibitor sodium orthovanadate.  307 

 308 

Because this method of tracking Siglec-8 endocytosis only labels the pool of Siglec-8 molecules 309 

initially on the cell surface, we employed an additional sequential labeling step to detect Siglec-8 310 

newly expressed on the cell surface during the incubation. This technique involved using 311 

unlabeled anti-Siglec-8 mAb to ligate the receptor to induce and measure endocytosis and only 312 

then using directly labeled antibody of the same clone to measure newly expressed surface 313 

Siglec-8. Indeed, this technique indicates the expression of low levels of unbound Siglec-8 at the 314 

cell surface after 120 min and after as little as 5 min of incubation at 37°C (Fig E3 and data not 315 

shown). As expected, the binding of directly conjugated anti-Siglec-8 to cells that had been 316 

preincubated with unconjugated mAb and maintained at 4°C to prevent endocytosis and shuttling 317 

did not significantly differ from staining with an isotype control antibody (Fig E3). To explore 318 

the mechanisms involved in shuttling Siglec-8 to the cell surface, we again relied on 319 

pharmacological inhibition. Shuttling of Siglec-8 to the cell surface occurred independently of 320 
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cycloheximide treatment, indicating that this was not Siglec-8 synthesized de novo, and was 321 

dependent on microtubule assembly, actin rearrangement, dynamin function, and the activities of 322 

tyrosine kinases and PI3K (Fig 4, B). While these data do not rule out recycling of Siglec-8 back 323 

to the surface following disengagement from the unlabeled antibody in an intracellular 324 

compartment, the inhibition of endocytosis and concurrent promotion of shuttling to the cell 325 

surface observed with hypertonic sucrose solution (an average increase in Siglec-8 surface 326 

expression of 25% at 120 min with 500 mM sucrose) or BIM treatment (an average increase of 327 

13–18% at 30–180 min) indicate that the recycling pathway is not likely to be the sole 328 

contributor to this pool of Siglec-8 on the cell surface (Fig 4, C and D).  329 

 330 

Siglec-8 is internalized to the lysosome within human eosinophils 331 

Following endocytosis, internalized receptors may follow one of several pathways into distinct 332 

intracellular compartments or back to the cell surface via a recycling pathway. The compartment 333 

to which Siglec-8 localizes was investigated by confocal microscopy. Surface Siglec-8 was first 334 

labeled with a fluorophore-conjugated mAb. Lysosomes were labeled with DQ Green BSA (DQ 335 

BSA), a self-quenched dye conjugate of BSA that fluoresces when the BSA is cleaved by 336 

proteases and the quenching is relieved. Siglec-8 was observed at the surface of cells in the 337 

absence of endocytosis and, to a small degree, at or near the surface of cells in which endocytosis 338 

was allowed to occur (Fig 5, asterisks). Co-localization of the internalized Siglec-8 signal with 339 

DQ BSA was observed, indicative of trafficking to the lysosomal compartment (Fig 5, arrows).  340 

 341 

Sialylated cis ligands on the eosinophil surface partially mask Siglec-8 from interaction with a 342 

high-avidity ligand 343 
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Many siglecs are known to interact in cis with sialylated glycans at the cell surface that block 344 

interactions with lower affinity ligands, thereby setting a threshold for productive siglec 345 

signaling.28-32 However, no such interaction had been demonstrated for Siglec-8. In order to 346 

investigate the possible interaction of Siglec-8 with masking cis ligands, a high-avidity synthetic 347 

ligand (biotinylated 1-MDa polyacrylamide decorated with 6′-O-sulfo-3′-sialyl-LacNAc) was 348 

used to bind Siglec-8 through its ligand-binding domain.33 In addition, the ligand, eosinophils, 349 

both, or neither were pretreated with sialidase to remove sialic acid groups necessary for siglec 350 

binding. The amount of biotinylated synthetic ligand on the cell surface initially or following 351 

incubations of various durations at 37°C was measured by flow cytometry using fluorophore-352 

conjugated streptavidin. Sialidase pretreatment of the ligand decreased surface binding, as 353 

expected, while sialidase treatment of the eosinophil surface increased synthetic ligand binding 354 

by approximately 50%, demonstrating that at least one-third of the surface Siglec-8 pool is 355 

prevented from interacting with this high-avidity ligand by sialylated cis ligands (Fig E4, A). In 356 

addition, internalization of Siglec-8–bound synthetic ligand is significantly greater in sialidase-357 

treated eosinophils than in untreated eosinophils (Fig E4, B) but is proportional to the initial 358 

amount of ligand bound (Fig E4, C).  359 

 360 

Targeting of an immunotoxin to Siglec-8 eliminates the need for cytokine priming for 361 

induction of death in eosinophils and allows effective killing of malignant mast cells 362 

Signaling through Siglec-8 is well known to induce cell death in eosinophils, especially those 363 

that have been primed with IL-5, GM-CSF, or IL-33.6, 7 However, in the absence of priming or a 364 

secondary cross-linking antibody, anti-Siglec-8 mAb fails to consistently induce substantial 365 

eosinophil cell death.6, 7 Thus, we sought to develop an agent capable of more consistently 366 
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causing eosinophil cell death even in the absence of cellular preactivation. To this end, we chose 367 

to deliver the ribosome-inactivating protein saporin to eosinophils via Siglec-8 endocytosis. 368 

Eosinophils were incubated in the presence or absence of IL-5 and anti-Siglec-8 mAb (2C4) or 369 

isotype control with or without saporin conjugation. These treatments were compared to 370 

eosinophils that were incubated in the absence of any antibody. After 18–24 h, cell death was 371 

assessed using annexin V/DAPI staining. As expected, no statistically significant improvement 372 

was achieved in the presence of IL-5 between unconjugated versus saporin-conjugated 2C4 due 373 

to the consistently high levels of cell death seen with both antibodies (Fig 6, A and B). However, 374 

saporin-conjugated 2C4 was significantly and more consistently effective at causing eosinophil 375 

cell death in the absence of IL-5. Importantly, this was not due to a non-specific effect of the 376 

saporin because the saporin-conjugated isotype mAb did not induce cell death in the absence of 377 

IL-5. In addition, saporin-conjugated anti-Siglec-8 exhibited no off-target cell toxicity when 378 

tested separately on donor-matched neutrophils (Fig E5).  379 

 380 

In mast cells, Siglec-8 signaling does not lead to cell death but rather inhibits IgE receptor 381 

signaling-dependent mediator release 8.  However, the selective targeting of a toxin to malignant 382 

mast cells via Siglec-8 may provide a means to eliminate such cells. Thus, we examined whether 383 

this immunotoxin could also induce the death of human mast cell leukemia HMC-1.2 cells. 384 

Following a brief preincubation with the antibodies with or without saporin conjugation, the cells 385 

were cultured and regularly assessed for viability and surface Siglec-8 levels as an indicator of 386 

protein synthesis. After one day of incubation, saporin-mediated inhibition of protein synthesis in 387 

the immunotoxin treatment group was already highly significant (Fig E6, A). Loss of cell 388 

viability in this treatment group was slightly delayed and became significant on day 2 (Fig E6, 389 
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B). To examine whether rare live populations of cells would eventually overcome the treatment 390 

effect, we assessed cell viability after at least a week of incubation. However, even at that time 391 

point, the vast majority of malignant mast cells treated with the immunotoxin were apoptotic, 392 

and there was no evidence of cells overcoming the treatment (Fig 6, C and D).  393 

  394 
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DISCUSSION 395 

Siglec-8 is considered a potential therapeutic target for allergic disease due to its expression on 396 

eosinophils, mast cells, and basophils and its roles in inducing cell death in activated eosinophils 397 

and preventing FcεRI signaling-induced mediator release in mast cells.34 However, its potential 398 

as a target via which to deliver toxins, chemotherapeutic agents, or drugs had not been explored 399 

previously and is especially relevant for mast cells and non–cytokine-primed eosinophils that do 400 

not consistently undergo apoptosis with Siglec-8 mAb exposure alone. In this study, it was 401 

determined using primary human cells and cell lines that Siglec-8 is internalized and trafficked 402 

into the lysosomal compartment via both clathrin-mediated and lipid raft/caveolae–mediated 403 

pathways that are dependent on actin cytoskeletal rearrangement and the activities of tyrosine 404 

kinases and PKC (Fig 7). Although Siglec-8 endocytosis was found to be relatively slow and 405 

endocytosis was partially hindered by the presence of sialylated masking cis ligands on the 406 

surface of eosinophils, this endocytic pathway was found to be suitable for targeting an 407 

immunotoxin to eosinophils and malignant mast cells. This approach effectively and consistently 408 

induced extensive cell death of eosinophils in vitro without prior cellular activation. Notably, for 409 

the first time, this approach has been successfully employed to target and kill mast cell leukemia 410 

cells.  411 

 412 

Murine Siglec-F is a functionally similar paralog to Siglec-8 in that it also binds preferentially to 413 

the glycan 6’-sulfo-sialyl Lewis X,35 has a similar but distinct pattern of expression (on 414 

eosinophils, alveolar macrophages, and intestinal tuft cells, rather than eosinophils, mast cells, 415 

and basophils),36, 37 and promotes eosinophil cell death.38-40 Because of this, it is often used as a 416 

surrogate for Siglec-8 in the mouse. The endocytic pathway employed by Siglec-F has been 417 
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studied,41 and one key similarity between that pathway and the one characterized here for Siglec-418 

8 is that both siglecs are internalized slowly. In fact, relatively slow endocytosis seems to be a 419 

feature of many CD33-related siglecs. For example, CD33, Siglec-5, Siglec-F, and Siglec-9 are 420 

all internalized slowly when cross-linked with antibody, and, similar to our findings regarding 421 

Siglec-8, this endocytosis is dependent on the ITIM in the cytoplasmic domains of CD33, Siglec-422 

F, and Siglec-9.41-44 While CD33 endocytosis is promoted by treatment with a PTP inhibitor and 423 

diminished by treatment with a SFK inhibitor,44 suggesting that tyrosine phosphorylation of the 424 

ITIM controls its endocytosis, no significant effect on Siglec-8 endocytosis was seen with similar 425 

inhibitor treatments. SFK inhibition also failed to diminish Siglec-F internalization, although 426 

tyrosine kinase inhibition prevented its endocytosis,41 as was seen with Siglec-8 as well (Fig 4, 427 

A). 428 

 429 

These findings highlight yet another key difference between Siglec-8 and Siglec-F that may limit 430 

the usefulness of Siglec-F as a surrogate to study Siglec-8 biology. Siglec-F is internalized in a 431 

clathrin- and dynamin-independent manner,41 whereas Siglec-8 endocytosis is dependent on both 432 

of these components but is also internalized in a lipid raft/caveolae-dependent manner. While 433 

there is abundant evidence linking endocytosis to the organization of signaling events,45 it 434 

remains to be determined whether the endocytosis of Siglec-8 via each of these pathways leads 435 

to distinct signaling pathways or functional consequences. Indeed, it remains unknown whether 436 

Siglec-8 endocytosis is necessary to achieve some of its physiologic functions, such as apoptosis 437 

induction.  438 

 439 
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It is important to note that two splice variants of Siglec-8 exist and are expressed by human 440 

eosinophils, one of which has a truncated cytoplasmic domain that lacks the ITIM and ITSM 441 

found in the full-length form of the receptor.5, 46 Critically, both the antibody and synthetic ligand 442 

used in this study would bind both variants of Siglec-8. Although we found that not all surface 443 

Siglec-8 is internalized in response to ligation, it is possible that some or all of the remaining 444 

surface Siglec-8 is the truncated form of the receptor that lacks the cytoplasmic signaling motifs 445 

that may be necessary for endocytosis. 446 

 447 

Because Siglec-8 measurement and ligation were inextricably linked by using an antibody or 448 

synthetic ligand, it remains possible that Siglec-8 is constitutively internalized with the kinetics 449 

and trafficking we observed. Consistent with this possibility, the siglec CD22 undergoes 450 

constitutive endocytosis that is not affected by binding with a multivalent glycan ligand.47 451 

However, the fact that total surface expression of Siglec-8 did not remain constant following 452 

antibody ligation indicates that endocytosis of Siglec-8 was ligation-dependent rather than 453 

constitutive (Fig 4, C and D). The precise signaling mechanism leading to Siglec-8 endocytosis 454 

remains incompletely defined. However, genistein and BIM both prevent endocytosis of Siglec-455 

8, implicating tyrosine kinases and PKC in this effect. Actin cytoskeletal rearrangement also 456 

played a key role in endocytosis, as demonstrated by treatment with the actin monomer-457 

sequestering and actin filament-stabilizing agents latrunculin B and jasplakinolide. Detecting 458 

surface Siglec-8 after various periods of incubation that was not bound by the initial detecting 459 

antibody allowed the determination of how much Siglec-8 was shuttled to the surface. While 460 

some components were involved in both endocytosis and shuttling (actin rearrangement and 461 

tyrosine kinases), certain components were only involved in shuttling (microtubule 462 
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polymerization and PI3K) or endocytosis (PKC), indicating that these two processes are 463 

regulated independently. It is important to note that, although off-target effects have been noted 464 

for several of these inhibitors at higher concentrations, they were used here at concentrations that 465 

were appropriate for their intended protein targets. More uncertainty surrounds the specificity of 466 

BIM in this process, however. The IC50 of BIM on internalization was approximately 5 µM (data 467 

not shown), suggesting it may be acting on an atypical PKC isoform, although effects on other 468 

PKC isoforms, PKG, or myosin light chain kinase cannot be ruled out.   469 

 470 

Frequently, other siglecs interact in cis with sialylated ligands that can prevent their interaction 471 

with ligands in trans.28-32 These cis interactions may be overcome with a higher-affinity trans 472 

ligand or by unmasking the siglec, e.g., through cellular activation.48 Data in Figure E4 show for 473 

the first time that Siglec-8 is partially masked by such cis ligands. Although unmasking with 474 

sialidase is not essential for Siglec-8 to interact with the polymeric synthetic glycan ligand used 475 

in this study, determining the nature of this interaction and disrupting it may potentiate the 476 

effects of targeting strategies and enable less high-avidity synthetic ligands to be utilized for this 477 

purpose in the future.  Given the strong preference of Siglec-8 to recognize specific sulfated 478 

α2,3-linked sialylated structures, such cis ligands are likely to contain similar features, although 479 

none have yet been detected.49-51 480 

 481 

There remains a clinical need for improved, targeted therapies for diseases involving eosinophils 482 

and mast cells, such as chronic eosinophilic leukemia, hypereosinophilic syndrome, and systemic 483 

mastocytosis. While some therapeutic monoclonal antibodies, such as benralizumab, an antibody 484 

that targets IL-5Rα, have shown promise in depleting eosinophils and basophils,52 none of these 485 
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therapies also target mast cells. In addition, there is no curative therapy for systemic 486 

mastocytosis.2, 53 Therefore, it was of interest to determine whether Siglec-8 endocytosis could 487 

be leveraged therapeutically in these cell types. In order to examine the efficacy of delivering a 488 

toxic payload to human eosinophils and mast cell leukemic cells through Siglec-8, a saporin-489 

conjugated anti-Siglec-8 mAb was tested in vitro. Saporin is a type-I ribosome-inactivating 490 

protein (RIP) that lacks a B chain responsible for binding to a target cell surface for 491 

internalization that is found in type-II RIPs like ricin.54 However, conjugation of saporin to an 492 

antibody or ligand for an endocytic receptor allows saporin to be internalized to exert its 493 

function. Therefore, a saporin anti-Siglec-8 conjugate seemed to be an ideal candidate to induce 494 

the cell death of Siglec-8–expressing cells that do not otherwise undergo Siglec-8–induced 495 

apoptosis, such as non-cytokine-primed eosinophils and mast cells.6, 8 Indeed, we found that the 496 

saporin-antibody conjugate caused consistently high levels of cell death in eosinophils that had 497 

not been primed with IL-5, whereas few of these cells would undergo cell death with the anti-498 

Siglec-8 mAb alone (Fig 6, A and B). Furthermore, the saporin-antibody conjugate induced high 499 

levels of cell death in the HMC-1.2 human mast cell leukemia cell line (Fig 6, C and D). An 500 

additional concern is the type of cell death that these cells undergo. The induction of necrosis or 501 

other non-apoptotic cell death of mast cells might cause a dangerous release of pre-formed 502 

mediators in vivo. In contrast, this should not occur during apoptotic cell death. The detection of 503 

phosphatidylserine on the outer membrane leaflet by annexin V staining well before loss of 504 

membrane integrity by DAPI nuclear staining suggests that HMC-1.2 cells treated with the 505 

saporin-antibody conjugate underwent apoptotic cell death. This is consistent with prior 506 

publications using other saporin-conjugated antibodies and cell types where apoptotic cell death 507 

was observed.55-57 Brentuximab vedotin, a formulation that links the microtubule-disrupting 508 
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agent monomethyl auristatin E to a mAb specific for the CD30 protein expressed by a majority 509 

of neoplastic mast cells, has been investigated in a small number of patients with systemic 510 

mastocytosis.58 Encouragingly, there was no evidence of mast cell mediator release upon 511 

treatment in this study. This represents the first time that Siglec-8 has been leveraged to 512 

selectively induce mast cell death. This demonstrates that Siglec-8 may be a suitable therapeutic 513 

target on eosinophils and mast cells in a range of diseases that involve these cell types. Future 514 

efforts will include the use of transgenic mice expressing Siglec-8 in appropriate cellular 515 

compartments to explore the effectiveness of Siglec-8 targeting in preclinical models of 516 

eosinophil- and mast cell-associated diseases. 517 

518 
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Figure legends 681 

 682 

Figure 1.  Kinetic analysis of Siglec-8 endocytosis versus shedding.  683 

Siglec-8 loss from the cell surface of human primary eosinophils (A) and HMC-1.2 mast cells 684 

(C) was measured by the loss of anti-Siglec-8 mAb from the cell surface. Data represent the 685 

means ± standard deviations of 4 independent experiments. Surface Siglec-8 that remained cell-686 

associated (intracellular or remaining on the cell surface) in eosinophils (B) and HMC-1.2 cells 687 

(D) was measured using a fluorophore-conjugated anti-Siglec-8 antibody. Remaining 688 

fluorescence at times 0 min (normal line), 30 min (dashed line), 60 min (bold line), 90 min 689 

(dotted line), and 120 min (grey filled histogram) of incubation at 37°C was detected by flow 690 

cytometry. The black histogram represents labeling with the fluorophore-conjugated mouse IgG1 691 

control. Data are representative of results from 3 and 4 independent experiments, respectively.  692 

 693 

Figure 2. Siglec-8 endocytosis occurs via a clathrin- and dynamin-dependent pathway.  694 

Siglec-8 surface expression on eosinophils was measured as in Fig 1 after 120 min of incubation 695 

at 37°C after preincubation with the indicated concentrations of (A) sucrose, (B) amantadine, (C) 696 

dynasore, (D) nystatin, or (E) LY294002 and is expressed as a percentage of surface expression 697 

at 0 min. *, p<0.05; **, p<0.01; ***, p<0.001. Data represent the means ± standard deviations of 698 

3 (A, B, C, and D) or 5 (E) independent experiments. 699 

 700 

Figure 3. The ITIM but not the ITSM is necessary for maximal Siglec-8 endocytosis.  701 

(A) Schematic representations of WT and mutant forms of Siglec-8 in which the tyrosine 702 

residues in the ITIM (residues 445–450) and/or the ITSM (residues 468–473) have been mutated 703 
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to phenylalanine residues. (B) Siglec-8 endocytosis was examined in HEK293T cells transduced 704 

with WT or mutant forms of Siglec-8. Siglec-8 endocytosis is expressed as a percentage of that 705 

observed in HEK293T cells transduced with WT Siglec-8. *, p<0.05; **, p<0.01; ***, p<0.001; 706 

****, p<0.0001. Data represent the means ± standard deviations of 5 independent experiments. 707 

 708 

Figure 4. Siglec-8 is internalized and shuttled to the cell surface via independent pathways.  709 

Eosinophils were pretreated with a panel of inhibitors at the indicated concentrations. Their 710 

effects on Siglec-8 endocytosis (A) or Siglec-8 shuttling to the cell surface (B) were assessed at 711 

120 min. Siglec-8 shuttling was measured by detecting surface Siglec-8 that was not bound by 712 

the unconjugated primary antibody initially. (C) Eosinophils were pretreated with the indicated 713 

concentrations of sucrose as in Figure 2. Total surface Siglec-8 was divided into an original 714 

surface pool and a shuttled pool at 120 min and are represented in a stacked column, normalized 715 

to total Siglec-8 surface levels at 0 min. (D) Stacked columns of the original surface pool of 716 

Siglec-8 and the shuttled pool at various durations of incubation at 37°C in the presence or 717 

absence of LY294002 and BIM (both at 10 µM). *, p<0.05; **, p<0.01; ***, p<0.001; ****, 718 

p<0.0001 relative to untreated eosinophils. Data represent the means ± standard deviations of ≥ 3 719 

independent experiments. 720 

 721 

Figure 5. Internalized Siglec-8 localizes to the lysosome.  722 

Siglec-8 at the eosinophil cell surface was labeled red with an Alexa Fluor 647-conjugated mAb, 723 

and endocytosis of the receptor was permitted at 37°C (120 min) or prevented with no incubation 724 

at 37°C (0 min). A matched fluorophore-conjugated isotype-matched mAb was used as a 725 

negative staining control in the same manner (middle panel). DQ Green BSA (DQ BSA) was 726 
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taken up by the cells during a 120-min incubation to selectively label the proteolytically active 727 

lysosomal compartment in green. An incubation with DQ BSA at 4°C only (DQ BSA [0 min]) 728 

was used as a negative staining control (top panel). Colocalization of internalized Siglec-8 and 729 

the lysosomal marker (bottom panel) is indicated by yellow fluorescence signal in the merged 730 

image (arrows). Siglec-8 at or near the cell surface and distinct from the lysosomal compartment 731 

is observed at both 0 min and 120 min (asterisks). Images are representative of 3 independent 732 

experiments. Scale bar, 5 µm. 733 

 734 

Figure 6. A toxin-conjugated mAb targeted to Siglec-8 causes cell death of eosinophils and a 735 

malignant mast cell line in vitro.  736 

(A, B) Eosinophils were primed with 15 ng/ml IL-5 or left unprimed and concurrently treated 737 

with equimolar amounts of anti-Siglec-8 mAb (Anti-Sig8), isotype control mAb, saporin (SAP)-738 

conjugated 2C4, or saporin-conjugated isotype control mAb or were left untreated for 18–24 h. 739 

(C, D) HMC-1.2 cells were preincubated with the indicated mAbs or conjugates, washed 740 

extensively, and incubated for 7–13 d. Cell death was measured using FITC-labeled annexin V 741 

and DAPI staining and flow cytometry. (A, C) Representative flow plots for each treatment. 742 

Percentages of live cells are shown. (B, D) Percentages of viable (annexin V–negative, DAPI-743 

negative) cells for each treatment normalized to the untreated group for each priming condition. 744 

*, p<0.05; ***, p<0.001; ****, p<0.0001. Error bars represent the means ± standard deviations 745 

(B, D) of 12 and 8 independent experiments, respectively. 746 

 747 
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Figure 7.  Schematic diagram showing a summary of mechanisms and pathways by which a 748 

toxic payload can be delivered into an eosinophil via binding to and inducing the internalization 749 

of surface Siglec-8.   750 

(1) At baseline, Siglec-8 interacts with sialylated cis ligands on the surface of eosinophils that 751 

prevent interaction with trans activating ligands. (2) Antibody ligation of Siglec-8 activates 752 

signaling from the cytoplasmic motifs of the receptor. Signaling from the ITIM is involved in the 753 

induction of endocytosis, which involves actin rearrangement and the activities of tyrosine 754 

kinases and PKC. (3) Siglec-8 endocytosis proceeds via both clathrin-mediated and lipid 755 

raft/caveolae-mediated pathways. (4) Internalized Siglec-8 localizes to the lysosomal 756 

compartment. (5) The linker between the cargo and the anti-Siglec-8 antibody is cleaved, and the 757 

cargo is released within the eosinophil to exert its effects. 758 
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ONLINE SUPPLEMENTAL MATERIALS 18 

 19 

Eosinophil inhibitor treatments 20 

To assess the involvement of various proteins in Siglec-8 endocytosis and shuttling to the 21 

cell surface, eosinophils were treated with the following compounds at the indicated 22 

concentrations: sucrose, amantadine, nystatin, nocodazole, latrunculin B, genistein, 23 

sodium orthovanadate (all from Sigma, St. Louis, MO), dynasore, cycloheximide (both 24 

from Santa Cruz Biotechnology, Santa Cruz, CA), jasplakinolide (Calbiochem), 25 

LY294002, PP1, and bisindolylmaleimide I (all from Selleckchem, Houston, TX). Cells 26 

were pretreated with the agents for 30 min at 37°C prior to Siglec-8 ligation and 27 

maintained in the presence of these agents thereafter. Percent inhibition of endocytosis or 28 

shuttling was calculated relative to the untreated control sample: %���������� =29 

%���	
����
��������������	–	%���	
����
������������	

%���	
����
��������������	
. 30 

 31 

Siglec-8 synthetic glycan ligand binding to eosinophils and sialidase treatments 32 

The 6′-O-sulfo-3′-sialyl-N-acetyl-D-lactosamine (LacNAc)-polyacrylamide-biotin probe 33 

was generously provided by Prof. Nicolai Bovin (Russian Academy of Sciences, 34 

Moscow, Russia).1 To demonstrate the necessity of the sialylation of the ligand and as a 35 

control for sialidase treatment of cells, the ligand was treated with 50 mU/ml of sialidase 36 

from V. cholerae generously provided by R. Schnaar of the Johns Hopkins School of 37 

Medicine (Baltimore, MD) for 60 min at 37°C. Eosinophils were incubated with the 38 

sialidase-treated or untreated synthetic ligand at 5 µg/ml at 4°C for 20 min to allow 39 

binding, then the excess ligand was washed off. After an incubation at 37°C to permit 40 
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internalization, the remaining synthetic ligand on the cell surface was detected with APC-41 

conjugated streptavidin (2 µg/ml; BD Biosciences). To eliminate sialylation on any 42 

masking cis ligands, eosinophils were pretreated with 50 mU/ml sialidase for 60 min at 43 

37°C and washed prior to testing synthetic ligand binding. 44 

 45 

  46 
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SUPPLEMENTAL FIGURE LEGENDS 54 

 55 

Figure E1. Loss of Siglec-8 from the surface of HMC-1.2 and LUVA mast cells. The 56 

percentage of Siglec-8+ HMC-1.2 (A) and LUVA (B) cells was assessed by flow 57 

cytometry after antibody ligation of the receptor and incubation at 37°C. The Siglec-8+ 58 

gate was positioned on the basis of negative isotype staining. Data represent the means ± 59 

standard deviations of 4 independent experiments. 60 

 61 

Figure E2. Ligation-induced Siglec-8 endocytosis is not unique to the 2C4 mAb clone. 62 

Eosinophils were incubated with anti-Siglec-8 (either clone 2C4 [black columns] or 1H10 63 

[white columns]) for 20 minutes at 4°C. Excess antibody was washed off, and the cells 64 

were incubated at 37°C for the indicated durations to permit endocytosis. Antibody 65 

remaining at the surface of cell was detected with a secondary anti-mouse IgG1 antibody. 66 

*, p<0.05; **, p<0.01; ***, p<0.001; ****, p<0.0001 relative to eosinophils incubated 67 

with 2C4 mAb without any incubation at 37°C. ##, p<0.01; ###, p<0.001; ####, 68 

p<0.0001 relative to eosinophils incubated with 1H10 mAb without any incubation at 69 

37°C. Data represent the means ± standard deviations of 4 independent experiments. 70 

 71 

Figure E3. Siglec-8 shuttled to the cell surface can be detected using a sequential labeling 72 

step. Eosinophils were labeled with unconjugated anti-Siglec-8 mAb (2C4) and incubated 73 

at 37°C to permit endocytosis as in Fig. 1. Following detection of remaining anti-Siglec-8 74 

at the cell surface with a FITC-conjugated secondary mAb (“Original”), Siglec-8 newly 75 

expressed at the cell surface (“Shuttled”) was detected using anti-Siglec-8 (2C4) directly 76 
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conjugated to Alexa Fluor 647. Control antibodies of the same isotype (iso) are included 77 

as negative staining controls. Loss of FITC signal and gain of Alexa Fluor 647 signal at 78 

120 min when using anti-Siglec-8 mAbs in both channels represent receptor endocytosis 79 

and shuttling to the cell surface. Effective blockade of Alexa Fluor 647-conjugated anti-80 

Siglec-8 binding can be seen at 0 min when anti-Siglec-8 mAbs are used for both 81 

channels (no additional Alexa Fluor 647 signal).  82 

 83 

Figure E4. Sialylated cis ligands on eosinophils limits binding and internalization of an 84 

artificial Siglec-8 glycan ligand. A biotinylated synthetic Siglec-8 ligand-decorated 85 

polyacrylamide polymer was used to label Siglec-8 through its ligand-binding domain. 86 

(A) Biotinylated 1-MDa polyacrylamide decorated with 6’-O-sulfo-3’-sialyl-LacNAc 87 

binding to the cell surface after various durations of incubation at 37°C was detected by 88 

flow cytometry using fluorophore-conjugated streptavidin. Sialidase from V. cholerae 89 

was used to desialylate the ligand (dark gray columns), the eosinophil cell surface (black 90 

columns), or both (light gray columns) prior to binding of Siglec-8 with the artificial 91 

ligand. Untreated cells and ligand are represented by the white columns. (B) Endocytosis 92 

of the Siglec-8 ligand in untreated (unfilled circles) or sialidase-treated (filled squares) 93 

eosinophils was calculated as the loss of surface-bound ligand normalized to the amount 94 

of ligand bound by untreated eosinophils at time 0. *, p<0.05; **, p<0.01; ***, p<0.001; 95 

****, p<0.0001 relative to untreated eosinophils incubated for the same duration at 37°C. 96 

(C) Endocytosis of the Siglec-8 ligand in untreated (unfilled circles) or sialidase-treated 97 

(filled squares) eosinophils was calculated as the loss of surface-bound ligand normalized 98 
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to the amount of ligand bound at time 0 by eosinophils within each treatment group. Data 99 

represent the means ± standard deviations of 8 independent experiments. 100 

 101 

Figure E5. Anti-Siglec-8 and saporin-conjugated anti-Siglec-8 induce cell death in 102 

eosinophils but not in neutrophils. Eosinophils and neutrophils were isolated from the 103 

same donors. Eosinophils were incubated in 30 ng/ml IL-5. Neutrophils were incubated 104 

in 25 ng/ml GM-CSF. Eosinophil (white columns) and neutrophil (black columns) 105 

viability was assessed following treatment with anti-Siglec-8 with or without saporin 106 

(SAP) conjugation, isotype controls, or anti-Siglec-9 (clone K8, also mouse IgG1) as a 107 

positive control for siglec-mediated neutrophil cell death. ****, p<0.0001 relative to 108 

isotype-treated eosinophils. ####, p<0.0001 relative to isotype-treated neutrophils.  109 

 110 

Figure E6. Timeline of the effects of saporin-conjugated anti-Siglec-8 on HMC-1.2 cells. 111 

Following treatment with anti-Siglec-8 with (unfilled circles) or without (filled circles) 112 

saporin conjugation or isotype control mAb with (unfilled squares) or without (filled 113 

squares) saporin conjugation, surface Siglec-8 expression (A) and viability (B) were 114 

assessed daily. Cell viability was assessed with annexin V and DAPI staining. ****, 115 

p<0.0001 relative to anti-Siglec-8; ####, p<0.0001 relative to saporin-conjugated isotype 116 

control; §, p<0.05; §§, p<0.01; §§§, p<0.001; §§§§, p<0.0001 relative to isotype control. 117 

Data represent the means ± standard deviations of 4 independent experiments.  118 

 119 

 120 
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